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INTRODUCTION 

PURPOSE AND SCOPE 

The Oil and Gas Possibilities of Utah, a symposium compiled by George H. 
Hansen and Mendell M. Bell, was published in 1949 by the Utah Geological 
and Mineralogical Survey. Widely used, and out of print for many years it 
played a significant role in the expansion of Utah's petroleum industry. 

While the 1949 Symposium was being edited, Utah's first commercially profit­
able oil well was discovered by the Equity Oil Company in what is now the 
Ashley Valley field . Prior to this discovery, the Utah Oil and Refining Company 
imported its crude material from outside the state. 

Today there are situated in Utah one minor and three major refineries, with a 
combined daily capacity of 98,000 barrels of crude oil. These are served by 
two crude oil pipelines, having a combined capacity of 15,000 barrels and an 
outgoing products line of 56,000 barrels capacity per day. When facilities 
now projected are finished, four major gas lines and one gilsonite slurry line 
will serve the area. 

Since 1949 oil and gas in Utah have been found in at least one formation in 
every geologic age from the Devonian through the Tertiary. Good shows have 
been found in the Cambrian, and the Rozel tar wells enigma might ultimately 
be classified as Quaternary in origin. 

This volume, Oil and Gas Possibilities of Utah, Re-Evaluated, a symposium 
with 44 papers is a new appraisal of Utah's hydrocarbon potential . It is hoped 
it will be of assistance to those interested in the extensive petroleum program 
now under way in the State of Utah, and that it will be as well received as was 
the 1949 volume. 

ACKNO WLEDGMENTS 

This bulletin is a compilation from many sources . The contributors, without 
compensation, have complied with whatever has been asked to meet the needs 
of the situation. To these authors must go the greatest share of credit for the 
accuracy of their reports . Furthermore, opinions expres sed and conclusions 
reached are in all cases the views of the authors. For this unstinted and whole­
hearted cooperation, the State of Utah is deeply indebted. 

Many geologists besides those whose names appear as authors of papers have 
given information and assistance . In all cases, except where anonymity was 
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Finally, the generous whole-hearted support of the Survey 's staff , both those 
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acknowledged. Among those who have shouldered heavy responsibilities, the 
services of Elizabeth V. Larson, former Office Manager, are recalled by every­
one concerned, and it is with special gratitude that we acknowledge Mrs. Robert L. 
Bleyl, Office Manager and Manuscript Typist, whose dedication to this task, 
far beyond the limits of secretarial demands, has made this volume a reality. 



Paper 1 STATUS OF OIL AND GAS 
EXPLORATION AND PRODUCTION 
IN UTAH 
by Harold E. Meyer l 

Since 1959 Utah has produced oil and gas valued in excess of one hundred 
million dollars and has entered the list of the top ten producing states in the 
United States . Furthermore, Utah has pipelines and auxilliary transportation , 
gathering, and marketing facilities , including refineries , representing invested 
capital of several hundred million dollars . During the next three years (1962 -
1964) another one hundred million dollars is projected in new or expanded 
crude oil and gas pipeline s ystems, expanding refining facilities, and field 
gathering s ystems . The western half of the state may possibly be opened to 
systematic exploratory drilling, as a market outlet for gas ma y result from a 
pending pipeline construction application . Thus , exploration , previously con ­
centrated in the eastern haU, could be state-wide . 

Accelerated drilling during the late 1950's was a direct result of crude oil and 
gas pipeline construction and discoveries in the eastern and southeastern por­
tions of the s ta te . 

There has been drilling in nearly every county; ten of Utah's 29 counties have 
produced oil , petroleum gas, or other commercial gaseous or hydrocarbon sub ­
stances . San Juan, Uintah, Grand , Emery , Duchesne , and Carbon C ounties 
have led in exploration and production . During the late 1950's the success 
rati o of Utah wells was higher than that of any other Rocky Mountain state . 

TABLE I 

UTAH OIL PRODUC TION - - 1895-1961 

Year Number of Footage Producing Active Production 
Well s Drld Drld Oil Wells Fields (net bbls} 

1895 20 12,000 none commercial 
1903 3 1 , 000 none commercia I 
1927 34 70,000 none commercia 1 
1947 14 45,000 none commercia 1 10 Less than 1,000 
1948 23 100,000 6 15 15,138 
1949 55 267,000 19 16 638,885 
1950 61 295 , 000 32 18 1 , 208,593 
1951 76 364,000 50 21 1 , 319,769 
1952 84 515,000 56 24 1 , 677 , 383 
1953 73 410 , 000 63 29 1 , 813,575 
1954 82 505,000 82 35 1,921,223 
1955 150 592,426 100 46 2 ,15 0 ,431 
1956 191 782 , 417 139 19 2,478 , 385 
1957 369 1,457,613 251 34 4,258,464 
1958 435 2 , 208,894 532 34 24,633,536 
1959 339 1 , 718 , 035 698 38 39 , 960 , 179 
1960 273 1,360,665 797 40 37,594,109 
1961 275 1 , 488,851 820 41 33,072,000 

l. Publisher , Utah Oil Report , Salt Lake City , Utah. 
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The all-time value of oil, gas, and gilsonite production in Utah probably exceeds 
five hundred million dollars . Several times this value in petroleum has been 
processed in Utah from nearby, but out-of-state , sources . The value of crude 
oil and ga s prod uced in Utah now rank s "neck and neck" with copper and exceeds 
the combined value of coal, uranium, and iron --the three mineral products next 
in line of importance . The average daily production of crude per well in Utah 
exceeds by nearly one hundred per cent the average daily production per well 
in any other state in the United States . 

To date, Utah's peak year was 1959 , with nearly 40 million barrels of crude 
oil produced for a head value exceeding one hundred million dollars . Recen t 
decreases are due to the advent of a supervisory agency, closer adherence to 
conservation principles, and the normal slow - down which is typical in field 
development programs . Table IIdetails the results of 1961 drilling exploration: 

TABLE I! 

SUMMARY OF WELL STATUS 
(Drilling and C ompleted during 1961) 

County Drilling Shut-Down Dry Oil Gas Total Footag:e 

Carbon 2 5 10,406 
Daggett 1 1 2 , 000 
Duchesne 3 3 8 31,729 
Emery 14 16 85,941 
Garfield 4 4 23,453 
Grand 1 3 13 6 10 33 153,906 
Sanpete 1 3 18,055 
San Juan 8 43 55 4 110 641,800 
Summit 11 2,105 
Uintah 8 3 12 26 38 87 497 , 463 
Wasatch 1 400 
Washington 1 3 1,350 
Wayne 3 3 20,243 

Totals 25 10 98 87 55 275 1,488,851 

Only two of Utah's oil fields lie west of the Plateau Province (Figure 1) . The 
Vir-gin and Rozel fields are in Utah's extreme southwestern and northwestern 
counties , respectively. Both fields are submarginal and have had little econ­
omic importance. As all of the major fields and pipeline auxilliaries are located 
in the eastern half of the state, Figure I, showing the oil fields, is limited to 
eastern Utah to permit the use of a larger scale. Tables II! and IV list the 1961 
oil and gas fields, respectively , of Utah and the available pertinent informa ­
tion concerning them . 

Utah has a total of 52 . 7 million acres . Of this approximately 21 per cent is 
privately owned, 6 per cent is state and local government land, and 73 per 
cent is Federal government and Indian land. For the past 10 years 18 -25 
million acres have been under active oil and gas lease . Utah has title to 
four sections in each surveyed township, with exceptions . Largely because 
of pressure from Utah's oil and gas developments, the United States has now 
virtually completed cadastral surveys in eastern, southern, and central counties . 
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New records in income from bonuses, rentals, and royalties, from private, 
state, federal, and Indian lands, have been established each succeeding year 
since 1948. The record bonus for a lease (paid to the Navajo Tribe for acreage 
in San Juan County) exceeded $ 5,000 per acre . 

With the supervising agency, catagories of land ownership in Utah are shown 
below: 

A. Public domain , acquired; Naval Petroleum 
Reserves; withdrawn , restricted or other lands 
under supervision of other government agencies, 
i . e. national forests , etc. 

B. Tribal or allotted lands of the various Indian 
tribes or members thereof. 

C. All s ta te -owned or supervised lands . 

D. Individual (or Fee Lands) for which no min­
eral rights have been reserved to federal, state, 
or Indian agencies . 

Supervising Agency: 

U . S . Dept. of Interior 

Utah Oil and Gas Con­
servation Commission . 

Seventy - seven federally supervised unit agreements were actively operating in 
Utah at the end of 1961 (Table V) . An average of ten to twelve units are under 
formulation in the state, with as man y in active process of termination . Those 
being formed will ensure orderly drilling and/ or development , while those being 
terminated will release operators from unnecessary expense and permit further 
exploration elsewhere . Many areas are again unitized, perhaps with regrouping 
of acreage resulting from additional research or new theories which lead oper­
a tors to risk more capita 1. 

Following the discovery of the Ashley field in 1948, geophysical exploration 
was intensified in the Uinta Basin. During the second half of the 1950 ' s an 
average of 85 to 90 crew months per year were logged . The state-wide average 
per year was 233 crew months . This activity included seismograph , gravity , 
magnetometer (aerial and ground), and core or strat-hole drilling. It spread from 
the Uinta Basin into nearly all sections of the state . The advent of a major 
natural gas pipeline in the extreme eastern part stimulated geophysical explora­
tion along the Colorado border, and the discovery of the Aneth field and others 
in the southern part of the Paradox Basin accelerated geophYSical prospecting 
in the southeastern and east-central portions . Also, geophYSical exploration 
in the central portion of Utah facilitated discovery of several gas fields in that 
area during the middle 1950's , and resulted in the construction by the Utah 
Natural Gas Company of a gas pipeline from these fields to the Salt Lake City 
market area . An extension into southern Uintah and northern Grand Counties 
has been authorized . Other new fields in these two counties will soon find 
markets. 

Geophysical activity in nearby areas usually follows intimated approval of, or 
proposed routes for pipe line construction . New gas fields lacking outlets may 
be shut-in for long periods; but, oil-producing fields are quickly tied into mar­
kets b y truck or rail transportation . Pipeline o utlets for maj or oil fields find 
early construction and expansion to existing refining areas in the Salt Lake City 
region, or to California, Texas , New Mexico, or intervening points. 
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TABLE III 

UTAH OIL FIELDS 1961 

Average Number of Wells 1961 
Field County Daily 

Production Drilled Producing Producible Cumulative 
(bbls) Year 1961 

Akah San Juan 67.5 2 2 24,584 
Aneth San Juan 20267 10 190 208 
Anido Creek San Juan 82 1 6 4 4 
Ashle y Valley Uintah 3185 26 27 1,157,369 
Big Flat Grand 66 2 2 4 23,838 
Bluff San Juan 154 5 6 55,893 
Bluff Bench San Juan Abandoned 14 
Boundary Butte San Juan 19 3 7 6,749 
Brennan Bottom Uintah 108 4 4 39,216 
Broken Hills San Juan 19 6,610 
Cahone Mesa San Juan 438 1 39,216 
Chapita We 11s Uintah 40 14 15 20 6,610 
Cisco Grand 5/8 1 
Desert Creek San Juan 54 2 2 1,214 
Duchesne Duchesne 19 145 
Gothic Mesa San Juan 105 4 4 20,748 
Hatch San Juan 3 1 1 6,768 
Is ma y San Juan 1877 12 35 35 40,352 
Lisbon San Juan 1644 19 14 15 865 
McElmo Creek San Juan 22454 6 101 151 685,093 
Ratherford San Juan 16013 9 145 157 599,365 
Recapture Creek San Juan 153 2 2 
Red Wash San Juan 11493 26 155 170 58,553 
Roosevelt Uintah 280 5 6 4,194,878 
Salt Wash Grand 107 2 2 2 10 1,946 
Seiber Nose Grand 2 3 1 26,213 
Tohonadia San Juan 433 9 10 508 
Turner Bluff San Juan Abandoned 0 153,717 
Virgin Washington 3 6 
White Mesa San Juan 9523 4 64 69 1,039 
Ute Trail Unit (DeKalb) Uintah 51 13 18 
Gusher Uintah Shut-in 2 

Undesignated Wildcats 

Pumpelly #2, Phillips Grand 38 2 2 2 9,159 

Grea ter Aneth Area San Juan 1271 12 12 13 587,972 

White Ri ver, Ca lit. 
Oil Company Uintah 50 3 

TOTALS 139 820 953 
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TABLE IV 

UTAH GAS FIELDS 1961 

Field Count;i Average Daily Number of Wells 1961 
Production (mfc) Drilled Producing Producible 

Bar-X Grand 3,198 9 13 
Bend Uintah Shut-in 2 
Blue Bell Duchesne 169 1 
Boundary Butte San Juan 4,423 3 4 
Chapita Wells Uintah 1,032 12 15 20 
Chinle Wash San Juan Shut-in 2 
Cisco Dome Grand Shut-in 1 
Cisco Springs Grand Shut-in 2 
Cisco Townsite Grand Shut-in 2 
Clay Basin Daggett 5,335 10 10 
Clear Creek Carbon and 

Emery 25,791 10 15 
Coalbed Canyon San Juan Shut-in 1 
Danish Wash Grand Shut-in 3 
Farnham Dome Carbon 214 4 
Ferron Emery Shut-in 6 
Flat Canyon Emery 282 3 
Gordon Creek (CO2) Carbon 4 
Harley Dome Grand Shut-in (Helium) 2 
Island Uintah 415 3 2 3 
Joes Valley Sanpete 37 2 
Oil Springs Uintah Shut-in 
Ouray and Bitter 

Creek Uintah 2,318 13 18 
Peters Point Carbon Shut-in 3 
Rock House Uintah 474 (} 4 6 
San Arroyo Grand Shut-in 6 
Southman Canyon Uintah Shut-in 3 
Stateline Grand Shut-in 3 
Stone Cabin Carbon and 

Duchesne Shut-in 2 
Uintah and Bitter 

Creek Uintah 81 3 3 3 
Westwater Grand 6,450 2 9 11 
White River Uintah Shut-in _2 

28 80 176 

Gas Production from Oil Fields and Wildcats: 

Oil Field Grand 1,017 3 3 
Oil Field San Juan 90,486 13 68 (?) 81(?) 
Oil Field Uintah 21,106 1 57 (?) 57(?) 
Wildcats Cache Shut-in 2 Marsh gas, private use 2 
Wildcat Duchesne Shut-in 1 1 
Wildcat Grand Shut-in 8 8 
Wildcat San Juan Shut-in 9 9 
Wildcat Uintah Shut-in 11!. 11!. 

Total 52 128 149 
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TABLE V 

UNIT AGREEMENTS IN E FFEC T ON JANUARY 1, 1962 

Name of Unit Operator Gross Effective County Township Range .v Drilling or Producing 
Acreage Date Status 

Aneth (pt. Indian) Texaco, Inc. 23,749 . 73 8 - 9 -61 San Juan 40 S 23,24,25E Water Flood 
Asphalt Ridge Pan American Petr . C o . 18,066 . 38 Uintah 4, 5 S 20 , 21 E 
Bad Land Cliffs Sun Oil Company 33,007 . 00 8-24-60 Duchesne 7 S 4 W USM 1 dry , 1 non -com. gas 

10, 11 S 14, 15 E 
Bar-X (Part in C olorado) American Metal Climax Inc. 3 ,806 . 00 9-30-52 Grand 17 S 25 , 26E Gas, Gas Dis . 
Bend Gulf Oil C orporation 320.00 11- 1-60 Uintah 7 S 22 E Gas Dis . , S.L . 
Big Flat Pure Oil Company 19 , 558.00 10-24-51 Gr~nd 25 , 26 S 19, 20 E Oil Dis . 
Blaze Canyon C ontinental Oil Company 14,983 . 31 12- 4-61 Grand 20 , 201/2 , 21S 18,19 E 
Bluff Shell Oil C ompany 11,900 . 05 5-17-51 San Juan 39,40S 22, 23 E Oil 
Bonanza Mid -America Minera Is Inc . 37,144 . 62 12-22 - 58 Uintah 9 , 10 S 24, 25 E 
Book Cliffs Gulf Oil Corporation 14,700 . 38 4-14-61 Grand 18 , 19 S 22 E Gas Dis . S .L. 
Bowknot Superior Oil C ompany 16,033.33 10-28-60 Grand, Emery 25 , 26 S 16, 17 , 17 1/2 E 

U Brennan Bottom Gulf Oil Corporation 5 , 728 . 26 10- 2-58 Uintah 7 S 20 , 21 E Oil Dis. 
Bridger Jack Humble Oil and Refining Co . 23 , 061. 66 8-26-60 San Juan 27 , 28 S 21, 22 E 
Bryson Canyon Trend Oil Company 12,257 . 81 12-27-60 Grand 17 S 24, 25 E Gas Di s . 
Bull Canyon Continental Oil Company 29 ,450 . 12 6 -20-52 Uintah 13 , 14 S 21 E 
Castle Peak Sun Oil Company 14 , 535 . 87 1 - 4 -5 2 Duchesne and 8, 9 S 17 , 18 E 

Uintah 
Chapita Wells Belco Petroleum Corporation 36 , 502 . 96 12 -29-51 Uintah 9 , 10 S 22 , 23 E Oil Dis., non -com . 
Chokecherry Canyon United Producing Company 14 , 115 . 75 2 - 26 -59 Duchesne 6 ,7,11 S 4, 5 W USM Gas Dis . 

13, 14 E 
Clay Basin (part in Wyoming) Mountain Fuel Supply Co . 11,116.83 1- 1-40 Daggett 12 N 105W 6th Prin. 

Mer . W yo . 
3 N 24 E 

Clear Creek Delhi-Taylor Oil Corp . 21,045 . 72 1- 1- 57 Carbon, Emery 13 , 14 S 6, 7 E 
Coalville Ohio Oil Company 1 ,481.43 4 - 6 -59 Summit 2 N 5 E 
Comb Wash Atlantic Refining Company 27,172 .99 10-25-60 San Juan 38, 39 S 20, 21 E 
Desert Lake Pure Oil Company 9,665 . 35 6-20-61 Emery 16, 17 S 10, 11 E 
Diamond Ridge Sunray Mid-Continent 46,050 . 13 1-15-60 Grand 16,17,18 S 22, 23 E 
Emery Skelly Oil Company 25,895 . 61 11- 1-61 Emery , Sevier 22 , 23 S 5, 6 E 
Escalante Phillips Petroleum Co. 29,700.43 7 -28-60 Garfield 32 , 33 S 2, 3 E 
Fence Canyon Texaco, Inc . 10,079.22 1-22-60 Grand, Uin ta h 15,151/2,16S 22, 23 E 
Five Mile Draw United Producing Co., Inc . 14,144 . 51 5 - 5-60 Duchesne 6, 7 S 3, 4, 5, W USM 

10 S 14, 15 E 
Flat Canyon Delhi-Taylor Oil Corp . 3,613 . 63 8-26-58 Emery 16S 6E V 
Gordon Creek Skelly 011 Company 26,125.72 6 -2 0 -46 Emery 13, 14, 15 S 7, 8 E 
Grand Fault Phillips Petroleum Co. 33 , 252 . 89 4-25-61 Emery, Grand 21,22 S 15 , 16,17 E 
Grass y Trail Creek Cities Service Petr. Co . 6,822 . 80 12- 5-61 Carbon, Emery 15 , 16 S 12, 13 E 
Horsehead Pure Oil Company 11,040 . 00 10-26-61 San Juan 29 S 20, 21 E 
Horse Point Tidewater Oil Company 26,349 . 63 8- 8-61 Grand , Uintah 15,16,17 S 23,24, E 
Horseshoe Canyon Superior Oil C ompany 22 ,862 . 75 6-23-61 Wayne 27 , 28 S 15,16 , 17 E 
Island Mountain fuel Supply Co. 45 , 258 . 75 8-26 -60 Duches., Uintah9, 10 S 17,18,19 . 20E 
Island Mesa Pure Oil Company 9,021.76 11-22-60 San Juan 30 S 26 E 



Jack Canyon EI Paso Nat'l Gas Company 3 , 515.68 6 - 4 -57 Emery 12 S H; E 11 
Joes Valley Delhi-Taylor Oil Corporation 2 , 205 . 19 10-23-59 Sanpete 15 S 6 E ~ 
Johns Canyon Texaco, Inc. 12,417 . 04 12-22-61 San Juan 40,41 S 17,18 E 
Johnson Creek California Oil Co. 44,595.19 9-10-57 San Juan 35, 36 S 21, 22 E 
Kennedy Wash Alamo Corpora tion 23,908 . 99 3- 2-60 Uintah 8, 9 S 23, 24 E 
Lost Canyon Pure Oil Company 10,402 . 52 11- 9-61 San Juan 30 , 301/2, 31 S 19, 20 E 
McElmo Creek (Indian) Superior Oil Company 19,536 . 98 6-16-61 San Juan 40 , 41 S 24 , 25 E . 
Moon Ridge Superior Oil Company 21 , 277 .17 7 -31-6 1 Grand, Uin tah 15 l.t2, 16, 17S 21 E 
Muleshoe California Oil Company 15,390 . 26 8- 8-61 San Juan 27,28 S 23, 24 E 
Murphy Range Shell Oil Company 25 ,76 0 . 20 8-11-61 San Juan 27,28,29 S 18, 19 E 
Musinia California Oil Company 37,144 . 64 12- 7-60 Sanpete, Sevier 20 , 21 S 3 , 4 E 
Nequoia Arch Humble Oil & Refining Co. 65,521.10 8-29-55 Emery, Wa yne 26,27,28 S 13,14,15 E 
Oil Springs Otis Booth 20 , 320.48 12-22-60 Umtah 12 S 24, 25 E 
Onion Creek Richfield Oil Company 39,974 . 20 1-19-61 Grand 23,24 S 23,24,25 E 
Pariette Bench Pan American Petr o Co . 31,750 . 61 10- 5-60 Ouches . ,Uintah 9 S 17,18,19 E 
Peter's Point El Pa so Nat'l Gas Co. 10,080.00 5-27-57 Emery 12,13S 16,17 Eill 
Pin tura Pan American Petr . Co. 19,135.50 9- 6-61 Washington 39,40 S 13 W 

Rainbow Shamrock Oil and Gas Corp. 16,700 . 56 8-15-61 Uintah 10,11 S 23 , 24 E 
Ra therford (Indian) Shell Oil Company 160 . 00 10- 1-61 San Juan 40 S 23 E 
Recapture Creek Phillips Petroleum Co. 14 , 931. 76 10- 1-61 San Juan 41,42 S 24 E 
Red Wa sh California Oil Company 48,051. 00 10-31-50 Uintah 7, 8 S 22 , 23,2 4E 
Rock House Shamrock Oil & Ga s Corp. 23,504 . 43 1-11-61 Uintah 11, 12 S 23 E 
Roosevelt (Indian) Humble Oil & Refining Co . 3,321.50 12- 1-54 Uintah 1 S, 2 S 1 W, 1, 2 E USM 
Salt Valley Continental Oil Co . 83 , 745 . 02 9-29-61 Grand 21 ,22, 23, 24S 19, 20, 21 E 
San Arroyo Sinclair Oil and Gas Co. 11 , 946 . 56 12-14-61 Grand 16 S 25, 26 E 
Segundo Canyon English Oil Co . 24 , 179 . 65 9 - 9 -61 Grand 16,17S 21, 22 E 
Southman Canyon El Pa so Nat'l Gas Co. 24,666.58 11- 7-52 Uintah 9,10 , 11 S 23 , 24 E 
Sowers Canyon Humble Oil & Refining Co . 21,167 . 00 11-14-61 Duchesne 6,7,10,11 S 6 ,7WUSM 

11,12,13E 
Stagecoach Belco Petroleum Corp . 26,168.26 9-15-60 Uintah 8,9S 20,21,22 E 
Stone Cabin Sun Oil Company 24,545.00 6 -27 -58 Emery 12 S 14 , 15 E 
Sweetwater Creek Skyline Oil Company 59,237 .4 3 4-20-60 Uintah 13, 14 S 22 , 23,24 E 
Uintah DeKa Ib Agricultural Ass 'n 54,286 . 26 8-14-59 Uintah 10, 11 S 19,20,21, 22 E 
Ute Trail DeKalb Agricultural Ass'n, 68,467 . 64 7 -12 -56 Uintah 9, 10 S 20 , 21,22,231; 
Wa lker Hollow Humble Oil & Refining Co. 11,635 . 98 3-12-59 Uintah 6, 7 S 22, 23, 24 E 
Washboard Wa sh Pure Oil Company 9 ,7 27 . 87 11- 8-61 Carbon, Emery 15, 16 S 9, 10 E 
Wells Draw Mountain Fuel Supply C o . 33 , 866 . 38 11-28-6 1 Duchesne 10 S 15,16,17 E 
Westwater Oil, Incorpora ted 10,962 . 00 7 - 1-58 Grand 16, 17 S 23, 24 E 
White Mesa (Indian) Continental Oil C o . 13,684 . 33 10- 1-61 San Juan 41 S 23,24 E 
White River Belco Petroleum Corp . 19 ,467 . 16 2-26-57 Uintah 8 S 22, 23 E 
Wonsits Gulf Oil Corp . 24 , 105 . 54 8 - 6 -57 Uintah 7, 8 S 21 , 22 E 

TOTAL UTAH AC RES 1,789,390.54 

1 . Ranges for Salt Lake MericUan unless stated otherwise: U--Uintah Base and Me ridian. 5 . Contracted from 80 , 357 . 89 acres . 
2 . C ontracted from 10,887.28 acres. 6 . Contracted from 36 , 640 acres . 
3 . Contracted from 28,729 . 66 acres . 7 . C ontracted from 26,821 . 53 acres . 
4 . C ontracted from 47,950 . 22 acres. 



Regardless of the means of marketing, the average crude oil price, based on 
total production during the past ten years, has been $2.70 to $2.95 per barrel. 

Incoming crude and products pipelines (Figure 2) bring northwestern Colorado 
and southwestern Wyoming oil to the Salt Lake City refinery center via Wyoming. 
Crude oil lines bring Rangely and other northwestern Colorado crude to Salt Lake 
City refineries via the Uinta Basin. The latter pipeline also serves numerous 
fields within the Uinta Basin. Products lines from Salt Lake City to the Pacific 
Northwest market Utah oil in that region. 

Natural gas lines bring southwestern Wyoming and northwestern Colorado gas 
to the greater Salt Lake City and northern Utah markets. Natural gas lines 
also bring gas produced in central and eastern Utah to the same area. Mountain 
Fuel Supply Company and El Paso Natural Gas Company recently completed 
(1961) the Uinta Basin gas line to the Greater Salt Lake City marketing area and 
are linking previously shut-in Uinta Basin wells and undeveloped fields to the 
market. The news of this development in 1961 increased the pace of drilling in 
the Uinta Basin alone by more than fifty per cent. In 1961 Grand County gas 
was being de livered to El Pa so's Pacific northwes t line in eas tern Utah. 

Crude oil from the Aneth field of the Paradox Basin in southeastern Utah is now 
flowing southwestward to Los Angeles, California, markets via the Four Corners 
Pipeline Corporation line, as well as southeastward to New Mexico and Texas 
via the New Mexico -Texa s Pipe line Corpora tion 's line from Aneth to Hous ton, 
etc. Another pipeline is planned from the Lisbon field area to Aneth. 

Condensate, distillate, natural gasoline and associated products are produced 
in Utah through recently constructed facilities at Clear Creek, Red Wash, West­
water, Aneth, and Lisbon fields. Additions to these lines and plant facilities 
are already announced. Crude and condensa te from other remotely located fields 
in eastern Utah are reaching the same markets via truck and rail transportation. 

Primary and secondary recovery programs of waterflooding and gas injection are 
being instituted or have been underway for several years, as is underground 
storage of na tural gas. 

Approximately $100.9 million is invested in refining and processing facilities, 
the bulk of which is in the Sa It Lake City area. All now, as in the past decade, 
are undergoing practically continuous expansion and additional construction 
looking towards increased capacity and expected additional Utah production. 
At least $100,000,000 is invested in existing Utah transmission lines, and 
several hundred million dollars more in pipeline facilities await the expected 
increase in Utah oil and gas production. 

More than 3,500 employees are engaged in exploration, production, drilling, 
refining, and pipe lining in Utah. 

When considering older oil producing states, Utah's progress along the pro­
duction path has been little short of phenomenal, and all indications point 
towards a progressively successful future. 
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Paper 2 THE PHYSIOGRAPHY OF UTAH 
In' Walter R . Buss] 

GE1YERAL 

'Phys iographically , the state of Utah offers an interesting pattern (Figure 3). 
To the casual observer, the arrangement of mountains, plateaus , and valleys 
making up the surface of the state probably appears undecipherable , but a 
closer examination will reveal a natural grouping of these forms into regional 
systems . 

Three of the major physiographic provinces of the United States meet at t he 
junction of the Uinta Mountains with the Wasatch Mountains (Figure 4): the 
Middle Rocky Mountains, the Basin and Range province , and the C olorado 
Plateaus . The areas involved in these three provinces represent 95 per cent 
of the state's total area. Small sections of two other major provinces , t he 
Wyoming Basin and the Columbia Plateaus , extend into the northern part of t he 
sta te . 

The elevation of the state as a whole averages 6 , 100 feet , but var ies from 
approximately 2, 000 feet at Beaver Dam Creek in the extreme southwestern 
corner to 13 , 498 feet at Kings Peak in the Uinta Mountains at the northeast. 
A broad highland belt , which includes the Wasatch Mountains and the High 
PIa tea us , extends in a gentle arc, concave to the wes t , from the northern 
boundary to the southwestern corner of the state . This highland divides t he 
state into two areas of different climatic characters, due to differences in ele ­
vation and to the areas' positions on opposite sides of the highland . Rainfall 
averages thirteen inches, but varies from five to sixty inches. 

The state's largest river , the Colorado , (ch iefly through the Green and other 
western tributaries) drains most of the area east of the highland belt. The 
Wasatch Mountains , much of the western part of the High Plateaus, and the 
area west of this belt lie within the Great Basin , an area without an outlet to 
the sea . Three of the four largest rivers of this area , the Bear , the Weber , and 
the Provo , empty into Great Salt Lake (the Provo by way of Utah Lake and t he 
Jordan River). The fourth , the Sevier River , draining several of the west-central 
counties , formerly emptied into Sevier Lake , which , due to extensive irrigation, 
is now a dry saline basin . Other sma ller streams drain to similar enclosed basins . 

COLORADO PLATEAUS 

In area the Colorado Plateaus a ce most important , covering about one-half the 
state . This province is characterized by nearly horizontal strata having a regional 
dip to the north and northeast; the strata are broken on the west by north-south 
trending faults and modified in the central and eastern sections by a series of 
regional flexures and dome mountain groups . The western boundary is unusually 
sharp. It extends along the western base of the Markagunt Plateau, the Tushar 
Mountains , and the Pavant Range, curving slightly northeastward to join the 
Wasatch Mountains near Nephi . From this point the boundary turns eastward 
to Thistle, Soldier Summit, and along the southern foothill belt of the Uinta 
Mountains . 

1. Head, Department of Geography and Geology, Weber College , Ogden, Utah . 
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Figure 3: Physiographic Map of Utah. (Photograph from Army Map Series Relief Maps.) 
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Within the Colorado Plateaus three subprovinces are recognized . The High 
Plateaus constitute a belt 25 to 80 miles wide, extending 175 miles from Nephi 
and Soldier Summit south along the western edge of the province to the southward­
facing terraces of the Great Staircase of southern Utah . East ofthe High Pla teaus 
are the Canyon Lands, an area of deep, narrow, vertical-walled canyons cut 
by the Colorado River and its tributaries and of many almost inaccessible mesas 
and small plateaus . The third subprovince, the Uinta Basin, is a broad down­
warp between the Uinta Mountains and the Book Cliffs. 

High Plateaus 

The physiographic features of the High Pla teaus merit consideration because of 
their structure and arrangement. They are the highest true plateaus in North 
America, averaging from 8,000 to 10 , 000 feet in altitude , and at some pOints 
attaining more than 11,000 feet . 

They fall naturall y into three parallel strips, separated from each other by nor­
mal faults or monoclines. In general, the separating faults or monoclines are 
downthrown to the west. The blocks themselves have been tilted slightly to 
the east, thus presenting a rugged, steep western front and a gentle, often 
rolling, eastern slope. Valleys eroded along the lines of displacement reveal 
the geology with a clarity not usuall y found in other regions . 

The western boundary is the Hurricane Fault, a zone with the down thrown block 
to the west and a displacement of2,OOO to5 , OOO feet or more. From the Hurri­
cane region north to Parowan, the upthrown block shows a rather steep front; 
but between this point and a point a few miles south of Beaver , the displacement 
is a series of en echelon faults apparently not connected to the main Hurricane. 
Probably this line of displacement extends northward along the west base of 
.the Tushar and Pavant ranges , but its character can only be inferred from the 
steep west face of these uplifts . Sevier Valley , between the western and mid ­
dle strips, has developed along the Sevier and Markagunt faults on the down ­
thrown side of the Wasatch monocline. Erosion along the Paunsaugunt fault 
by the East Fork of the Sevier River and Otter Creek has developed Grass Valle y . 
The eastern edge of the High Plateaus is an erosional escarpment developed by 
the stripping off of Tertiary , Cretaceous, and Juras sic strata from the Canyon 
Lands by the tributaries of the Colorado River . 

Each of the plateaus is essentially linear in form with steep cliffs or slopes on 
one or more sides . In general, the western side is steepest, due to faulting 
or monoclinal folding, andtheeastern side, if steep, is erosional. Thepresent 
phys iographic features of the High Plateaus are carved largely from sedimentary 
and volcanic rocks of Tertiary age. Some ofthe plateaus are only lava-capped, 
but others are composed entirely of volcanic materials . 

Cany on Lands 

The Canyon Lands subprovince averages from 5,000 to 6,000 feet in elevation , 
and is characterized by deep, narrow, sinuous canyons and steep -sided buttes , 
mesas, and small plateaus . Its location in the rainshadow of the High Pla teaus 
causes it to be a region of scanty rainfall and generally arid conditions, further 
aggra va ted by the deep canyons which lower the water table. 

Within the area three distinct mountain groups, the Henry, La Sal , and Abaj o 
Mountains, and a Single mountain (Na vajo) rise aoruptl y 3,000 to 5,000 feet 
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above the general level of the surface. Their origin is attributed to the injec­
tion of igneous material doming the overlying sedimentary rocks. In the Henry 
Mountains the sedimentary cover has been stripped from the igneous cores of 
the five mountains involved, and to a lesser extent the cores of the other two 
groups are also laid bare. At Navajo Mountain no igneous rock is exposed. 
In addition to these mountains, there are other large uplifts, the San Rafael 
Swell, the Monument Uplift, and the Circle Cliffs . These exert little control 
on the drainage, for the Colorado River or its tributaries cros s one or more of 
them without regard for structure . 

Uinta Basin 

The Uinta Basin is both a structural and a topographic basin about 170 miles 
long and 100 miles wide. It is surfaced with Tertiary sediments which, in 
places, have been eroded into distinctive "badlands ." Cretaceous and Jurassic 
rocks outcrop in the Book Cliffs at the south and form cuestas along the foot­
hills of the Uinta Mountains at the north . The basin is generally arid, though 
the higher benches support a pygmy forest. 

BASIN A1VD RANGE PROVINCE 

West of the Wasatch Mountains and the High Plateaus is the arid Basin and 
Range province, characterized by short, north-south trending mountain ranges 
and va lleys. There are s orne thirty -fi ve or more named ranges in the area, but 
the longest is only about fifty miles in length if the Wasatch Mountains are 
excluded. 

Though the maximum elevation is a little over 12,000 feet, these ranges pro­
bably average 8,000 feet or less in elevation, but present a highly serrated 
profile . Each has a complex geologic history . Many are bounded on one or 
both sides by a normal fault or fault zone. For the most part, these ranges are 
composed of Paleozoic marine sediments, although large intrusive masses 
occur in some, and Tertiary volcanic materials are present in others. 

The eastern boundary of this province is usually placed along the line of the 
Hurricane Fault and the western base of the Wasatch Mountains. However, 
there are differences of opinion regarding the exact boundary between the Basin 
and Range and the Colorado Plateaus provinces at the southern end of the 
Wasatch Mountains, and between the Basin and Range and Middle Rocky Moun­
tains provinces with regard to the Wasatch Mountains themselves. 

The Pleistocene Lake Bonneville occupied many basins in the northern part of 
this province, as shown by the many shorelines and other features . 

MIDDLE ROCKY MOUNTAINS 

The distinctive features in Utah of the third province are the Uinta and Wasatch 
Mountains. The Uinta Mountains constitute the only major range with an east­
west orientation in the United States. Numerous peaks rise above 13,OOOfeet; 
the highest, Kings Peak, is 13,498 feet. Structurally, the Uinta Mountains form 
a broad, asymmetrical anticline with the steepest dips on the north side and 
normal faults on both sides . Since uplift of the range, erosion has removed 
an estimated 15,000 to 20,000 feet of strata from the top, leaving cuestas and 
hogbacks along the flanks. A part of this erosion was due to numerous glaciers 
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during Pleistocene time. Near the east end of the range , a series of deep can­
yons mark the course of the Green . River, an entrenchment so out of harmon y 
with the general structure that it is believed that the range was at least par­
tially buried by early to middle Tertiary sediments before the river established 
its present course . 

The Wasatch Mountains average 10, 000 feet in elevation with Mount Timpanogos, 
the highes t peak, rising to II, 750 feet . For mos t of their length the y are broken 
into two parallel ridges separated by mo untain-rimmed valleys . Many streams 
cross one or both ridges in narrow , steep canyons, and add materially to the 
water supply of the heavily populated area along the western face of the range . 
The largest streams are the Bear, Weber , and Provo Rivers . All head near each 
other at the western end of the Uin ta Mountains. The Bear flows north and 
west around the north end of the Wasatch. All others flow westward through 
the range, and their steep-walled canyons presentinteresting questions regarding 
age and history . 

They mark the eastern edge of the Basin and Range province and have many fea ­
tures typical of Basin and Range mountains. Their height and steep western 
front are attributed to movement along the Wasatch fault ; and their two parallel 
ridges represent individual fault blocks . In contrast, their folded structures 
ally them with the Middle Rock y Mountains, and also they represent a transi­
tion to the C olorado Pla teau . 

During Pleistocene times they contained many small glaciers, with the greatest 
development in the C ottonwood -American Fork -Timpanogos area. Like the Uinta 
Mountains , the appearance of the Wasatch Mountains has been modified greatly 
by this recent ice activity. 

18 



Paper 3 STRUCTURAL EVOLUTION 
OF UTAH 
by A nnand ]. Eardley 1 

INTRODUCTION 

The following short paper reviews the structural evolution of Utah in post­
Proterozoic time, and it should serve as an introduction to the other papers 
that follow . Differences of opinion and interpretation in this review from those 
of the following more detailed and specific accounts are bound to occur, but 
they will probably point the way to unsolved problems, and, in effect, be val ­
uable. 

PALEOZOIC MOVEMEJVTS AND SEDIMENTATION 

The major Paleozoic provinces of sedimentation in Utah are shown in the upper 
left map of Figure 5 . The miogeosyncline to the westand northwest was one of 
accumulation of thick sedimentary sequences , whereas the region to the east 
was one of meager sedimentation and is generally referred to as the shelf . The 
major part of the shelf in Utah is the Transcontinental arch, which received in 
early and mid-Paleozoic a thinner veneer of sediments than other parts of the 
shelf . 

The boundary between the shelf and miogeosyncline, called the Wasatch line, 
was fairly sharply defined and remained in nearly the same position throughout 
the Pa leozoic era . This ma y be seen by inspection of the maps of Figures 5 and 
6 . 

Principle structures that should be noted are as follows: The Tooele arch 
developed in Ordovician time , and considerable sand accumulated in its site . 
The Stansbury anticline rose at the close of the Devonian, and a southeasterly 
trend across Utah began to take shape at this time . The Mississippian saw 
further development in the southeast direction; the Pennsylvanian was a time 
of conspicuous unrest with the subsidence and fill of the Oquirrh and Paradox 
basins and the rise of the Uncompahgre, Zuni, Emery, and Circle Cliffs uplifts, 
all establishing a strong northwesterly-southeasterly structural pattern . Com­
pressiona 1 orogeny began in the Late Devonian in the Antler belt of central 
Nevada and continued through the Mississippian and Early Pennsylvanian , with 
coarse clastics being shed both to the east and west . The Permian was a time 
of sedimenta tion over most of Utah with a deep basin forming in the central and 
southwesterly part. Northern Utah was a region of sedimentation of phosphatic 
shale and limestone as well as much chert. 

MESOZOIC MOVEMENTS AND SEDIMENTATION 

By Triassic time the great Cordilleran geosyncline had become divided into a 
western trough in California and western Nevada, and an eastern trough in Utah, 
western Wyoming, and eastern Idaho. The medial Cordilleran geanticline that 
rose was composed of the thick Paleozoic sediments , and was the source of 
mUch of the Mesozoic sediments in the eastern trough (see maps of Figure 7). 

1 . Dean, C ollege of Mines and Mineral Industries; formerly Head, Department 
of Geology, University of Utah, Salt Lake City, Utah. 
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Figure 5. Thickness maps of the lower Paleozoic systems. 

The ocean waters still had access to the eastern trough across the geanticline 
in Early Triassic time when the marine limestones of the Thaynes formation 
were deposited, but thereafter the marine invasions came from the north, and 
in the Cretaceous merged with seas from the Gulf of Mexico (Nolan, 1943). 

The Triassic and Jurassic sediments are not coarse in their westernmost out­
crops in Utah. Therefore, the shorelines against the geanticline must have 
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Figure 6. Thickness maps of the upper Paleozoic systems. 

lain somewhat west of the present limits of the formations , or else the western 
source land was low . A very deep trough became localized in central Utah in 
the Late Jurassic, and during part of the time evaporite conditions prevailed . 

Earl y and mid-Cretaceous paleogeography cannot be constructed to everyone's 
satisfaction until correlations have been agreed upon . The position of t he mar­
gin of the western highland that rose vigorously to furnish the cong lomerates 
is detailed on the lower left map of Figure 7. The formations deformed in this 
Cretaceous orogeny were chiefly the Paleozoic , but the western edges of the 
Triassic and Juras sic deposits were also upturned or folded , and removed by 
erosion . 

21 

o 



-1----1-
~ I 

I ~ I 

I ~ \ .., \ 
j \ 
g \ 
i 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ , 
\ 
I 
I 
\ 
\ , 

/ , 
/ , 

/ , 
,../ I 

0
00 '" I 

,..1,.. I 
",- 0/ ~ 

",-"'- ~OO ~ 
V // I 

/ I 
",-/ I 

/ DASHED - LOWER AND MIDDLE JURASSIC 
/ SOLID - TRIASSIC 

EARLY a MID-CRETACEOUS OROGENY 

o St. G. DEPOSITION OF EARLY CONGLOMERATES ------------------------

Figure 7. Thickness and distribution maps of the Mesozoic in Utah. In the lower right map, the 
Wanship and lower part of the Hilliard are Colorado in age. The orogeny marked by the Price 
River and Echo Canyon conglomerates is called the first phase of the Early Laramide. 

22 



With the deposition of the basal conglomerates and immediately following, a 
trough sank rapidly and an extremely thick body of sediments of Colorado age 
accumulated in it. They are now chiefly sandstones, siltstones , conglomerates, 
and coals . 

CRETACEOUS AND TERTIARY OROGEJVIES 

Cedar Hills Orogeny 

The Nevadan orogeny , in which the sediments of the western basins in Nevada 
and California were intensely folded and thrust faulted, and then intruded by 
great batholiths, occurred in several phases beginning in the Late Jurassic. 
The major batholiths were emplaced during the early part of the Late Cretaceous. 
Orogeny spread eastward across the entire Cordilleran geanticline to the eastern 
trough, and by the beginning of Cretaceous time its eleva tory effects were 
marked by complementary deposition of coarse clastics . 

In southeastern Idaho , Mansfield (1927) believes that the Lower Cretaceous 
Gannett group with several coarse sandstones and conglomerates signifies a 
sharp uplift of the land to the west as a reflection of the intense Nevadan oro ­
geny s till farther wes t. Probab ly this uplift in the Utah trough area was a fore­
runner of the main orogeny which resulted in the deposition ofabout3 , OOO feet 
of coarse debris of early Late Cretaceous age, the Wa yan formation (T. B. 
Reeside, personal communication), unconformably on the Gannett. 

Near the south end of the Wasatch Mountains in the Cedar Hills, Gunnison 
Plateau, and Sanpete Valley are immense, coarse deposits probably of early 
Late Cretaceous age . They make up the basal part of the Indianola group 
(Spieker, 1946) and are definitely pre-early Upper Cretaceous and post-Upper 
Jurassic . Since the conglomerates, sandstones, and shales together with some 
higher fossiliferous marine beds are a lithologic unit, Spieker believes that 
the deposit is a response to a single uplift and, therefore , that the orogeny 
occurred at the beginning of Late Cretaceous time . Because of the thick depo ­
sit of mid-Cretaceous age in the C edar Hills, and the information obtained 
there about the disturbance, the orogeny has been called after them, namely, 
the Cedar Hills orogeny (Eardley , 1951) . 

The clastics of the Indianola group are coarsest and thickest (15,000 feet) 
toward the west in the Cedar Hills and the Gunnison Plateau. They grade east­
ward into the Mancos shale at the east front of the Wasatch Plateau (Spieker, 
1946) . 

The belt of the Cedar Hills orogeny must have extended from southern Nevada 
northward through Utah to eastern Idaho. In southern Nevada the Overton 
fanglomerate in the Muddy Mountains is of early Late Cretaceous age (Hewett, 
1941) and rests in angular unconformity on folded and thrust faulted Mesozoic 
rocks, the youngest of which are Jurassic in age (Longwell, 1928). The Overton 
fanglomerate and the angular unconformity are believed to mark the Cedar Hills 
orogeny in southern Nevada, and the suggestion is made that the belt of orogeny 
extended continuously between southern Nevada and central Utah by way of the 
Iron Springs formation in southwestern Utah (Mackin, 1947). 

North of the Cedar Hills, in north-central Utah, the Kelvin formation , composed 
of a basal pebble and cobble conglomerate and overlying red sandstones and 
siltstones , is probably the equivalent of the lower part of the Indianola group. 
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It is about 3,000 feet thick and grades eastward into finer clastic sediments. 
The uplift lay immediately west of the present Wasatch Mountains, and Permian 
cherts and Pennsylvanian quartzites in the uplift furnished most of the pebbles 
of the conglomerate. The site of accumula tion of the conglomerate became a 
trough of subsidence, and in the Colorado epoch of Late Cretaceous time over 
5,000 feet of strata collected in it. Volcanoes nearby emitted dust which 
collected as tuff in the lower part of the sequence (the Aspen forma tion), and 
then sandstones with numerous oy sters and fresh-water shales and sandstones 
with coal seams accumulated alternately (Frontier formation). 

EARLY LARAMIDE OROGENY 

A compressional phase of Montana age is clearly recorded in the Wasatch 
Plateau of central Utah and in the Wasatch Mountains of north-central Utah. 
(Examine the lower right map of Figure 7). 

In central Utah and southeast of Nephi, Spieker (1946) finds that the main 
orogeny occurred between middle and late Montana time. A great angular un­
conformity exists with the Price River conglo merates and sandstones resting 
on the bevelled edges of the Colorado and Juras sic beds. In addition to the 
unconformity, the orogen y is recorded in the strongly f olded and thrust strata 
of the southern Wasatch Mountains and the continuation of that fold belt 
southward through Sanpete and Sevier Valle ys, the Gunnison Plateau, and the 
western margin of the Wasatch Plateau. The area affected doubtless extends 
far westward into the Great Basin. In Mount Nebo l the southern end of the 
Wasatch Range I the folded strata rise high above the surrounding territory I 

but in the districts to the south and east they were planed off b y erosion im­
mediately after the folding and for the most part buried by the orogenic sedi­
ments of the Price River and later formations. The eastern margin of the folded 
belt follows rather closely the trend of the eastern borders of Sanpete and 
Sevier Valleys. 

North of the Uinta Mountains and east of the Wasatch are two post-Frontier 
and pre-Tertiary formations that attest orogeny. The lower Wanship formation 
rests across the bevelled and faulted Frontier (Williams and Madsen l in press) I 

but the unconformity is thought to be local. The Wans hip is made up chiefl y 
of sandstone and shale except for a basal conglomerate. Its age is Niobrara 
and hence pre-Montanan. Apparentl y conformably on the Wanship formati on is 
the very coarse Echo Canyon conglomerate which marks, e viden t ly I superior 
orogeny to the west. The Echo Canyon conglomerate had pre vi o usly been 
called Almy (Paleocene) I but the discovery of pelecypod fossils in its lower 
part proves that it is all pre-Tertiary . Its lower par t is Niobrara (Coloradan), 
and its upper part is probably Montanan (Williams and Madsen l in press). 
The Echo Canyon conglomerate appears to be a little older than the Price River 
conglomerate south of the Uinta Mountains I but otherwise compares closely 
with the Price River I and the two mark a major orogen y in the western part of 
the state . 

All orogenic events that occurred in Montanan time are arbitraril y classe d as 
early Laramide b y the writer, and hence the orogeny marked b y the Price River 
and Echo Canyon conglomerates is here called the early Laramide I although 
it ma y ha ve commenced somewhat before the be ginning of Montana time north 
of the Uinta Mountains . 
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In a late phase of the early Laramide orogeny, the Echo Canyon conglomerate 
was folded and extensively eroded. This is the time of formation of most of 
the conspicuous folds and thrusts of the Utah region west and north of the 
Colorado Plateau. 

The structures formed during this phase are shown in the left hand map of 
Figure 8. Some of these structures may have formed during the Cedar Hills 
orogeny, and the first phase of the early Laramide orogeny. The age of the 
structures in the miogeosynclinal areas cannot generally be recognized, but 
in the Wasatch Mountains area the conglomerates provide good evidence. 

Figure 8a. Latest Cretaceous orogeny (second 
pha e of Early Laramide). 

Figure 8b. Deposition of Paleocene and lower 
Eocene clastics (Mid-Laramide orogeny) followed 
by folding and faulting; main rise of the Uinta 
Mountains (Late Laramide). 

In the Ogden area it is clear that thrusting occurred early (Ta ylor and Ogden 
thrusts ), and then thrusting again (the Willard thrust). The Willard, Bannock, 
and Absaroka thrusts of Figure 8 were all eroded and partly covered by the 
Evanston, Alm y , and Knight formations. 

The Uinta Mountains rose as a broad arch, probably first during the deposition 
of the Price River formation, and then rose again following the deposition of the 
conglomerate. 
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MID-LARAMIDE OROGENY 

In the north-central Wasa tch Mounta ins and in southwestern Wyoming , a 
third conglomerate sequence rests in angular unconformity across the eroded 
Echo Canyon conglomera te and older forma tions . It is made up of the Evans ton, 
Almy , and Knight formations , and near the Wasatch Mo untains on the west is 
coarse and thick . It a tte s ts another maj or orogen y . 

The distribution of the Evanston, Almy , and Knight clastics is shown in the 
right hand map of Figure 8. Also, the equivalents south of the Uinta Mountains 
are noted. The Evans ton forma tion is under the Almy in the t ype locality and 
post-dates the thrusting (Tracy and Oriel, 1959). The upper part of the Evanston 
is Paleocene and the lower part latest Cretaceous (Trac y and Oriel, 1959, and 
Barrett, 1953). The upper part of the North Horn formation is likewi se Paleo­
cene, but the lower part is latest Cretaceous (Spieker, 1946 ). 

The equivalent of the conspicuous angular unconformity between the Echo 
Canyon conglomerate and Al my and Knight sequence is apparentl y lacking south 
of the Uinta Mountains. The coarse conglomerates are also lacking and the 
Flagstaff limestone marks an extensive fresh-water lake in south-central Utah . 
It must be concluded that the mid-Laramide orogeny was stronger in northern 
than in central and southern Utah . The region affected lay to the west of the 
region of deposition, and since the western region ha d already been folded and 
broken by thrust faults, it cannot be discerned what new structures, if an y , 
were formed there. At an y rate, the western a -ea experienced strong uplift in 
order to sustain the yield of voluminous sediments to the east. 

LATE LARAMIDE OROGEIVY 

Following the deposition of the Knight and equivalents, these rocks in the 
vicinit y of the Wasa tch Mountains were cast into broad folds with widths from 
trough to trough of 5 to 15 miles, and amplitudes of several thousand feet. The 
single ridge of the Wasatch Mountains north of Salt Lake City (the Farmington 
Wasatch) was first established as a broad fold at this time. The upfolding of 
the range was probably accompanied b y normal faulting, which later became 
the major aspect of the deformati on , and is recognized as Basin and Range type . 
It may be surmised that other near-by ranges have had a similar origin and 
history . This post-Knight folding took a northerly trend and was superposed 
in places discordantly across older structures. It is here called the late 
Laramide orogeny . 

The first movement that defined the present sharp flexur e and faults around 
the Uintas took place at the close of middle Eocene time after the Green River 
formation had been deposited and before the Uinta (?) formation started to 
accumulate (Walton, 1944) . Following deposition of the Uinta (?) formation , 
probably near the close of the Eocene, the second and greatest uplift occurred . 
The Uinta (?) formation was tilted to an angle of 36 degrees on the southern 
flank toward the eastern end, and across the truncated edges of the beds of 
this and older formations . the Duchesne River formation of latest Eocene age 
was deposited. Toward the west end the Uinta (?) formation was tilted by the 
uplift, and the Duchesne River formation was deposited across 5,400 feet of 
its trunca ted beds (Walton , 1944). 
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The flexing of the Flagstaff limestone to form the conspicuous westward dips 
of the west front of the Wasatch Plateau may have occurred in late Eocene time 
and be related to the main Uinta uplift. If the deformation was not of late 
Eocene time, it must have occurred soon afterward in mid - or la te Oligocene 
time (post-Duchesne River) . 

VOLCANIC ACTIVITY 

The Park City volcanic field is situated approximately at the junction of the 
Uinta and Wasatch ranges . At the time of the eruptions , streams carried a 
large volume of the fragmental volcanic rocks northward into the East Canyon 
and Morgan Valley area and northeastward into the Evanston area of Wyoming . 
Existing valleys were filled with volcanic (andesitic) conglomerates , sands , 
and tuffs . Bones of the late st Eocene titanothere have been found in the tuff 
of Morgan Va lley (Norwood tuff) . 

It appears now that the Fowkes tuff of southwestern Wyoming is the Norwood 
(Eardle y , 1959) . It had been placed stratigraphically between the Almy and 
Knight formations by Veatch (l907 ) and considered Paleocene in age . Actually , 
it rests unconformabl y on the Knight and older rocks, but this relation is gen ­
era ll y concealed because it is dropped down into long, narrow depressions by 
faults of the Basin and Range system . Without the Fowkes to separate the 
Alm y and Knight, the Alm y now appears to be a basal , and , perhaps , local 
unit of the Knight formation . 

The i.gneous history of the rest of Utah is varied and complicated (see map , 
Figure 9). The most voluminous extrusive rocks are quartz latites , and most 
of these were probably erupted in late Eocene and Oligo cene time . Some of 
the flows are ignimbrites, especially in southwestern Utah , and are part of a 
large volcanic province extending over eastern Nevada , generally called the 
ignimbrite subprovince . Younger flows and cinder cones of Pleistocene and 
Recent age o ccur and are basaltic . 

The intrusive rocks in the Basin and Range province are in the form of stocks 
and are mos tly quartz monzonites . They are the same in composition as the 
extrusive quartz latites, and probably were derived from the same magma . The 
stocks post-date the Laramide folds and thrusts and , according to a few is o ­
tope age determinations, are Eocene and Miocene in age . 

The laccolithic groups of the C o lorado Plateau are acidic alka lic rocks and 
belong to an entirely different igneous province than the quartz monzonites and 
quartz latites . They are probably fractionation products of an olivine basalt 
magma which had assimilated considerable amounts of alkali-rich Pre cambrian 
basement gneisses and schists . 

BASIN A1VD RANGE FAULTING 

Following the Laramide orogenies and the early Oligocene volcanic acti vity , 
the crust was broken by numerous high-angle faults , the approximate distri ­
bution of which is shown on the lower left map of Figure 9 . The fault system 
trends generally northward , but cuts the older structures discordantly in man y 
\Jlaces . Horsts , grabens , and ti lted blocks are characteristic . Some of the 
faults , undoubtedly , facilitated the rise of the large late Laramide folds , and 
therefore had an inception in la te Eocene or Oligocene time . 
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Major faults are localized somewhat in a central belt, and have produced there 
a zone of trenches and elongated plateaus and ranges, the High Plateaus of 
Utah. The fault system as a whole is responsible for the internal drainage of 
the Great Basin. In Utah the faults continued active during Pliocene and early 
Pleistocene time, and the zone is one of special seismic activity even today. 

Gravity surveys by Professors Cook , Berg, and students have demonstrated the 
presence of buried fault scarps beneath the valley alluvium, and the existence 
of several deep grabens and cross -trending faults . The vertical displacement 
of the zone of faults along the Wasatch Mountains may be over 10,000 feet. 
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Figure 9a. Basin and Range Fault System, Late 
Tertiary and Quaternary. L, Logan; 0, Ogden; 
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Figure 9b. Igneous rocks. Black, Cenozoic ex­
trusives; stippled, Early and Md-Tertiary intru­
sives; hachured, laccolithic groups. 

UPLIFT OF COLORADO PLATEAU 

The C olorado Plateau was uplifted from about 1,000 feet to about 8,000 feet 
above sea leve 1 in mid - Tertiary time . The maj or drainage pattern had been 
established before the uplift, and thereafter the streams entrenched themselves 
in deep gorges through the resistant sandstones and limestones. The tributaries 
removed extensive covers of shale and siltstone from the Plateau province. 
The great flexures that bound the several separate uplifts of the Plateau were 
formed during Laramide times , and the major streams , either by antecedency or 
superposition , flow across these structures. 

The laccolithic mountains are drained radially , however, and are exceptions 
to the major drainage patte rn. They therefore have been judged to be late 
Tertiary in origin, 
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Paper 5 PRECAMBRIAN ROCI(S OF UTAH 

GENERAL 

b)' ELiot BLa.ckwelder! , Arthur Granger!, 

a.nd Robert C. Cohenour 

Although Precambrian formations must underlie the entire state of Utah, they are 
exposed only here and there in some of the mountain ranges . In most of these 
localities they have been littl e more than reconnoitered , and , except for the 
area near Farmington (Bell , 1952), and Antelope Island in Great Salt Lake (Larsen , 
1957), it can hardl y be said that they have been thoroughly studied anywnere 
in the state . Like the Precambrian rocks of other regions , they are in part so 
metamorphosed and so complexly folded that they are difficult to study , but 
some of them are altered little more than are some of the Paleozoic formations. 

The accompanying sketch-map (Figure 10) shows most of the localities where 
Precambrian rocks ha ve been recognized in Utah . Of these , the best known 
are in the Wasatch Range from Brigham City to Santaquin . Other extensive out ­
crops occur in the Uinta Mountains and in the mountains of the extreme north­
western corner of the state . Also there is a less extensive area in the south­
west corner of Utah. 

In the past , some difficulty has been experienced in distinguishing Precambrian 
rocks from Ca mbrian , but more recently definite unconformities ha ve been iden­
tified which seem to mark the base of the Paleozoic sequence . On the basis of 
rather scanty fossils , the overlying beds are referred variously to the Lower and 
Middle Cambrian series . 

The Precambrian formations seem to be readily divisible into two main gro ups, 
the older of which is strongly metamorphosed , whereas the younger one is but 
slightly altered . It may be possible to subdivide the older c omplex afte r more 
detailed study . Thus far , the Utah Precambrian formations have not been corre­
lated successfully with those of other states , although plausible relationships 
have been suggested . No attempt will be made here to classify any of the rocks 
in Utah as either Archean or Algonkian, especially as there is much disagree ­
ment among geologists as to the exact meaning of those terms . 

THE METAMORPHIC COMPLEX 

Under this heading ar e included rocks which are for the most part highl y folded 
and sheared and almost completel y recrystallized . They include various kinds 
of schists and gneisses as well as metamorphic quartzites . Marble ha s not 
been observed among them , although it appears in a s imilar complex on the 
southern border of Idaho and occurs as pebbles in the Precambrian tillite near 
Provo . 

1 . Professor Emeritus and former Head , Department of Geolog y , Stanford Uni­
versity , Palo Alto , California 

2 . Geologists, U . S . Atomic Energy Commission . 
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This ancient complex has been intruded by small masses of granite with atten­
dant dikes and veins . Some of these intrusions ha ve themsel ves been rendered 
gneissic , but others remain relatively unaltered , a fact which suggests a marked 
difference in age among them . This metamorphic complex is best known in the 
Farmington section of the Wasatch Range , where Crawford (1935), Redden (1935), 
and Eardle y (1940) ha ve examined it, and Bell (1952) has mapped it in detail. 
Identical rocks on Antelope Island ha ve been mapped and described by Larsen 
(1957) . 

The most problematical and perhaps the oldest of these ancient rocks in Utah 
are the contorted biotite schists, h ornblende gneisses, and injection - gneisses 
which are particularly well displayed in Weber Canyon , on Antel ope Island , 
and in the Farmington section of the Wasatch Rang e . As reported by Bell, the 

rocks of the Farmington c o mpiex are mostly metamorphosed sedimentaries , with 
some interla yered metamorphosed igneous rocks, the entire comple x being cut 
by pegmatite dikes . He lists four metamorphic facies: greenschist , amphibolite, 
migmatite , and granulite , plus hornble nde-biotite granite , and pegmatite dikes, 
as middle Precambrian in ag e , and a quartz schist as being of late Precambrian 
age . I{ecent work by Udekirk (1962) indicates an age of 1,582 million years 
(plus or minus 16 million years) as the abs olute age for the formation of zircon 
crystals (lead -alpha method) in a granite gneiSS of the Farmington c omplex from 
Ogden Canyon . Whether or not this age dates the period of metamorphism or is 
the true age of the rock cannot be stated with certainty; therefore , the Farmington 
complex is tentatively considered to be middl e Precambrian in age . Their age 
relationship to the Red Creek series, next to) be described, is not clear , although 
outcrops near City Creek Canyon at the extreme southern end of the Farmington 
complex (Granger , 1954) indicate that the quartz schists of the Farmington com ­
plex are older . 

A more readily interpreted part of the ancient c omplex is a series of highl y 
metamorphosed sedimentary rocks which occur in at least five localities widely 
scattered over the state . They were noted by Powell (1876) in Red Creek Canyon 
near the Wyoming boundary in the northeastern corner of Utah and ca lled by him 
the "Red Creek series . " Similar rocks occur in the northwestern corner of the 
state as well as in the Wasatch Range east of Willard, east of Farmington, and 
southeast of Salt Lake City . The prevailing rocks in this seri es are silvery 
muscovite and dark gray biotite schists , some of which contain abundant chlorite, 
kyanite, garnet, h ornblende , and staurolite. With t hese are associated white , 
gra y , and even clear green metaquartzites which are more or less schistose and 
entirely recrystallized . Basic igneous rocks which were intruded into the sedimen­
tary strata as dikes and sills have since been intensely deformed and altered to 
hornblende -s chis t. 

These strata are so complexly folded that no one has ye t attempted to work out 
their stratigraph y , although sections up t03,000 feet thick have been measured 
in a few places . Granitic intrusions, with associated dikes of pegmatite and 
quartz which ha ve invaded them in Dry Mountain southeast of Santaquin and in 
other localities , seem not to have been intensely deformed in any subsequent 
orogeny . 

The Red Creek system resembles some of the o lder rocks in the Cherry Creek 
region in southwestern Montana , the Harrison system in extreme southern Idaho , 
and especially the metamorphic system in the Medicine Bow Rang e and the 
Sierra Madre in southern Wyoming . 

North of Little C ottonwood Canyon , e ast of Salt Lake City , Crittenden , Sharp , 
and Calkins (1952) assigned the name Little Willow series to a section of strongly 
fold ed gneissic quartzites, schist s and stretched-pebble schists , intruded by 
baSic igneous rocks (amphibo lite s). The metamorphism , though intense , was 
not so pronounced as that which affected the Farmington Canyon complex, nor 
was it as slight as that which acted upon the overl ying C ottonwood series . 
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The Raft River M ountains and adjacent ranges in northwestern Utah and southern 
Idaho (Felix , 1956 ) reveal a thick sequence of similar rocks among which are 
massive to platy white , gray , and even bright-green metaquartzites; silvery 
muscovite schists and dark chlori te and biotite schists are also prominent. 
Some of the layers of schist contain much kyanite . In addition to the sedi men ­
tary strata there are bodies of gneissic granite which are probabl y intrusive 
mto them . A layer of schistose conglomerate in th e Grouse C reek Range contains 
white meta quartzite pebbles resembling beds in the same system , suggesting 
tha t there rna y be an unconformi ty in this sequence . In the mountains of southern 
Idaho , just northof the Grouse Creek Range , Anderson (l 931 ) founda thick series 
of similar rocks , which also includes marble and garnet schist. 

YO UNGER PRECAMBRIA N SYSTEM 

The best known section of the younger Precambrian rocks is exposed in the 
lower part of Big C ottonwood C anyon, southeast of Salt Lake City . There are 
other good exposures north of Ogden and to the east along the axis of the Uinta 
Mountains . A section by Eardley and Hatch (1940) shows a total thickness of 
more than 16 , OOOfeet. The whole sequence is so little altered that the geologists 
of the 40th Parallel Survey originally supposed that they were of Paleozoic age . 

The Big Cottonwood series is a 16 , OOO - foot sequence (Crittenden , Sharp , and 
Calkins , 1952 ) of quartzites and shales of varying colors and conta ining ripple 
marks , cross -bedding , and mud cracks . Above these rocks are from 1 , 000 to 
3 , 000 feet of Mineral Fork tillite , and above the tillite are up to 1 , 200 feet of 
quartzites , sha les , and conglomerate designated as the Mutual formation , wh ich 
con tains the younges t Precambrian rocks in the Big C ottonwood area . 

In several localities in the Wasatch Mountains and the islands of Great Salt 
Lake , this upper part of the system includes one or more beds of dark , bouldery 
slate , or tillite , which is almost surely of glacial origin . Some of these strata 
are at least 250 feet thick . The gray slates associated with the tillites are 
finely lamina ted and contain scattered pebbles . They are interpreted as varved 
deposits made in glacial lakes . This part of the system is well exposed in 
Promontor y Point , Little Mountain, the adjacent islands of the lake , in the 
Wasatch Rang e (near Brigham City and Salt Lake City), and in the Sheeprock 
Mountains (north of Delta). 

In the Sheeprock Mountains , nearly 8 , OOOfeetof metasediments, largel y slates , 
quartzites, and a tillite similar to the Mineral Fork tillite of the Wasatch Range , 
were mapped and designa ted the Sheeprock series (Cohenour , 195 7). The Sheep ­
rock series , because of the absence of unconformities above or below the lensing 
tillite unit , probably represents an inte rval of Pre cambrian deposition heretofore 
unrecognized in Utah . Similarly , the source of algal limestone boulders in the 
til lite s of the Wasatch and Sheeprock ranges is unknown; these boulders suggest 
the presence of hidden Beltian carbonate rocks in the vicinity. 

Though tillite i s the term many investigators ha ve used for the extremely coarse , 
poorly sorted , clay-cemented strata , it is possible that not all the material is 
of glacial origin, and some occurrences may ha ve res ul ted from ancient mud -rock 
flows . The rapid facies changes and the absence of chemically precipitated 
sediments indicates a prevalence of "restricted " continental-type sedimentation 
which further connotates a region of conSiderable relief , especially the regions 
containing tillite or tillite-like rocks . 
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At the base of the system in Red Creek Canyon (Uinta Mountain area ), quart­
zitic brown sandstone with many beds of fluvial conglomerate rests unconform ­
ably on strongly folded beds of the metamorphic complex . The upper limit of 
the slate and quartzite system is marked by an obscure unconformity beneath 
the Brigham C ity (Tintic) quartzite , which i s probably of Earl y or Middle Cambrian 
age . 

As var ious local sections of the system do not agree closely in detail , it is 
evident that the formations vary considerably from place to place . A detailed 
section measured by Powe ll (1876) near the east end of the Uinta Mountains 
indicates a great predominance of sandstones or quartzites over shales and 
the presence of much conglomerate , especially in the lower part. Moreover , 
the red , brown , and purple beds seem to predominate over the gray . 

The Precambrian age of this great thickness of quartzite and slate seems to be 
adequately established by the fact that it lies unconformably below a thick 
formation which contains Lower Cambrian fossils in several localities . As 
long agon otedbyWalcott , Powell , and others , many of the shales look promising 
for fossils , but thus far nothing more than a few indistinct and problematical 
trails and markings have been found . In the Promontory Range (Olson , 1956 ) 
and the Sheeprock Range (C ohenour , 1957 ), it has been noted that there is an 
absence of an unconformity between the youngest Precambrian (Mutual formation) 
and the overlying basal Cambrian quartzites . 

There is some difference of opinion regarding the correlation of these younger 
Precambrian rocks with those of other parts of western United States, Most 
students of the subject are impressed with their general similarity to the late 
Precambrian Grand Canyon system of Arizona and the Belt system of western 
Montana . In all these localities the formations underlie Middle or Lower 
Cambrian rocks with an unconformity which is locally obscure. They resemble 
each other in conSisting largely of sandy and shaly beds of continental origin 
and in having been little more severely metamorphosed than the associated 
Paleozoic strata . On the other hand , Hinds (1936 ) notes that the C ottonwood 
system contains little or no limestone and also differs from the beds in Arizona 
and Montana in having glacial deposits, Because of these andotherdiscrepan ­
cies, he argues that the y probably belong to an older system which he calls 
the Uncompahgran. 
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Paper 6 CAMBRIAN ROCI(S OF UTAH 
b\" F. TV Christiansen 

INTRODUCTION 

Cambrian rocks crop out in numerous localities in Utah . The most extensive 
outcrops are located in the ranges of the Great Basin of western Uta h and in 
the Wasa tch and Uinta Mountains . C onsiderable interest is centered around 
the thick (more than 10 , 000 feet) and relatively complete section exposed in 
the House Rang e and vicinity, located in west - central Utah . This section may 
prove to be the most complete in North America . 

The rocks of this system are locally yielding ores of the base and precious 
metals, notably in the Tintic mining district; and the limestone consumed in the 
Geneva Steel Plant is being quarried in central Utah from rocks of Middle Ca m­
brian age . In these and several other areas considerable stratigraphic work 
has been done , and the results have been published; however, a large amount 
of general and detailed work, including regional mapping, remains to be done 
before many of the stratigraphic and paleogeographic problems will be solved . 

The Cambrian system of Utah consists predominantly of marine clastic and 
chemical sediments that developed in and at the margins of an encroaching arm 
of the sea . In the deepest basins , where deposition was apparentl y continuous 
from Upper Precambrian time into the Cambrian, the rocks of Early Cambrian age 
are chiefly clastics , quartzites and some conglomerates . These relative ly 
coarse clastics grade upward in the section into finer clastics, chiefly shale , 
and into some chemical sediments , limestones and dolomites , which make up 
the bulk of the Middle Cambrian section . Chemical sediments , limestones and 
dolomi tes , are the predominant types in the La te Cambria n . 

PALEOGEOGRAPHY 

The lithologic features and general distribution of the Cambrian system suggests 
a comparatively simple interpretation of Ca mbrian paleogeography . Marine 
waters invaded Utah from the southwest , following essentially the old trough 
tha t had developed in wes t - central Utah during late Precambrian time . (Compare 
Figure 11 with Figure 12 . ) The Early Cambrian sea was restricted to a relatively 
irregular trough that extended in a northeasterly direction across western and 
northern Utah into southeastern Idaho . It was narrow in the present area of 
Great Salt Lake and to the northeast but broadened to the southwest (Figure 13). 
Although most of western and northern Utah slowl y subsided during Early Cam­
brian time , the border lands and some sma 11 areas within the trough remained 
relatively high and consequently were the source of quantities of relatively 
coarse sediments which were shed into the sea and along its margins (Prospect 
Mountain, Tintic , and Bingham quartzites ). Subsidence continued over most of 
Utah, and Middle Cambrian marine waters spread over most of the state (Figure 
12) . The highlands were reduced , and by the close of Middle Ca mbrian time 
they had been almost completely leveled off . The finer clastics, predominently 
shale, which developed mainly during the early part of this epoch , gave wa y to 
the development of chiefly chemical sediments . 

1 . Professor of G eology , University of Utah , Salt Lake City , Utah . 
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With further subsidence the Late Cambrian seas spread eastward into Colorado 
and westward into Nevada and eventually covered most of the West. Land 
masses existing in western Nevada and eastern Colorado during Late Cambrian 
time restricted the lateral extent of the sea. As in most sections of the world, 
the Upper Cambrian strata of Utah are composed chiefly of chemical sediments, 
limestones and dolomites. The general condition of slow subsidence that dom­
inated the Late Cambrian of Utah continued without interruption into the early 
part of the Ordovician. 

Sedimentary units that develop under the general conditions of an expanding 
sea, such as described above, will transcend time lines, as do the Tintic and 
Ophir forma tions. The east-wes t section of Figure 14 illustra tes this rela tionship . 

PALEOTECTONIC HISTORY 

At the close of Precambrian time , block faulting and local upwarping deformed 
the late Precambrian rocks in areas such as the Colorado Plateau, Wasatch 
and Uinta Mountains, Raft Ri ver Range, and the Snake Range in east-central 
Nevada (Figure 3, 11) . Prior to and also contemporaneous with this disturbance, 
several relatively deep troughs in which thick sequences of continental and 
marine sediments accumulated continued to develop . The thick sequences of 
sedimentary rocks deposited in these basins thin abruptly toward the uplifted 
source areas and near them have unconformable relations beneath the Cambrian 
rocks . In the central and deeper parts of the sites of sedimentary accumulation, 
as exemplified by the relatively thick sections of the islands of Great Salt Lake, 
Canyon Range, and Tintic district, there is no evidence of a physical break 
between late Precambrian and Cambrian rocks. Thus it appears that, locally, 
deposi tion was continuous from the Precambrian into Cambrian time (Figure 11). 

The great differences in thickness of the Cambrian strata and their lateral var­
iance in lithology and age serve to emphasize the important phases of Cambrian 
paleotectonic history. Downwarping and the development of a pronounced, 
relatively narrow trough in western and northwestern Utah and southeastern 
Nevada continued through most of Early Cambrian time . The centers of maximum 
subsidence coincide, in general, with the areas where deposition was continuous 
from the Precambrian into the Cambrian. This would indicate that perhaps the 
salient features of the trough were inherited from the Precambrian and were in 
part products of the La te Precambrian orogeny . 

During Middle and Late Cambrian time, movement was chiefly vertica 1 and of 
an epeirogenic na ture . Slow, continued regional subsidence by the close of 
Late Cambrian time had depressed most of the western United States below sea 
level. 

The differences in thickness and age relationships inferred from the foregoing 
are illustrated and further emphasized by the geologic sections given in Figure 
IS . 
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Paper 7 SUMMARY OF ORDOVICIAN 
STATIGRAPHY OF UTAH 
by Lehi F. Hintze l 

REGIONAL RELATIONS 

A line drawn from the southwest corner of Wyoming to the southwest corner of 
Utah roughly divides two areas of contrasting Ordovician stratigraphy. East 
of such a line Ordovician rocks are relatively thin, a few hundred feet thick at 
most in Wyoming, C olorado, and eastern Utah. West of sucha line Ordovician 
strata thicken to as much as 4,500 feet in western Utah and Nevada. Although 
Ordovician rock types aremuchthe samein thetwoareas , principally carbonates 
andsandstone, thecontrastin thickness has enabled recognition that the eastern 
area was one of little subsidence , hence a stable shelf, or craton; the western 
area, on the other hand, was one of great subsidence, and, lacking volcanics, 
has been termed a miogeosyncline (Kay, 1947 ,1951). Still farther to the west, 
Ordovician strata include volcanic rocks and thus are called eugeosynclinal . 
The relationship of these three belts is shown on Figure 16 . Thicknesses of 
Ordovician strata over the eugeosyncline , miogeosyncline, and craton may be 
compared by reference to thickness figures given on the correlation chart, 
Figure 18, where it will also be seen that erosion or nondeposition occupied a 
much greater part of Ordovician time on the cratonal area than it did in geo­
synclinal areas. 

The line of division' between the major Ordovician structural elements in Utah, 
the craton and the miogeos yncline, coincides roughly with the division between 
major present-day structural and geomorphic units in Utah. 

Thus , the miogeosynclinal Ordovician, confined mostly within the Basin and 
Range province, is well exposed in the fault block ranges there; but the cratonal 
Ordovician, under the C o lorado Pla tea us area, is not exposed a t the surface 
and is not yet certainly identified from well logs . 

Within the miogeosynclinal belt Ordovician rocks were deposited in two basins: 
the Ibex basin and the northern Utah basin. These were separated by the Tooele 
arch , a positive feature which shows most obviously on the isopach map of 
Middle Ordovician quartzites, but which shows also on isopach maps of sev­
eral other Paleozoic intervals from Cambrian to Devonian times (Hintze, 1959). 

MIOGEOSYNCLINAL ORDOVICIAN OF 
NORTHERN UTAH BASnV 
Three Ordovician formations are recognized in northeastern Utah and south ­
eastern Idaho. In ascending order these are the Garden City forma tion, the 
Swan Peak formation, and the Fish Haven dolomite. These formations have been 
mapped in the Logan Quadrangle (Williams, 1948) and in the Randolph quadrangle 
(Mansfield, 1927), and their distribution in these and adjOining areas is shown 
on Plates I and II of the Intermountain Assoc. Petroleum Geologists Guidebook 
for 1953 . 

1 . Professor of Geology, Brigham Young University, Provo, Utah. 
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Figure 16. Index map of Ordovician localities shown on Figures 17 and 18, showing their relationship 
to geosynclinal belts. 
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Figure 17. Correlation of Utah Ordovician sections of the miogeosyncline. 
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Garden City Formation 

Two members are recognized in the Garden City forma lion. The lower member 
comprises two-thirds of t he total thickness in mo st places and is an interbedded 
complex of intraformational flat-pebble conglomerate, shaly limestone, and 
crystalline limestone. The upper member of the Garden City formation is char­
acterized by nodules and stringers of chert within fine-grained limestone and 
dolomites. The stratigraphy and trilobite faunas of the Garden City and Swan 
Peak formations have been the subj e ct of detailed studies by R. J. Ross (1949, 
1951) . 
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The Garden City formation ranges in age from earliest O rdovician to early 
Chaz yan and is believed to have been deposited mostly in shallow waters of 
an almost tidal-flat nature. 

Swan Peak Formation 

Recent mapping and stratigraphic studies have defined two members in the 
Swan Peak formation of northeastern Utah. The lower member, usually less 
than 200 feet thick, is composed of nonresistant slope-forming interbeds of 
shale, t hin-bedded sandstones, limestone, and dolomites. This member is 
lithologically and faunally similar to the Kanosh shale of the Ibex baSin, and 
this name has been appropriately extended into the northern Utah basin by 
recent mapping in the ranges northeast of Wendover. On the isopach maps 
which accompany this paper, the shaly member of the Swan Peak formation is 
included within the Pogonip -Garden City interval rather than with the Ordovician 
quartzites . The upper Swan Peak member, attaining a thickness of over 500 
feet, is a conspicuous, light-colored, cliff-forming quartzite with associated 
quartz sandstones. Ross (1949, 1951, 1953) and others have identified or 
described trilobites, brachiopods, ostracods , and graptolites from the lower 
member of the Swan Peak formation and have dated it as early Chaz yan . Robert 
C. Bright (personal communication) has recently discovered large, simple-cone 
conodonts in the reddish-brown sandstones at the base of the upper quartzite; 
he reports that this conodont fauna most closely resembles that found in the 
middle Chaz yan Dutchtown formation of Miss ouri. The massive quartzites of 
the upper Swan Peak formation have not yie lded fossils. 

Fish Haven Dolomite 

Perhaps the most widespread and most uniform, in thickness and lithology, of 
all Ordovician formations in Utah, the Fish Haven dolomite has been the subject 
of the leas t study. On the basis of its coral and brachiopod fauna, it has been 
correlated with Upper Ordovician dolomites on the craton to the east and in the 
geosyncline to the west. In contrast to Lower Ordovician carbonates, which 
vary so markedly in thickness from craton to geosyncline , the Upper Ordovician 
dolomites are more uniformly distributed, are present over several places on the 
craton where other Ordovician is lacking, and do not exceed eight hundred feet 
in thickness even over the geosynclinal area (Figure 18). Where Silurian dolo­
mite is presen t , the Upper Ordovician is often difficult to separate from it; hence, 
published thickness figures for the Upper Ordovician may include some Silurian 
and vice versa . Data published in the last decade has made it possible to 
present an isopach map for this unit (als o see Hintze, 1960) . 

Upper Ordovician deposits represent the most widespread invasion of any Paleo­
zoic sea in North America; the marine carbonate sheet deposited at that time 
sealed off the underlying Ordovician and Cambrian sands as well as some of the 
Precambrian crys talline areas from thenceforth being sources of quartz detritus. 

ORDOVICIAN EROSION ON THE TOOELE ARCH 

The absence of Ordovician strata in central Utah is shown graphically on the 
accompanying isopach maps, where it may be seen that only part of the normal 
Ordovician sequence is present in the Stansbury Mountains , Lakeside Mountains, 
and in the Tintic and Gold Hill mining districts . In these areas Upper Ordo­
Vician dolomites directly overlie various parts of the Lower Ordovician, and the 
Middle Ordovician sandstones are conspicuous by their absence (Webb, 1958) . 
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This relationship is especially well shown on the geologic map of the Stansbury 
Range (Rigby , 1958a) where the Fish Ha ven dolomite rests on successively 
lower members of the Garden City formation toward the north in the map area. 

MIOGE05YNCLINAL ORDOVICIAN OF IBEX BA5JJV 

A broad threefold d i vision of Ordovician strata, somewhat similar to that of 
northern Utah, may be recognized in western Utah . The lowest unit , the Pogonip 
group, i s dominantly of clastic limestones ; above t hi s are Middle Ordovician 
s andstones and quartzites; th e Upper Ordovician is dolomitic . 

The distribution of Ordovician outcrops is best s h own on the new 1: 250 , 000 
State Geologic Map of Utah 1962 . The best reference section for Ordovician 
rocks in the western United States is that at Ibex in Millard C o unty (Hintze , 
1951, 1952). 

Pogo nip Group 

Six formations ha ve been defined by Hintze (19 51 ) in the P ogonip group of 
western Utah (Figure 18) . The lowest two formations , the House limestone and 
Fillmore intraformational limestone conglomerate , correspond in lithology and 
age with the l ower member of the Garden Ci ty forma tion. The middle forma tions , 
the Wahwah and Juab limestones , correlate faunally with the upper Garden City 
formation, but differ from it in lithology as they lack chert and dolomite . The 
next higher formation , the Kanosh s hale, contains fossils like those in the 
s haly lower member of the Swan Peak formation of northern Utah . The highest 
Pogonip, the Lehman formation , contains fossils younger than an y sofarreported 
from t he Middle Ordovician of northeastern U tah . The Pogonip group attains a 
maximum thickness in Utah of 3 , 100 feet in the Ibex area . Fossils ranging in 
age from e arliest Ordovician to middle Chaz yan ha ve been identified or des ­
cribed from the Pognip group b y Hintze (195 2). 

Middle Ordovician Quartzites 

In the Ibex area of western U tah and in the ranges of the Great Salt Lake desert 
northeast of Wendover (Paddock, 1956 ), several hundred feetof MiddleOrdovi­
cian quartzite beds are divided into two unequal units by a dolomite bed . W ebb 
(1953, 1958) has assigned the lower, thinner quartzite unit to the Swan Peak 
forma tion and the upper quartzite to the Eureka quartzite . Elsewhere in wes tern 
and central Utah where the intervening dolomite beds are lacking, it has been 
difficult to determine whether t he Middle Ordovician quartzite should be as signed 
to the Eureka or to the Swan Peak . Ross (1953 , p . 24 ) has suggested that per­
haps t he Eureka and t he Swan Peak quartz~tes are equivalent and are part of a 
single quartzite unit which overlies progressively younger Ordovician beds as 
it extends wes tward into central Nevada . 

The Middle Ordo vician quartzties of the Great Basin have been the subject of 
detailed study by Webb (1953 , 1958) who believes that the Swan Peak-Eureka 
deposition is more complex than heretofore suspected, consisting of both re ­
gressive and transgressive phases . These quartzites are of interest as possible 
reservoir beds for petro leum . 
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Upper Ordovician Dolomites 

To date the Upper Ordovician dolomites ha ve received no special study in the 
Great Basin, and little can be added to the information shown on the correlation 
chart and isopach map and discussed above under the Fish Haven dolomite. 

ORDOVICIAN OF EASTERN UTAH CRATON 

Eastern Utah has long been favored over the rest of the state for oil exploration . 
A great many more wells have been drilled there than elsewhere, and to date it 
is the only part of the state yielding commercial production. Recentl y , Weirich 
(1953) has advanced a stratigraphic reason as to why oil is more likely to occur 
in eastern than in western Utah. This is the principle, based on empirical 
observation , that oil is much more likely to originate , migrate, and accumulate 
over shelf areas along the margins of the craton than it is in the adjacent geo­
synclinal areas. Although the Ordovician is low in the stratigraphic column, 
its position need not ca us e it to be ignored, for commercia 1 production come s 
from analogous lower Paleozoic "shelf" beds in Wyoming . Stratigraphically 
and structurally the Ordovician of eastern Utah should be of interest to petroleum 
geologis ts. 

Perhaps the most obvious thing which the published records show is that the 
Ordovician is thin or absent over all of eastern Utah. The lower Paleozoic 
beds are exposed around the flanks of the Uinta Mountains, but Ordovician 
beds are entirely lacking, not only in that area but also westward from there at 
least to the Provo vicinity and probably farther westward. 

In southeastern Utah a number of wells have been drilled, but relatively few of 
these have penetrated the lower Paleozoic . Accurate faunal control of the lower 
Paleozoic sequence is apparently lacking in the few published well logs, for 
most of them show these strata as "Undifferentiated Paleozoic" or as "Cam­
brian (?) - Devonian" with an eros i onal interval between . Recent Intermountain 
Association of Petroleum Geologists Guidebooks discuss the Cambrian and 
Devonian rocks of eastern Utah in some detail; O -dovician strata, if present in 
the subs urface, seem to be limited to the area wes t of the San Rafael and South 
Last Chance fields in Emery C ounty . Dolomites less than 100 feet thick at the 
top of the Cambrian in these fields may be Ordovician. In adjacent north­
western Colorado, Bass and Northrop (1953) have recently differentiated the 
Lower Ordovician Manitou formation from limestones and dolomites formerly 
believed to be entirely Upper Cambrian , so possibly the apparent lack of Ordo­
vician limestone in published well logs from eastern Utah may be due in part to 
lack of recognition. However, Silurian and Devonian erosion is a more likely 
explanation . It is hoped that future drilling will clarify this problem. At any 
rate , we know that the entire lower Paleozoic sequence is comparatively thin 
in eastern Utah, and that the Ordovician, if present, certainly cannot exceed 
more than a few hundred feet in thickness there . No production is yet reported 
from Ordovician horizons in eas tern Utah. 

CORRELATION OF UTAH ORDOVICIAN WITH OTHER AREAS 

Recent studies b y Ross (l951) and Hintze (1952) have defined fifteen faunal 
zones in the Lower and early Middle Ordovician of Utah. These are indicated 
on the columnar sections (Figure 17) and the correlation chart (Figure 18) by 
letters. The zones are based principally on a succession of trilobites which 
are now better known from this part of the stratigraphic column in Utah than 
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they are fro m any place else in the world . Rigby (1958b) has listed the grap­
tolites from these zones. Despite this zoning it is difficult to establish detailed 
correlations with rocks of other areas bearing non - trilobite faunas, for example, 
the Lower Ordovician of Missouri, Oklahoma , and Texas . In these states the 
Lower Ordovician is dol omitic and cherty , and bears a molluscan fauna domina ted 
by gastropods and cephalopods . On the basis of the very few fossils which the 
Utah Ordovician s hares in common with the mid-continent regi on, we ma y sa y 
that the Garde n City -Pogonip faunal z ones "A" through "J" are approximately 
e quival e nt to faunas fo und in the El Pas o and Ellenburger formations of Texas, 
the upper Arbuckle gro up of Oklahoma , and in the Lower Ordovician formations , 
Gasconade through Black Rock, of the Ozark region, Missouri. Equivalents 
of Utah Chaz yan z ones "L" through "N" are apparentl y re presented in the lower 
Simpson gr oup (Joins and Oil Cre e k) of Oklahoma . 

Middle Ordovician quartzite s , lacking fossils exce pt at the base , are difficult 
to da te . On the basis of a r egional study , We bb (1953, 1958) assigned the 
Swan Pe ak qua rtzite to the Chaz yan a nd the bulk of the Eure ka quartzite to the 
Tren tonian . 

Altho ugh the faunas of the Upper Ordovician d olomite s of the West are well 
kn own, the re is little agre ement am ong authoriti e s as t o exactl y how much of 
Late Ordovician time is represente d b y the dolomite . It is generall y supposed 
that these dol omites represent the Richmond stage (uppermost Cincinnatian), 
but the fos sils upon which this conclUSion is base d are few , and most of them 
are not particularly diagno stic of Richmond ag e alone . Kirk (1930 , p . 464) sug­
gests that "thi s h oriz on was of Cincinnatian age , and in the sense of being pre­
Richm ond, post-Tre n ton . " But Ka y (1935 , p . 589) sugges t s that the se rocks ma y 
als o be Tre nton in age . Rece ntl y Flower (1952) and Ross (1953) ha ve discussed 
the age as signment , ques tioning res tricting the dolomite to the uppermost 
Cincinnatian Richmond . On the corre lation chart (Figure 18) it will be no ted 
that the po siti on of the lower bo undary is left in doubt. 
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Paper 8 SILURIAN STRATA IN UTAH 
by Richard W. Rush2 

The Silurian system is a relatively thin but important part of the stratigraphic 
column in western Utah and eastern Nevada. In Utah it has been recognized 
west of the Wasatch line within two broad shallow basins of the geosyncline 
(Figure 23). Throughout much of the area the Silurian rocks average approxi­
mately 1,000 feet thick. The eastern outcrops consist of asphaltic dolomite . 
Near the Utah-Nevada border the s ystem is less asphaltic and more fossili­
ferous . A regional summary of the s y stem was made by McFarlane (1955). 
Several local papers have since described additional Silurian sections . 

Most Silurian rocks within the state have been assigned to the medial Silurian 
Niagaran series, largely because of their relativel y unfossiliferous character . 
Recently, a Late Silurian brachiopod fauna from western Utah and Nevada has 
been described by Waite (1956). Silurian rocks lie conformably between Upper 
Ordovician dolomite and Devonian dolomite, suggesting essential continuity of 
deposition in the Great Basin area . 

REGIONAL DISTRIBUTION 

In the Utah-Nevada area Silurian rocks were first recognized and described by 
Hague (1883) in the Eureka district, Nevada . He name d the Lone Mountain 
formation, which includes beds with a "Trenton" and a Niagaran fauna. Merriam 
(1940) subdivided similar beds in the Roberts Mountains, near Eureka, into 
three formations: Hansen Cree k (Upper Ordovician), Roberts Mountain (Niaqaran 
with a pentamerid fauna), and Lone Mountain (restricted) (questionable Silurian 
but non-fossiliferous) . 

Kindle (1908) first described Silurian rocks in Utahin o utcrops near LoganCan yon. 
He reported Halysites sp . above Silurian rocks in association with what he 
interpreted as a Devonian fauna . Later Blackwelder (1910) reported Silurian 
beds near Mantua, Utah; and F. F. Hintze (1913) reported Silurian quartzite, now 
believed Devonian, in the Wasatch Mo untain s south of Salt Lake City . 

Richardson (1913) described and named the Fi s h Haven (Upper Ordovician) and 
the Laketown (Silurian) dolomites from the Bear River Range near the Idaho-Utah 
border; reported that the t ype Laketown dolomite contains Pentame rus cf . P. 
oblongus Sowerby , Halysites cate nulatus ? Linne, Favosites sp., and Cyatho­
phyllum sp . ; thought the fossils could be Richmond (U pper Ordovician); but 
provisionally interpreted the Laketown dolomite as Silurian . Mansfield (1927) 
followed Richardson's interpretation of the Lake town dolomite . 

Williams (1948), in the Wasatch Range, measured 1,510 fee t of Silurian rocks 
with Pentamerus sp . and Halysites sp . and applied Richardson's t e rm Laketown 
dolomite to the seque nce . 

1. Portions of this paper taken fro m Utah Geol . and Mine ralog . Survey Bull. 53, 
"Silurian Rocks of Western Millard County , b y R. W. Rush, 1956 . 
2 . Consultant, Iowa City, Iowa. 
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UPPER 
ORDOVI Cl AN· SILURIAN DEVONIAN 

I 
Lone Mountain J 

l 
Morehouse qua rt zite ? 

Red Warrior limestone 

Fi s h 
Laketown 

HFlven 

Bluebell 

Ely 

Springs Present 

Fi s h 
Sevy 

Simon -

Hav-en Laketown so n 

I 
J 

I 

Bluebell I 
I 
I 
I 
I 

Roberts Lone I 
Hansen I 
Creek lvlountains Mountain I 

I 
I 

I Fish I 
I Laketown I 

Haven I I 

Uppe r 
I i I Lone 

Ord.ovi -I Present 
Mountain I 

Cla n 1 I 
Fi s h Roberts Jack Kin s Simon -
Heven Va 11 ey 

iD ecathon Canyon son Mtns . 

Red Warrior limestone 

Hague 

1883 
189 2 

Butler 

1913 

R j _ [, '1 r d son 
1913 

l"lansf ie1d 
1927 

Lindgren and 
Lcu<;hii n 

1919 

We stgate 
and Knopf 

193 2 

t~ 0 la n 

1935 

Kildale 1938 
Lovering 1949 
F . F . Hintze 1949 
L. Hint,;e 1949 
Eastern Nev . 
Geological 
Assoc . 1953 

Me rriam 

1940 

Campbell 
1951 

Rush 
1951a 
19'51b 

Ru s h 
19')(-

Bissell 

1958 

Table VII. Table of Terms used by different investigators of Silurian Rocks in Western Utah. 
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Nolan (1935), in the Gold Hill district , describeda Siluri an section 800 to 1 , 200 
feet thick which included pentamerids . He used Richardson I s terms of Fish Haven 
dolomite for Upper Ordovician rocks and Laketown dolomite for Silurian . He intro ­
duced the terms Sevy and Simonson dolomite for the overlying Devonian beds . The 
Gold Hill sections are most similar to those exposed near Garrison , Utah (Rush , 
1956) . 

Elsewhere , Lindgren and Loughlin (1919) , in the Tintic district , proposed the 
term Bluebell dolomite, which, according to Morris (1957 ) , includes Late Ordo ­
vician , Silurian, and Devonian beds. Staatz and Osterwald (1 959 ) proposed 
several new names for Silurian strata in the Thomas Range . 

DISTRIBUTION OF 

SILURIAN OUTCROPS 

WESTERN MILLARD COUNTY,U TAH 

-
~~IIOSTRON[& 

=--~ 
aIO'T"O " [~ 

BIG S~RINGS 

"LU"'"'' tSILUfIIO-OROOV,C.A,. 

UNO.FflE" [HTlAl'[O AT SO WlE 

~ BURBANK 

( HILL S 

F igure 24. 

Butler (1913) described and named the Morehouse quartzite and Red Warrior lime ­
stone (Silurian) in the San Francisco district, Utah . However , Nolan (1943) 
and Hintze (1951) place the Morehouse in the Cambrian . The Red Warrior is 
probably all Devonian . 

Following publications by Bacon (1948) and Newell (1948) of the thick Paleo­
zoic sequence in the C onfusion Range of western Utah, the general geology of 
the Garrison area was summarized by several authors in the Intermountain Assoc . 
Petroleum Geologists Guidebook No.6. Rush (1956 ) summarized the Silurian 
of this area , and the names he proposed are shown as follows: 
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Silurian and Adjacent Formations in Western Utah 

Devonian 
Devonian -Silurian ? 

Upper Si lurian 
Middle Silurian 
Upper Ordovician 

Kings Canyon dol omite (upper Sevy equiva lent) 
Deca thon dolomite (lower Sevy equi val ent) 
Unconformi ty ? 
Jack Valley forma lion 
Roberts Mountain formation 
Fish Haven dolomite 

The Silurian formations are described as follows: 

STRATIGRAPHY 

Roberts Mountain Formation 

Merriam (1 940) described and named the Roberts Mountain formation from expos ures 
in the Roberts Mountains , Nevada . He described 741 to 1, 900 feet of "dark , 
slate - gray" limestone that become massive and dolomitic near the top . He 
reported C onchidi um sp ., Halysites sp ., "Heliotidae , Favositidae , " "Streptelas ­
moid Rugosa , " and Stromboides ? sp . 

In the Garri son area it i s asphaltic dolomite , 396 to 422 feet thick , l ying con­
formably on th e Fish Ha ven dolomite . At Big Springs, Nevada , its upper boun ­
dary maybe an unconformity beca use the over lying Jack Valley forma tion, present 
near King s Canyon (Rush , 1956 ), is believed to be absent. In the C onfusion 
Range the relations hip of the Roberts Mountain formation to the Jack Valley is 
obscured by fault contact. 

Roberts Mo untain fossils from Big Springs , Nevada , include : 

Brachiopoda 

C oe lenterata 

Ga stropoda 

C onchidium lagueatum C onrad 
rh ynchonellid brachipod 

Favosites sp . 
Synaptophyllum sp . 
streptelasmid corals 

Eotomaria s p . 
Murchi sonia sp . 

Roberts Mountain fossils from the C onfusion Range , Utah, include : 

Brachiopoda 

C oelenterata 

C ephalopoda 

Ostracoda 

Stegerynchus cf . ~ indianense 
rhynchonellid brachiopod 

Favosites sp . 
Halysites sp . 
streptelasmid corals 

Huronia sp . 

L8 perditia s p . 
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Figure 26. General Correlation Sections 

70 

IBEx HILLS 
KI NGS CAH'f'OH 



Conchidium and associated forms clearly point to a Niagaran age for the rocks . 
The Roberts Mountain formation is probably equivalent to the lower part of the 
Laketown at G old Hill. The term Laketown dolomite has been us ed previously 
by others for Silurian rocks in western Utah (Campbell , 1951 ), but the original 
definition of Richardson (19 13 , p . 409, 410 ) does not apply to the Silurian rocks 
of this area . 
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lack Valley Formation 

This argillaceous, black , nodular dolomite , ranges up to 250 feet; bears stroph ­
omenid brachiopods; lies above the Roberts Mountain dolomite, and unconfor­
mably (?) below the Decathon dolomite on the west side of Jack Valley in the 
C onfusion Range (Sec . 25 , T-21-S, R-15-W) (Rush, 1956) . 

A part of the Jack Valley formation is exposed in the fa\llt blocks of the Ibex 
Hills (Sec . 15, T-21-S , R-14-W) and nearby at the head of Kings Canyon , but 
the base of the unit, in fault contact with other units , was not observed . The 
upper part of the Jack Valley formation is a series of interbedded medium-gray 
and dark -gra y dolomite beds . 
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The Jack Valley formation yields Halysites , silicified strophomenid brachipods , 
Straparollus - like gastropods, and colonial corals of a favositid type . It is 
classified as Upper Silurian by Waite (1956 ). 

Decathon Dolomite 

The Decathon is a light-gray , tan - weathering , coarsely crystalline , dense 
dolomite , 350 feet thick . It lies above the Roberts Mountain andbelow the Kings 
Canyon formations at Big Springs , Nevada. In Kings Canyon it is equivalent to 
the lower part of the Sevy dolomite of the Gold Hill district. 

The Decathon , at its type locality in the Snake Range , Nevada , overlies the 
uppermost medium -gra y unit of the Roberts Mountain dolomite with no physical 
evidence of a dis conformity . Such contact relations as indicated at Big Springs 
do not occur in the Kings Canyon area where the distinctive I fossiliferous I black I 

Jack Valley dolomite lies below the Decathon beds . The upper contact of the 
Deca thon is apparently conformable with the Kings Canyon dolomite . 

Fossils are uncommon to rare in the Decathon I but of those present Ha lysites sp . 
and two favositid - type colonial corals are most common . One poorly preserved 
horn coral was recovered at the top of the formation at Big Springs . Similar 
corals are slightly more abundant north of Ibex in the Confusion Range . None of 
the fossils collected are well enough preserved for specific identification , but 
the presence of Halysites sp . is interpreted as evidence of possible Silurian age . 
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Paper 9 DEVONIAN SYSTEM OF UTAH 
by J. Keith Rigby! 

INTRODUCTION 

Since the discovery of Devonianrocks in Utah by Kindle in 190B, the system has 
been recognized in every part of the state except in the Uinta Basin area, where 
it is missing between the Lower Mississippian and Cambrian rocks. Generally 
speaking, the system is thick in the western and northern parts of the state and 
is thin in the southeastern part of the state. The change is abrupt along the 
Wasatch line (Ka y , 1951, p. 14), and this zone of change is punctuated by sev­
eral small uplifts in central Utah. 

Thickness and facies variations make it pos sible to recognize seven sedimentary 
or structural provinces within the state (Figure 2B). The western thick sedimen­
tary section was deposited in three related but distinct basins: one in the north­
eastern part of the state, one in the northwestern part, and one in the south­
western part of the state. Several small uplifts around the basin margins limit 
the basins and mark the edges of the shelf province north of the Transcontinental 
arch uplift and, with the arch, separate the northern and southern shelf areas. 
Stra tigraphic nomencla ture applied in each of the provinces is shown in Figure 30. 

Utah 

Basin 

-,. 

Northeastetn 

Southwestern 

Utah 

Southeastern Utah 

Basin 

Shelf 

Figure 28. Devonian paleotectonic elements of Utah. 

1. Associate Professor of Geology, Brigham Young Univ., Provo, Utah. 
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Uplifts in the vicinity of the Stansbury Mountains, near Logan, and in Mantua 
Valley result in local complete removal of Devonian sediments. Other related 
uplifts result in thinning of the system, but not complete removaL The major 
positive area is the western prong of the Transcontinental arch which swings 
westward into eastern Utah near the Uinta Mountains. 

NORTHEASTERN UTAH BASIN 

The northeastern Utah basin, as used in this paper, includes the area of thick 
Devonian sedimentation in the Logan area of Rich, Cache, and eastern Box 
Elder counties . It extends into southeastern Idaho where thicker Devonian sec­
tions occur. 

Three distinctive formations have been recognized within the basin by Richardson 
(1913, 1941), Williams, J. s. (1948), and Brooks and Andrichuk (1953). 

The Lower Devonian Water Canyon formation was defined by Williams , J. S., 
(1948, p. 1138-1139) from outcrops near Logan . It consists of a lower member 
of gray to buff, thin -bedded silty and sandy dolomite and an upper member of 
sandy dolomite, dolomitic sandstone, and sandstone intraformational breccia; 
is 540 feet thick in the Logan quadrangle; but is missing over most of the Ran­
dolph quadrangle and surrounding margins of the basin. 

Somber gray crystalline dolomite of the Jefferson dolomite occurs above the 
Water Canyon formation near Logan or at the base of the system elsewhere around 
the margins of the basin. In the Randolph quadrangle it is approximately 1,200 
feet thick (Richardson, 1941) and thickens to 1,850 feet in the Logan quadrangle 
(Williams, J. S., 1948). 

The term Jefferson dolomite has been used differently in various areas of the basin. 
Richardson used the term to include only the more nearly pure carbonate rocks 
at the base of the system in the Randolph quadrangle. Williams expanded the 
formation in the Logan quadrangle to include the overlying Three Forks shale, as 
well as rocks equivalent to the Jefferson of Richardson. 'J\'illiams erected mem­
bers of the Jefferson which roughly correlate with the Jefferson and Three Forks 
of Richardson, the Hyrum dolomite member equivalent to the Jefferson, and the 
Beirdneau sandstone member equivalent to the Three Forks shale. 

The uppermost Devonian rocks of the basin are included in the Three Forks shale 
(Richardson, 1941) or the Beirdneau member of the Jefferson formation (Williams, 
J. s., 1948). These rocks are mainly gray to olive -gray sandstone with minor 
interbeds of shale in the Logan quadrangle and interbedded limestone in the 
Randolph area. The unit is from 200 to 978 feet thick in the Randolph quadrangle 
and 800 to 900 feet thick near Logan. 

Within the northeastern Utah basin, clastic rocks are more common throughout 
the sections along the southeastern margin of the basin. Westward, and north­
westward into the interior of the basin, more nearly pure carbonates dominate. 

Thin stratigraphic sections are most common in the clastic areas and thicker 
sections within the carbonate areas of the basin. Thinning within the basin is 
probably by both overlap and wedging. The Water Canyon formation is apparently 
limited to the interior of the basin and is overlapped by the Jefferson dolomite. 
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Jefferson dolomite also laps out onto the margins of the shelf at the edge of the 
basin. 

A maximum thickness of 2,500 feet is indicated in the central part of the basin 
(Brooks and Andrichuk, 1953 , Figure 31). The system thins to less than one 
thousand feet at the basin margin with the northern shelf, and it wedges out 
completely at the Mantua uplift (Figure 28, 29) . 

NORTHWESTERN UTAH BASIN 

The northwestern Utah basin includes most of Utah west and northwest of Great 
Salt Lake in Box Elder and Tooele Counties. It is separated from the northeastern 
basin by uplifts in the vicinity of Mantua and the Promontory Range . A less­
negative sill, seemingly the structural continuation westward of the western 
prong of the Transcontinental arch highland of eastern Utah, separates it from 
the southwestern basin. 

Greatest thickness of Devonian rocks within the basin is nearly 4 , 200 feet in the 
Newfoundland Mountains (Stokes and Heylmun, 1958 , p. 10) in northern Tooele 
County . Thicknes ses decrease to les s than 3,000 feet in the Wendover area 
(Bissell, 1958) to the west and the system wedges out completely at the basin 
margin in the Stansbury Range . Northern continuation of the basin into north ­
western Box Elder County is questionable, for middle Paleozoic rocks , if present , 
are obscured by metamorphism. 

The Gold Hill district lies at the southern end of the basin development in Utah, 
and nomenclature applied within the basin is largely that defined by Nolan (1935) 
from the Gold Hill area, that is, in ascending order: Sevy dolomite, Simonson 
dolomite, and Guilmette limestone . The Pilot shale, an Upper Devonian unit, 
occurs above the Guilmette limestone in the western and southern part of the 
basin, but is not present at Gold Hill. 

In the type area the Sevy dolomite is 450 feet thick and composed of white to 
ligh t -gra y , cryptocrys ta lline to mi crocrys ta lline dolomite . The over lying Simon ­
son dolomite is 1,030 feet thick and composed of interbedded light-gray and 
dark-brown or brown-gray medium-crystalline dolomite. The Guilmette limestone 
consists of irregularly massive limestone 880 feet thick . North of Gold Hill, 
the Pilot shale is nearly 500 feet thick (Bissell, 1958) . 

At the northeastern edge of the basin, Olson (1956, p. 54-56) measured a sec­
tion of Water Canyon and Jefferson formations in the Promontory Range. The 
Wa ter Canyon dolomite consists of white to whitish-gray, microcrystalline to 
fine-grained crystalline dolomite 497 to 639 feet thick . The overlying Jefferson 
consists of dark-gray to light-gray dolomite with some minor thin limestone and 
quartzite beds. It is at least 940 feet thick. Locally, Jefferson dolomite and 
some of the Water Canyon dolomite have been removed prior to Mississippian 
deposition. This reflects in the minor uplift and thin section shown in Figure 
29. Undoubtedly, the tight colored dolomite termed Water Canyon is equivalent 
to the Sevy dolomite to the west; the overlying Jefferson dolomite is correlative 
with the Simonson and possibly with part of the Guilmette formation. 

Devonian rocks of the southern Lakeside Mountains (Young, 1955; Petersen, 1956) 
have been described using both northeastern Utah and Gold Hill terminology . 
Correlations are similar to those described above, with the lower 240 feet of 
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LOCALITY INDEX TO FIGURE 29 

Locality Area Source 

Randolph quadrangle Richardson, 1941 

2 Logan Williams, 1948 

3 Mantua Same 

4 Promontory Mountains Olson, 1956 

5 Wendover Bissell, 1958 

6 Newfoundland Mountains Stokes and Heylmun, 1958 

7 Lakeside Mountains Young, 1953 

8 Stansbury Is land Petersen, M. S. , 1956 

9 Ogden Canyon -Durst Mountain Eardley, 1944 

10 Salt Lake City Granger, Sharp, Crittenden, and 
Calkins, 1952 

11 N • W. Uinta Mountains Williams, N. C., 1953 

12 Little Cottonwood district Granger, Sharp, Cri tten den, and 
Calkins, 1952 

13 Oquirrh Mountains Rigby and Bissell, 1958 

14 Stansbury Mountains Rigby, 1958 

15 Gold Hill Nolan, 1935 

16 Dugway Range Donovan, 1951 

17 Sheeprock Mountains Cohenour, 1957 

18 North end, East Tintic Mtns. Bissell and Rigby, field notes 
Dearden, 1954 

19 Tintic district Morris, 1957 

20 Long Ridge Elison, 1952 
Peacock, 1953 
Peterson, D. 0., 1953 

21 American Fork Canyon Perkins, 1955 

22 Provo Rock Canyon Bissell and Rigby, field notes 
Gaines, 1950 

23 Payson Canyon Peterson, Deverl, 1956 

24 Dry Mountain, S Wasatch Range Smith, 1956 

25 Price (subsurface) Sadlick, 1956 

26 Gils on Range Petersen, M.S., 1956 

27 Scipio Bissell, 1958, field notes 

28 Confusion Range Donovan, 1951 

29 Burbank Hills Rush, 1951 
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Locality 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 
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Area 

San Francisco district 

Virgin Mountains 

El Paso Nat. Gas Packsaddle 

Equity Oil Government 1 

Reynolds Sinbad Unit 1 

Mountain Fuel Supply Last 
Chance I-a 

Pacific Western Teasdale 

Hunt Government 1 

Galie Muley Creek 

Byrd Oil Government-Reese 
Canyon 1 

Ske lly Nokai I-A 

Tidewater Big Flat 74-11 

Gulf Aztec Lockhart Fed. 

Texas Unit 1 

Midwest Hughes 

Western Natural Redd 

Gulf Coalbed Canyon 2 

Sinclair Fehr-Federal 1 

Utah Southern Noble 

Hill et al., State 

Reynolds Ha tch 1 

Shell Bluff 1 

Shell Desert Creek 

Ohio Navajo 1 

Source 

Bissell, 1958, field notes 

Reber, 1952 

All reference points from locality 
32 on are from Neff and Brown 
1958. Contours for this same 
area are taken directly, in large 
part, from this publication. 



light-gray dolomite termed Water Canyon by Young and Sevy dolomite by Petersen. 
The Jefferson dolomite of Young is equivalent to the Simonson, Guilmette, and 
possibly Pinyon Peak limestone of Peterson and is approximately 1,470 feet thick 
where meas ured by Young. 

SOUTHWESTERN UTAH BASIN 

The southwestern Utah basin in the Devonian includes all of Utah west of the 
Wasatch line and south of Tooele County (Figures 28, 29). It includes the 
thickest Devonian stratigraphic section measured in the state to date. Devonian 
rocks are known from several ranges in the basin, but thicknesses are available 
for only a few. 

Stratigraphic nomenclature, particularly of recent workers, is that suggested by 
Nolan (1935) for the Gold Hill district. LithologIC similarity of sections from 
one range to another is striking, with the sequence being practically the same 
as that in the Gold Hill area. The following table summarizes thicknesses of 
known sections wi thin the basin: 

Thickness of Devonian Formations in the Southwestern Utah Basin 

Range Sevy Simonson Guilmette Pilot Source 
dolomite dolomite limestone shale 

Confusion 1,600 929 Osmond -1954 
2,500 950 Bis sell -1958 

San Francisco 220 550 225 50 Bissell -1958 
Dugwa y Undifferentiated section 1,647' thick Donovan -1951 

Butler (1913, p. 34-35), in the San Francisco Mountains, proposed the term 
Mowitza shale for the unit now correlated with the Pilot shale of ranges to the 
west and northwest. The underlying Red Warrior limestone includes not only 
Devonian rocks, but Silurian and possibly Ordovician rocks also. Bissell has 
subdivided the Red Warrior limestone into lithologic units correlatable with 
the Gold Hill section (see table above). 

Other authors have described Devonian rocks from the basin, but they have not 
subdivided the system or correlated their units with those of surrounding areas. 
Rush (1951) described a dolomite and limestone section in the Burbank Hills 
which apparently contains a complete section of Pilot shale, Guilmette lime­
stone, and a partial section of Simonson dolomite. The base of the systemis 
not exposed. 

In the southwestern part of the state, at the southern edge of the southwestern 
basin, Reber (1952, p, 103) mentions the presence of Devonian rocks in the 
Beaver Dam Mountains. In another paper in the same volume, McNair (1952, 
P. 46) shows slightly over 600 feet of Muddy Peak limestone present. The 
formation consists of brown limestone and dolomitic limestone and is correlated 
with the Sultan and Martin limestones of surrounding areas and with the Simonson 
and probably part of the Guilmette formations of areas to the north. 

81 



BASIN MARGIN TRANSITION 

Along the eastern or southeastern margin of the various basins many of the ranges 
have well exposed but unique Devonian sections. Stratigraphic nomenclature of 
these ranges represents combinations of Tintic district and Gold Hill district 
terminologies, with some local names. 

Devonian rocks within the Tintic district are included in three formations: Bluebell 
dolomite, Victoria formation, and Pinyon Peak limestone (Morris, 1957, p. 12-14). 
The Bluebell dolomite includes rocks of Late Ordovician to Middle Devonian ages. 
M. S. Petersen (1956 , p. 5) concluded that the upper 300 feet of the Bluebell 
is equivalent to the Sevy, Simonson, and lowermost Guilmette formations, for 
lithologically the upper part is strikingly similar to those units farther west. 

s S· /" Victoria-
evy- lmons~:- Pinyon Peak 

Guilmette - Prlot ~----.!-,. 

l 
Red Warrior (part)- Elbert 

Mowi tza r'-----..~-------___,' 

Muddy Peak 

Aneth­
t:lbert­
Ouray 

Figure 30. Devonian stratigraphic terms of Utah, 1958. 

The Victoria quartzite dis conformably overlies the Bluebell dolomite and consists 
of interbedded dolomitic sandstone and gray dolomite. The Victoria quartzite is 
250 to 300 feet thick within the district. The overlying Pinyon Peak formation, 
a medium -grained blue-gray limestone with many veinlets and partings of clay 
and silt, is 70 to 300 feet thick in the type area and is considered to be Devonian 
(Beach, 1961). 

Cohenour (1957, p. 117-126) described the Devonian rocks of the Sheeprock 
Mountains and used a combination of Gold Hill and Tintic terminology. He 
recognized a section of light-gray Sevy dolomite 355 to 1,044 feet thick below 
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the characteristically alternating brown-gray and light-gray dolomite of the Simon­
son dolomite . The latter formation is from 450 to 563 feet thick . He recognized 
the Victoria and Pinyon Peak formations above this, but did not differentiate them 
in a section 736 feet thick . These units represent an interbedded sandy and 
dolomitic series at the base , with sand and sandy limestone common toward the 
top . 

Characteristic Sevy and Simonson dolomites have also been mapped be low an 
upper clastic unit in the Stansbury Mountains by Rigby (1958), Teichert (1958), 
and Stokes and Arnold (1958 ). The Sevy dolomite is 60 to 80 feet thick and the 
Simonson dolomite from 200 to 235 feet thick . These units are overlain uncon­
formably by the Stansbury formation . The latter formation consists of approx­
imately 1,700 feet of boulder and pebble conglomerate and interbedded sand­
stone at the northern end of the range and grades to a vitreous quartzite at the 
southeast margin of the range . It is interbedded conglomerate and limestone 
along the western side of the range where it is approximately 200 feet thick. 
Locally, the Stansbury formation is absent and Mississippian and latest Devon­
ian rocks rest on older formations . The overlying Pinyon Peak limestone is 
typically argillaceous - mottled, blue-gray sandy limestone and ranges up to 
85 feet thick. The coarse character of the Upper Devonian sediments is related 
to a maj or up lif t within the Stansbury region during La te Devonian time. 

An abrupt shift from geosynclinal to shelf thicknes ses and facies takes place in 
central Utah between the Tintic district and the southern Wasatch Mountains . 
Several workers (Elison, 1952; Peacock , 1953; .Petersen , H. , 1953; Sirrine , 1953; 
Petersen, M., 1956; White, 1953) have mapped and measured sections in this 
interval at the south end of Utah county, and have documented the thinning of 
the Lower and Middle Devonian rocks and the overlap of the Upper Devonian units 
on to the she lf marg in. 

In Current Creek, about midway from the Tintic district to Mount Nebo in the 
Wasatch Mountains, the Simonson part of the Bluebell dolomite is present as 
a series of alternating dark and light-gray dolomites below the Pinyon Peak 
limestone and the Victoria quartzite . The entire section is approximately 370 
feet thick. The lowest Devonian units present to the west have wedged out 
between the Tintic area and C urrent Creek . 

Toward the east, in the vicinity of Warm Springs Mountain , all but the 30-foot 
Victoria quartzite and 30 to 40 feet of the overlying Pinyon Peak limestone are 
absent. At the south end of West Mountain all that remains of the Devonian 
section is a 30 to 40-foot thickness of Pinyon Peak limestone. Southeast, on 
Dry Mountain, and east in the southern Wasatch, even this unit is no longer 
present between the Mississippian and Cambrian rocks. This marks the south­
western margin of the western prong of the Transcontinental arch uplift which 
affected the northeastern part of Utah during the mid-Paleozoic. 

SOUTHEASTERN UTAH SHELF 

Devonian rocks are exposed as thin stratigraphic sections around the north­
western edge of the southeastern Utah shelf and are known from the remainder 
of the shelf area largely from subsurface records. The gradation from the moder­
ately thick Devonian section in the Tintic district eastward onto the shelf mar­
gin has been described. Thingradational sections are also present in the Oquirrh 
Range and the central and southern Wasatch Mountains. 
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The only Devonian rocks exposed in the Oquirrh Mountains are present in a thin 
wedge of Pinyon Peak limestone which lies below the basal somber - gray Fitchville 
dolomite and above the tilted Cambrian formations. The unit termed Jefferson (?) 
by Gilluly (1932, p. 20), and considered as Devonian for some time, is now 
recognized to be Upper Devonian and Lower Mississippian (Beach, 1961) and 
equivalent to the Fitchville dolomites of the Tintic district . 

Devonian rocks of the southeastern part of the shelf area of Utahhave been sub­
divided, from oldest to youngest, into Aneth, Elbert, and Ouray formations. The 
most recent summary of work by petroleum geologists in the area is by Neff and 
Brown (1958, p. 102-108), wherein an isopach of the Devonian rocks of the 
Paradox Basin and adjacent areas and a correlation chart of electric logs are 
presented . 

Maximum thickness within the shelf area is approximately 700 feet in the south­
eastern part of San Juan County (Neff and Brown, 1958, Exhibit III) . This maximum 
thickness lies at the center of a northwesterly - trending sag or gentle trough 
within the Devonian rocks . Northeast and southwest of this trough, Devonian 
thicknesses decrease to 300 or 400 feet, ultimately decreasing to zero along the 
southwestern edge of the Uncompahgre -uplift and the western part of the Trans ­
continental arch. 

The Aneth formation is limited to the southeasternmost part of Utah and is of 
argillaceous, dark-brown to black limestone and dolomite with interbedded 
evaporitic calcareous gray-green, brown, and gray shale. The Elbert formation 
consists of a lower sandy, thin-bedded sandstone and shale and an upper cons is -
tently gray dolomite. The Ouray formation is light-gray and tan, dense to oolitic 
limestone with minor green shale partings . 

NORTHERN UTAH SHELF 

The northern Utah shelf is that area which lies north of the Transcontinental and 
Stansbury uplifts and south and southeast of the northeastern and northwestern 
Utah basins with their thick sections of carbonates. The Mantua uplift, an area 
from which Devonian sediments were stripped prior to Mississippiandeposition, 
is a northwestern continuation of the shelf area (Figure 29). 

Significant exposures of Devonian rocks have been mapped in Ogden Canyon, on 
Durst Mountain, near Salt Lake City, and along the northwestern flank of the 
Uinta Mountains in Summit County. 

Thin clastic sections characterize Devonian rocks of the northern Utah shelf. 
East of Ogden and on Durst Mountain (Eardley, 1944), the Devonian consists 
of yellowis h- to reddish-gray shale and sandstone similar to the Three Forks 
formation or Beirdneau S"andstone. The sequence is approximately 600 feet thick 
on Durst Mountain. The absence of carbonates, such as is characteristic of the 
Jefferson farther north and west, indicates the approximate margin of the north­
eastern Utah basin and the northern Utah shelf. 

Hintze (1949, p. 58-65) summarized the Devonian of Utah and emphasized the 
presence of Devonian rocks within the central Wasatch Mountains. Thin lenti­
cular sandstone and argillaceous limestone beds, litHologically similar to the 
Pinyon Peak limestone, have been differentiated in the vicinity of Salt Lake City 
in a section which totals approximately 160 feet (Granger and others, 1952, p . 8) . 
Elsewhere in the range the Devonian rocks are either missing or present as thin 
lenses above the Late Devonian unconformable surface . 
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A section of tan calcareous shale and siltstone of Late De vonian age and approx­
imately 40 feet thick (Williams, N.C., 1953) occurs between Cambrian quartzite 
and Mississippian rocks. The clastic character and thinness indicate the area 
is near the wedge-out of the Devonian onto the Transcontinental arch, and marks 
the approximate boundary of the shelf zone. 

SUMMARY OF THE DEVONIAN SYSTEM OF UTAH 

Nearly complete Devonian sections of carbonate rocks are exposed in the wes tern 
part of Utah. Maximum thickness is reached in the vicinity of the Confusion 
Range where the section is more than 5,000 feet thick. Lower and Middle 
Devonian rocks are limited to the western baSins, west of the Wasatch line. 
Upper Devonian rocks blanket the state, with the exception of the Uinta Basin 
area which remained high into the Early Mississippian. Thicknesses of a few 
hundred feet are characteristic of Devonian sections on the shelf areas, both 
north and south of the Transcontinental arch uplift. 

Clastic sediments are associated with the Stansbury and Transcontinental arch 
uplifts in Late Devonian time. Coarse conglomerate at the margins of the up­
lifts grade into shale and sandy or shaly limestone awa y from the uplifts. 

Petroleum possibilities of the shelf sections of Devonian rocks are limited 
because of their generally nonporous nature. Thick carbonate sections, some 
dolomitized and with considerable porosity, occur in the western part of the 
state, but structural complications make production there improbable. Possi­
bilities exist along the sOl:lthern side of the northeas tern Utah basin, in the zone 
of stratigraphic overlap onto the margin of the uplifted areas in the central part 
of the state . 
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Paper 10 CARBONIFEROUS AND PERMIAN 
, ROCKS OF UTAH 
by ]. Stewart Williams! 

MISSISSIPPIAN SYSTEM 

General Statement 

By late Kinderhookian time the sea had completely covered the area of Utah 
(Figure 32). The sea's northwesterly shore lay in central Nevada against the 
Antler Peak orogenic area. To the southeast it reached to the land area in south­
central Colorado and northern New Mexico. This sea deposited the Madison 
limestone of northern Utah, and its equivalents: the Leadville, Redwall, Reg.ers 
Spring, and Joana limestones (Figure 34). Before the close of Osagean time the 
water withdrew, returning again in a restricted pattern in Meramecian time, to 
remain in northwestern Utah until the close of the period. 

The contracted sea of the Middle and Upper Mississippian series was central­
ized in the Oquirrh basin of northwestern Utah, a part of the Cordilleran mio­
geosyncline which at this time began a negative trend which continued until 
Lower Permian time. From the Oquirrh basin the Meramecian sea spread east­
ward and southeastward onto the Utah-Colorado shelf, but did not reach the 
Four Comers area (Figure 33). To the northwest, it was more restricted than its 
predecessor, due to the growth of the Antler Peak orogenic belt. As Chesterian 
time advanced, the sea became limited to the Oquirrh basin itself, until at the 
close of Chesterian time a new excursion eastward deposited the Manning Can­
yon shale along the Uinta Mountains. This re-expansion merged into the seas 
of Pennsylvanian time. 

Figure 32. 'Kinderhookian -Osagean Time. Figure 33. Meramecian-Chesterian Time. 

1. Dean, School of Graduate Studies; Professor and Head of the Department of 
Geology, Utah State University, Logan, Utah. 
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The Madison Limestone and Its Equivalents 

The Madison limestone of the Logan area is equivalent to only one formation of the 
Madison group as now recognized in Montana, namely the Lodgepole limes tone 
(Williams, 1943; Strickland, 19-56). The Lodgepole is thin-bedded, cherty, fossil­
iferous, and blue-gray in color. In the Cottonwood district Calkins and Butler 
(1943, p. 23) report that parts of the Madison formation are dolomitic. In the 
Tintic district the lithology of the Madison is varied (Morris, 1957, p. 14-17), 
bu t parts are dolomi tic and parts are thin bedded and cherty. According to Cri tten­
den (1959, p. 65), rocks equivalent to the Madison limestone in the area from 
the Cottonwood district to the Tintic district are now called the Fitchville forma­
tion (below) and the Gardison limestone. The former consists of about 200 feet 
of medium- to coarse-grained gray dolomite with minor beds of limy siltstone. 
The latter consists of thin-bedded, blue-gray, fossiliferous limestone with 
partings of silty dolomite, and an overlying massive dolomite and limestone with 
white chert. The Gardison totals about 450 feet in thickness. 

Eastward, along the Uinta Mountains the Madison becomes somewhat silty and 
sandy (Williams, 1943) but maintains its identity as a limestone well into Colo­
rado (Thomas and others, 1945). In the subsurface of east-central Utah, Sadlick 
(1956, p. 71-73) reports the Madison to be essentially dolomite, but with inter­
beds of limestone. The dolomite is light gray to brown in color, with similarly 
colored chert. In the Paradox basin area the Leadville may be separated into 
two members: a lower member of massive, tan, brown, gray, or pink dolomite, 
coarsely to finely crystalline, and often cherty; and a much thinner upper mem­
ber of thin-bedded limestone (Neff and Brown, 1958, p. 102). The limestone is 
said to be light colored, compact and sometimes oolitic. The Redwall limestone 
of the Kaiparowits region is described by Heylmun (1958, p. 1787) as consisting 
of white, pink, and gray crystalline dolomite arid limestone with varying amounts 
of chert. Longwell's description of the Rogers Spring limestone (1921, p. 46) 
indicates that in extreme southwestern Utah the Madison equivalent may be 
thicker-bedded and darker-colored than elsewhere, and without conspicuous 
chert. Farther north the Joana limestone is massive, bluish-gray and somewhat 
cherty (Spencer, 1917, p. 24, 26). 

The Madison limestone and its equivalents are generally on the order of 1,000 
feet in thickness, showing little variation .:;onsidering their wide extent. The 
thin section in the Cottonwood district (Calkins and Butler, 1943, p. 23) might 
be ascribed to pre-Meramecian erosion, but generally the Meramecian Deseret 
limestone is reported as entirely conformable to the Madison. 

In Leatham Hollow in the Bear River Range, Cache County, Holland (1952) has 
studied the base of the Madison limestone and distinguished the Leatham for­
mation: 76 feet of sh-ale, sandy shale, and nodular limestone. The base of the 
Leatham is said to be an unconformity marked by a 3-inch bed of conglomeratic 
limestone with angular chert pebbles. The top of the new formation seems less 
well marked and comes at the base of 30 feet of brownish-black arenaceous 
shale which becomes the basal member of the Madison or Lodgepole limestone. 
The Leatham is said to be the exact correlative of the Sappington sandstone of 
Montana. 

As faras known the Leatham has not beerrrecognized at other than the type locality. 
It was not found in Wellsville Mountain by Beus and Gelnett in their 1958 study. 
Southward in the Wasatch Range, northeast of Salt Lake City, Granger (1953, p. 2) 
reports the Madison limes tone in cOhtact wi th the Devonian Pinyon Peak limes tone 
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with no suggestion of an equivalent of the Leatham. Southeast of Salt Lake City 
Crittenden and others (1952, p. 8) describe the oldest Mississippian rocks as 
consisting of thick layers of massive dolomite, except for a fewfeet of yellowish 
limy sandstone and shale at the base, which, the writer now suggests, might 
be the attenuated Leatham equivalent. Eastward , along the north flank of the 
Uinta Mountains, Norman Williams (1953) reports the Madison lying unconformably 
on rocks as old as the Precambrian and as young as the Pinyon Peak. The basal 
Madison here is dolomitic limestone. 

Meramecian and Chesterian Rocks 

The most complete post-Madison section of Mississippian rocks is in the Oquirrh 
Mountains and vicinity , the result of the continuous sinking of the Quirrrh basin. 
Gilluly (1932, p. 25-34) describes the Deseret limestone as consisting of blue 
gray, fine-grained limestone with greater of lesser amounts of chert. Its base 
is marked by a thin black shale member with phosphatic oolite. The formation 
includes widely scattered beds of quartzitic sandstone. The Deseret grades up­
ward into the Humbug formation, approximately 30 percent of which is composed 
of sandstone and quartzitic sandstone . The Humbug is about" equal to the Deseret 
in thickness . 

The Deseret and Humbug formations are recognized eastward along the Uinta 
Mountains to the Colorado line (Sadlick, 1955, p. 51-52) . They are the equi­
valentsof Unit 1 in the Dry Lake section, Cache County (Williams,' 1958, p. 31). 
Westward, they are probably represented in the Woodman formation of the Gold 
Hill district (Nolan, 1935 , p. 27) . Southeastward, the Humbug formation has 
been identified in the subsurface nearly to the San Rafael Swell (Sadlick, 1956, 
p. 69) and the Deseret limestone somewhat farther . 

In the Tintic district, the type locality of the Humbug formation (MorriS, 1957, 
p. 19-20), both the Humbug and Deseret are closely similar to the occurrence 
in the Oquirrh Mountains. 

The Great Blue limestone (including its lower and upper members, and the Long 
Trail shale) has a total thickness of about 3,000 feet in the Oquirrh Mountains. 
It does not outcrop east of the Wasatch Range, but has a thickness of several 
hundred feet in the Cottonwood district (Crittenden and others, 1952 , p. 10), 
where it is called the Doughnut formation, and a thickness of 2 ,8 00 feet in Rock 
Canyon , northeast of Provo (Baker and others, 1949, p. 1177). South of the 
Oquirrhs in the East Tintic Mountains, the Great Blue limestone , is 2,500 feet 
thick and to the southeast , in the Stansbury Mountains, 900-1,300 feet thick 
(Rigby , 1958, p . 38). The Ochre Mountain limestone of the Gold Hill district 
(Nolan, 1935, p. 29-30) is probably the equivalent of the Great Blue and has 
the same order of thickness . North of Great Salt Lake in the Promontory Range 
and the Blue Springs Hills, the Great Blue is present , but is as yet not well 
known . In the Dry Lake section of the Logan quadrangle, Units 2, 3 , and 4 
are probably correlative of the lower limestone member, the Long Trail shale 
member , and the upper limestone member of the Great Blue, respectively . 

The Great Blue and its equivalents are described as largely blue-gray limestone, 
somewhat cherty, with interlayered subordinate quartzitic sandstone , sandstone , 
sandy limestone , and black shale . Black shale is notable in all described sec­
tions . The sandstone andquartziticsandstone are more often than notassociated 
with the shale members and interbeds. In the East Tintic section nearly half of 
the forma tion is a s hale and quartzite member. The shale is described as sooty 
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black to greenish gray; the quartzite, as medium to fine-grained, gray green to 
brown, and commonly cross bedded (Morris, 1957, p. 21). 

Such a unit as this, at the top of the section in the Oquirrh Mountains, was 
named the Manning Canyon shale by Gilluly (1932, p. 31-34). The Manning 
Canyon grades downward into the Great Blue and contains some limestone beds. 
Study of the fossils in the formation indicates that it transcends the Mississippian­
Penrisylvanian boundary, the upper several hundred feet being Pennsylvanian. 
The Manning Canyon is 1,140 feet thick at its type locality. 
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Figure 34. Mississippian Correlation Chart 

The Manning Canyon shale is an important stratigraphic guide in the Promontory 
Range (Olson, 1956, p. 60) and in the other ranges at the Utah-Idaho line north 
of Great Salt Lake. The shaly Unit 5 in the Dry Lake section in Cache County is 
thought to be its equivalent. East of Provo, the Manning Canyon has thickened 
somewhat at the expense of the Great Blue and reaches 1,646 feet (Baker and 
others, 1949, p. 1179). It is present in the East Tintic and Stansbury Mountains 
and at Gold Hill. 

According to the interpretation adopted for this paper, the black shale beneath the 
Pennsylvanian section along the Uinta Mountains is the Manning Canyon equiva­
lent. This interpretation is that of Sadlick (1955, 1959) rather than that of Baker 
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and others (1949) and Crittenden (1959). The choice between these hypotheses 
hinges ·on whether the shale is part Pennsylvanian or not. If the shale does not 
contain the Mississippian-Pennsylvanian boundary, as does the type Manning 
Canyon, it might better be called the Doughnut formation, as suggested by 
Crittenden. The faunal evidence appears to be accumulating against Sadlick's 
interpretation (Crittenden, 1959, p. 71-72) but perhaps is not yet conclusive. 
Sadlick's evidence of transitional lithology between the black shale and the 
Round Valley limestone (1959) also requires consideration. In keeping with the 
adopted hypothesis, we may say that, at the very close of the Mississippian 
period, the rather restricted Chesterian sea (centered in the Oquirrh basin) began 
an expansion eastward, heralding the much more extensive Rocky Mountain sea 
of early Pennsylvanian. 

In central western Utah and westward into Nevada, the Meramecian and Chesterian 
are represented by the Chainman shale and Diamond Peak formations. The 
Chainman shale in the vicinity of Eureka, Nevada (Nolan, and others, 1956, p. 
59-60) may be several thousand feet thick and is mostly black shale, but the 
overlying Diamond Peak, into which the shale grades vertically and laterally, 
contains much conglomerate and limestone as well. In Diamond Peak this 
formation has a thickness of some 3,000 feet. Farther south, in extreme south­
western Utah, the Blue Point limestone of Longwell (1921, p. 46), named in the 
Muddy Mountains, is probably present but is not well known. 

PENNSYLVANIAN SYSTEM 

General Statement 

Like the Mississippian, the Pennsylvanian seas of the Utah area seem to have 
followed a cyclic history, expanding from the most persistent part of the geo­
syncline, the Oquirrh basin, at the beginning of the period, reaching a maximum 
in Desmoinesian time when they covered much of the Wyoming shelf and were 
widespread in the Paradox baSin, and withdrawing to the most perSistent part of 
the two basins at the close of the period. Uniform conditions in and about the 
Oquirrh basin resulted in the tremendously thick (16,000 feet, Pennsylvanian 
portion) and very monotonous Oquirrh formation, but an apparently more intense 
tectonism in the Paradox basin and its surrounding positive areas created there 
a diversity of stratigraphic units with complex facies interrelations, which are 
important for their production and potential production of petroleum. 

Discovery of oil at Rangeley, Colorado, in the Pennsylvanian Weber sandstone 
gave a strong impetus to the study of the system in eastern Utah and led directly 
to a clarification of the stratigraphy along the Uinta Mountains. Later the exten­
sive drilling program in the Paradox basin made possible the refinement of the 
old Hermosa and Rico formations, and a much more complete understanding of 
the Penns yl vanian geology of the Four Corners area. 

Oquirrh Basin Facies 

The Manning Canyon shale grades upward into "a great series of interbedded 
limestones and coarse quartzites and sandstones, with very little dolomite, and 
only subordinate amounts of shale" (GHluly, 1932, p. 34), to which Gillulygave 
the name Oquirrh formation. The term quartzite in this description covered lime­
cemented sandstones, as well as silica-cemented ones. Nygreen (1958) has 
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Figure 35. Springeran Time Figure 36. Morrowan Time 

Figure 37. Atokan Time Figure 38. Desmoinesian Time 

recognized a West Canyon limestone member at the base of the formation in the 
type area, about l,500feetof limestone with minor amounts of interbedded sand­
stone and sil tstone. According to his report , the limestone is mainly bioclastic, 
medium blue gra y , and thin- to thick-bedded; while the sandstones are fine 
grained , silty , and calcareous. In the formation, above the basal member, the 
proportion of sand and carbonate are reversed , and calcareous sandstone is the 
dominant rock type. 
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In the central and southern Wasatch Mountains, the Oquirrh formation is thicker 
than in the type area where the top is not exposed. Here the upper part is Wolf­
campian. In Provo Canyon the basal limestone member is distinguishable (Baker, 
1947), as it is in Wellsville Mountain at the northern end of the range (Nygreen, 
1958) • 

There is a possibility that the uppermost beds in Wellsville Mountain are Permian 
(Beus, 1958, p. 40). West of these Wasatch Mountains localities, the Oquirrh 
formation outcrops widely in the ranges of northwestern Utah, including the Blue 
Springs Hills, the Deer Creek Range, and the Raft River, Promontory , Lakeside, 
and Stansbury Mountains. 

Atokan fossils have not been found in the Oquirrh Mountains, Provo, or Wells­
ville Mountain sections of the formation and so it is thought that the sea with­
drew from the basin briefly at that time . Otherwise, all of Pennsylvanian time 
seems to be represented (Figure 41). Failure of Beus and Gelnett (1958) to find 
Missourian fossils in the Wellsville Mountain section is the basis for the sug­
gested restriction of the basin at that time by a westward extension of the risen 
Wyoming shelf which had driven the sea completely from the southwestern part 
of Wyoming (Figure 39). 

Lake of Springeran, Atokan, and perhaps even Morrowan rocks in the Wellsville 
Mountain section (Williams, 1958, p. 35)as well as at the type area of the Wood 
River formation in central Idaho (Bostwick, 1955) and at the area of the Wells 
formation in southeastern Idaho, while some sediments in western Wyoming 
appear to represent these series, is the basis for postulating the Bannock 
highland (Figures 35 and 36). This highland may perhaps be considered the 
rather active rim of the Oquirrh basin; the rim rose at this time, separating the 
Wyoming shelf, where shallow seas had spread via the Uinta Mountain trough, 
from the basin. In Atokan time the highland merged with the Uncompahgre and 
Front Range highlands of Colorado to separate essentially the Molas sea of 
southeastern Utah from the Amsden sea of northern Wyoming (Figure 37) . In 
Desmoinesian time it was submerged, but rose again in late Penns ylvanian , 
with the Wyoming shelf, to restrict the sea to the Oquirrh basin (Figures 39 and 40). 

The Oquirrh facies of the Pennsylvanian gives way in a very short distance to 
the east to the much thinner, more variegated facies of the Wyoming and Utah­
Colorado shelves. This is represented across Cache Valley and the Bear River 
Range by the change to the Weber-Wells facies (Williams, 1953) and across 
the Charleston overthrust in the central Wasatch by the change to the Morgan­
Weber facies (Baker and others, 1949, p . 1192). The thinner rocks of Rich 
County and the Uinta Mountains area may be discussed as the Morgan-Weber 
facies. 

Morgan- Weber Facies 

The Weber quartzite or sandstone was named by Clarence King in 1876, and the 
Morgan formation by F. B. Weeks (in Blackwelder, 1910). The type localities 
of these formations are in the canyon of the Weber River in the north-central 
Wasatch Mountains. The Weber at its type section (Eardley, 1944, p. 833) con­
sists of about 3,000 feet of sandstone and quartzite with a few relatively thin 
interbeds of chert and limestone. The quartzite is described as white, grayish 
white, light gray, medium gray, and buff. Some of the sandstone is called 
reddish-brown. The limestone (actually in part dolomite) is smoke gray to dark 
blue in color. The Weber sandstone is recognized as far north as the section 
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in Laketown Canyon . The upper boundary of the Weber is an unconformity with 
the overlying Permian Park City formation. At its base the Weber is gradational 
with the Morgan formation, essentially a red beds unit . 

The name Morgan has been used along the Uinta Mountains for all beds between 
the Weber and the pre-Pennsylvanian rocks . These beds have been divided by 
various workers into two or three parts 0 The basal member is in places a pale­
gray limestone with minor amounts of green snale and quartzite, which was not 
really included in the type Morgan by Blackwelder, as has been pOinted out by 
Sadlick (1955 , p . 56). This limestone has been called the middle member when 
beds below it have been included in the Morgan. The upper member is red clastics 
grading upward into the typical Weber sandstone . Apparently the beds below the 
gray limestone are the Manning Canyon shale or its equivalent , and the gray 
limestone may best be called the Round Valley limestone, following Sadlick (1955) . 

The Morgan is present at all Pennsylvanian outcrops from its type locality eastward 
into Colorado , where it grades into the Maroon formation. The age of the restricted 
formation is Desmoinesian, and it is apparently younger than the Amsden formation 
of Wyoming (Morrowan and Atokan), though lithologically very similar to it . The 
Amsden also bears the same stratigraphic relationship to the Tensleep as does the 
Morgan to the Weber, but was apparently largely deposi ted in a northern Wyoming 
Atokan sea, .while there was little or no deposition in the Uinta area . Later, as 
the Desmoinesian sea spread, the Amsden red beds lithotype moved southward to 
that area. 

In its type area the Morgan red beds consist of red shale and red, earthy, rela­
tively soft sandstone with some thin intercalated limestones. Toward the Colo­
rado line the formation is said to include gray and purplish shales, purplish 
siltstones, and mauve-gray to reddish-gray marlstones, with cherty brownish­
weathering limestones and dolomites. The Round Valley limestone is described 
as pale grayin color with minor amounts of green shale and quartzite. Its mega­
fossils at many places are replaced with red chert. Its thickness varies from 240 
to 480 feet; that of the Morgan is of the same order, and the Weber itself is gen­
erally near 1,000 feet in thickness. Hence, along the Uintas this Pennsylvanian 
shelf facies does not exceed a few thousand feet in thickness, in marked con­
trast to the thick Oquirrh basin succession . An excellent and detailed descrip­
tion of the lithology and invertebrate fossils of the Morgan formation in Whirl­
pool Canyon may be found in "The Morgan Formation of Whirlpool Canyon , Green 
Ri ver Dinosaur National Mounment, Uintah County, Utah", page 219 -232 of the 
Oil and Gas Possibilities of Utah , Utah Geol. and Mineralog 0 Survey, 1949. 

Pennsylvanian of the Paradox Basin 

Pennsylvanian seas appear to have spread southeastward across Utah from the 
Oquirrh basin and the Uinta Mountains area into the Paradox basin and the Colo­
rado trough, arriving there in Morrowan time (Figures 35 and 36) . In Atokan 
time they persisted there while northern Utah received little or no deposition 
(Figure 37). In the Desmoinesian epoch access to the basin through the Oquirrh 
saq to the northwest, the Fremont sag to the west, and the Cabezon sag to the 
southeast was sufficiently impaired to create an evaporite sea in which the Para­
dox formation was deposited (Wengerd and Matheny, 1958) . The better ventil­
ated seas in late Pennsylvania:n time were restricted by the rapid arrival of sedi­
ments from the rising borderlands, but they persisted in the basin until Permian 
time (Figure 39 and 40) . 
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Outcroppings of Pennsylvanian rocks in the Colorado Plateaus portion of Utah are 
indeed few. Largest are in the canyons of the San Juan and Colorado Rivers, in 
the formerwhere it crosses the Monument Valley uplift, and in the latter near its 
confluence with the Green River and below this junction, in Cataract Canyon. 
Other Pennsylvanian outcrops occur in and around the valleys created on the salt 
anticlines in eastern Grand and San Juan Counties, and in the deepest canyons 
of the San Rafael Swell. At no place is the base of the system exposed. The two 
most complete sections are at Honaker Trail in San Juan Canyon below Mexican 
Hat (Gregory, 1938, p. 65) and at "The Slide", just above the junction of the 
Green and Colorado, in the canyon of the Colorado (Baker, 1933, p . 20, 21). 
The Pennsylvanian system as developed in the Paradox basin is about 2,000 feet 
thick . 

Figure 39. Missouria~ Time Figure 40. Virgilian Time 

When the intensive subsurface exploration of the Paradox basin began, the major 
outlines of its Pennsylvanian stratigraphy had already been completed by geolo­
gists of the U.S. Geological Survey. The section had been correlated with that 
of southwestern Colorado, and the Hermosa and Rico forma lions were recognized 
in Utah outcrops. Baker and his colleagues (1933) had largely determined the 
regional extent of the Paradox formation, and the fact that it was older than parts 
of the Hermosa formation. They considered the Rico formation to be Permian. By 
1944 these workers were aware of the facies relationships of the Hermosa and 
Paradox formations (Bass, 1944), and the Paradox was designated a member of 
the Hermosa formation. The presence of the Molas formation at the base of the 
section was recognized. 

The Hermosa at Honaker Trail was described (Gregory, 1938) as predominately 
limestone in its lower part, but with increasing amounts of sandstone and shale 
in the upper part. The limestone was said to be massive and crystalline, with 
nodules and lenses of red, gray, and black chert. The sandstones were noted as 
fine grained, calcareous, thin bedded to massive, and interlayered with shale. 
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The shale was described as grading from red , arenaceous and calcareous varieties 
to thinly foliated, black, argillaceous and bituminous types. In the section mea­
sured at The Slide, sandstone and limestone were reported in about equal abun­
dance, and with a large amount of shale (Baker, 1933, p. 20-21). A section of 
the Hermosa formation in Fisher Valley, Grand County , reported by Dane (1935, 
p. 34-35), is largely sandstone with a thick member of black or gray shale and 
gypsum. The section in the type area (Bass, 1944) consists of alternating beds 
of arkosic sandstone, with some grit and conglomerate, and thin beds of compact, 
dark-gray , fossiliferous limestone. There are interbeds of black shale, one 
member of black shale 80 feet thick, and units of black shale and gypsum. 

The Rico formation is a rather thin unit (300-500 feet) of interbedded lime­
stones , sandstones, conglomerates, and sandy shales. It is a red beds unit, 
differing from the Hermosa below in the presence of red color and from the Cutler 
above in the presence of limestones. From similarities of the Utah section with 
its type locali ty in the Rico Moun tains, C olorado , it ha s been recognized in eas t­
ern Utah above the Hermosa formation. In San Juan C ounty (Gregory , 1938) des­
cribed the formation as forming "flights of colored steps that lead from the bottom 
to the top" in canyons andgulches, and creating exceptionally attractive scenery 
on steep structural slopes, such as the Raplee anticline, where gullies are marked 
by the bright red sandstone revealed where streams have cut through the overlaying 
grey limestone. Farther north in the Colorado River Baker (1933) reports the sand­
stones of the formation as commonly massive, with many coarse grained, con­
glomeratic, and arkosic. Colors of individual beds are red, purple, pink, and 
brown. Thelimestonesa~eusuallythin, sandy, and greenish. Northwest of Moab 
the Rico formation cannot be distinguished from the Cutler formation . 

The Molas formation (Merrill and Winar, 1958) is the basal Pennsylvanian 
formation in southeastern Utah. It consists of 0 to 200 feet of variegated clay­
stone , siltstone, shale, and sandstone, with some intraformational conglomerate. 
At its base it fills fissures and solution cavities in the underlying Mississippian 
limestone, and includes boulders of Leadville and Ouray limestone. According 
to Wengerd and Matheny (1958, p. 2064) it is thin or absent in the Emery County 
area but thicknes to more than 150 feet in the Monument Valley uplift. 

The results of much recent work on the Pennsylvanian stratigraphy of the Para­
dox basin are summarized by Wengerdand Matheny (1958). They report the work 
of the senior author and Strickland (195 4) raising the Hermosa formation to group 
rank; and recognizing the beds below the evaporite Paradox formation as the Pinker­
ton Trail formation . Wengerd and Strickland would designate the post-Paradox 
part of the group as the Honaker Trail formation , and reduce the Rico to a member 
of the Cutler formation . The Pinkerton Trail formation , about 200 feet thick in 
southeastern Utah, consists of gray fossiliferous limestone interbedded with gray 
silty shale . This formation is not exposed at Honaker Trail. It is in most areas 
Atokan and lower Desmoinesian. 

The Paradox formation includes the evaporite facies and associated penesaline 
rocks. It is composed of greenish-gray sandy Siltstone, dark-gray siltstone, 
dark-gray shale, and evaporitic dolomite, gypsum , and anhydrite . On the 
shelves of the basin it includes bioherms and biostromes of dolomitic limestone. 
Its thickness along the axis of the Paradox basin is estimated to be greater 
than 4,000 feet. The Paradox formation is represented in the lower part of the 
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Honaker Trail section. The Honaker Trail formation includes most of the expo­
sure at that place up to the Rico facies of the Cutler formation. It is the pro­
duct of a well-ventilated sea that followed the restricted salt pans of Paradox 
time and consists of gray to reddish-gray cherty limestones and reddish to buff­
gray calcareous and sandy siltstones' . Westward it grades into dQlomite, and 
eastward into a sandier, arkosic facies. The Honaker Trail formation is of 
late Desmoinesian and Missourian age on the Monument Valley uplift, and the 
upper part of it is younger in the central part of the basin. 
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According to Wengerd and Matheny (l958, p, 2080), the Rico lithofacies, tran­
sitional between marine and non-marine deposits in the Paradox basin, is as 
old as Missourian in parts of the area (Monument Valley uplift) and as young as 
Wolfcampian at the Four Corners. 

As shown in Figure 41, the Hermosa group of San Juan County grades toward the 
southwest into the lower Supai formation. To the northeast as the Uncompahgre 
highland is approached, the Hermosa group grades into the coarse clastics shed 
from that highland. 
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Pennsylvanian of the Southwestem Area 

The Pennsylvanian system in southwestern Utah has obviously not had the study 
the system has received in southeastern Utah. Exposures in the basin ranges 
have not been well studied. Limestones in west-central Utah beneath thePermian 
red beds have been assigned to the Bird Spring formation of Hewett (1931). 
Kraetsch and Jones (l951) report them as being Morrowan to Desmoinesian in 
the lower part, and Wolfcampian at the top. This means that deposition was 
perhaps interrupted here, as it was farther west (Nolan and others, 1956, p. 63) 
in Late Pennsylvanian time. These limestones are described as gray, cherty, 
and fossiliferous. In extreme southwestern Utah the Pennsylvanian is repre­
sented by the Callville limestone, a sandy limestone in medium beds, colored 
gray and pinkish gray (McNair, 1952, p. 50). The upper part of this formation 
is Permian. To the east the top of the Callville presumably grades into the 
Supai formation. 

Following Schuchert (l955) the paleogeographic maps of the Penns ylvanian 
(Figures 35-40) show the seaways of Utah as connected at most times through 
the southwestern corner of the state to the Pacific ocean. If this concept is 
true, the "Bird Spring formation" and the Callville limestone may be expected 
to yield more or less complete records of Penns ylvanian sedimentation. 

PERMIAN SYSTEM 

General Statement 

Wolfcampian time in the area of Utah was marked by continuing deposition of 
the Oquirrh calcareous sandstone in the Oquirrh basin and by continuing depo­
sition in the Paradox basin, where terrestrial sediments shed from the rising 
borderlands pushed out the sea. Here, early in the epoch, the marine Rico 
and Hermosa carbonate facies disappeared, and the balance of the time is 
recorded in massive terrestrial sandstones and interlayered red beds units. 
In Leonardian time the Kaibab sea spread northeastward across the southern 
part of the area, interfingering with the same type of terres trial red beds. 
It extended midway up the state. North of its shore in the Oquirrh basin and to 
the northeas t on the Wyoming shelf, a new cycle of inunda tion began, which 
soon developed into the widespread Park City-Phosphoria sea, extending from 
Nevada northea s tward far in to Colorado, Wyoming, and Idaho (Figure 44) .Wi th­
drawal of this sea marked the end of Paleozoic deposition in Utah. 

Terrestrial Formations of Southeastern Utah 

The Permian stratigraphy of southern and southeastern Utah is well summarized 
by Heylmun for the Kaiparowits region (1958, p. 1792-1800) and by Kunkel 
(l958) for the Paradox basin. Their descriptions detail the cessation of marine 
carbonate deposition in Wolfcampian time in the central and western parts of 
the Paradox basin and the change to a low coastal plain where red arkosic 
alluvium from the Uncompahgre uplift interfingers with buff aeolian sand blown 
into the area, generally from the west, and occasionally leveled by brief 
incursions of the sea. The red-beds tongues or members that thicken and coarsen 
eastward into the arkosic facies of the Cutler formation are the Halgaito, Organ 
Rock, and Hoskinnini members of the Cutler formation, well exposed in the Monu­
ment Valley area. The sandstones are the Cedar Mesa, White Rim, and DeChelly 
members of the Cutler formation, and the Coconino sandstone of the Grand Canyon 
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section. The sandstone members of the Cutler appear to thicken northwestward 
and merge in to the "Coconino" sands tone of the San Rafael Swell which probably 
also contains an equivalent of the type Coconino of the Grand Canyon area. 

Figure 42. W oHcampian Time Figure 43. Leonardian (Toroweap-Kaihah) Time 

The Halgaito tongue does not occur north or west of the Monument Valley area. 
It is described as consisting of several hundred feet of red to chocolate-brown 
thin-bedded sandstones, siltstones, and mudstones with scattered thin lenses 
of limestone and conglomerate. The Organ Rock tongue is thicker (up to 870 feet) 
and more extensive, reaching into the southeas tern part of the Kaiparowits region 
and northward into the Green River Desert. Lithologically, it is similar to the 
Halgaito tongue. The Hoskinnini tongue is thin and largely confined to the 
Monument Valley area, although it may be represented in thin red beds at the 
top of the Cutler in other parts of the Paradox basin (Kunkel, 1958, p. 167). 
The sandstone members are composed of medium-to-fine grains, weakly cemented 
with calcium carbonate, and varying in color from light gray throughbuff toreddish 
brown. Generally, they are massive with high-angle cross-bedding and are 
thought to be partly of aeolian origin, although the presence in most outcrops of 
regular bedding planes suggests control by a nearby sea. The Cedar Mesa 
sandstone was named for the mesa (which it supports), north of Mexican Hat, and 
is well developed along the San Juan River. In White Canyon to the northwest, 
several of the state's most famous natural bridges are developed in the Cedar 
Mesa sandstone. Its thickness is reported as 400 to 12, 000 feet (Gregory, 1938). 
Eastward, in Comb Wash the Cedar Mesa grades into gypsiferous shales and 
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sandstones, with some limestone and much pink-to-white gypsum or anhydrite. 
These beds, known as the Cedar Mesa evaporite facies (Kunkel, 1958, p. 166), 
extend rather widely over the south-central part of the Paradox basin and at the 
Colorado line grade into the Cutler facies. The DeChelly sandstone, 800 feet 
thick at the type locality in northeastern Arizona, thins northward into Utah. 
Farther north, along the Colorado River as it nears its junction with the Green, 
the stratigraphic position of the DeChelly, above the Organ Rock tongue, is 
occupied by the White Rim sandstone. This member is similar lithologically to 
the other sandstone members. It is on the order of 100 feet in thickness, and 
grades eastward into red beds. 

From the San Rafael Swell northward there are no Permian exposures until the 
southern Wasatch Mountains are reached. Here, Baker discovered two formations 
of unusual interest between the Oquirrh and Park City formations. They are the 
Kirkman limestone, 0-1,600 feet of gray-to-black, fetid, brecciated limestone, 
and the Diamond Creek sandstone, 800-1,000 feet of gray or buff or red, fine to 
coarse-grained cross-bedded sandstone (Baker and others, 1949, p. 1187). 
Baker's tentative correlation of the Diamond Creek with the "Coconino" sand­
stone of the San Rafael Swell is probably sound. The Kirkman and Diamond 
Creek are not known beyond their type area. Next above the Diamond Creek 
in the southern Wasatch Mountains are the 600-900 feet of limestone and cal­
careous sandstone of the lower member of the Park City formation. The sandy 
beds of this member, and the Diamond Creek, below, appear to be represented 
farther north in Mansfield's area in the upper member of the 'Wells formation. This 
is described by Cressman and Gulbrandsen (1955) as 1,300-1,500 feet of cal­
careous quartz sandstone, commonly cross-bedded and brecciated, and varying 
in color from light gray to reddish brown. Thus, it appears that the marine 
invasion of Park City-Phosphoria time was preceded in southeastern Idaho and 
northeastern Utah by the deposition of sandstone, probably largely terrestrial, 
reflecting the widespread terrestrial conditions of the southern part of the state. 

Kaibab Limestone and Associated Fonnations 

In the closing stages of the terrestrial deposition in southeastern Utah, the 
Permian sea again approached the area from the west, depositing the Toroweap 
and Kaibab formations. Each froma tion represents a cycle of advance and retreat. 
The Toroweap formation is not exposed in south-central Utah, but is present in 
the wells that have been drilled there (Heylmun, 1958, p. 1795). Logs of these 
define a distinct basin in the Kaiparowits region where evaporites were deposited 
at the edge of the retreating Toroweap sea. Here the formation reaches a thick­
ness of 500 feet. 

After an interval of erosion, a second pulse brought the Leonardian sea east­
ward from the persis tent parts of the Cordillerian geos yncline in southern Nevada, 
depositing in this cycle the Kaibab limestone. In the Circle Cliffs the Kaibab is 
described as massive white vuggy dolomite interbedded with chert and is about 
200 feet thick. In the San Rafael Swell it is said to be light gray to light brown 
medium-to finely-crystalline limestone and dolomite, notably cherty (Herman and 
Sharps, 1956, p. 84), and about 100 feet thick. In the San Rafael Swell the for­
mation is terminated upward by a marked erosion surface overlain by a basal con­
glomerate. 

In West-central Utah a thick Wolfcampian red beds section overlies the "Bird 
Springs formation, " a limestone with Wolfcampian fossils at its top (Campbell, 
1951, p. 63-65). Thus, it seems that earliest Permian deposition of carbonates 
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here, as in parts of the Colorado Plateaus, was followed by near-shore, if not 
terrestrial, sedimentation. These red beds, some 3,000 feet thick, have been 
referred to the Supai formation of the Grand Canyon area. Above these Supai beds 
1,000 feet of light gray to tan fossiliferous limestone, readily referable to the 
Kaibab, has been observed. Here, then , appears to have been a persistent 
part of the Toroweap-Kaibab sea, from which the incursions into south-central 
Utah took place. This sea may well have extended westward into Nevada where 
the Carbon Ridge formation, containing both variegated sandy limestones and 
sandstones as well as crystalline cherty limestones (Nolan and others -, 1956, 
p. 64-66), was deposited. 

Figure 44. Guadalupian (Park City-Phosphoria) Time 

Park City Formation and Correlatives 

The Park City formation was named by Boutwell in 1907 from exposures in the 
Park City district on the east side of the Wasatch Mountains. Here it consists of 
upper and lower members of cherty limestone and sandstone, separated by a 
middle shaly member containing phosphatic shale and oolite. It lies upon the 
Pennsylvanian Weber quartzite and is overlain by Triassic beds. The formation 
in its type locality is about 600 feet thick. In 1912 the two upper members of 
the formation in southeastern Idaho were named the Phosphoria formation by 
Richards and Mansfield. The lower member in this area was assigned to the 
underlying Wells formation and was considered to be Pennsylvanian in age. The 
formation has great economic importance because of the phosphate it contains. 

Following World War II, the U.S. Geological Survey undertook an intensive 
study of the Phosphoria and Park City formation, and a summary description of 
them has been published {McKelvey and others, 1956 , p. 2826-2863). Themiddle 
member of the Park City formation, the principal phosphatic member, has been 
named the Meade Peak phosphatic shale member of the Phosphoria formation. 
It is 125-225 feet thick in the Blackfoot River-Montpelier area of southeastern 
Idaho, and 180-300 feet thick in the central and southern Wasatch Mountains. 
Eastwardly, it thins from 60-90 feet in the western Uinta Mountains to a wedge-
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edge at the Colorado line. It consists mostly of brown calcareous phosphatic 
mudstone grading downward and upward into beds of oolitic phosphorite. Thus, 
the high grade phosphate ore occurs at the bottom and top of the member. 

Above the Meade Peak member in the Crawford Mountains, Rich County, Utah, 
three stratigraphic units are recognized. The Rex chert member of the Phos­
phoria formation lies next above the Meade Peak. It is characterized by resistant 
cherty rocks, ranging from pure chert to cherty muds tone and limes tone. Bedding 
varies from even to wavy, and thickness of beds from thin to massive. In the 
Crawfo rds this member is 70 -2 00 feet thick. It thins southward and disappears 
in the Wasatch Mountains. It thickens northward and westward in Idaho. Above 
this lies the Franson tongue of the Park City formation, 110 feet of light gray 
and grayish brown cherty calcareous sandstone, named from Franson Canyon 
at the west end of the Uinta Mountains. In the Wasatch Mountains the Franson 
member is the whole of the upper member of the Park C.ity formation, except for 
the thin tongue of Rex member at the base. Eastward, along the Uinta Mountains 
the Franson member interfingers with the Mackentire red -beds tongue of the 
Woodside formation. The Mackentire and Franson members total about 100 
feet near the Colorado line. The Retort phosphatic shale member, 0-5 feet thick, 
completes the Crawford Mountains section. This member, named for a locality 
in Montana, is about 25-30 feet thick in western Wyoming, but disappears 
wes tward in Idaho and southward in Utah. 

The lower member of the Park City formation consists of cherty limestone and 
calcareous sandstone and siltstone. It reaches a thickness of 880 feet in the 
southern Wasatch Mountains (Baker and others, 1949, p. 1188) and is about 250 
feet thick in the central Wasatch. Eastward, along the Uinta Mountains it thins 
and disappears. Northward into Idaho it is probably represented by the upper 
Wells formation as mapped and described by Cressman and Gulbrandsen (1955) 
in the Dry Valley quadrangle. The Permian age of the lower member in Utah has 
been established by James S. Williams, A. A. Baker, and others. It is thought 
probably to be Leonardian, like the Kaibab and Toroweap formations, while the 
Meade Park, Franson and Rex members are probably lower Guadalupian (McKelvey 
and others, 1956, p. 2857). 

Equivalents of the Park City Phosphoria formations have been recognized in 
extreme northwestern Utah, in the Hogup Mountains west of Great Salt Lake, and · 
in unnamed hills southeast of Lucin(Cheney and McKelvey, 1956, p. 1717). They 
can be identified farther west well into Nevada and northward in the Cassia and 
SublettRanges in Idaho. In the Sublett Range the Phosphoria equivalents are thick. 
There are 85 feet 6f dark muds tone and phosphorite, probably the equivalent 
of the Meade Peak member, overlain. by 1,200 feet of dark chert, cherty mud­
stone, and mudstone, apparently the equivalent of the Rex and cherty shale 
members farther east. The Gerster formation of the Gold Hill district (Nolan, 
1935, p. 39) has since its designation been correlated with the Park City and 
Phosphoria on the basis of its fossils. It is described as consisting of thin­
bedded shaly and sandy limestone, weathering yellowish brown or pink, and 
richly fos siliferous. There is some sandstone and some cherty limestone. Below 
these rocks originally designated Gerster are some 600 feet of cherty and sandy 
dolomite, in turn underlain by 25 -75 feet of phos pha tic beds believed to be the 
equivalent of the Meade Peak member. Thus, the restudied Gerster formation is 
about 1,200 feet thick (Cheney and McKelvey, 1956, p. 1717). In the Hogup 
exposures between the Gold Hill and Sublett outcrops, the Phosphoria equivalents 
are 3,000to 4,000 feet thick, thus marking the most rapidly subsiding part of the 
Phosphoria -Park City sea. 
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CONCLUSION 

A review of the Carboniferous and Permian rocks of Utah reveals much basic 
information recorded, and the major outlines of the stratigraphy of the Missis­
sippian' Pennsylvanian, and Permian systems fairly well completed for much 
of the state. The areas of least information are the central part where rocks of 
these ages lie deeply buried beneath the High Plateaus and the southwestern 
area, where exposures have received comparatively little study. Principal basins 
of deposition are the Oquirrh basin of northwest em Utah and its extension south­
westward along the axis of the geosyncline and the Paradox basin of southeastern 
Utah. Nomenclature for these areas is, perhaps, nearly complete. Detailed 
studies of the future will continuously refine the paleogeographic information on 
which maps of the type here presented may be drawn. 

105 



CITED REFERENCES 

Baker, A. A., 1933, Geology and oil possibilities of the Moab district , Grand and San Juan Counties , Utah: U . S . Geol. 
Survey Bull. 841 , 95 p . 11 pIs . 

_____ 1947, Stratigraphy of the Wasatch Mountains in the vicinity of Provo, Utah: U . S . Geol. Survey Oil and 
Gas Inv. Prelim Chart 30 . 

Baker, A. A. , Dane, C . H . , and Reeslde , J. B., Jr. , 1933 , Paradox formation of eastern Utah and western Colorado: 
Am . Assoc . Petroleum Geologists Bull., v . 17 , no . 8, p. 963-980 . 

Baker, A. A., Huddle , J. W., and Kinney , D . W., 1949 , Pa leozoic geology of north and west sides of Uinta BaSin, Utah: 
Am. Assoc . Petroleum Geologists Bull ., v . 33 , no . 7 , p . 1161-1197. 

Bass, N . W . , 1944, Paleozoic stratigraphy as revealed by deep wells In parts of southwestern Colorado,northwestern 
New Mexico, northeastern Arizona, and southeastern Utah: U . S . Geol. Survey 011 and Gas lnv. Prelim 
Chart 7 . 

Beus , S. S ., 1958, Geology of the northern part of We llsville Mountain, northern Wasatch Range, Utah: Utah State 
Univ . , M.S . thesis . 

Blackwelde r, Ellot, 1910, New light on the geology of the Wasatch Mtns . ,Utah: Geol. Soc . America Bull. 21, p . 517 -542. 

BostWick, D. A., 1955 , Stratigraphy of the Wood River formation , south-central Idaho Jour . Paleont., v . 29, no. 6 , 
p . 941-951. 

Calkins, F . C., and Butler, B. S ., 1943 , Geology and ore deposits of the Cottonwood -American Fork area, Utah: U . S . 
Geol. Survey Prof. Paper 201 , 152 p . 51 pIs. 

Campbell, G . S . , 1951, Permian system of Millard County , Utah: Intermo untains Assoc. Petroleum Geologists Guide­
book no. 6 , p . 63 - 6 5. 

Cheney , T . M., and McKelvey, V. E., 1956, Fusullnid-bearing rocks in Sublett Range, southern Idaho: Am . Assoc . 
Petroleum Geologists Bull . , v . 40, no . 7, p. 1716 -1723. 

Cressman, E. R. , and Gulbrandsen, R. A., 1955, Geology of the Dry Valley quadrangle, Idaho: U . S . Geol. Survey 
Bull. 1015-1. 

Crittenden, M. C., Jr., 1959, Mississippian stratigraphy of the central Wasatch and western Uinta Mountains, Utah: 
Intermountain Assoc . Petroleum Geologists Guidebook 10th Ann. Field Coni., p . 63 -74. 

Crittenden, M . D. , Jr., Sharp, B. J., and Calkins, F. C., 1952, Geology of the central Wasatch Mtns .. Utah: 
Utah Geol. Soc . Guidebook no . 8, p . 1-37 . 

Dane, C . H. , 1935, Geology of the Salt Valley anticline and adjacent areas, Grand County, Utah: U . S . Geol. Survey 
Bull . 863, 184 p . 

Eardley, A. J . , 1944, Geology of the north -central Wasatch Mountains , Utah: Geol. Soc. Am . Bull., v . 55, p . 819-894 . 

Gelnett , Ronald, 1958, Geology of the southern part of Wellsville Mo untain, northern Wasatch Range, Utah: Utah 
State Univ . , M . S . thesis . 

Gilluly , James, 1932, Geology and ore deposits of the Stockton and Fairfield quadrangles, Utah: U . S . Geol. Survey 
Prof. Pa per 173, 171 p . 

Granger, A. E., 1953, Stratigraphy of the Wasatch Range near Salt Lake City, Utah: U . S . Geol . Survey Clrc. 296, 14 p . 

Gregory, H. E., 1938 , The San Juan Country: U . S . Geol. Survey Prof. Paper 188. 

Herman, George , and Sharps , S . L. , 1956, Pennsylvanian and Permian stratigraphy of the Paradox salt embayment: 
Intermountam Assoc . Petroleum Geologists Guidebook 7th Ann . Field Conf., p . 77-84 . 

Hewett, D . F . , 1931, Geology and ore deposltsofthe Goodsprings Quadrangle, Nevada: U.S. Geol. Survey Prof. 
Paper 162, 172 p . 

Heylmun, E. B., 1958, Paleozoic stratigraphy and oil posslbilities of Kaiparowlts region, Utah: Am . As soc . Petroleum 
Geologists Bull ., v . 42, no . 8 , p. 1781-1811. 

Holland, F. D., Jr., 1952 , Stratigraphic details of lower Mississippian rocks of northeastern Utah and southwestern 
Montana: Am. Assoc. Petroleum Geologists Bull., v. 36, no . 9, p . 1697 - 1734 . 

Kraetsch, R. B. , and Jones, R. L., 1951, Penns ylvanian rocks of the Confusion Range and vicinity: Intermountain 
Assoc . Petroleum Geologists Guidebook , no . 6, p. 60-62. 

Kunkel, R. P . , 1958, Permian stratlgraphy of the Paradox Basin : Intermountain Assoc . Petroleum Geologists Guide, 
book 9th Ann . Field Conf., p . 163 -168. 

Longwell , C . R., 1921 , Geology of the Muddy Mountains, Nevada, with a section to the Grand Wash Cllffs in western 
Arizona: Am . Jour . SCi., ser . 5, v . 1, no . 1, p . 39-62 . 

106 



McKelvey, and others, 1956, Summary description of Phosphoria , Park City, and Shedhorn formations in western 
phosphate field: Am . Ass oc . Petroleum Geologists Bull., v . 40, no . 12, p . 2826-2863. 

McNair, A. H., 1952, Summary of the pre-Goconino stratigraphy of southwestern Utah, northwestern Arizona, and 
southeastern Nevada: Intermountain Assoc. Petroleum Geologists Guidebook , no . 7, p. 45-51 . 

Merrill, W . M., and Winar, R. M . , 1958, Molas and associated formations in San Juan Basin - Needle Mountains 
area, southwestern Colorado: Am . Assoc. Petroleum Geologists Bull . , v . 42, no. 9, p . 2107-2132 . 

Morris, H. T . , 1957, General geology of the East Tintic Mountains, Utah: UtahGeol. Soc . Guidebook, no. 12, p . 1-56. 

Neff, A. W., and Brown, S . C., 1958, Ordovician-Mississippian rocks of the Paradox basin : Intermountain Assoc . 
Petroleum Geologists Guidebook 9th Ann. Field Coni. , p . 102-108 . 

Nolan, T. B., 1935 , The Gold Hill mining district, Utah: U . S . Geol. Survey Prof. Paper 177,172 p . 

Nolan, T. B. , Merriam, C. W . , and Williams, J. S . , 1956, The stratigraphic section in the vicinity of Eureka , Nev­
ada : U . S . Geol. Survey Prof. Paper 276, 77 p. 

Nygreen, P . W . , 1955, Stratigraphy of the lower Oquirrh formation in the type area and near Logan, Utah: Univ . of 
Nebraska, M. S " thesis . Published version--1958, The Oquirrh formation, stratigraphy of the lower portion 
in the type area and nea r Logan, Utah: Utah Geol. and Mineralog . Survey Bull. , 61, 67 p. 

Olson, R. H . , 1956, Geology of Promontory Range : UtahGeol . Soc . Guidebook to the Geology of Utah , no . 11 , p . 41-75 . 

Rigby, J . K. , 1958, Geolog y of the Stansbury Mountains, Tooele County, Utah: Utah Geol. Soc . Guidebook no . 13, 
p . 1- 134. 

Sadlick, Walter, 1955 , Carboniferous formations of northeastern Uinta Mountains: Wyoming Geol. Soc. Guidebook 
10th Ann. Field Conf., p . 49-59. 

_ _ ___ 1956, Some upper Devonian - Mississippian problems in eastern Utah: Intermountain Assoc . Petroleum 
Geologists Guidebook 7th Ann. Field Conf., p . 65-76. 

_____ 1959, Illustrated sections of strata adjustment to the Mississippian -Pennsylvanian boundary, western 
Uinta Mountains: Intermountain Assoc . Petroleum Geologists Guidebook 10th Ann . Field Conf . , p. 75-81 . 

Schuchert, Charles , 1955, Atlas of paleogeographic maps of North America: New York, John Wlley and Sons , Inc ., 
publishers, 177 p. 

Spencer, A. C., 1917, The geology and ore deposits of Ely, Nevada: U . S . Geol. Survey Prof. Paper 96 . 

Strickland, J . W . , 1956, Mississippian stratigraphy , western Wyoming: Wyoming Geol . Soc. Guidebook 11th Ann . 
Field Conf., p . 51-57 . 

Thomas, C. R., McCann, F. T., and Raman, N. D., 1945, Mesozoic and Paleozoic stratigraphy in northwestern 
Colorado and northeastern Utah: U . S . Geol . Survey Oil and Gas Inv . Prelim Chart 16 . 

Untermann, G. E., and Untermann, B. R. , 1949, The Morgan formation of Whirlpool Canyon, Green River Dinosaur 
National Monument, Uintah County, Utah: The oil and gas possibilities of Utah, Salt Lake City, Utah Geol . 
and Minera log . Survey, publisher, p . 219-232. 

Wengerd, S . A., and Matheny , Marvin L., 1958, Penns ylvanian system of Four Corners region: Am. Assoc . Petroleum 
Geologists Bull., v . 42, no. 9, p. 2048-2102 . 

Wengerd, S. A., and Strickland, J. W., 1954, Pennsylvaman stratigraphy of Pa radox salt baSin, Four Corners reglOn, 
Colorado and Utah: Am. Assoc . Petroleum Geologists Bull., v . 42, no . 9, p. 2048-2106. 

Willlams, J. S., 1943, Carboniferous formations of the Uinta and northern Wasatch Mountains, Utah: Geol. Soc. 
America Bull., v . 54, p . 591-624. 

_____ 1953, Pennsylvaman and Permian rocks: Intermountain Assoc. Petroleum Geologists Guidebook 4th 
Ann . Field Conf., p. 38-40 . 

_____ 1955, Resume' ofPaleozOlc stratigraphy , Ordovician to Pennsylvanian, of the Green River Basin area, 
Wyoming: Wyoming Geol. Soc . Guidebook 10th Ann. FieldConf., p. 43-47. 

_____ 1958, Geologic atlas of Utah, Cache County: UtahGeol. and Mincralog. Survey Bull., 64, 104 p . 

Wllhams, N . C" 1953, Late Precambrian and early Paleozoic geology of western Uinta Mountains, Utah: Am . Assoc . 
Petroleum Geologists Bull., v . 37, p . 2734 -2743. 

107 



Hefinery located in Virgin Oil I:ield, Washington County, L' tah, Hefines diesel fuel oil. (Photo by 
I,:. IL Heylmun) 



Paper 11 

INTROEUCTION 

TRIASSIC AND JURASSIC 
PERIODS IN UTAH 
by William Lee Stokes l 

Triassic and Jurassic rocks are widely exposed in eastern, central, and southern 
Utah, not only in the plateau sections, but also in the Uinta and Wasatch ranges. 
There are also scattered small patches of Triassic in the Basin and Range province. 
The exposed formations show all th.e typical varieties of sedimentary rock and, in 
addition, such unusual ones as widespread aeolian sandstones, extensive "red 
beds" and thick deposits of salt and gypsum. Economically the two systems are 
best known for their content of radioactive minerals, which are widely mined in 
the Colorado Plateau. 

TRIASSIC 

Stratigraphic Limits 

Where exposed, the Triassic rocks rest upon the Permian without strong evidences 
of unconformity or time lapse, even though fossils suggest that long portions of 
the Permian and Triassic are not represented by sediments. In the eastern part 
of the state where the transition lies in non-marine and scantily fossiliferous 
red beds, the time plane cannot be fixed with absolute certainty. It seems illo­
gical to suppose that there was complete and absolute cessation of deposition 
during this interval, and future investigation can be expected to provide evi­
dence of life and events during the late Permian and Early Triassic which will 
fix the boundary more precisely. In western parts of Utah where beds involved 
are more fossiliferous, the boundary can be placed with greater certainty, and 
a long time lapse must be assumed. 

The upper limit has been mapped for many years at the contact of the Chinle and 
Wingate formations, which is usually an excellent topographic and cartographic 
break. Recently discovered evidence shows that the Wingate and probably even 
the Kayenta are of Triassic age, so the boundary must be shifted accordingly. 
In the absence of positive evidence as to the exact position of the time plane, 
it is assumed for the purposes of this paper that the boundary lies between the 
Navajo and Kayenta formations. In southwestern Utah it lies between the Kayenta 
and the Moenave formations and in northern Utah between the Nugget and Chinle. 

Between the upper and lower limits thus des cribed lie beds of Early, Middle, and 
Late Triassic age with an aggregate thickness ranging from a few hundred to sev­
eral thousand feet. 

Major Divisions 

In the Wasatch and western Uinta Ranges the Triassic has a threefold division 
resembling in a superficial way the classical threefol~ arrangement of the type 
Triassic of Germany. At the base is a red bed unit (Woodside) followed by a 

1. Professor and Head of Geology, Univ. of Utah, Salt Lake City, Utah. 
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marine limestone (Thaynes) with a second red-bed sequence at the top (Ankareh, 
Shinarump, Chinle). West of the genera:iv1cinity of the western end of the Uinta 
Range, the red beds show decreasing importance, while eastward the continental 
facies dominate. Thus, in the eastern part of the Uinta Range and areas east of 
the Green and Colorado Rivers the Triassic section is essentially two shaly units, 
Moenkopi below and Chinle above, separated by a conglomeratic interval. 

In a belt down the central part of Utah embracing the central Uintas, San Rafael 
Swell, Circle Cliffs, High Plateaus, and St. George areas, the marine and non­
marine facies show more complex interfingering relationships. The small patches 
in the Great Basin have generally been correlated with the Thaynes formation. 
They are mostly marine and thus of Early Triassic age. 

The most useful datum plane or key bed in the continental section is the Shina­
rump and closely related deposits at approximately the same position which can 
be located in both surface and subsurface sections. The marine formations con­
tain many excellent cephalopod faunas by which correlations with standard world­
wide zones are pos sible. 

Individual Fonnations 
(alphabetically arranged) 

Ankareh formation or group: Middle (7) and Upper Triassic, 500 to 2,000 feet. 
Continental shale, sandstone, limestone, and conglomerate. There has been 
much confusion in the definition and correlation of this and equivalent units. 
According to Kummel (1954), the name should be applied in the central Wasatch 
and Uinta Mountains to all the strata between the Thaynes and Nugget. This 
is the latest of a long series of suggested methods of subdividing and naming 
the Triassic rocks of northern Utah (Figure 46). 

In terms of well-known subdivision in the Colorado Plateau, the lower part of 
the Ankareh is equivalent to the Upper Moenkopi; the conglomeratic Gartra is 
a Shinarump equivalent, and the upper portion (Stanaker) correlates with the Chinle. 

Chinle formation or group: Upper Triassic, 200 to 1,350 feet. Continental shale, 
sandstone, limestone, conglomerate, siltstone, marl, and bentonite. The 
Chinle is widely exposed in southern Utah on both sides of the Colorado River, 
in the San Rafael Swell and Circle Cliffs, around the southern margins of the 
High Plateaus, and southward into Arizona. The name has also been applied 
as far north as the Uinta Mountains and even in the Wasatch Range. The de­
tails of stratigraphy are so complex that no final and inclusive scheme of classi­
fication has been achieved. In general, the formation has been subdivided 
wherever detailed work has been done, but not all of the subdivisions have 
received formal designations. In southeastern Utah six distinct lithologic units 
have been recognized. In ascending order these are a claystone and sandstone 
unit; a sandstone called the Moss Sack, which has been miscorrelated locally 
with the Shinarump; a variegated claystone unit; a reddish-orange unit; a limy 
unit; and a reddish siltstone unit. These intertongue to a high degree, and 
mapping is difficult. In the San Rafael only the lower ' two and the uppermost unit 
are present; in White Canyon all except the variegated claystone unit are pre­
sent. The Moss Back is the most important from an economic standpoint and 
contains important deposits of uranium in areas north of White Canyon and in the 
San Rafael Swell. 
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In southwestern Utah the Chinle until recently has been mapped to include all 
rocks above the Shinarump and below the Navajo. Recent work has resulted 
in splitting off much of the upper part of the unit, so that it now contains only 
those sediments between the Shinarump and the base of the Dinosaur Canyon 
sandstone member of the Moenave formation. 

The Chinle formation is about 250 feet thick in the San Rafael Swell, and it 
thickens to the southwest and southeast by introduction of additional facies. 
The formation is famous for its varicolored outcrops. Much bentonite is present 
and with it are traces of metallic elements, including fine flour gold, silver, 
vanadium, and uranium. 

Scattered vertebrate remains prove a Late Triassic age, but exact lower and 
upper limits are not understood. The formation apparently originated on a wide 
flood plain under shifting conditions of sedimentation. 

Equivalents of the Chinle formation have been called the Stanaker in the Uinta 
Mountains (Thomas and Krueger, 1946) and the Wood shale in Idaho (Williams, 
1945) • 

Kayenta formation: Upper Triassic, 0-500 feet thick. Sandstone and conglo­
meratic sandstone with minor red mudstone, color reddish with tints of purple. 
The formation is dominantly fluvial in origin, and the outcrops have a rough, 
ledgy, step-like appearance which contrasts with the more smooth-weathering 
Navajo and Wingate. Dinosaur and other vertebrate fossils have been found 
which prove a Triassic age. 

The Kayenta is easily mapped where the Wingate and Navajo are well displayed, 
but in southwestern Utah where the Wingate is absent the Kayenta shows more 
complex relations. At Cedar City and Kanab the Kayenta and Navajo show inter­
fingering tongues representing alternating periods when wind deposition (Navajo) 
dominated m~er river deposition (Kayenta). The Shurtz sandstone tongue of the 
Navajo has been mapped near Cedar City. It is separated from the main mass of 
Navajo by the Cedar City tongue of the Kayenta. The term "Lamb Point tongue" 
of the Navajo is applied to rocks of the Kanab area formerly mapped as Wingate. 
It lies about 300 feet above the Moenave formation and is separated from the main 
Navajo by the Tenny Canyon tongue, which is upto 220 feet thick, of the Kayenta. 

North and west from the San Rafael Swell the Kayenta is thought to pass into red 
beds, but details are lacking. 

Moenave formation: Triassic (?), 400-500 feet. The term Moenave formation 
was proposed in 1955 (Averitt, et al., 1955); on maps published before this 
time, equivalent beds are included in the Chinle and Wingate formations. The 
type section is at Moenave, Arizona. Two members are included, the lower 
sandstone and siltstone being called the Dinosaur Canyon sandstone and the 
upper unit, the Springdale sandstone. In southern Utah, the Dinosaur Canyon 
sandstone member consists largely of reddish-orange sandstone and siltstone 
with a few beds of grayish-red to purplish shale. It usually forms a steep slope 
below the Springdale sandstone member. 

The Springdale sandstone (containing the "Silver Reef" bed of Washington County) 
forms a distinct ledge that is traceable for many miles along the Vermilion Cliffs 
and elsewhere in Utah and Arizona • ltis composed of fine-grained massive sand­
stone that is pale-reddish-brown on fresh surfaces and darker brown when weathered. 
The average thickness is about 175 feet. 
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Moenkopi formation or group: Lower Triassic, up to 2,000 feet thick; mixed marine 
and non-marine including siltstone, sandstone, and limestone. The formation is 
widely exposed in the Colorado Plateau, and equivalent beds outcrop in the 
Wasatchand Uinta Ranges. In the Zion Park area six subdivisions have been pro­
posed as follows (ascending order): (1) Timpoweap member, (2) lower red member, 
(3) Virgin limestone member , (4) middle red member, (5) Shnabkaib member, and 
(6) upper red member. The first and third are marine; the others are non-marine 
and littoral. The marine tongues extend eastward and have been recognized in 
the Circle Cliffs, San Rafael Swell, and near the confluence of the Green and 
Colorado Rivers. The name "Sinbad limestone" has been applied to a marine 
tongue in the San Rafael Swell and Circle Cliffs. Beyond the edge of marine 
deposition the Moenkopi is entirely red beds. The entire formation thins and 
disappears eas tward near the Utah -Colorado line. It is not recognized with 
certainty in Lisbon Valley, Utah. 

Scott (1950) has suggested that the name Moenkopi be applied to those Triassic 
sediments of the Wasatch Range that lie between the Permian Park Cfty forma­
tion and the Shinarump, but this and other nomenclatural details must be solved 
by future usage. 

Shinarump conglomerate: Middle and upper Triassic, up to 200 feet thick. Con­
glomerate and sandstone with minor siltstone and shale. The colors are mostly 
gray, brown, and yellow, but other colors are locally present. The unit is a 
persistent cliff and bench former. It is one of the most important uranium­
producing formations in the Colorado Plateau. Mode of origin is not understood, 
but it has been regarded as a sort of fossil pediment. Fossils are rare, but the 
uni t probably accumula ted mainly during the mid -Trias sic. Recent work has shown 
that the Moss Back member of Chinle, lying higher than the true Shinarump, 
has been miscorrelated with It in parts of southeastern Utah. Currently the 
Shinarump of most areas is being mapped as a member of the Chinle rather than 
a separate formation. 

Thaynes formation or group: Lower Triassic, up to 2,650 feet thick. Limestone, 
shaly limestone, and calcareous sandstone. Color is drab gray to brownish. 
Usually forms steep but smooth slopes. The famous Meekoceras fauna occurs 
in the limy members. The name is employed only in the Wasatch and western 
Uinta Mountains; equivalents, as proven by fossils, are present in the Moenkopi. 
The limy members die out eastward, and where these are not present, the names 
"Moenkopi," "Woodside," or "Red Wash" have been used (Thomas and Krueger, 
1946; Williams, 1945). 

Wingate sandstone: Upper Triassic, 0-470 feet thick. Color ranges through 
brown, yellow, and red, and there is a dis tinct tendency to the production of 
dark, varnished surfaces. Mainly cross -bedded but there are interspersed plane­
bedded units. Usually appears as a massive vertical cliff riSing above the 
Chinle. Steep plane surfaces cut by vertical joints are common, and talus is 
abundant. 

The Wingate passes laterally into red silty beds in all directions from south­
central Utah. These equivalent sediments have usually been called Chinle, but 
this has given rise to the necessity of correlating a supposed Jurassic formation 
with a supposed Triassic formation. Fossils recently found in Arizona indicate 
that the Wingate is Triassic (Lewis, 1958). Details of this problem are discussed 
under a later heading. At presentthe Triassic-Jurass1cboundary is drawn between 
the Navajo and Kayenta. 
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Woodside shale: Lower Triassic, up to 800 feetthick. Silty red shale with minor 
siltstones. Usually forms a slope. Name used only in Wasatch andwestemUinta 
Ranges. Practically unfossiliferous but position proves Early Triassic age. 
Equivalents are probably present in lower Moenkopi of Colorado Plateau. Inter­
fingers with Dinwoody shale northward in the Idaho-Wyoming area. The Dinwoody 
is recognized in the Bear Lake exposure and in extreme northeastern Utah. 

Triassic of the Great Basin 

The name Harrington formation was proposed by Butler (1913) for Triassic rocks 
of the San Francisco mining district. He assigned an over-all thickness of about 
5, 000 feet to the unit and included a great variety of rocks that are in reality 
not Triassic in age. More recent work has reduced Butler's thickness figures 
greatly and has shown that the units present can be interpreted and mapped in 
terms of the typical Plateau section. Several other more or less isloated expo­
sures of Triassic are known in the Utah part of the Great Basin. One of these 
was discovered by Nolan in the Gold Hill district (1935). Larger and more com­
plete sections with cephalopod faunas are known in the Confusion Basin. It 
seems worthy of note thatrecent geologic work in the Nevada portion of the Great 
Basin has brought to light at least a dozen exposures of Meekoceras-bearing 
rocks which give a more complete unders tanding of the distribution and origin 
of the Lower Triassic rocks of the region (Clark, 1957). 

Problems of Correlation 

The increasing information on the Triassic system resulting from more detailed 
field work has given rise to refinements of nomenclature and schemes of classi­
fication which in some cases have confused rather than clarified the problems 
of correlation. Figure 46 is intended to show the evolution of nomenclature for 
the Triassic of the Wasatch and eastern Uinta Ranges. Time alone will tell which, 
if any, of the schemes shown will survive. The chief difficulty centers around 
the relative merits of names brought in from the Idaho-Wyoming area, those 
employed in the Colorado Plateau, and those established for local sections. The 
tendency seems to favor locally derived names for the lower units and Colorado 
Plateau names for the upper ones. Since there is a considerable gap between 
areas where the Idaho terminology is in current usage, there seems to be a ten­
dency to disregard names from this source even where they have priority; how­
ever, for the small outcrops of Triassic on the eastern shores of Bear Lake the 
terminology of the Idaho-Wyoming areas must apply. Those geologists who have 
studied the Idaho-Wyoming Triassic have suggested certain changes in nomen­
clature, but these have not yet come into general use. 

The Wingate has given rise to very difficult correlation problems. The type 
section is at Fort Wingate, New Mexico. Owing to a striking lithologic simi­
larity, Gregory thought he recognized the same unit west and northwest qf the 
Defiance uplift, and from this correlation many thousands of miles of outcrop, 
chiefly in Utah, were mapped as Wingate. Detailed study has revealed that the 
Wingate of the type section is equivalent to the Entrada of the San Rafael sec­
tion and that the so-called Wingate of the Colorado Plateau has only a very thin 
equivalent at Fort Wingate. The problem thus presented has not been solved. If 
the rules of nomenclature are strictly adhered to, the name Wingate should apply 
to what has been called Entrada and the name Entrada abandoned. The so-called 
Wingate should then receive a new name. No definite steps have been tak~n to 
settle the dispute; those working in the Utah section favor retaining the Wingate 
as presently used; other geologists want to see the rules of priority applied. 
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After many years of doubt the Wingate sandstone has been assigned to the Triassic. 
Fossil evidence and lateral tracing prove that it cannot be of Jurassic age. The 
newly proposed Moenave formation of southwestern Utah includes shaly beds 
formerly included in the Chinle that are, in reality, marginal facies of the Wingate. 

Triassic Paleogeography 

Triassic .. stratigraphy may be interpreted in terms of rather simple paleogeography. 
An invasion of marine waters entered Utah from the west during Early Triassic time 
and spread eastward covering roughly two-thirds of the state. The calcareous 
deposits of this sea interfinger with non -marine clastic sediments of the "red 
bed" type, derived chiefly from the Ancestral Rockies which were then prominent 
in Colorado and eastern Utah. 

The seaway persisted for most of the early part of the Triassic period and then 
disappeared, leaving a vast subaerial plain which sloped gently toward the 
north and northwest. Upon this plain was deposited a series of thin but wide­
spread gravel sheets making up the Shinarump conglomerate, Mossback sand­
stone and perhaps other conglomerates. These formations were probably laid 
down in the manner of sediments, and their dis tribution and growth invol ved most 
of Middle Triassic time. During Late Triassic time, deposition by fluvial action 
characterized the area, and the upper part of the Chinle formation and its equi­
valents were laid down. Volcanic activity in some unknown region, probably to 
the southwest, contributed considerable volcanic ash to the Chinle; however, 
the bulk of material was evidently derived from erosion of highlands to the south 
and southwest. Local uplift of salt anticlines in east central Utah caused re­
stricted unconformities and omissions in the Triassic beds, but they were other­
wise relatively undisturbed during deposition. 

JURASSIC 

Stratigraphic Limits 

The placement of the Triassic-Jurassic boundary has already been discussed. 
Largely because of the lack of fossils, exact time planes cannot be drawn; and 
the boundary, as mapped, is largely one of convenience. 

The upper boundary, by contrast, has received much attenti-on because of the 
widespread nature of the formations involved and the wealth of fossil material, 
including the famous dinosaur faunas, which must be evaluated. The study of 
this boundary has attracted the attention of numerous specialists in both paleon­
tology and stratigraphy and has world-wide implications. It should be noted 
that for a period before 1936, the Morrison formation, which is now thought to 
be the latest Jurassic deposit in Utah, was considered to be Lower Cretaceous, 
in which case its lower contact represented the Jurassic-Cretaceous break and 
its upper contact the Uower Cretaceous -Upper Cretaceous interval. Since 1936 
most investigators have accepted the Jurassic age of the Morrison and have con­
sidered the Jurassic-Cretaceous boundary to lie between the Morrison and the 
overlying Dakota (?). This implies that the Lower Cretaceous is absent and that 
a long period of nondeposition is represented by the unconformity at the base of 
the Dakota (?). This interpretation isalso a matter of convenience, for the base 
of the Dakota is relatively easy to map. 
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Recent work has shown that Lower Cretaceous rocks are present over much of the 
Colorado Plateau. In the past these rocks have been included in the Morrison. 
This interpretation places the Jurassic-Cretaceous boundary in the midst of a 
series of almost homogeneous continental beds, where the boundary is difficult 
to detect or map. Since usable fossils are rare, it may prove to be uneconomical 
to try to map this contact or to localize it in well logs. Scientific accuracy de­
mands, however, that the presence of Lower Cretaceous be recognized, regard­
less of what may be chosen as convenient map or subsurface units. 

At the present time, therefore, neither the upper nor the lower boundaries of the 
Jurassic can be said to be accurately known or mapped over most of the Utah 
area. 

Major Divisions 

The Jurassic rocks of Utah fall easily into two well defined lithologic groups, 
the selection and delimitation of which constitute an outstanding application 
of the concepts of stratigraphic nomenclature. 

The Navajo, together with the Kayenta and Wingate of Triassic age, has been 
named the Glen Canyon group from the excellent exposures between Hite and 
Lees Ferry on the Colorado River. This natural aggregation of dominantly sandy, 
wind-bl<?wn deposits can be recognized and mapped without much difficulty. 
The group is topographically conspicuous and is chiefly responsible for such 
scenic spots as Zion Park, Capitol Reef, Crossing of the Fathers, Hole in the 
Rock, and Rainbow Natural Bridge. 

The second aggregation of formations, comprising the Carmel, Entrada, Curtis, 
and Summerville, has been termed the San Rafael group from the exposures in 
the San Rafael Swell. For the most part, the type sections are well chosen, 
but the Carmel type section is near Mount Carmel in southwestern Utah, some 
distance from the Swell. 

The recognition of these two major divisions has little value outside the Colo­
rado Plateau, but the concept of a tripartate division of the Jurassic into non­
marine below, marine in the center, and non -marine above is useful in the 
Wasatch and Uinta areas. 

Individual Formations 
(alphabetically arranged) 

Arapien shale: Middle and Upper Jurassic, not less than 3,000 feet thick. Silt­
stone, shale, limestone, gypsum, and salt. The usual colors are gray and red. 
Five lithologic units, designated as A, B, C, D, and E, are recognized by 
Hardy (1952). The most extensive outcrops are along the eastern margin of the 
Sevier Valley from east of Gunnison to near Richfield . In this and other areas 
the formation is structurally much deformed. The Arapien is considered by Hardy 
to be equivalent to the Carmel and the upper part of the Twin Creek limestone . 
The name Arapien formerly applied to all the strata between the Nugget and 
Morrison but as restricted by Hardy , includes only the strata of the former 
Twelvemile Canyon member. The remainder of the original Arapien constitutes 
the Twist Gulch formation. 
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Bluff sandstone: Upper Jurassic, up to 300 feet thick . Sandstone and siltstone . 
Color ranges from reddish to gray. In areas of development, as at Bluff, Utah , 
a vertical cliff is formed, but the feather edges give less conspicuous outcrops . 
The Bluff sandstone is found only in the Four Corners area; it is unfossiliferous, 
and the exact correlations have been difficult to determine. It has been classi­
fied as part of the Morrison (Gregory, 1938) and as Entrada (Stokes , 1944). More 
precise work shows it to be equivalent to the Summerville formation and the lower 
Salt Wash member of the Morrison . 

Carmel formation: Upper Jurassic . SO to 1 , 500 feet thick . Limestone , siltstone . 
shale, and gypsum; dominant colors are red and gray, but variations are common. 
The formation is usually soft, but the limestone members give broad dip slopes 
where present. Marine facies occur in the San Rafael Swell and southward almost 
to the southwest corner of Utah . Beyond the fossiliferous facies are non-marine 
equivalents of various kinds, correlation of which has been difficult (Bissell , 1945). 

Curtis formation: Upper Jurassic; up to 260 feet thick . Sandstone , shale , lime ­
stone, and conglomerate . The color is distinctly greenish, owing to the glau ­
conite which is present. The formation is rather nonresistant and weathers in 
much the same manner as the overlying Summerville and underlying Entrada . 
As a distinct and mappable unit the Curtis extends roughly to the vicinity of 
Green River, Utah, and the central Henry Mountains . It has been assumed to 
be equivalent to the Twist Gulch formation, and a supposed correlative has been 
mapped in the southern High Plateaus , but the correlations mentioned have so 
far not been supported by fossil evidence . It is probable that the so-called 
Curtis of southwestern Utah is part of the Carmel (as recognized in the San 
Rafael area). In the eastern Uintas the formation reaches a thickness of 280 
feet, and parts are highly fossiliferous. 

Entrada formation: Upper Jurassic; up to 1,000 feet thick. Sandstone and silt­
stone, light-red, pink, "salmon," and gray. The formation is widely exposed in 
the Colorado Plateau and eastern Uinta Mountains . The equivalent in the Wasatc h 
and western Uintas is the Preuss sandstone . At the type section the unit is silty 
and rather nonresistant; eastward, it becomes increasingly sandy and forms striking 
cliffs. The two facies are roughly divided by the Colorado River. The exact time 
or lithologic equivalents in the Four Corners area are not well understood . The 
Moab tongue lies at the top in Grand and northern San Juan Counties . In south­
wes tern Utah, it is probable tha t the rocks mapped as Entrada are part of the Carmel. 

Morrison formation: Upper Jurassic; up to 800 feet thick . Chiefly sandstone 
and mudstone with minor bentonite and conglomerate beds . Color extremely 
varied, especially in the bentonitic portions. The lower part of the Morrison 
throughout the Colorado Plateau has been termed the Salt Wash sandstone; this 
is the important uranium producer. The more widespread part is the Brushy 
Basin shale member. The Morrison originated by river action on a vast, very level 
plain. Fossils are abundant, but exact age determination has been long disputed. 

Stratigraphy of the Morrison is more complex in the Four Corners area than elsewhere 
in the state. Here the lower part includes the Salt Wash and Recapture members 
and the upper part the Westwater Canyon and Brushy Basin members. 

Navajo-Nugget sandstone: Lower and Middle Jurassic (?); up to 2,000 feet thick . 
Sandstone, strikingly cross -bedded with very few horizontal planes. The dominant 
color is light yellow or gray , but some areas show "salmon , " pink, orange, or 
brownish tints . The unit is commonly lighter in color " toward the top. Vertical 
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cliffs are common, but in areas where the dips are not flat there is a development 
of "beehive" forms andhummockybenches. A fewfossils are known, but none are 
sufficient to fix the age exactly. The formation is much quarried for building stone 
in northern Utah, and many scenic spots of the Colorado Plateau owe their interest 
to erosion of this formation. The facies relationships of southwestern Utah are 
given under the discussion of the Kayenta. 

Preuss formation: Upper Jurassic, 1,000 feet thick. Sandstone and silty sand­
stone, reddish gray to red, mainly plane-bedded. The name is applied in Utah 
only in the central Wasatch and Uinta Mountains. The equivalent formation over 
most of Utah is the Entrada sandstone. Fossils are unknown in Utah, but have 
been found in Idaho. 

Stump sandstone: Upper Jurassic; up to 300 feet thick. Sandstone and sandy 
limestone, usually thin-bedded and gray in color. The formation is recognized 
only in the central Wasatch and Uinta Mountains. The Curtis is an equivalent 
formation. The Stump sandstone is characterized by abundant glauconite and by 
marine fossils, the most common of which is the belemnite Pachyteuthis densis. 

Summerville formation: Upper Jurassic, up to 400 feet thick. Siltstone, sand­
stone, shale, and gypsum; the color is brownish-red to pink. Gypsum seams 
and veinlets are common, and the most striking characteristic is the extremely 
fine, even bedding seen on fresh or vertical exposures. Large chert concretions 
and manganese nodules are found in eastern Utah. The lower part of the forma­
tion passes eastward into the Moab tongue of the Entrada and probably northward 
into the upper part of the Curtis. Fossils are unknown. 

Twin Creek limestone: Middle and Upper Jurassic; up to 3,000 feet thick. Ume­
stone, medium to light-gray with characteristic splintery fracture. Several 
mappable subdivisions have been recognized but not formally named. The name 
has been employed in the Wasatch Range as far s 'outh as Thistle and in the 
western Uinta Mountains; partial equivalents are the Carmel and Arapien. The 
famous Devils Slide on the Weber River is in the Twin Creek, and the formation 
supplies raw material for cement plants at several localities. 

Twist Gulch formation: Upper Jurassic; at least 1,910 feet thick. Red siltstone 
and reddish-gray sandstone with minor olive-green and blusih-gray shale. The 
chief exposures are in the Sanpete-Sevier valleys. In these exposures the forma­
tion is structurally disturbed. Exact stratigraphic relations are not known, but the 
formation is certainly equivalent to all or part of the San Rafael group above the 
Carmel formation. 

Problems of Correlation 

Although the Glen Canyon group as a whole is easily distinguished by physical 
characteristics, each of the individual forma tions comprising it has been involved 
in nomenclatural difficulties. The Navajo sandstone was set up as a formation 
with no type section being designated except the "Navajo country". Fortunately, 
the unit is distinctive enough that little difficulty is experienced in mapping it. 
Although the Navajo of the Plateau province is similar in appearance to the Nugget 
of the Wasatch and Uinta Mountains, a positive correlation cannot yet be made; 
there are no continuous outcrops for tracing, and fossils are totally lacking. If 
the two units are really continuous, then the Kayenta and Wingate must pinch 
out and disappear in the interval from the San Rafael Swell to the Wasatch Range. 
The implication is that these formations may pass into red beds beneath the Navajo, 
in which case the content of Chinle in the marginal areas is greater than it is in the 
central part of the basin. 
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The Kayenta was originally known as the Todilto from a supposed correla tion with 
the type Todilto in New Mexico and Arizona. When it became known that the 
present Kayenta is a much older unit, Baker, Dane and Reeside (1936) suggested 
the new name with a type section at Kayenta, Arizona. The Wingate has been 
definitely assigned to the Triassic and has been discussed previously . 

The San Rafael group is fairly well defined between the top of the Navajo sand­
stone and the base of the Morrison formation. The Carmel, Entrada, Curtis, 
and Summerville formations are easily separated in the San Rafael Swell, but 
away from this central area complexities of stratigraphy appear and nomenclature 
is confused . The chief difficulty arises from the interfingering of the mdrlne 
fossiliferous beds into non-marine and unfossiliferous beds. Although the gen­
eral policy of keeping names to a minimum by utlizing previously recognized 
units has proved to be a good one in most instances, there are other cases where 
attempts to force the San Rafael nomenclature on distant areas has created un ­
workable and unnatural situations. An example of the difficulties created is the 
present uncertain status of units between the Morrison and Navajo in the Four 
Corners area. Although many geologists have studied the section, no scheme 
yet proposed has proven acceptable to a majority of workers • A similar situation 
exists in southwestern Utah where large units within the San Rafael group cannot 
be correlated with the standard sections. 

The differences in lithology and thickness that are evident between the San 
Rafael group at the type locality and at the Sanpete-Sevier areas present addi­
tional problems of nomenclature. Although the exposures are only about 35 
miles apart, it has been impossible to subdivide one section in terms of the 
other. 

Special problems of correlation exist in the Iron Springs district, which has impor­
tan t iron deposits in the Juras sic rocks. Because of significant differences between 
the Iron Springs area and typical San Rafael rocks I the name Homestake has been 
applied to the Carmel equivalent. An overlying, unfossiliferous unit has been­
tentatively correlated with the Entrada. It should be noted that the Homestake 
was regarded as Carboniferous until Mackin (1947) reported the presence of 
Jurassic fossils. 

Another problem of terminology is posed by the outcrops of Jurassic on the north­
eas t flank of the Uinta Range. Although mos t units in this remote portion of 
Utah correlate well with Wyoming areas, the Jurassic seems to agree best with 
San Rafael subdivisions. Current workers are therefore using such terms as 
Navajo, Carmel, and Curtis; but the problem must be considered as unsettled. 

Jurassic Paleogeology 

During the first half of Jurassic time Utah experienced desert conditions on an 
extensive scale. This interval was marked by the deposition of the massive 
aeolian sandstone accumulations constituting the Navajo formation. The sand 
constituting this unit was derived chiefly from the northwest, as shown by the 
prevailing directions of cross -bedding. The landscape must have been a feature­
less expanse of slowly shifting sand with, perhaps, here and there a temporary 
lake or oasis. The Navajo indicates mainly aeolian deposition, but the Kayenta 
seems to record a more moist interlude during which fluvial conditions prevailed. 
The Glen Canyon group, deposited far from the ocean, represents one of the most 
extensive and massive terrestrial deposits preserved in the interior ofthe continent. 
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During the Late Triassic and Early Jurassic intervals, radical changes took place 
which practically destroyed the ancient Rocky Mountain geosyncline into which 
marine waters had transgressed eastward many times in the Paleozoic. As a 
result of these changes, the seas which entered Utah in the Middle and Late 
Jurassic followed a new and different pattern from the north. Utah, in fact, 
represents the approximate southward penetration ()f waters from the north, and 
there seems to have been no connections with Pacific seaways on the west or 
Gulf of Mexico embayments to the south or southeast during this interval. 

SALT LAKE CITY EASTERN UINTAS 

JURASSIC CORRELATIONS IN UTAH 

Figure 47. 

The thickest sections of Jurassic marine rocks in Utah are in the westernmost 
preserved outcrops, and there are no indications of anything ever having been 
deposited west of these exposures. It seems likely therefore that the basin of 
deposition sank rapidly on the west and shallowed gently eastward. 

On the east the marine beds interfinger in a complex way with non-marine beds 
derived from areas to the south, southwest, and east. Large parts of the Summer­
ville, Entrada, Carmel, and Curtis consist of sediment that is definitely of 
aqueous origin but devoid of fossils. These peculiar beds may be interpreted 
as playa lake facies formed under conditions of alternating submergence and 
emergence on extremely flat and extensive plains where life was impossible. 
In more northern areas where the seas were deeper, fossils appear and are locally 
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abundant. About the margins of the basin were areas of shifting sand now 
preserved in such formations as the Bluff, Junction Creek, and Moab tongue . In 
deeper pockets that perhaps received periodic replenishments of sea water, depo­
sition of salt and gypsum was possible. 

In the western Uinta Mountains and Wasatch regions, the Twin Creek limestone 
records rather uninterrupted marine deposition for a lonq period of time. After 
the withdrawal of the TwinCreek sea, a period of non-marine deposition ensued, 
as indicated by the Entrada and equivalents. A second and later marine invasion, 
which resulted in the Curtis and equivalents, had a somewhat different config­
ura tion than the one responsible for the Twin Creek. Broadly speaking, the Twin 
Creek is thick and the Curtis thin in the Wasatch Range, and the Twin Creek is 
thin and the Curtis thick in the eastern Uinta Mountains. Glauconite is common 
in the Curtis, and gypsum is present in the Carmel and in the Summerville. 

Near the end of the Jurassic tremendous changes attendant to the early stages of 
the Sierra Nevada revolution took place. This event, directly or indirectly, seems 
to have initiated the deposition of the Morrison formation. Rainfall may have 
increased; river systems were integrated or reoriented, so that sediments com­
menced to be supplied from the west by eastward-flowing rivers . Across the 
extremely flat plains left by the playa lakes and sea-bottoms of previous time, 
the river channel and flood plain complex of the Morrison spread until it covered 
practically the entire western interior. There were evidently sizeable contribu­
tions of volcanic ash, which is now bentonite, that must have been drifted in 
by air currents from western volcanic centers. At the close of the Jurassic a vast 
featureless plain characterized eastern Utah, and a mountainous highland lay to 
the west. 
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Pterodactyl Tracks from the M orrison Formation (Photograph by Wm. L. Stokes) 



Paper 12 THE CRETACEOUS SYSTEM 
OF UTAH 
by fohn A. BurgerI 

INTRODUCTION 

Rocks belonging to the Cretaceous system form extensive outcrops in the central, 
eastern, and southwestern portions of Utah (see Figure 48). At many localities 
the exposures are excellent, and at some of these localities the Cretaceous rocks 
have been extensively studied. However, there are many locales of gogd 
exposures that have not been extensively studied, and there are some Cretaceous 
rocks that have received little or no study. 

The Cretaceous strata of Utah show rapid, variable facies and thickness changes. 
To adequately document these changes is beyond the scope of this paper. A few 
generalities will serve to introduce a discussion of the Cretaceous system of Utah: 

1. Rocks of Cretaceous age form extensive outcrops in many parts of 
Utah and crop out on the flanks of most major uplifts. 

2. Rocks of Cretaceous age are absent or very imperfectly known in 
the Basin and Range province in western Utah. 

3. The Cretaceous formations are known by a great number of names. 

4. There is complex intertonguing between many of the stratigraphic 
units. 

5. The Cretaceous system of Utah can be generalized from oldest to 
youngestas consisting of: (a) a lower group of interbedded conglomer­
ates, sandstones, shales, and limestones of continental origin (Cedar 
Mountain, Burro Canyon, and Kelvin formations); (b) the overlying 
mixed marine and continental deposits (Dakota formation, Dakota (?), 
Dakota group); and (c) an overlying body of generally thick marine 
shale (Mancos shale) which contains numerous sandstone wedges 
and lenses. The Mancos in turn intertongues to the west with a 
body of thick coarse clastic sediments (Indianola group, Aspen 
shale, Frontier formation). The Mancos shale alsointertongues exten­
si vely with (d) the overlying mixed marine and continental rocks Mesa -
verde group), which are in turn overlain by (e) predominantly coarse 
clastic continental rocks (Kaiparowits, Wanship, Echo Canyon, North 
Horn, and Currant Creek formations). Locally the youngest Cretaceous 
rocks are transitional into rocks of Paleocene age. 

6. The Cretaceous rocks of Utah are predominantly clastic. Chemical 
or biochemical sediments are not important volume-wise. From west 
to east there is a striking decrease in grain size of sediments, which 
implies a general western source for the Cretaceous rocks. 

7. Regional relations indicate a north-trending orogenic belt was 
intermittently active in western Utah during Cretaceous time. 

8. Guide fos sils are generally lacking except in the marine strata, 
and faunal correlations are difficult or impossible to make in the non­
marine rocks. 

1. Assistant Professor of Geology, Beloit College, Beloit, Wisconsin; formerly, 
Geologist, Texaco, Inc., Salt Lake City, Utah. 
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Excellent bibliographies in the papers by Cobban and Reeside (1952a, 1952b), 
Spieker (1946, 1949), Gregory (1950), and Young (l955) will serve as an intro­
duction to geological literature of the Cretaceous system of Utah. 

Several new names have been introduced in the past few years for strata 
assigned to the Cretaceous system. Among these are Cedar Mountain formation 
(Stokes, 1944, p. 966), a Lower Cretaceous unit underlying the Dakota sand­
stone in the Colorado Plateau province; the Burro Canyon formation (Stokes and 
Phoenix, 1948), similarly a Lower Cretaceous unit in the Colorado Plateau; the 
South Flat formation (Hunt, 1954, p. 118), recognized in the Gunnison Plateau 
of central Utah; the Wanship formation (Williams, 1955, p. 127), and the Echo 
Canyon conglomerate (Williams and Madsen, 1959, p. 123), both in the Coalville 
area of western Uinta Mountains. 

At the outset of a discussion of Cretaceous stratigraphy of Utah, it is well 
to emphasize the concept that a formation is herein considered a mappable unit 
of similar lithologic aspect (facies) and need not be everywhere the same age. 
Most of the Cretaceous formations in Utah have in greater or lesser degree a 
time-transgressive nature, and correlation of these formations in the "classic" 
sense is difficult if not at times impos sible. 

The reader is referred to Table VI of this s ymposium for a correlation chart of 
the Cretaceous system in Utah. 

DISCUSSION BY AREAS 

North Flank of the Uinta Mountains 

Cretaceous rocks form a relatively narrow belt of outcrop be tween Clay Basin 
and Manila, Utah. The rocks generally dip quite steeply northward into the 
Green River Basin. Locally, the Cretaceous rocks are overturned where they 
are involved in the high-angle faulting along the north flank fault s ystem . 

There are small outcrops of Cretaceous strata along the north flank in Summit 
County near and west of Moffit Pass (T-1-N, R-8, 9-E). Root (1952, p. 26) 
tentatively identified these rocks as belonging to the Aspen and Frontier forma­
tions. Any Cretaceous rocks in the area between Moffit Pass and Manila are 
buried benea th Tertiary and Qua ternary cover. 

The Uinta Mountains serve as a convenient boundary for applying different sets 
of names to the Cretaceous strata. North of the Uintas and along their north 
flank, Wyoming nomenclature is best applied, although several exceptions to 
this have been made by various authors. South of the Uintas, the Colorado 
Plateau nomenclature has widest acceptance . 

Cretaceous units recognized in the area from oldest to youngest are: Cloverly 
formation, Dakota formation (Thermopolis), Aspen (or Mowry) shale, Frontier 
formation, Baxter (or Hilliard shale, approximate Mancos equivalent s), the 
Mesaverde group (consisting of Blair, Rock Springs, Ericson, and Almond for­
mations), the Lewis shale, and the Lance (?) formation. The re is an erosional 
unconformity at the base and an angular unconformity locall y at the top of the 
Cretaceous s ys tern. 
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All five generalized vertical subdivisions are displayed between Manila and Clay 
Basin. Furthermore, there are fairly good indications of a sixth subdivision in 
this area, which is not recognized elsewhere in Utah. This is a transgressive 
marine unit (Lewis shale) overlying the Mesaverde group. The Lewis shale has 
been recognized by some petroleum geologists in well logs and well cuttings at 
Middle Mountain, near Clay Basin, just a few miles north of the Utah-Wyoming 
state line. It is not improbable that the prominent strike valley which extends 
with few interruptions from near Linwood, Utah, to Clay Basin may be underlain 
in part by the Lewis shale. Lack of outcrops and absence of wells in the strike 
valley presently prevent identification of the Lewis shale in the valley. 

Lower Cretaceous rocks along the north flank of the Uintas are represented by 
the Cloverly formation. The unit is not easy to recognize, especially when the 
lower conglomerate member is absent. Stokes (1952, p.I774)gives thefollowing 
criteria for distinguishing the Lower Cretaceous rocks ;f Utah from the Morrison 
formation (Upper Jurassic) and the Dakota formation: the shales of the Morrison 
are characterized by bright, vivid colors, whereas the Lower Cretaceous shales 
are more subdued and have more pale purple and lavender. The LowerCretaceous 
rocks have a high percentage of brown or gray calcareous nodules which may 
consti tute up to 30 percent of the rock. Nodules are not so abundant in the 
underlying Morrison. The so-called "gastroliths" are restricted to the Lower 
Cretaceous. The Cloverly conglomerates are composed principally of chert 
and minor amounts of quartzite, whereas the Dakota conglomerates are of mixed 
chert and quartzite. 

The thick Aspen shale of extreme southwestern Wyoming is present in the Manila 
area as a thin tongue of fish-scale-bearing siliceous shale near the base of the 
Baxter shale. Similarly, the Frontier formation is only a 120-foot thick series 
of sandstone, silty sands, and shales at Clay Basin and is best described as 
a tongue in the Baxter shale. The Baxter shale is more easily eroded than the 
rocks above or below and forms a broad strike valley from Manila eastward to 
Clay Basin. The poor exposures do not permit accurate measurement. The com­
bined surface and subsurface thickness of the Baxter shale at Clay Basin is 
6,800'±. The Baxter represents the muds and silts laid down in the very exten­
si ve Mancos sea, chiefly during Colorado time . The contact with the overlying 
Mesaverde group is gradational and intertonguing and represents a general east­
ward regression of the Mancos sea . 

The intertonguing characteristic of the Mesaverde group and the Baxter shale is 
well displayed between Linwood and Clay Basin. The Blair formation (basal unit 
of the Mesaverde group) is more than 1,000 feet thick west of the Green River 
near Linwood, and consists of interbedded sandstone, siltstone, and silty shale 
which tongue out eastward into the upper part of the Baxter shale. In this same 
area the thick and prominent Chimney Rock tongue of the Rock Springs formation 
thins eastward to a feather edge into the body of the Baxter shale, which is in 
turn overlain by the westward-thinning Black Buttes tongue of the Baxter shale. 
Microfauna from the Black Buttes tongue seem to indicate that this minor west­
ward transgression of the sea was rapid, and that the water was deep and had nor­
mal salinity and open circulation. These conditions are not usually found in the 
Mancos-Mesaverde intertonguing of Utah. 

Southwest of the Clay Basin area, the Rock Springs formation thins rapidly by 
tonguing out into the Baxter shale. About 270 feet of strata assignable to the 
Rock Springs formation crop out at the famous Vermilion Creek section in extreme 
northwestern Colorado. 
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The Blair and Rock Springs formations are of mixed marine and nonmarine origin. 
In the Manila-Clay Basin area they represent the seaward extremity of a large 
delta system centered in south-central Wyoming at approximately the site of the 
present Rock Springs uplift. The Ericson formation consists of massive, medium 
to coarse-grained sandstones deposited in stream channels and along flood plains 
by a southeastward-flowing river system whose delta lay in northwestern Colorado. 
The overlying Almond formation in the area of the Rock Springs uplift records less 
availabili ty of coarse sands and less vigorous streams of transport than does the 
Ericson formation. The Almond formation also shows a return to mixed marine and 
nonmarine marginal deltaic conditions. However, south of the uplift, the lower 
part of the Almond shows coarser sediments which increase in grain size south­
ward toward the Uinta Mountains. Locally along the Uintas I north flank, the 
Almond formation contains cobble-size conglomerates and seemingly attests to 
uplift in the eastern part of the Uinta Mountains at this time. The upper Almond 
is gradational and sends eastward-projecting sandstone tongues into the lower 
shales of the Lewis shale. The Lewis represents the last westward transgressive 
attempt of the Late Cretaceous sea to regain its former broad expanse. The 
attempt probably failed, according to the record now preserved or known, and the 
western shoreline was probably near Linwood, Utah. As the Lewis sea withdrew, 
its fine muds graded upward into sands equivalent to those of the Fox Hills forma­
tion, and these in turn graded into the Lance formation. 

Wasatch Mountains and Westem Uinta Mountains 

Rocks assigned to the Cretaceous system crop out at the western end of the Uinta 
Mountains in the Coalville-Rockport area and extend westward into the central 
Wasatch Mquntains. The rocks are g'enerally of the Coarser clastic facies and 
represent the piedmont, highland, and flood plain environments. Unconformities 
between the several stratigraphic units attest to at least two pulses of orogeny 
in the area during Cretaceous time. 

The Cretaceous section in the Coalville area consists, from oldest to youngest 
of the Kelvin formation, Bear River formation, Aspen shale, Frontier formation, 
Wanship formation, and the Echo Canyon conglomerate. The base of the Creta­
ceous is marked by a possible erosional dis conformity , and the top is marked by 
an angular unconformity. Sedimentation was ushered in by coarse conglomerates 
and also ended with coarse conglomerates. The thick accumulation of coarse 
clastic continental and shallow water sediments indicates that this was an area 
of downwarping--a forefold or trough-like trap--past which finer clastic sedi­
ments were transported eastward. 

Weggeman (1915, p. 161-184) studied the Cretaceous rocks exposed near Coa 1-
ville and measured a stratigraphic section to which most subsequent workers have 
madereference. The most recent revisions of the Coalville section have been made 
by Williams (1955, p. 127) and Williams and Madsen (1959, p. 122-125)' who 
introduced the names Wanshipformation and Echo Canyon conglomerate for what 
have previously been considered the upper part of the Frontier formation and the 
Almy formation . 

The oldest Cretaceous strata consist of conglomerates, sandstones, siltstones, 
and shales which Mathews (1931, p. 48) called the Kelvin formation . These 
s tra ta are considered Early Cretaceous on the basis of their s tra tigraphic position 
below beds of Early Cretaceous age and above beds of Jurassic age. The Kelvin 
is overlain by the Bear River formation, which thins rapidly from its type area in 
southwestern Wyoming and feathers out in the Rockport-Coalville area, as does 
also the overlying Aspen shale. The next younger unit is the Frontier formation, 
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which is thicker in the Coalville-Rockport area than is the type Frontier in south­
western Wyoming. The Hilliard formation of southwestern Wyoming is notrecog­
nized here, but may be represented in part by the Wanship formation. An uncon­
formity of locally differing magnitude separates the Frontier formation and the 
overlying Wanship formation. On the basis of regional relations and the occur­
rence of Inoceramus sp. present in the lower part of the massive conglomerate 
beds overlying theWanshipformation, Williams and Madsen (1959, p. 125)have 
renamed these rocks the Echo Canyon conglomerate and have provisionally 
assigned at least the lower part of these cong-lomerates to the Cretaceous system. 

It is not to be expected that the Cretaceous rocks along the northwestern part of 
the Uintas should be extremely different from those along the southwestern part 
of the Uintas. The recognition of coarse Late Cretaceous conglomerates younger 
than those of the Wanship formation has a parallel with the coarse conglomerates 
of the Currant Creek formation on the south flank of the Uintas, as well as 
with the coarse conglomerates in the Price River and North Horn formations 
still farther to the southwest. 

It may well be that later work will show that the newly named Echo Canyon 
conglomera te may contain rocks which are transitional into the Paleocene. A 
similar history is indicated south of the Uintas in the strata of the North Horn 
formation. As currently defined, the Echo Canyon conglomerate is unconformably 
overlain by conglomerates of the Knight formation of Eocene age. 

South Flank of the Uinta Mountains 

Rocks of the Cretaceous system crop out discontinuously along the south flank 
of the Uinta Mountains from near Strawberry Reservoir to the Utah-Colorado 
state line. The rocks display the typical west to east change of facies, from 
piedmont and flood plain to marine, as well as the five-fold vertical subdivision. 
The Cretaceous section from oldest to youngest consists of the following forma­
tions: Cedar Mountain, Dakota, Aspen shale, Frontier sandstone, Mancos 
shale, Mesaverde group, and the Currant Creek formation. The Lewis shale is 
not recognized ' on outcrop south of the Uintas in Utah, although Walton (1957 , 
p. 100) suggested it might be present in the subsurface of the Uinta Basin, 
however substantiating evidence is currently lacking. 

In many ways the Cretaceous strata along the south flank mirror those found on 
the north flank. However, one exception is that a fourfold subdivision of the 
Mesaverde group has not seemed obvious; in fact, to date only a subdivision into 
a lower marine unit and an upper mixed marine and nonmarine unit has been made 
along the western part of the Uintas I south flank. In the eastern end, the Colorado 
names of TIes and Williams Fork formations have been used respectively for the 
marine and mixed marine and nonmarine divisions. It has not been feasible to 
extend these Colorado names westward because of erosion of the upper part of 
the Mesaverde group west of the Colorado state line and because of several broad 
areas of Tertiary cover. 

In the southwestern part of the Uinta Mountains, there is a problem of correlation, 
age, and nomenclature of beds between the Curtis formation (latest marine 
Jurassic) and the Aspen shale (youngest Early Cretaceous). The problem has been 
discussed by Stokes (1944" p. 987-990) and by Bissell (1952a, p. 602-603). 
Briefly stated, the problem is where to place the upper boundary of the Morrison 
formation and how to subdivide and correlate the relatively thick stratigraphic 
section in the western Uintas I south flank and the Wasatch Mountains with the 
thinner section in other parts of Utah. At Currant Peak along the western south 

128 



flank, there is a 2, 750-foot thick section between the Curtis formation and the 
Aspen shale which Stokes (1944, p . 970) breaks down into a lower 600 feet of 
predominantly red shale, designated as Morrison, an overlying 1, 200 feet of 
interbedded shales and conglomerates, probably equivalent to the Kelvin forma­
tion, succeeded by 950 feet of shales and sandstone, identical with the "terra 
cotta" beds near Rockport, Utah . It may well be that the "terra cotta" beds at 
Rockport, are equivalent to the Cedar Mountain formation, and inferentially the 
Cedar Mountain formation would be present in the Currant Peak section . 

A strict time correlation cannot be implied by "equivalency, "inasmuch as these 
units lack fossils allowing precise correlation; moreover , the Kelvin formation 
was deposited in an area of orogenic activity and can be expected to grade into 
and intertongue eastward with rocks deposited under more stable conditions . 

Over much of the Colorado Plateau the base of the Lower Cretaceous is marked 
by a chert pebble conglomerate known variously as the Buckhorn or Burro Canyon 
conglomerate member, but the conglomerate is absent or not differentiable along 
much of the southwestern part of the Uintas (Stokes, 1957, p . 95) . 

At Currant Peak , Bissell (1952a, p . 605) notes a tripartite division in the Dakota 
formation which totals 180 feet. In the same general area Walton (1944, p. 100-
105) mapped a basal black shale member of the Mancos consisting of the beds 
overlying the Dakota formation and underlying the Aspen shale. Bissell (1952a , 
p . 606) measured a section in the Strawberry quadrangle east of Currant Peak 
where the Aspen conformably overlies the Dakota and the black shale is absent. 
It appears that black shale may locally be absent, or else it is not sufficiently 
distinct from the Aspen shale to be differentiated. There is also the problem 
of nomenclature in whether to consider the Aspen shale and the Frontier forma­
tion as members of the Mancos shale in the eastern part of the area (where the 
Aspen and Frontier are thin tongues enclosed by the Mancos shale) , or whether 
to give them the rank of formation, which they have in their type areas (where 
the y are distinct and not enclosed by the Mancos shale). 

The Aspen shale is thin along the south flank of the Uintas, and it may be infer­
red that Aspen deposition thinned , both to the south and east, away from the 
type area in extreme southwestern Wyoming . The Aspen thins to a feather edge 
in the Coalville -Rockport area; it is 88 feet thick near Currant Peak (Bissell, 
1952a, p . 606) and is not recognized farther south in the Book Cliffs area of 
central Utah. Near the Utah-Colorado state line, it is 36 feet thick (Walton, 
1944, p. 101). 

The Frontier formation is 756 feet thick near the forks of Red Creek along the 
western south flank, and it thins by shaling out and intertonguing into the 
Mancos shale eastward, where at the state line it is 157 feet thick (Walton , 1944, 
p . 101-102). The Frontier formation was probably deposited during a regressive 
or very shallow water phase of the Mancos sea. 

The Mancos shale, lying above the Frontier atthewestern end of the southflank, 
is only 1,450 feet thick at Red Creek, but it increases eastward to 5,072 feet 
thick near Jensen, Utah, in the eastern part of the area (Walton , 1944, p. 101-
105) . 

The Mesaverde group overlies and extensi vely intertongues with the Mancos shale. 
An eastward stratigraphic rise of the Mancos-Mesaverde contact of approxi­
mately 2,800 feet is indicated between Red Creek and the Vernal area . At Red 
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Creek the lower marine unit contains a Niobraran fauna, but near Vernal the 
Niobraran fauna is found in the Mancos shale many feet below the base of the 
lower marine unit of the Mesaverde. 

The upper part of the Mesaverde group consists of a mixed marine and nonmarine 
assemblage of sandstone, shale, silty and carbonaceous shale, limestone, and 
coal. Along Red Creek the Mesaverde group is 2,860 feet thick; to the west along 
Currant Creek, Bissell (1952a, p. 6ll-612) gives a section 5,165 feet thick, 
and to the east near the Utah-Colorado state line the Mesaverde group is approx­
imately 3,500 feet thick. Regional relations indicate considerable erosional 
truncation of the upper part of the Mesaverde group along the central part of 
the south flank. 

In the eastern south flank area, the Mesaverde group can be divided into the 
Iles formation (lower, predominantly marine unit) and the overlying Williams 
Fork formation (mixed marine and nonmarine unit). Walton (1944, p. llO-III) 
introduced the names "Asphalt Ridge sandstone member" and "Rim Rock sand­
stone member" for two prominent sandstones in the Iles formation. The Asphalt 
Ridge is the lower of the two members and tongues out eastward between Vernal 
and the state line. The Rim Rock member is exposed from Vernal to the state 
line and thins gradually eastward by "shaling out" into the Mancos shale. 

Between Strawberry Reservoir and the Duchesne River there is a sequence of 
coarse conglomerates, sandstones, and mudstones disconformably overlying 
the Mesaverde group. Walton (1944, p. ll7) named these rocks the Currant 
Creek formation. This formation is in turn unconformably overlain by the Uinta 
formation of Eocene age. The Currant Creek formation is of local extent 
and ma y represent a series of coalescing alluvial fans deposited in response 
to one of the pulses of the early Laramide orogeny (Huddle and McCann, 1947). 
The age of the Currant Creek formation is not known because of the lack of 
contained fossils, but its age may be bracketed by the underlying beds of Mon­
tanan age and overlying beds of Eocene age. It is conceivable, on the basis 
of lithology and stratigraphic position, that the Currant Creek formation is the 
south flank counterpart of the Echo Canyon conglomerate on the north flank. 

Wasatch Plateau and Adjacent Areas 

Rocks of the Cretaceous s ystem form extensive outcrops on the margins of the 
Wasatch Plateau in central Utah and form limited outcrops within the Plateau pro­
per. The Cretaceous and other rock s ystems of the area are famous for their 
rapid stratigraphic changes. System boundaries in this area also break con­
ventional "rules". There are transitional strata from well-identified Jurassic 
to known Cretaceous rocks, and likewise, there are transitional strata from 
known Cretaceous into definite Paleocene. 

The Cretaceous rocks in the Wasatch Plateau may be best described by two sets 
of names, one set for outcrops along the eastern side of the plateau, and one 
set for the rocks on the western side. From oldest to youngest on the eastern 
side of the plateau are: the Cedar Mountain formation and Buckhorn conglomerate 
member, the Dakota formation, and the Mancos group, consisting of the Tununk 
shale, Ferron sandstone, Bluegate, shale, Emery sandstone, and Masuk shale. 
Overlying the Mancos is the Mesaverde group, consisting of the Starpoint sand­
stone, Blackhawk formation, and Price River formation; the youngest Cretaceous 
rocks are in the lower North Horn formation. On the western side of the Wasatch 
Plateau is the Indianola group, consisting (in ascending order) of the Sanpete 
formation, Allen Valley shale, Funk Valley and Sixmile Canyon formations, suc­
ceeded by the South Flat, Price River, and the North Horn formations. 
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The Cedar Mountain formation, its Buckhorn conglomerate member and the Dakota 
formation are locally exposed in the area east of the Wasatch Plateau between 
the plateau and the San Rafael Swell, but they have not been recognized on the 
surface west of the plateau. In the subsurface on the western side of the plateau 
the Tennessee Gas Transmission No.1 Irons (Sec. 16, T-15-S, R-3-E), south 
of Moroni, reportedly penetrated 116 feet of the Dakota formation. It is probable 
that Lower Cretaceous rocks were deposited west of the Wasatch Plateau, but 
that they were eroded prior to the deposition of the Indianola group. Such ero­
sion is quite likely in view of the orogenic activity west of the Wasatch Plateau 
during and prior to Indianola deposition. 

A very spectacular facies change can be demonstrated in part of the Cretaceous 
systemintheWasatchPlateau area. On the eastside of the plateau, the Mancos 
shale consists of five formations, or five members, depending upon the rank 
assigned these units. Black to gray marine shale predominates in a section 
which is approximately 4,300 feet thick. The three lower units of the Mancos 
(Tununk shale, Ferron sandstone, and Bluegate shale) grade rapidly westward, 
in a distance of approximately 30 miles, into what are recognized as the four 
forma tions of the Indianola group. The Indianola group is over 8,000 feet thick 
and consists chiefly of coarse conglomerates and sandstones deposited in a 
local trough adjacent to a rising highland. 

As the Indianola group is traced westward from its exposures on the west side 
of the plateau, it becomes coarser and thicker, is not easily differentiated into 
its four component formations, and may reach an aggregate thickness of 15,000 
feet (Spieker, 1949b, p. 21). Christiansen (1951, p. 8) measured 12,500 feet 
of coarse conglomerates, sandstone, and shale in the Canyon Range, which is 
35 miles west of the Wasatch Plateau. On the basis of lithology and broad 
regional relations, he termed these rocks the Indianola (?). These rocks lie 
unconformably on Cambrian and Ordovician strata and constitute the western ­
most known exposures of Cretaceous rocks in central Utah. 

According to Spieker {l949b, p. 18-19) there is in Salina Canyon on the west side 
of the Wasatch Plateau aI, 300 foot section comprising varicolored shale, sand­
stone, limestone, and conglomerate which resembles the Morrison formation 
(Jurassic), and shows gradation and apparent intertonguing with the underlying 
Arapien shale (Jurassic) and also with the overlying Sanpete formation of the 
Indianola group (Cretaceous, lowermost Coloradan). There is no physical evi­
dence of a sedimentation break in this part of the geologic section, which is 
remarkable in view of a widespread dis conformity at the base of the Cretaceous 
on the east side of the Wasatch Plateau. Spieker (1949b, p. 19) says: 

"In fact, were I not familiar myself with so many other instances of 
baffling concealment of actual gaps, I should consider seriously the 
possibility that the whole Lower Cretaceous and part of the Late Jurassic 
are represented in the formation, and for that matter, to theorize one 
brief bit further, evidence of major boundaries obscurely situated in 
gradational and intertonguing strata is now sufficiently abundant in the 
Cordilleran region to give the idea some flavor of validity. Against it, 
however, is the fact that the Morrison (?) sediments are mainly of types 
that normally accumulate somewhat rapidly. " 

Hunt (1954, p. 118-128) gave the name South Flat formation to a 2,850-foot­
thick series of flood plain and piedmont deposits in the northern part of the 
Gunnison Plateau, just west of the Wasatch Plateau. The South Flat formation 
overlies the Indianola group with angular unconformity and is, in turn, overlain 
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with angular unconformity by the Price River formation. According to Hunt 
(1954, p . 127-128), the South Flat . formation can be tentatively correlated 
with the Blackhawk formation on the eastern side of the Wasatch Plateau. 

On the eastern side of the plateau there are numerous coal beds associated 
with the sandstones in the Mancos shale and in the overlying Mesaverde group. 
The Star Point sandstone and the Blackhawk formation of the Mesaverde group 
each contain several very valuable commercial coal beds. When traced west­
ward, the lower two coal-bearing formations of the Mesaverde group contain 
progressively less and less coal and consists of sediments deposited in pied­
mont, fluviatile, and highland environments . 

In the Book Cliffs area east of the Wasatch Plateau, the Price River formation 
conformably overlies the Blackhawk formation . Beginning in the central part 
of the plateau and extending for at least 40 miles westward , the Price River 
formation rests on the bevelled edge of progressively older rocks until, with 
some stratigraphic omissions, it rests on Cambrian strata in the Pavant Range . 
The older formations were exposed and eroded during tectonic movements imme ­
diately prior to and during the deposition of the Price River formation, which is 
dated as medial Montanan . 

Throughout the Wasatch Plateau and adjacent regions, the Price River formation 
is conformably overlain by the North Horn formation . In the Wasatch Plateau the 
contact is gradational , time transgressive, and becomes younger westward . 
Near its type area , the lower half of the North Horn formation contains a mam ­
malian fauna of Paleocene age (Spieker, 1949b, p . 27) . There is no known 
break in sedimentation between the two fossil horizons. The North Horn forma­
tion, in turn , both intertongues with and grades into the overlying Flagstaff 
formation of Tertiary age, and locally there is even an angular unconformity 
between the North Horn and the Flagstaff formation . Extreme lateral varia­
tion of facies is characteristic of the North Horn formation, reflecting the 
expected variance in th~ continental environment in which the North Horn was 
deposited . The North Horn formation increases in coarseness and generally 
in thickness westward . In most places the formation extends farther westward 
than the underlying Price River formation , and at its westernmost exposures in 
the Pavant Range laps unconformably onto rocks of Cambrian age . 

Cretaceous rocks in the Wasatch Plateau record several pulses of orogenic 
activity, and they define an elongate north-trending area in which shallow water 
sediments accumulated to great thicknesses between a riSing highland to the 
west and the broad, epicontinental, Late Cretaceous sea to the east. 

The tongues of marine sediments , interbedded with the coarse clastics of the 
Indianola group, record advances and retreats of the sea , as do the intertonguing 
wedges of marine and nonmarine rocks of the Mancos and Mesaverde groups- ­
this area was in the transition zone, and the geologic record preserved in the 
rocks documents the transition very accurately . 

Henry Mountains 

Cretaceous strata surround the Henry Mountains in a belt of outcrop which 
ranges up to 25 miles in width . In this area the Cretaceous rocks overlie the 
Morrison formation. Gilbert (1877) was the first to study the Cretaceous rocks 
of the Henry Mountains region . He named the following formations from oldest 
to youngest: Henrys Fork group (which included the Dakota sandstone and the 
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Morrison formation), Tununk shale, Tununk sandstone, Blue Gate shale, Blue 
Gate sandstone, Masuk shale, and Masuk sandstone. More recently, Hunt 
(1946, p. 8) has avoided duplication of formation names and borrowed from the 
area to the north the names Ferron sandstone for use in place of Tununk sandstone, 
Emery sandstone for use instead of Blue Gate sandstone, and Mesaverde for 
Masuk sandstone. 

Katich (1954, p. 52) recognized Lower Cretaceous rocks (Cedar Mountain forma­
tion) in the northern part of the Henry Moun tains area, but finds them absent 
in the southern part where they may have been removed by pre-Dakota erosion. 

Hunt (1953, p. 86) identified thin erosional remnants of the lower part of the 
Mesaverde group locally overlying the Masuk shale in the west-central part of 
the Henry Mountains area. 

The gros s facies of these rocks are more similar to their lithogenetic equivalents 
east of the Wasatch Plateau than to Cretaceous rocks southwest in the Kaiparo­
wi ts PIa tea u . 

Katich (1954, p. 52) gives the following formation thicknesses for the Henry 
Mountains area: Cedar Mountain formation, up to 400 feet thick; Dakota sand­
stone, as much as 50 feet; the Mancos formation, which may be broken down into 
five units: (1) Tununk shale, 550 feet; (2) Ferron sandstone, 150-250 feet; (3) Blue 
Gate shale, 1,500 feet; (4) Emery sandstone, 200 feet; (5) Masuk shale, 700 
feet; and the lower part of the Mesaverde group, 300 feet thick. Opinion differs 
as to the rank for the stratigraphic units in the Mancos . The writer prefers to 
consider them as formations of the Mancos group, inasmuch as the history of 
continued stratigraphic study shows refinements into more precise units and 
because the Mancos, at least in central Utah, lends itself well to a subdivision 
in to five forma tions . 

The upper part of the Mesaverde group has been removed by erosion in the Henry 
Mountains. 

Southeastern Utah 

Older Cretaceous rocks form fairly extensive outcrops in southeastern Utah, but 
in most of the area the younger Cretaceous rocks have been removed by erosion 
and only the Burro Canyon formation, Dakota formation, and the Mancos shale 
remain. 

For many years geologis ts considered the Dakota formation to be of La te Creta­
ceous age in southeastern Utah, and opinion was that there were no rocks of 
Early Cretaceous age in this area. However, Stokes (1944, p. 966-976 and 1952, 
p. 1766 -1776) presented evidence supporting an Early Cretaceous age for certain 
strata on the Colorado Plateau. Later paleontologic finds by Cobban and Reeside 
(1951, p. 1892-1893)andKatich (1951, p. 2093-2094) substantiated Stokes con­
clusions. West and north of the Colorado River, Stokes (1952, p. 1774) applied 
the names Cedar Mountain formation and Buckhorn conglomerate member to the 
Post-Morrison, pre-Dakota interval. East and south of the Colorado River, Stokes 
suggests using the term Burro Canyon formation for this same interval. The 
reason for the two sets of names is: 
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"The differences between rocks of the two large areas of outcrop separ­
ated by the Colorado River seem sufficient to justify the recognition of 
two distinct sets of names for the Colorado Plateau. The only alterna­
tive would be to regard the two areas as distinct facies of one forma­
tion, but this would imply a more strict age equivalence than present 
knowledge warrants. It is not unreasonable, however, to suppose that 
further research will reveal the exact time content ofthe various units. " 

The Burro Canyon formation rests conformably on the Morrison formation and 
consists of conglomerate, sandstone, siltstone, mudstone, shale, and lime­
stone, all of continental origin. According to Stokes (1952, p. 1770-1772), 
the following characteristics are useful in distinguishing the Lower Creta­
ceous Burro Canyon and Cedar Mountain formations from the underlying Morrison 
formation: the Lower Cretaceous shales are more drab; color bands are fewer 
and less distinct than in the Morrison; lavender or purple predominate and 
calcareous nodules are abundant; the so-called "gastroliths" appear to be 
restricted to the Lower Cretaceous. The overlying Dakota formation has many 
of the same general lithologic types as the Lower Cretaceous, but the chert 
pebbles in the Lower Cretaceous are brighter colored and less weathered than 
those of the Dakota. There are more quartzite than chert pebbles in the Dakota 
formation, but the opposite is true in the underlying Cretaceous conglomerates. 
There are plant fos sils in the coals and carbonaceous shales of the Dakota, 
but coals and carbonaceous shales and their contained plant fossils are lacking 
in the Lower Cretaceous formations. Mitchell (1956, p. 111) points out the 
differences in the deposition between the Dakota and the older Cretaceous 
rocks. He considers the Dakota to be a transgressive sandstone which was 
easily leached because of its lateral permeability. Much of the chert became 
tripoli tic. The Lower Cretaceous rocks, on the other hand, were laid down on 
a desert floor and were covered with muds which infiltrated the original poro­
sities, and these rocks were not leached very extensively. 

The Dakota formation in much of southeastern Utah can be divided into a basal 
sandstone and conglomerate, a middle unit of gray and black carbonaceous shale, 
and an upper sandstone. Locally anyone of these units may be absent (Katich, 
1958, p. 194). 

Cobban and Reeside (l951) assign the Dakota in eastern Utah to the Early Creta­
ceous, and Katich (1956, p. 116) suggests that the upper and middle units may 
be of Late Cretaceous age and that the lower unit could be Early Cretaceous. 
Complete agreement on the age of the Dakota is lacking, perhaps in part because 
the Dakota may span the Upper Cretaceous-Lower Cretaceous system boundary, 
and perhaps in part because the fossils used are not sufficiently diagnostic and 
limited in their time span. 

The Dakota generally rests disconformably on a scoured and channeled Burro 
Canyon surface. The Dakota in turn is conformably overlain by the Mancos shale. 

Complete sections of the Mancos are generally lacking in southeastern Utah and 
most of the formation has been removed by post-depositional erosion. Katich 
{1958, p. 194}, however, reports that there is a 5- to 10-foot-thick, gray, dense, 
marly , shaly unit equivalent to the Greenhorn limestone about 75 feet above the 
base of the Mancos. He also notes that on Pack Creek, southeast of Moab, Utah, 
there is a thick Mancos section which may be overlain by a basal Mesaverde 
sandstone. 
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Book Cliffs 

Cretaceous strata are well exposed in east-central Utah in and near the Book 
Cliffs. The Mesaverde group is especially well exposed in the sheer cliffs and 
slopes of the area. The North Horn and Tuscher formations form the lower part 
of the Roan Cliffs, which cap the Book Cliffs. The Mancos shale forms exten­
sive broad benches, pediments, and slopes which are being dissected into bad­
lands at the base of the Book Cliffs and extend southward for many miles. Locally 
the Cedar Mountain formation, Dakota formation, and the Ferron sandstone 
punctuate the "Mancos badlands" with low cuestas. The best exposures of these 
somewhat resistant sandy units are along stream gaps. 

In ascending order, the Cretaceous rocks of the area consist of: the Cedar 
Mountain formation, the Dakota formation, the Mancos shale (which can be 
broken down into a lower shale unit, the Ferron sandstone, a middle shale unit, 
the Emery sandy zone, and an upper shale unit), and the overlying Mesaverde 
group (which consists of the Star Point sandstone, the Blackhawk formation, the 
Price River formation, with its Castlegate sandstone member, and the overlying 
North Horn and Tuscher formations). The base of the Cretaceous is conformable 
(?) with the Morrison formation and the overlying youngest Cretaceous rocks show 
transition into the Paleocene in the western part of the area and a marked ero­
sional unconformity in the eastern part of the Book Cliffs. 

The Cedar Mountain and Dakota formations are similar in lithology and strati­
graphic relations to their equivalent units discussed for southeastern Utah. In 
the area between Price and Thompson, Utah, Katich (1956, p. 118) shows that 
the Gryphea newberryi zone is missing in the lower part of the Mancos and that 
there was either erosion or nondeposition in this area during Greenhorn 
time. Reeside (1955, p. 85) notes a more extensive hiatus covering Belle 
Vourche, Greenhorn, and early Carlile time in the lower Mancos section at 
Vermilion Creek, in northwestern Colorado. Note, however, that there was 
apparently no similar hiatus only a few miles to the west in the Wasatch 
Plateau. 

According to Katich (1956, p. 118), there is a fossiliferous sandy zone in the 
post-Niobrara part of the Mancos about 800 feet below the base of the Mesa­
verde group. The zone contains Scaphites hippocreppis and is probablya homo­
genetic equivalent of the Emery sandstone to the west and the Mancos "B" zone 
(subsurface) at Douglas Creek gas field in western Colorado. 

The Mesaverde group can be divided into a lower mixed marine and nonmarine 
sequence and an upper predominantly continental sequence. The lower contact 
is transitional and intertonguing with the Mancos shale. In the western Book 
Cliffs, the North Horn formation (Late Cretaceous and Paleocene) conformably 
overlies the Mesaverde group. Eastward, near Green River, Utah, the Mesa­
verde group is disconformably overlain by the Tuscher formation, which is con­
Sidered Late Cretaceous, and further eastward near the Colorado-Utah state 
line the Mesaverde group is disconformably overlain by an unnamed sandstone 
of probable Paleocene age. In the western Book Cliffs there is no observable 
stratigraphic break between strata of Late Cretaceous and Paleocene age, whereas 
in the eastern Book Cliffs there is an erosional unconformity, having relief of 
approximately 1,000 feet. 

ClaSSic examples of intertonguing of sandstone and shale may be studied with 
relative ease in this area. However, for many years the coal-mining engineers 
in this area considered that the coal beds and their enclosing strata were of 
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great lateral extent and that one coal bed could be traced over a broad area. It 
was not until 1910-1912 that F. R. Clark (1928, p. 14-20) demonstrated that the 
beds did not have great lateral continuity, but that there was instead an eastward 
stratigraphic rise of the similar facies and that any single coal bed could not be 
traced laterally to the east for more than 10 or so miles. Young (1955, p. 177-
202) has made a study of the intertonguing facies in the Book Cliffs of Utah and 
Colorado and shows that at least 13 sandstone tongues of the Mesaverde group 
thin and shale out to the eastinto the Mancos shale along the Book Cliffs between 
Price, Utah, and the Utah-Colorado state line. The Blackhawk formation and 
Star Point sandstone are two massive and prominent units in the western part 
of the Book Cliffs, but they tongue out into the Mancos and are not present at 
the Utah-Colorado state line. The stratigraphic rise of the Mancos-Mesaverde 
contact is approximately 2,700 feet from near Price to the state line. 

A great number of names have been proposed for the rocks of the Mesaverde 
group in this area. The reader is referred to the summary of nomencla ture by 
Young (1955, p. 179-181). 

Southern Utah Plateaus 

Rocks of the Cretaceous system form extensive outcrops in the escarpments and 
plateaus of southern Utah from the Straight Cliffs to the Hurricane Cliffs. Their 
topographic expression ranges from steep walls and high escarpments in the 
Straight Cliffs, to broad bench lands of the Kolob and other terraces, to bad­
lands in parts of the eastern Kaibab Plateau. 

Cretaceous rocks in southern Utah rest with disconformity on formations of 
Jurassic age, which in the western part of the area may be the Curtis or Winsor 
formations, and in the eastern part may be the Morrison formation. Rocks of 
early Tertiary age disconformably overlie the Cretaceous strata. 

Five formations are recognized in the Cretaceous of southern Utah; from oldest 
to youngest they are: Dakota formation, Tropic formation, Straight Cliffs sand­
stone, Wahweap sands tone, and the Kaiparowits formation . 

The Dakota formation is as much as 100 feet thick and consists of fine- to 
coarse -grained sandstone, pebble conglomera te, lignite, coal, and carbonaceous 
shale and siltstone. The conglomerate pebbles consist of varicolored subangular 
to rounded chert, quartzite, and limestone. Extreme lenticularity and lateral 
variability characterize the Dakota of the area. In contrast with most other parts 
of the state, the Dakota in southern Utah is generally soft, friable, and does not 
form ledges and resistant benches. Over much of the area it grades upward into 
the sandstones, siltstones, and shale of the Tropic formation. Only in the 
eastern part of the Kaibab plateau does the Dakota tend to form ledges and hold 
up broad benches. Gregory (l950a, p. 102, and 1950b, p. 45) concludes that 
there are probably no rocks of Early Cretaceous age in southern Utah, but Stokes 
(1952, p. 1775) suggests that, on the basis of the lithology of the conglomerate. 
pebbles and the regional relations, the Dakota of southern Utah may be equivalent 
to the Buckhorn conglomerate, which is of Early Cretaceous age. 

The Tropic formation (Tropic shale of some authors) overlies the Dakota forma­
tion and in turn grades upward into and also intertongues with the overlying 
Straight Cliffs sandstone . It is characterized in the western part of the area as 
a variable, lenticular assemblage of sandstone, siltstone , carbonaceous and 
locally calcareous shale, coal, and gray marine shale. To the east , the coarser 
clastic components decrease and the gray marine shale predominates. The Tropic 

136 



formation records the western limit of the Mancos sea and, in its intertonguing 
with the overlying Straight Cliffs sandstone, documents numerous oscillations of 
the sea during its general eastward withdrawal from the Western Interior. The 
dually as much as 10 feet thick. When traced westward across the area, the 
and fresh water elements at different horizons. 

The Straight Cliffs sands tone, in the type area of the Straight Cliffs on the 
northeastern edge of the Kaiparowitz Plateau, consists of thick, massive-bedded, 
tan to gray sandstone, minor thin shale beds, and numerous coal beds, indivi­
dually as much as 10 feet thick. When traced eastward across the area, the 
sandstones become less massive and the shales are more numerous and thicker 
andthe coalpasses into carbonaceous shale and lignite (Gregory, 19S0a, p. 105). 

The Straight Cliffs sandstone records the general west to east withdrawal to the 
sea across the area and the accompanying eastward migration of the piedmont, 
flood-plain, and swampland sites of deposition. Extreme lateral and vertical 
heterogeniety characterize the resulting deposits, and the changes are well­
preserved in the Straight Cliffs sandstone. 

According to Gregory (19S0a, p. 107), at the type area of the Wahweap sand­
stone along the WahweapCreek in central Kane County, the separation from the 
underlying Straight Cliffs sandstone is easily made. Here the Wahweap and 
Straight Cliffs are different in type of bedding, texture, and composition. The 
Wahweap has numerous thin sands tones, but lacks carbonaceous, silty, and 
calcareous shales common to the Straight Cliffs. However, to the west the 
differences become progressively less pronounced, and in the western part of 
the area the sandy units above the Tropic formation and below the Kaiparowits 
are mapped as the Straight Cliffs-Wahweap undifferentiated. 

The age of the Wahweap is indefinitely known because few diagnostic fossils 
have been found to date. It lies above strata containing fossils of Niobraran 
age and below beds containing fossils of late Montanan age. 

There was a period of erosion in southern Utah following Wahweap deposition 
during which the Wahweap sandstone was scoured, channeled, and locally even 
completely removed. The Kaiparowits formation was deposited on this erosion 
surface. The Kaiparowits formation is easily distinguished from the buff, tan, 
and yellow older sandstone which it overlies; the dark browns and grays of the 
Kaiparowits contrast markedly with the pink and white of the overlying Tertiary 
rocks. The Kaiparowits is probably of flood-plain origin and consists of inter­
leaved lenses of sandstone, siltstone, sandy shale, limestone, and channel 
conglomerate. Iron-bearing cements impart the characteristic dark color to the 
Kaiparowi ts . 

Nonmarine faunas from the Kaiparowits indicate a late Montanan age. The 
Kaiparowits formation cannot be traced laterally away from southern Utah because 
of erosion in surrounding areas or because of deep' burial by younger rocks. The 
Kaiparowits occupies the same general position in the stratigraphic column as 
the Price River formation of central Utah. Following Kaiparowits deposition, 
the area was subjected to erosion, and later the Wasatch formation of early 
Tertiary age was deposited on the erosion surface. 
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Southwestern Utah 

In southwestern Utah, rocks of the Cretaceous system form limited outcrops 
west of the Hurricane fault in Washington and Iron counties. Good exposures 
are known in the Iron Springs district, in the Pine Valley Mountains, and near 
the villages of New Harmony, Newcastle, Enterprise, and Veyo. In this area 
of Utah the Cretaceous has not been subdivided into the usual five or six forma­
tions because the rocks consist of a sequence of coarse-grained sandstone, 
shale, and conglomerates, and, locally, coal beds, which do lend themselves 
readily to subdivision. 

Leith and Harder (1908, p. 37 -41) named the Pinto sandstone from exposures in 
the Iron Springs district. Mackin (1947, p. 7-8) more recently named the Iron 
Springs formation for conglomerate, mud-flow breccia, calcareous sandstone, 
and limestone unconformably overlying the Entrada formations of Jurassic age. 
This new name was proposed because the Pinto sandstone comprised both the 
Entrada and Iron Springs formations, which have a marked difference in lith­
ology and are separated by an unconformity . The Iron Springs formation is, in 
tum, unconformably overlain by the Claron formation. The Claron is considered 
essentially equivalent to the Wasatch of the High Plateaus of Utah and may 
in part have a Late Cretaceous as well as an early Paleocene age. 

The thickness of the Cretaceous sequence ranges from 560 feet near NewHarmony 
(Richardson, 1909, p. 385-386) to possibly 5,000 feet in the Iron Springs dis­
trict (Mackin, 1947, p. 8). Bissell (l952b, p. 71) measured 4,100 feet of con­
glomerate and sandstone in the southeast Pine Valley Mountains. Richardson 
found fossils of Colorado age in the New Harmony exposures, but elsewhere 
fossils are generally conspicuously absent. The age relations consequently can 
be inferred only on the basis of stratigraphic position and lithologic Similarity 
to Cretaceous rocks in the plateaus to the east. 

This area of Utah was probably not extensively, if at all, covered by the Cre­
taceous seas--it lay west of the shore and was the site of thick accumulations 
of continental sediments. 
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Paper 13 

INTRODUCTION 

TERTIARY STRATIGRAPHY 
OF UTAH 
by Clyde T. Hardy! 

Four geologically distinct areas contain nearly aU of the sedimentary rocks of 
Tertiary age in Utah. The main part of the northern Tertiary area is east of the 
Wasatch and Bear River Ranges and north of the Uinta Mountains; however, late 
Tertiary rocks are also found at places in northwestern Utah. The Uinta Basin, 
s outh of the Uinta Mountains and north of Price and Green River, Utah, is the 
largest area. The central area includes the Wasatch, Pavant, and Gunnison 
Plateaus and extends from Richfield to Thistle, Utah. The southern area is mos tly 
between Cedar Breaks, east of Cedar City, and Bryce Canyon, although it extends 
northward from Cedar Breaks and northea s tward from Bryce Canyon. Is ola ted occur­
rences of Tertiary rocks are found southwest of Cedar City. The relationships of 
important Tertiary formations are shown by means of a chart (Figure 49). 

The Uinta Basin, a s well as large parts of the central and southern area s, is 
within the Colorado Plateau. The Cenozoic history of the Colorado Plateau has 
been summarized by Hunt (1956). The stratigraphy of the Uinta Basin has been 
outlined by Abbott (1957) and that of the Book Cliffs by Fisher, Erdmann, and 
Reeside (1960). Many theses of Utah universities, Ohio State University, and 
the University of Washington contain important unpublished data. Tertiary 
rocks of Utah are shown on a correlation chart published by Jones, Picard, and 
Wyeth (1954). 

NORTHERN UTAH 

Rocks of early Tertiary age underlie most of northeastern Utah, east of the Wasatch 
and Bear River Ranges and north of the western part of the Uinta Mountains. In 
lower Echo Canyon, north of Coalville, Utah, the Knight formation of Eocene age 
overlies, with marked angular discordance, the Echo Canyon conglomerate of 
late Cretaceous age (Williams and Madsen, 1959). Here the Knight consists of 
a basal red-weathering conglomerate, 400 feet thick, overlain by about 800 feet 
of conglomerate, sandstone, and shale (Eardley, 1944). The Knight is also well 
exposed along the flanks of a broad northward-trending syncline in Morgan Valley. 
At this locality, it may be as much as 5,000 feet thick (Eardley, 1944). Similar 
rocks extend northward into the eastern part of the Bear River Range. A basal 
stromatolitic limestone rests on Paleozoic rocks in the area east of Logan Peak 
(Williams, 1948) and a thick succession of red conglomerate and shale crops out 
southwest and east of Bear Lake (Richardson, 1941). The Fowkes formation, for­
merly called the Norwood tuff, overlies the Knight formation in Morgan Valley 
(Eardley, 1959). It is of early Oligocene age as evidenced by vertebrate remains 
(Eardley, 1944). 

Younger Tertiary rocks are found around the margins of Cache Valley and elsewhere 
in north-central and northwestern Utah. These rocks are termed the Salt Lake 
formation except in Cache Valley where three formations are recognized within the 
Salt Lake group (Adamson, Hardy, and Williams, 1955): (1) the basal Collinston 

1. Associate Professor Geology, Utah State University, Logan, Utah. 
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Figure 49. Generalized Chart showing Tertiary formations. 



conglomerate, (2) the Cache Valley formation, and (3) the Mink Creek conglomerate. 
The Collinston conglomerate grades laterally into the Cache Valley formation and 
is best known from outcrops at the northern end of Wellsville Mountain, west of 
Logan, Utah. Mink Creek conglomerate overlies the Cache Valley formation along 
the eastern side of Cache Valley. The Cache Valley formation is of Pliocene age; 
however, it is possible that part of the Salt Lake group may be as old as the 
Fowkes formation of Morgan Valley. The Salt Lake formation crops out at Rozel 
Point (Eardley and Slentz, 1956), in Grouse Creek Valley (Van Houten, 1956), 
and at other places in northwestern Utah (Felix, 1956; Mapel and Hail, 1956). 

UINTA BASIN 

The Wasatch formation of Eocene age overlies the Mesaverde formation of Creta­
ceous age in the central part of the Uinta Basin; younger Tertiary units overlap 
older rocks along the southern flank of the Uinta Mountains. The Green River 
formation of middle Eocene age is gradational with the Wasatch below and the 
Uinta formation above. The Duchesne River formation, late Eocene or Oligo­
cene in age (Gazin, 1959), is conformable with the Uinta. The Browns Park 
formation overlies various older rocks unconformably (Hansen, Kinney, and 
Good, 1960). Tertiary stratigraphy of the Uinta Basin was studied by Bradley 
(1931) and reviewed by Abbott (1957); it is discussed in greater detail elsewhere 
in this volume. 

CENTRAL UTAH 

Tertiary rocks are well displayed in the Wasatch, Pavant, and Gunnison Plateaus. 
The North Horn formation, at its type locality in the eastern part of the Wasatch 
Plateau, is of late Cretaceous age in the lower part and Paleocene in the upper 
part (Spieker, 1946). The type section is 1,650 feet thick, according to Spieker 
(1946), and consists mostly of sandstone and shale. North Horn overlies Price 
River formation throughout most of the area; however, an angular unconformity 
separates beds identified as Price River from the North Horn in both the north­
eastern and southwestern parts of the Gunnison Plateau (Burma and Hardy, 1953; 
Hardy and Zeller, 1953). Rapid lithologic changes from sandstone and shale to 
conglomerate characterize the North Horn of the Gunnison Plateau. North Horn 
is said to intertongue with the overlying Flagstaff formation (Spieker, 1949), but 
in Sixmile Canyon, on the western side of the Wasatch Plateau, an angular un­
conformity separates it from Flagstaff. In parts of the southern Wasatch Moun­
tains, the North Horn is not recognized and equivalent beds have been mapped 
as Price River formation (Baker, 1947); in the Canyon Range the North Horn is 
provisionally identified (Christiansen, 1952). 

The Flagstaff formation of the central Wasatch Plateau consists mostly of gray 
limestone and shale and is 1,500 feet thick (Spieker, 1946). Southward, in the 
vicinity of Salina Canyon and in the Pavant Plateau, beds of red and yellow 
sandy limestone are prominent. The Flagstaff is believed to intertongue with 
the underlying North Horn formation (LaRocque, 1960; Spieker, 1949). In Six­
mile Canyon, at the western margin of the Wasatch Plateau, the Flagstaff trun­
cates North Horn and overlaps older Cretaceous rocks (Spieker, 1946). In Salina 
Canyon it overlaps JuraSSic rocks (Gilliland, 1951). The Flagstaff of the central 
part of the Gunnison Plateau overlies the North Horn formation, but in the western 
part it rests on older Jurassic and Cretaceous rocks. The Flagstaff is of Paleo­
cene and Eocene age (LaRocque, 1960). 
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The Colton formation, at its type locality near Colton, Utah, is 1,500feet thick. 
Here it consists of red shale and sandstone which intertongues westward with 
the Green River formation (Spieker, 1946). Elsewhere in central Utah, red Colton 
likewise intertongues with the Green River formation. Part of the Colton forma­
tion of the Gunnison Plateau may be equivale.nt to Flagstaff of the Pavant Plateau 
(laRocque, 1960). 

The Green River formation makes prominent hogbacks along the western margin of 
the Wasatch Plateau and also crops out extensively in the Gunnison Plateau. 
It is at least 800 feet thick in central Utah (laRocque, 1960). The Green River 
intertongues with the Colton formation and rests directly on Flagstaff formation 
in the absence of the latter. Along the eastern side of Sevier Valley, between 
Salina and Gunnison, Utah, Green River formation overlies Jurassic rocks (Hardy, 
1952). The Green River formation is of Eocene age. 

The Crazy Hollow forma tion unconformably overlies the Green River formation in 
the Sevier-Sanpete Valley area. It consists of red and gray sandstone and red 
sandy shale. In the type area in the lower part of Salina Canyon, it is nearly 
1,000 feet thick (McGookey, 1960). The Uinta formation, possibly equivalent 
to the Crazy Hollow, overlies Green River formation in the southern Wasatch 
Mountains northeast of Thistle, Utah (Baker, 1947). Eocene volcanic sedi­
mentary rocks are found in Long Ridge, west of the Gunnison Plateau (Muessig, 
1951) • 

The Moroni formation, conSisting of volcanic sedimentary rocks with welded 
tuffs in the upper part, overlies Crazy Hollow formation and older rocks in the 
Cedar Hills (Schoff, 1951). The Moroni is about 2,000 feet thick. 

SOUTHERN UTAH 

The Wasatch formation, east of Cedar City, Utah, and the equivalent Claror! 
formation, west of Cedar City, consist of three units: (1) basal conglomerate, 
(2) sandstone and shale, and (3) limestone (Bissell, 1952; Cook, 1960; Gregory, 
1950a). It ranges in thickness from about 500 feet to nearly 2,000 feet and 
forms the well-known Pink Cliffs. In Coal Creek Canyon, east of Cedar City, 
the Wasatch is 1,790 feet thick (Bissell, 1952). Gregory (l950b) reported a 
detailed section from this canyon. At Rainbow Point, Bryce Canyon, the Wasatch 
is mostly limestone, according to Gregory (1951), and is about 800 feet thick. 
The Wasatch generally rests on Cretaceous rocks and is taken to be of Eocene 
age; however, Bissell (1952) regarded the lower part as Paleocene. 

A complex sequence oflate Tertiary volcanic rocks overlies Paleozoic, Mesozoic, 
and Tertiary rocks in the Marysvale region (Callaghan, 1939). Volcanic rocks 
are also found in places westward from Cedar City to Nevada (Cook, 1960; 
Mackin, 1960). 
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Paper 14 

INTRODUCTION 

THE QUATERNARY SYSTEM 
IN UTAH 
by R. E. Marsell l 

The Quaternary system is perhaps the most widespread and the least well known 
in the geological column of the state. Quaternary sedimentary deposits, largely 
lake beds and fanglomerates, floor the intermontane valleys and desert basins of 
the western half of the state, lap up on the mountain flanks, and invade the can­
yons and major ravines in tongue-like floodplain deposits, terrace gravels, and 
alluvialfans. Small areas of Quaternary lavas, mainly basalts, some of which are 
quite recent in age, also occur. 

The close relationship of Quaternary deposits to the existing topographic features 
of the state clearly indicates that the major reliefs were already fairly well devel­
oped in late Tertiary times, but continued to be elevated intermittently, largely 
by block faulting, throughout both the Pleistocene and Recent epochs --even con­
tinuing into post-Bonneville times. 

On most geologic maps the Quaternary system in Utah is delineated in a pale-buff 
to light-yellow color and designated simply as "Quaternary alluvium, "representing 
in the main unconsolidated materials of Recent age. Little attempt has been made 
in the past to distinguish stratigraphic units and determine the structure of the 
so-called "valley fill, " but in recent years, stimulated by need of more detailed 
geological information in connection with the rapidly expanding use and increasing 
importance of the underground water resources of the state, a number of investi­
gations have been made, largely pioneered by the State Engineer and the Ground 
Water Division of the U ,S, Geological Survey. Several of these detailed studies 
have already been published, notably papers by Leggette and Taylor (1937) and 
Thomas (1945, 1946, and 1948) . Thus, more has been learned about the Quater­
nary system in Utah in the past few years than in all previous time. 

Investigators have met difficulty in clearly distinguishing, on the one hand, Qua­
ternary deposits from the preceding Pliocene and, on the other, Pleistocene from 
Recent deposits, into which they often imperceptibly grade. 

In the northern part of the state, workers have recognized the Salt Lake group of 
Hayden or the Salt Lake formation of Mansfield as a series of alluvial and lacus­
trine sediments and tuffS of ]ate Tertiaryage underlying what they have defined as 
the Quaternary system . Eardley, in the north-central Wasatch Mountains, assigned 
beds of this group (Salt Lake) to the late Eocene on the basis of vertebrate fossils, 
and renamed the deposits the Norwood Tuff (now the Fowkes formation), J, Stewart 
Williams, on the other hand, is pretty well convinced, on the basis offossils found 
by him in the beds of the Salt Lake group in Cache Valley, that here at least in part 
the beds are of Pliocene age. It seems likely, therefore, that when these Tertiary 
beds are studied more widely and completely inUtah, they maybe found to embrace 
deposits ranging all of the way from late Eocene to late Pliocene in age. Two 
outstanding features seem to distinguish the sediments assigned to the Salt Lake 
group . one, the presence of pumiceous ash and tuffaceous sandstone; the other, 

1. Profes sor Emeritus of Geology , University of Utah, Salt Lake City, Utah. 
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steep dips reflecting mild deformation rather than initial inclination of the sedi­
ments. By contrast, the Quaternary system generally lacks pyroclastics, except 
locally in the Fillmore area as reported by Maxey (1946, p. 244), and shows little 
evidence of tectonic disturbance other than minor dislocations by fault movements. 
In Cache Valley, where beds of the Salt Lake group are exceptionally well expo­
sed, Williams (1958) has described fanglomerates, limestone, and tuffs, aggre­
gating nearly 9,000 feet. By comparison, the Quaternary system, as interpreted 
mainly from deep well logs in the basins where the most complete sections are 
preserved, is generally under 1,000 feet in thickness, the average being closer 
to one-half that figure. Oolitic limestone appears to be absent from the Pleisto­
cene lacus trine deposits, but is prominent in the Recent sediments of Great Salt 
Lake, as described by Eardley (1938) and others. 

The Lake Bonneville deposits, in a restricted sense (Gilbert, 1890), are found to 
constitute but a small fraction of the total Pleistocene deposits- mantling the basin 
floors. In fact, except for a coarse shore facies, the Bonneville "lake bottom 
beds" of Hunt, Varnes, and Thomas (1953), Bissell (1948, unpublished thesis), 
and Thomas (1948) are but a thin veneer laid over a succession of pre-Bonneville 
fanglomerates, playa beds with occasional intercalated layers of peat, thick lake 
clays, and stream channe 1 gravels and san ds. Thus, it would appear that Lake 
Bonneville and its more recent analogue "Lake Provo" (as defined by Antevs , 
1948) are but the last of a series of lakes that occupied parts of western Utah 
during Quaternary times. The sediments, as revealed by deep well samples, 
show wide fluctuations of strandlines in the more remote past, like those known 
in more recent times for Utah Lake (Hansen, 1934) and Great Salt Lake (Wooley, 
1946), and evidence also of longer times of probable complete desiccation of the 
basin. The major "lake intervals" are generally regarded (Nolan, 1943) as being 
closely associated with several pluvial and glacial stages of the Pleistocene 
epoch. Atwood (1909) found evidence of two well-defined glacial stages and a 
suggestion of a third in the Wasatch and Uinta Mountains; more recently, Marsell 
(1946), working in the central Wasatch Mountains, has found evidence of four 
flacial stages. 

Since much of the same topography has prevailed during Quaternary times as that 
in existence today, Quaternary sediments that have remained in closed basins, 
or have been left due to lack of sufficient precipitation to maintain outflowing 
streams, reveal a wide variety of types in harmony with the complexity of the 
lands capes of the region. 

Sedimentary deposits range from coarse detritus, such as bouldery moraines, 
blocky taluses, landslide debris, and mudrock "cloudburst" flood deposits, through 
typical alluvial fanglomerates to shore gravels and the finer sands, silts, and 
clays of lake origin. Dune sands and some loessial soils are also present. 

Chemical deposits include algal tufa, abundant on the Provo and younger terraces 
of Lake Bonneville, and in long, reef-like masses in present Great Salt Lake 
(Eardley, 1938). Both lake chalk and diatomite are common in Pleistocene deposits 
in the state, and oolitic sand is accumulating at present along certain parts of 
the shore and near-shore zones in Great Salt Lake (Eardley, 1938). Evaporites 
and precipitates occur, such as salt, gyps um, and "mirabilite" (sodium s ul­
phate); the latter is present in a considerable deposit along the southeast shore 
of Great Salt Lake (Bell, 1948). Large spring-terrace deposits of travertine of 
Quaternary age, resembling those at Mammoth Springs in Yellowstone, are known 
in Utah, notably those in Blacksmith Fork Canyon in the Bear River Range and those 
in an area west of Kanosh (Maxe y , 1946). Three small travertine deposits occur 
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near the Jordan Narrows, south of Salt Lake City, where Marsell (1932) found teeth 
of an early Pleistocene camel, along with the well preserved lower jaw and teeth 
of a horse of late Pliocene age, embedded in the travertine ata depth of sixty feet 
below the present surface. In the latter locality, the hot-springs responsible for 
the deposit are extinct, but warm-spring waters are known in the vicinity. 

SEDLMENTARY ROCKS 

Detrital Deposits 

Alluvium: On most geologic maps of the state the Quaternary unconsolidated depo­
si ts are grouped together and designated simply as "alluvium "; included are such 
detrital deposits as moraines, talus and landslide debris, fanglomerates and 
associated "mudrock flows" (Thomas, 1948), river terrace and flood plain gravels 
and sands, lake accumulations of gravel, sand, silt, and clay, and sand dunes. 
On the four quarters of the colored geologic map of Utah (Stokes, et al., North­
east Quarter, 1961), alluvial deposits, gravel surfaces, land slides, dunes, 
moraines, outwash, and covering deposits are separately indicated. 

Glacial Deposits: The Quaternary glacial deposits of Utah consist of bulky terminal 
and lateral moraines left at the mouths and along the margins of the major canyons 
of the loftier mountain ranges and plateaus of the state. These morainal deposits 
are often accompanied by deep valley trains and thick fan-like accumulations of 
outwash cobbles and gravels. The bulk of the coarser sediments that ultimately 
found lodgement in the lake basins along the eastern margin of the GreatBasin had 
their origin in the "glacial mills" that once were present in the heads and upper 
portions of many of the adjacent mountain valleys (Blackwelder, 1948). Since 
Atwood's (l909) early report on the glaciation of the Uinta and Wasatch Mountains, 
glaclal deposlts have been recogmzed 10 many parts of the state, notably 10 tne 
Wasatch, Fish Lake, and Aquareous Plateaus of the High Plateau district in south­
central Utah, in the La Sal Mountains (Richmond, 1952), near the southeastern 
margin of the sta te, in the Deep Creek, Stansbury, and Oquirrh Mountains in the 
western part, and in the Bear River Range, east of Cache Valley in the northern 
part of the s ta te . 

The oldest moraines are represented merely by large I scattered, deeply-weathered 
residual erratic blocks, stranded high on valley walls and ridge spurs. Other 
moraines, intermediate in age, retain something of their original topographic form, 
though deeply trenched by trunk streams and considerably gullied by erosion. In 
these moraines visible boulders are scarce, and weathering has proceeded to 
depths of several feet. Where granite boulders are embedded in these intermediate 
moraines, they are generally deeply stained and discolored in the weathered zone; 
many of the smaller cobbles of granite are so completely decomposed that they 
can be readily crushed in the hand. On the other hand, visible boulders are very 
abundant in the younger moraines, and little weathering or topographic modifica -
tion of their original morainal form is evident. 

The moraines and their associated gravel terraces and outwash deposits freely 
absorb snow meltwater and direct preclpitation in the form of rain, and, thus, 
provide underground reservoirs that feed springs and seepages, and also serve 
as recharge areas for ground-water aquifers. The combined moraines locally have 
a thickness in excess of one thousand feet. 
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Talus and Landslide Debris: Coarse talus blocks mantle most of the higher crestal 
ridges and summits above timber line on the loftier mountains and plateaus, and 
steep talus cones flank the bases of the cirque walls in glaciated areas. In fact, 
the cirques at lower elevations that were occupied by ice only during the earlier 
and more intensive glacial stages have a greatly softened and subdued form because 
the rising mantle of talus has largely buried the cliffy basin walls. 

Certain quartzite formations in Utah seem to promote the development of talus 
streams, cones, and even a general talus mantle; hotable in this connection are 
the Precambrian and Cambrian quartzites and similar rocks in the Weber and 
Oquirrh formations of Pennsylvanian age. 

Landslides are frequently associated with the bold fault scarps of the Great Basin 
section of the state and also with the steep erosional escarpments on the sand­
stones of the plateau country. Examples of the former are mentioned by Eardley 
(1932) and also by Thomas (l946a); the latter, in describing landslide breccias of 
considerable extent along the west face of the Kolob Plateau south of Cedar City, 
says in part: 

The most prominent landslide in the region is about 2 miles south of 
Cedar City, where an area about 2 miles long and as much as half a 
mile wide is covered by a breccia consisting chiefly of blocks and 
rubble derived from the Cretaceous sandstone that caps the plateau 
farther east. •. The breccia, which has been deposited upon strata of 
Triassic and Jurassic age, has interrupted the drainage of one of the 
smaller streams, so that a small pond, Green Lake, is formed about 
2,000 feet above the base of the plateau. 

Just as certain formations favor the development of talus, as previously men­
tioned, others are especially susceptible to landslide action. The thick, coarse, 
red Echo Canyon (formerly Almy) conglomerate of probable Late Cretaceous age 
(Williams and Madsen, 1959) gives rise to conspicuous landslide topography in 
Echo Canyon and along the west margin of the Echo Reservoir on Weber River in 
Summit County, and the Cretaceous sandstones in the plateau country collapse 
by sapping of the soft shales below them. The topographic freshness of most of 
these landslide masses suggests that they are of late Quaternary age. 

Fanglomerates and Mudrock Flows: Throughout much of Tertiary time and much of 
the Quaternary, including the present, the desert basins in western Utah and their 
piedmont margins have been the site of accumulation of a considerable thickness 
of so-called "alluvium" or "valley fill," which consists mainly of coarse to fine 
debris that has been eroded from neighboring highlands and deposited by streams 
as alluvial cones and fans, which, by confluence from parallel ravines along 
mountain and plateau fronts, form gently sloping "bajadas" or alluvial piedmont 
plains. A minor amount of the finest material accumulates in the lowest parts of 
the basins as playa deposits of ephemeral lakes; and when larger and more perma­
nent bodies of water occupied the baSins, some of the alluvium of the piedmont 
areas was reworked and redeposited by waves and currents. As revealed in abun­
dant well logs, the "valley fill" of the basins largely consists of such alluvial 
deposits alternating with lake silts and clays. 

The "fanglomerates," as the alluvial fan deposits are commonly called, display 
a notable lack of sorting in a size of material with the coarse boulders and gravel 
in channels and at the apices of the fans and finer material towards their margins. 
On this point, Thomas (1946a) comments as follows: 
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Deposition of these alluvial materials is highly irregular, however, for 
coarse detritus may be transported several miles down the slopes of the 
fan by a stream at flood stage, and sil t and clay may be left near the apex 
during the decline from the floo~ stage. Because of continual changes 
in stream-carrying power as well as in the positions of stream channels, 
the alluvial gravel, sand, and silt are characteristically deposited in con­
tinuous lenticular beds of variable thickness and areal extent. 

The nature and structure of these fanglomerates is of the utmost importance in the 
utilization of ground-water supplies that occur within them. The intensive study 
given to these deposits in recent years will yield sufficient data on their nature 
and structure to greatly reduce the hazard of sinking "dry holes" in the search 
for water. 

The large number of huge boulders (Utah Governor's Comm. Rept. 1931) incorpor­
ated in the fanglomerates, both ancient and recent, indicate that torrential "cloud­
burst" storms have contributed "mudrock flow" debris to the alluvial fan deposits. 
That such torrential deposits, with their attendant large boulders, were of common 
occurrence in Pleistocene times, as well as during the relatively short period of 
human occupation of the region, is aptly demonstrated by a recent exposure along 
the west base of the Wasatch Mountains in Salt Lake County opposite Neffs 
Canyon in a deep trench excavated for the Salt Lake Aqueduct. Here 40 feet of 
pre-Provo stage "Alpine" (Hunt, Varnes, and Thomas, 1953) lake beds are under­
lain by a coarse fanglomera te, whose upper portion contains many Cambrian and 
Precambrian quartzite boulders several feet in diameter (one measured 9 feet 6 
inches in longest dimension) that occur out on the piedmont, nearly a mile fr-om 
the mouth of the steep ravine that was their source. Similar "mudrock flow" 
deposits with huge boulders have been encountered beneath lake gravels and sands 
in several gravel pits in the vicinity. Directly overlying the lake beds in the 
same Neffs Canyon locality are younger "post-lake" tongue-like "mudrock flows" 
containing abundant and even larger boulders. These torrential deposits are par­
tially buried in soil of both aeolian and slope-wash origin; thus, the Pleistocene 
lake beds are bracketed by "mudrock flows," all older than the brief period of 
human occupation. At the mouth of a steep ravine on the northwest slope of 
Mt. Olympus, in the same locality, the uppermost shoreline of the ancient Pleis­
tocene Lake Bonneville lies buried and concealed by the ridge-like apex of a 
bouldery fan, whose most recent "mudrock flow," although pre-occupation in 
age, is so young that no soil whatever covers the mass of huge, largely angular 
quartzite blocks. Although fire, de-forestation, overgrazing, and similar impair­
ment of the plant cover resulting from human occuaptionhas unquestionablyaggra­
vated the situation so that now a storm of lesser magnitude will produce destruc­
tive "mudrock flows" in such denuded areas , the abundant evidence at Neffs Can­
yon and elsewhere (Crawford and Thackwell, 1931) would indicate that Pleistocene 
"mudrock flows" occurring beneath Lake Bonneville deposits must be attributed 
to causes unrelated to human occupation of the region. 

In the southern Wasatch Mountains, Eardley (1932) describes a Pleistocene fanglo­
merate, referred to as the Salt Creek formation, which he describes in part as 
follows: 

The Salt Creek formation is composed of a mixture of large and small 
angular rock fragments, rudely sorted, with a matrix of red earthy material. 
Cementation is usually poor. Stratification is rough and channeled. In 
most places the formation is a fanglomerate ... (which) rests on an old, 
mature, valley floor which has since been incised to a depth of about two 
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hundred feet where the fanglomerate occurs. The rejuvenation is due 
to block-faulting of Basin and Range age, which has lowered the base 
of deposition of Salt Creek . 

So far as is known to the writer, this is one of the first examples of the appli­
cation of stratigraphic principles and terminology to the Quaternary alluvial depos -
its of Utah. 

Fanglomerates of pre-Bonneville age are also described by Bissell (1948, unpub­
lished thesis), Hunt, Varnes , and Thomas (1593), Maxey (1946), Thomas (1946 , 
1948), and others; and well logs in piedmont areas reveal their general presence 
to considerable depths, interbedded with lake sediments . 

River Terrace Gravels: River terrace and flood - plain gravels , although widespread 
and conspicuous , have been largely neglected in spite of their significance in con ­
nection with Pleistocene and recent physiographic history. Most of the major 
stream channels in the Middle Rocky Mountain province in Utah and many in both 
the Great Basin and Colorado Plateau are bordered by one or more river terraces . 
In some instances, these terraces constitute merely a thin gravel capping on a 
planed bedrock surface, but in others , especially in those drainages with thick, 
bouldery valley trains of "glacio -fluvio" origin, the terraces are developed wholly 
in such deep valley fill. With the advent of air-photo coverage and better maps, 
it is expected that these important deposits will soon receive the attention their 
importance deserves. 

Lake Deposits: In western Utah an area about the size of Lake Michigan, or about 
one-fourth of the total area of the state, was occupied by Pleistocene Lake Bonne­
ville and its predecessors; gravels, sands, silts, and clays deposited in these 
lakes floor the desert basins and flank the bases of the mountain ranges. In fact, 
lake deposits are still accumulating in the same region, but greatly restricted in 
area, in such bodies as Utah Lake and Great Salt Lake, the former studied in .. con­
siderable detail by Bissell (1948, unpublished thesis), and the latter by Eardley 
(1938) . Since Quaternary lake deposits have received considerable detailed study 
in the pastfewyears (Bissell, 1948, unpublished thesis; Hunt, Varnes, and Thomas, 
1953; Thomas, 1948; and Williams , 1958, the present brief survey of the Quater­
nary system in Utah will not reiterate these excellent papers. Therefore, only a 
general statement will be presented . 

Hunt, in the northern endof Utah County , was the first investigator to apply strati­
graphic methods to the mapping of the alluvium mantling the valley floor . He intro­
duced the term "Alpine" formation for the oldest deposits of Lake Bonneville. These 
deposits are widely exposed between the Bonneville and the Provo shorelines of the 
ancient lake and also underlie the younger lake deposits beneath the valley floor . 
"Alpine" gravel, sand, and silt facies were identified and separately mapped . The 
dominant facies is mostly silt, in thin, distinct , nearly horizontal layers . The 
"Alpine" formation , as revealed from well logs and surface exposures, attains a 
thickness of approximately 300 feet . The Bonneville formation is largely gravel 
and limited to various shoreline embankments associated with the highest terrace 
of the old lake. The Provo and younger lake deposits are similarly separately 
distinguished into several facies, depending upon the coarseness ofthe sediments. 
Bissell (1948, unpublished thesis) mapped the southern end of Utah County, using 
essentially the same formational units as Hunt, and Thomas (1948) in Davis County, 
and has distinguished and mapped similar deposits in the Bountiful area. In the 
latter district, pre-Bonneville fanglomerates are reached by practically all of the 
artesian wells in the basin. These fanglomerates may attain a thickness varying 
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from700feet to1,200 feet and are underlain by beds of the Salt Lake group. Char­
acteristically, the pre -Bonneville deposits are poorly sorted alluvial debris in irre­
gular, discontinuous, and lenticular bodies with occasional interbedded gravel, 
sand, silt, and clay; the silt and clay thickening appreciably away from the moun­
tain front. Decomposed, peat-like plant material, probably the remains of buried 
swamps, is generally encountered in the deeper wells and may be the source of the 
methane gas discharged by these wells. In the western part of the Bountiful area, 
geologic sections prepared by Thomas from well logs and well samples indicate that 
the lake bottom sediments (including Alpine, Provo, and younger lake deposits) 
average about 120 feet in thickness andrest upon pre-Bonneville alluvial deposits 
tha t in color and coarser texture and lack of sorting are readily distinguished in 
well logs. 
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Paper 15 IGNEOUS ROCKS OF UTAH 
by Paul Dean Proctorl and Kenneth Bullock'2 

INTRUSIVE ROCKS 

Distribution 

Intrusive igneous rocks, widely distributed throughout western Utah, are present 
in three localities in the southwestern part of the state (Figure 50). The intrusives 
lie in belts or clusters, and the masses in the individual group commonly show 
genetic relationships. One includes the Mineral Mountain, Bull Valley, Hard­
scrabble Hollow, Big Mountain, Iron Mountain, Granite Mountain, and Three Peaks 
intrusives in Washington and Iron Counties. Another lies just to the eastand 
includes the Pine Valley and Stoddard Mountain igneous masses. A third belt 
includes the Frisco, Beaver Lake, Rocky, Starr, Mineral Range, Tushar, Mon­
zonite Hill, Central, and Sevier Plateau intrusives, and the somewhat isolated 
Notch Peak and Crystal Peak intrusives to the northin western Millard County. 

A fourth major belt includes the Ibapah, Gold Hill, Granite Range, Drum, Desert 
Mountain, Sheeprock, West Tintic, Sunrise Peak, and Silver City stocks. A 
fifth belt includes the Mercur, Bingham, Little Cottonwood, Alta, Clayton Peak, 
and Park City bodies. Finally, a northeasterly trending intrusive belt in north­
western Utah includes the Pilot, Silver Island, Newfoundland, Grouse Creek, and 
Raft River stocks. 

In the southeastern part of the state, as exemplified by the Henry, Abajo, and 
La Sal Mountains, the intrusives are grouped in clusters rather than elongated 
belts. 

Structural Relations of Intrusive Rocks 

The intrusives of the state are considered to have invaded other rocks by one or a 
combination of three mechanisms: by (1) assimilation of the rocks they invade; (2 ) 
forcing the country rocks bodily upward and aside; (3) recrystallization of pre­
existing rocks. 

The geological relationships of the largest intrusives suggest that all three mech­
anisms have operated but possibly the dominant mode has been accompl~shed by 
displacement of the country rocks. The principal types, formed largelY ·by dis-

placement, are intrusive arches or domes I laccoliths, bysmaliths, stock;, cupo­
las, dikes, and sills. No batholiths are exposed. 

Sedimentary rocks overlying laccolithic bodies are raised as a dome over the 
thicker portion of the lens-like intrUSives, and, in general, dip quaquaversally 
away from the intrusives. Some laccoliths in the Henry Mountains are surrounded 
by exceptionally steeply-dipping sedimentary rocks, suggesting upfaulted lac­
coliths or bysmaliths. Other domal structures, such as Navajo Mountain and 
possibly the San Rafael Swell, suggest the presence of unexposed intrusive bodies. 

1. Chairman, Dept. of Geology, Missouri School of Mines, Rolla, Missouri. 
2. Chairman, Dept. of Geology I Brigham Young Uni v., Provo, Utah. 
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Figure 50. Index Map 
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Laccoliths, best developed in southeastern Utah, are exposed in the Henry, Abajo 
(Blue), and La Sal Mountains. Bysmaliths, sheets, and dikes also are present. 
Intruded into Triassic to Cretaceous sedimentary rocks, they range from a few feet 
to hundreds of feet in thickness. Stocks occur in the center of the structural domes 
associated with the Henry and La Sal Mountains (Hunt, 1953, 1958); laccoliths 
and bysmaliths are nested around them. Future studies may indicate a stock in the 
Abajo Mountains. 

Dikes, sills, and cupolas are present in many localities. Some of the largest sills 
are represented by Heaps Mountain and Starvation Peak in southwestern Emery 
County (Figure 50). 

Stocks are distinctly cross-cutting bodies, and doming cannot account for all the 
rock displaced. In the Tintic and Park City districts, cross -cutting masses pos­
sibly have forced blocks of earlier rocks bodily before the intruding mass (Butler, 
and others, 1920). There is also evidence that stocks have made room for them­
selves by stoping and assimilation, and in part by granitization. Stringham (1953) 
has shown that granitization has played a part in the development of the Bingham 
stock. Other stocks in western Utah show similar features, such as Mineral 
Range (Condie, 1960). 

Major intrusives of the western part of the state are regarded as intrusive arches 
or domes, stocks, or plug domes. Wells (1938) suggested both stocks and plugs 
are present in the Bull Valley district. Blank's (1959) detailed study of the Bull 
Valley, Hardscrable Hollow, and Big Mountain intrusives indicated they are stocks 
and intrusive domes. In the Iron Springs district, Leith and Harder (1908) sug­
gested the intrusives were laccoliths, but Butler (1920) questioned the presence 
of laccoliths and regarded them as stocks. Mackin (1954, 1960) interpreted the 
Stoddard Mountain, Iron Mountain, Granite Mountain, and Three Peaks masses 
in the Iron Springs district as intrusive arches or domes. Cook (1952) interpreted 
the Pine Valley Mountains as a laccolith that has arched or domed the overlying 
rocks . This forms the largest intrusive body in Utah. 

The intrusives of Washington and Iron Counties invade various stratigraphic hori­
zons. The intrusive masses of the Bull Valley and Iron Springs districts proba­
bly intrude between the Navajo sandstone and the Jurassic Homestake (Carmel) 
limestone; the Stoddard Mountain mass between the Cretaceous Iron Springs and 
Eocene (?) Claron formations; the Pine Valle y igneous body between the Claron 
and the overlying volcanic igneous rocks. 

Crystal Peak in Millard County is regarded as a plug dome (Dunn, 1958). Most 
all other intrusive masses of western Utah are interpreted as stocks. 

The stocks of western Utah invade rocks from Precambrian to Tertiary in age. Some 
intrude nearly all formations lying between these ages. Thus , the stocks of the 
Cottonwood-Park City region intrude Precambrian to Triassic rocks; those of the 
San Francisco and adjacent regions intrude Cambrian to Triassic rocks. The lar­
gest stocks are generally associated with the older rocks. This is true of the 
tittle Cottonwood and Granite Range stocks, which are intruded into Cambrian 
and Precambrian rocks . The Ibapah stock of Deep Creek Range intrudes rock from 
the Precambrian into the Carboniferous (Nolan, 1935). A large stock in the Mineral 
Range, however, cuts Carboniferous and possibly Lower Triassic rocks . 
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Composition of Intrusive Rocks 

The texture of the major intrusives of southwestern and southeastern Utah is por­
phyritic. In some the groundmass is fine; in the larger bodies it is coarsely crystal­
line, even granitoid. The laccolithic bodies are primarily diorite porphyries, 
whereas the intrusive domes and arches are primarily quartz monzonite porphyries. 
(See Table VIII). 

The stocks of western and northwestern Utah, even within many individual intru­
sives, range from granitoid to porphyritic. The large stocks of Ibapah, tittle 
Cottonwood, and Granite Range are characterized by large feldspar phenocrys ts . 
The smaller bodies, and those intruded nearest the surface, tend to be porphyritic, 
the larger and deeper seated to ha ve a granitoid texture. Primarily intermediate in 
composition, they range from granite, quartz monzonite, granodiorite through 
quartz diorite, and from syenite, monzonite through diorite. 

EXTRUSIVE ROCKS 

General Distribution 

In Utah these rocks are absent in most of the Colorado Plateau. Most prominantly 
exposed near its western edge, their most extensive distribution is in the Marys­
vale region in the south-central part of the state. Here they cover several thou­
sand square miles within which erosional -and fault-block windows of Cenozoic, 
Mesozoic, and Paleozoic rocks crop out locally. 

Extensive disconnected outcrops occur in the Basin and Ranges where local accumu­
lations of volcanic flows and pyroclastics may approach 10,000 feet. A broad 
area outcrops west of Cedar City; others crop out south of Hurricane, extend 
north and west to Leeds, thence west as an almost solid outcrop-area to the state 
line. In the Escalante Desert area, east of Modena, alluvium covers extensive areas 
of extrusive igneous rocks similar to those exposed near the town and northward. 
Smaller areas occur near Frisco, Gold Hill, in the Fish Springs Range, in the Thomas, 
Drum, and Cedar Mountains, in the Tinticdistrict near Eureka, near Nephi in the 
Traverse Mountains north of Provo, and east and north of Park City. 

In the northwestern part of the state prominent accumulations are reported in the 
Pilot Mountains, south of the Raft River Mountains, and near the northern shores of 
Great Salt Lake at Monument and southwest of Rozel. The index map (Figure 50) 
shows their general distribution. Other small areas crop out as isolated masses 
around the margins of the Great Salt Lake Desert. Butler (1920) suggests that the 
northern part of the state may once have been largely covered by volcanic rocks 
which have since been partly removed by erosion, or that younger sediments may 
cover extensive masses. 

Age determinations range from Eocene to Recent. Absolute age determinations, 
from 19 million to 49 million years, suggest that volcanism was active during most 
epochs of the Tertiary period. 

Origin, Composition, and Character of Extrusive Rocks 

Extrusive materials arrived at the surface in one or more of three possible ways. 
(1) The molten lava and/or fragmental materials were extruded and/or ejected from a 
central feeding neck, such as a volcano. This, in its broadest sense, includes 
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part of the ~ ardente type of eruption. (2) The lava issued through fissures, 
appearing as separate flows, or coalescing from various fissure sources to form 
large flow areas. Fissures may also have acted as channelways for nuee ardente 
eruptions on a much grander scale than has heretofore been considered. The for­
mer origin would be similar to that attributed to many of the Columbia River basalt 
flows of the northwestern United States. The latter may be a source of many of the 
widespread ignimbrites of the western part of the state. (3) A combination of central 
and fis sure eruptions, with their variations. Varieties of these extrusive processes 
are recognized and some eruption centers have been outlined by recent, detailed 
work. 

The volcanic rocks include rhyolites , trachytes, minor phonolites, quartz latites , 
latites, dacites, andesites, basalts, nepheline basalts, volcanic glasses, abun­
dant andesitic-latitic pyroclastics, and ignimbrites of rhyolitic to latitic compo­
sition. Those of intermediate composition are the most abundant. Basalts, less 
abundant, generally are associated with younger eruptions. Recent central erup­
tion flows occur near Fillmore, west of Hurricane, east on the Colorado Plateau in 
local areas, northward in the Great Basin, and northwest of St. George. 

A large portion is of fragmental texture, though abundant lava flows are present. 
Tuff breccias and ignimbrites, especially characteristic of the southern part of the 
state, commonly occur near the base of the extrusive series. Results of recent 
field work in the Marysvale and Iron Springs -Pine Valley-Bull Valley areas suggest 
the presence of greater quentities of ignimbrites than have heretofore been recog­
nized. These are proving to be valuable key horizons in unraveling volcanic 
sequences in western Utah and elsewhere in the Great Basin. 

Extrusive Rocks of Specific Areas 

Dis cus sed from south to north a brief summary is presented of the important vol­
canic areas. 

Cedar City area: Leith and Harder (1908) described a relatively thick section in 
the Iron Springs area that ranges from trachyte to andesite, and varies from felsitic 
to porphyritic with included fragmental types. An aggregate of 1,700 to 2,500 feet 
is given. The lower part was spread over an essentially flat surface of Claron 
fluvial and lacustrine deposits. A late Miocene age is suggested. 

Mackin (1954, 1960), Mackin, et al" (1954), and Cook (1953) added details to this 
area. Rocks formerly described as flows are now considered ignimbrites, although 
interbedded lavas and explosive breccias are still recognized. These workers sug­
gested use of the widespread ignimbrites for regional correlation of volcanic 
sequences. 

Near the Pine Valley Mountain, Cook (1957) indicated a similar sequence possibly 
exceeding 6,000 feet. Deposition was believed to have followed the Eocene (?) 
Claron formation. Several unconformities are present. He identified an earlier 
volcanic group, separated by an erosional unconformity from later Tertiary 
sequences. Younger basalt flows lie unconformably on the latter. 

A few miles to the west, Wells (1938) recorded "several thousand feet of lavas 
and tuffs that range in composition from basalts to rhyolite." An older group, largely 
flows, anda distinctly younger group, mainly rudely stratified pyroclastics capped 
by rhyolitic tuffs and flows, were also described. Younger basalts overlie the latter. 
Numerous ignimbrites have since been recognized by Blank (1959). 

Mackin (1960) dated the early volcanism as "certainly Eocene or Oligocene." The 
earliest units in the Pine Valley Mountains and Bull Valley area may be correlative. 
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TABLE VllI. COMPOSITION OF INTRUSIVE IGNEOUS ROCKS OF UTAH 

INTRUSION 

La Sal Mountains: 
Round Mountain 
North Mountain 
Middle Mountain 
South Mountain 

Abajo Mountains: 
North and Horsehead 

Peaks 
Mt. Unnaeus and 

South Peaks 
Johnson Creek 

Henry Mountains: 
Mt. Ellen 
Mt. Pennell 
Mt. Hilliers 
Mt. Holmes 
Mt. Ellsworth 

Heap Mountain 
Starvation Point 

Mineral Mountain 
Bull Valley 
Hardscrabble Hollow 
Big Mountain 
Pine Valley Mountain 

Stoddard Mountain 
Iron Mountain 
Granite Mountain 
Three Peaks 
San Francisco Mountains 
Beaver Lake Mountains 
Star Range 
Rocky Range 
Mineral Mountain 
Tushar Mountains 

Marysvale area: 
Monzonite Hill 
Central 
Sevier Plateau 

Crysta l Peak 
Notch Peak 

Ibapah 
Drum Mountains 
Desert Mountain 
West Tintic 
Sunrise Peak 
Silver City 

Gold Hill 
Granite Range 
Simpson Mountains 
Sheeprock Mountains 
Stansbury Mountains 
Mercur 

Bingham 
Uttle Cottonwood 
Alta 
Clayton Peak 
Park City 

Pilot Range 
Silver Island Range 
Newfoundland Mountains 
Grouse Creek Mountains 
Raft River Mountains 
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COMPOSITION 

Diorite Porphyry 

Porphyritic Hornblende 
Latite 

Diorite Porphyry 

Diabas e and Syenite 

Granite Porphyry 
Quartz Monzonite Porphyry 

Quartz Monzonite Porphyry 
nil" 

Quartz Monzonite 

Granodiorite Porphyry 
Quartz Monzonite 

Quartz Monzonite 

Rhyolite 
Quartz Monzonite 

Granodiorite 
Granite 

Monzonite and Granite 
Monzonite Pcrphyry 
Monz onite 

Quartz Monzonite 
Granite 
Granodiorite and Monz onite 
Granite 
Andesite and Diabase 
Monzonite 

Granite 
Quartz Monz onite 
Granodiorite 
Diorite 
Quartz Diorite Porphyry 

Granite 
Quartz Monzonite 

Granite 

COUNTY 

Grand 
Grand and San Juan 
San Juan 

San Juan 

Garfield and Emery 
Garfield 

Emery 

Washington 

Iron 

Beaver 

Bea ver and Piute 

Sevier and Piute 

Sevier 

Millard 

Juab 

Tooele 

Tooele and Utah 

Salt Lake 
Salt Lake and Utah 
Salt Lake 
Salt Lake, Wasatch 
Wasatch 

Box Elde r 

AUTHOR 

Hunt, 1958 

Gregory, 1938 

Hunt, 1953 

G1lluly, 1927 

Bullock, this report 
Blank, 1959 

Cook , 1957 

Mackin, '47, '54, '60 

Butler, 1913 
Barosh, 1959 
Butler , 1913 

Condie, 1960 
Callaghan, 1939 

Kerr, 1957 

Callaghan, 1939 

Dunn, 1958 
Gehman, 19 58 

Bick, 1958 
DaviS, 1959 
Butler, 1920 
Groff, 1959 
Undgren, 1919 

Nolan, 1935 
Butler, 1920 
Thomas , 1958 
Cohenour, 1959 
Davis, 1959 
G1lluly, 1932 

Stringham, 1953 
Calkins , 1943 

Boutwell, 1912 

Butler , 1920 
Anderson, 1957 
Paddock, 1956 
Baker, 1959 
Felix, 1956 



Absolute ages by lead-alpha age determinations (Jaffe, et al. , 1959) of pre-intrusive 
Leach Canyon tuff yielded 28 million years, the Three Peaks intrusives 22 million 
years, and a post-intrusive white tuff (Kane Point) 19 million years. These consi­
derably post -date the earliest volcanism in the area. The youngest volcanism 
extends into recent time. Practically uneroded volcanic cones are well developed 
near Veyo to the south. Tables IX and X show portions of Mackin's correlative 
section (196.0, p. 90). More absolute age datings are needed. 

Marysvale area: Butler and Gale (1912), Callaghan (1938, 1939), Kerr, et al., 
(1957) and Callaghan and Parker (1961) and Willard and Callaghan (1962), described 
at least three periods of volcanism that have been dated as early to middle Tertiary, 
late (?) Tertiary, and late Pliocene or early Pleistocene. Distinct erosional sur­
faces separate them. The cumulative thickness approaches 9,000 feet, but each 
group shows a considerable range in thickness. Greatest continuity of individual 
beds is expressed by pyroxene andesites and biotite latites. The rocks range from 
rhyolites to basalts, from glasses to tuff breccia and agglomerates. Ignimbrites 
will undoubtedly be recognized as important units as detailed studies continue. 

The early to middle Tertiary Bullion Canyon series approximates 4,000 feet in thick­
ness (Kerr, et al., p. 1957). These lie on folded, deeplyerodedpre-Tertiaryrocks, 
and on Wasatch (?) formation. Latite flows, agglomerates, hornblende and pyro­
xene andesites, tuffs, and ignimbrites comprise this series. They are warped, 
faulted, intruded, and deeply eroded. 

The earliest Bullion Canyon volcanics were apparently deposited before Green River 
(middle Eocene) time was completed (Lautenschlager, 1954). This corresponds to 
age data from the Tintic district. Mackin (1960, p. 102) tentatively suggests that 
the Needle Range formation is equivalent to part of Callaghan's Bullion Canyon 
group and the Is om forma tion is part ofthe Dry Hollow la tite . Abs olute age dating 
by Bassett and Kerr (1960) suggested a much younger age (28 million years) for at 
least part of the Bullion Canyon series. More work is needed to resolve this 
problem. 

A cumulative thickness of approximately 4,670 feet of latites, glasses, rhyolites, 
and tuffs, termed the Mt. Belknap series, was deposited upon the eroded surface 
of the older igneous rocks. These, too,have been warped, faulted, and eroded. 
(Absolute age dating by Bassettand Kerr (1960) yields a cluster aboutl5-19 million 
years, or late Miocene in age). Mackin (1960, p. 98), through the work of Blank, 
reported similar lithology and position in the section for rocks equivalent, in part, to 
the Page Ranch formation. An absolute age determination of the Kane Point tuff 
member of this formation yields 19 million years. 

The youngest igneous rocks include tuffs and basalt flows deposited on the Sevier 
Riverformation of late Pliocene (?) age. Table X summarizes the known sequence 
of volcanic rocks in this and two other well-studied areas of Utah. 

Tintic district: Lindgren and Loughlin (1919), Lovering, et al., (1949), Proctor 
(1951, 1956), and Morris (1957) studied an extensive sequence of flows and pyro­
clastics. Separated by erosion surfaces, three periods of volcanic activity are 
noted: (1) probable pre-mid-Eocene, (2) mid-Eocene, and (3) post-mid-Eocene, pre­
Bonneville. Part of this dating is based on Muessig's (1951) discovery of plant 
fossils in marly limestone of mid-Eocene Green River formation, interbedded in 
agglomerates similar to those in the Tintic district. Absolute age determinations 
by Jaffe, et al., (1959) of intrusive rocks in the district yield ages of 39 to 43 
million years (depending on mesh size of zircon) for a stock in East Tintic and 49 to 
50 million years for the Silver City stock. The stocks are related to known vol­
canic rocks in the district. Elsewhere, igneous rocks dated by the Green River 
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Table IX. Generalized Volcanic Rock Sequence Pine Valley Mountains, Utah. (Modified after Cook, 
1957.) 

SYSTEM 
r--' 

Quaternary 

Tertiary 
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SERIES FORMATION LITHOLOGY l THICKNESS 
Recent Alluvium Sand, silt, gravel 0-200 

~unconf. 
igh level Coarse, poorly sorted gravels 0-200 
~ravel 

Pleistocene Basalt Basalt 0-200 
-"-Unconf .-"t"-------------------+----~ 

Pleistocene Parunuweap (?) Silt, sand, fine gravel, 0-200 
(? ) formation f locally cemented 

Pliocene (?) Eight.1 Culbert I 
Mile brec~ Porphyritic hornblende Mudf-low 500 0-150 
dacite dactite breccia 

~Unconf .. ~~-------------------------~-----~--~---~ 

Eocene 

Pine Valley Augite-biotite latite porphyry with 
latite well developed platy parting. Intrus.? 2000~ 

Basal glass 10-150 ft. thick 
~Unconf . ~+------------------------------------~---~ 

Page Ranch 
formation 

Crystal biotite-dacite ignimbrite on 0-600 
bedded tuff- breccia 

--Unconf .-+---------------------+-----1 
Rudely bedded breccia overlying augite Atchinson 

formation andesite flows and breccia. Tuff 0- 500 
breccia locally at base 

~Unconf.~t_------------------------+_---~ 

Vitric-crystal rhyolite ignimbrite, 
foliated 

Grass Valley Vitric-crystal rhyolite ignimbrite 
formation with lithic fragments 

Augite andesite lava amygdaloidal 
Lacustrine lime stone 

0-500 

0-700 
0-50 
0-100 

oN\i\.Unconf . ""''t--------------,---------+-----I 
or thrust 

Rencher 
formation 

Latite breccia top, ai r-fall tuff, 
volcanic sandstone, dacite por­
phyry breccia, biotite ignimbrite, 
cry stal- vitric dacite ignimbrite 
containing quartzite pebbles, basal 

0-600 

L-A...... ~ conglomerate, lime stone 
~~--Unconf.~t-------------------------------_r------~ 

0.. Tv- ~ C:rvstal biotite dacite ilZnimbrite 
11 §"' ..TY-2 Vitrie ,-lnrnl it .. ilznimbrite foliated 
.~ 2 Tv-l Crystal vitrie rhyolite ignimbrite 

I ~ 0 with lithie fragments 

0-550 
0-180 
0-800 

~Lisconf. _+-----------------------------------t_------~ 

Claron 
formation 

Lacustrine limestone, biotite tuff 
n~ar top; near base a black Is. 
pebb. conglome rate. 
Calcareous sandstone and sandy 

Quartzite cobble conglomerate 

and sandstone 

0-1000 



..... 
CJ) 

- Col) 

TABLE X - GENERALlZED VOLCANIC ROCK SEQUENCE OF 
IRON SPRINGS -- MARYSVALE -- TINTIC DISTRICTS, UTAH 

IRON SPRINGS MARYS VALE AREA 
(Mfwl:in 1900 - C:ook 1957) (r.",ll",nh",n "'n l(arr at ",1 1957) 

Age Formation Member Thickness Age Series Rock Types Thickness 

_~£e.E!..._ "Volcanoes" N.S.* Early Basalt Basalt 50' t 
------ f------ Pleisto-

Pleisto- "Basalts" N.S. cene or 
cene __ -1UoCl: uiQUl.1llu _ L.flioc~ p~_~l ~c2rlformi t.Y) __ ----- f---- ---

Pliocene Unnamed 
(?) Lavas,ignim N.S. Gray 

Mid-Plio- brites, vol-
cene (?) panic -deri vee Rhyolite 

sediments Glass; 

---- ------------- Andesite; 
19my Page Ranch Kane Point Mt. Arkosic 

1F0rmation ** tuff 0-600' 
Late Belknap Sandstone; 4000'+ 

Iron Town Tertiary -
~ _.MEUD~ __ (15-19 

Tuff; 
I-< f------- --- Rhyolite 
~ Rencher million 

~f..QIl1l1ttiQn *_~ 0-60Q.:. Porphyry; 
I ----- years) 

_(1) Harmony 300' - Tuff; 
C'-- c Hills tuff 350' Red and white '-" (1) 

<ll g 
c -~ 

Bauer's to Rhyolite 

~::E tuff 250' 
0 Swett tuff 30-45' 
.S' Leach Can- 450'-
<3 yon tuff 500' 

28m ------~----- --- ~--- -------------Hole-in-
Oligo- 1som the-wall 500' 
cene(?) Formation mpmhPr Dry Hollow Latite 750' + 

** Baldhills 
------_ _ me.mPlll' __ --- ___ (!!p£Qnfor,milYL ___ ----

Earliest Needles Minersville Early r Crystal tuff; 
Oligocen ~ tllff 

Range Wahwah 700'- to Bullion Latite; 
or Formation** 800' Middle Canyon Pyroxene 4000' ± 

Eocene Springs Tertiary Andesite; tuff; 
tuff Biotite Latite 

Porphyry; Horn 
Eocene Claron blende, Andesite; Latite; 

(?) Formation Agglomerate; Latite; Latit!e 

'---
Porphyry. 

*N.S. Not Stated -WnconTcirmHyY---- ----

**1gnimbrite or includes ignimbrites Pre-Tertiary Rocks and Wasatch (?) 

EUREKA (TINTIC) AREA 
(Mr:rris At a1 1957) 

Age Series Rock Types Thickness 
Pre-Bonne Basalt Basalt 75' :t 

ville, Post 
Eocene 

---- J!!ncon~~ ~mit~ ___ ---

Agglomerate, 
Upper flow 
series; 
intermediate 

Mid- Latite tuff and 
Eocene volcanic agglomerate; 2000' ! 

series Lower flow 
series; 
Vi trophyre; 
Basalt tuff. 

----- f-(D~QQ.[J.g mityL ___ ---
Vitrophyre 

Fernow or Quartz 
Quartz Latite; Basalt 
Latite tuff. 

Probable 
Pre-Mid -
Eocene Packard Upper 
(49, 50 Quartz Vi trophyre; 3000' !: 
million Latites Massive 
years ) flow; Lower 

Vi trophyre; 
Basal tuff. 

--------~-------

Pre -Tertiary Rocks 



TABLE XI. LEAD-ALPHA AGE DETERMINATIONS OF IGNEO US ROCKS OF UTAH* 

Sample Lead -Alpha Age 
Number Rocky Type Locality 

Accessory 
Mineral in Milli ons of Cited Geologic Ag e of the Rock 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

38 

39 

40 

4 2 

43 

164 

Granite, Sheep Rock Range , SWI/4 Zircon 
Sec. 22, I-l0-S, R-6-W, Tooe l e C o . Monazite 

Rh YO litic welded tuff, W . side of 
Thomas Range, Juab Co unty 

Whi te tuff, post - intru s ive vol­
camcs, Iron Springs di strict 

Three Peaks intrUSive, Iron Springs 
distnct 

Lower tuff I pre-intrusive volcanic 
rocks , Iron Springs distric t 

Zircon 

Zircon 

Zircon 

Z,rcon 

SyenIte por phyry, W . shoulder of Zircon 
Min e ral Mo untain, LaSal Mountains 

Monzonite porphyr y , S . edge of Zircon 
intrU Sive, W . central part of 
North Mountain, La Sal Mtns. 

Dion te porphyry , MIddl e Moun ta in ZHco n 
La Sal Mountains 

Di orit e porphyry , S . side of Min e r's Zircon 
Ba SIn , North Mo untam, La Sa l 
MountaIns 

Diorite porph yry, N. W . en d of 
North MountaIn , La Sal Mtns. 

Porphyri ti c quartz monz oni te, Uttle 
Cot tonw0orl stock I TIC"mple gra ni te 
quarr y , Wa satch Mountains 

Zircon 

Zircon 

Diorite , Clayton Peak stock, head of I horite 
Big Cottonwood Canyon Wasatch ZHcon 
Mountai ns 

Gran odiorit e , Alta stock, head of Zircon 
Big C ottonwood Can yon, Wasatch 
MountaIns 

Quartz monzon ite , North Lily ZHcon 
stock, Ea st Timic dis trict 

Quartz monzonite , Sl Iver City ZIrcon 
stock, Tintic distnct 

Ye ars 

20 
15 

20 

19 

22 

28 

25 

55 
51 

386 

490 

419 

46 

40 
48 

54 

43 

49 
50 

No published data. T. S . 
Lovering. 

No published data . Tertia r y (?) 
W. J . Carr. 

Middle Tertiary (Oligocene?) 
J . H. Mackin . Mi ocene , Gre­
gor y , 1945 . 

Same as above . 

Middl e Tertiary (Oligocene? ) 
J. H. Mackin . Miocene , Gre­
gory, 1945 . 

Terti a r y , Hun t, 19 56; p. 42 . 
Wa ter s , 1955 . 

Same as above 

Same a s above 

Same as above 

Same as above . 

No published data . M. Crit ­
tende:i. 

Same a s a bove . 

Same a s above . 

Midd le Eoce ne (Green Ri ver). 
Brown and Pecora, 1949 . 

Same a s above . 

*Modifled table from data by Ja ffe , Howard W ., and others , 
1959 , Lead -alpha age determinat i ons of acces sor)' minera I s 
of Ig neous rock (195 3 -1957): U.S. Geo!. Survey Bulletin, 
1097-B, p . 71-73, 75-76. 



Table XII. Age Relationships of Cenozoic Igneous Rocks of Utah. 

Locality Type Source Eocene Oligocene Miocene Pliocene Pleisto. 

Kulp J.L1960 59m.y, 36m.y. 25m.y. 12m.y. Im.y. 

Colorado Plateau Intrusive Joffe 1959 • .. 
Rozel HIlls Volcanics Slentz 6 Eardley'56 l1li .. 
Raft River Volcanics Felix 1956 f1!lI!I ~ 

Goose Creek Volcanics Mapel 6 Hail 1956 m ~ 
Thomas Range Volcanics Joffe 1959 • 
Gold HtJl Volcanics Nolan 1935 ~ 

Pork City - Wasatch Volcanics Butler' 20 Eard ley' 52 ~ ~ 
Intrusive Williams '54 Jaffe'59 • .. I 

Stockton - Fairfield Volcanics Gilluly 1952 f/. fA 

Tintic Volcanics Morris 1957 WlllJ rom.. 
Intrusive Joffe et 01 1959 • • 
Volcanics Loutenschloger '54 

rllllZlJ • - ~ = Marysvale Collaghan ' 39 
Intrusive Bossett et 01 '60 .-Volcanics Mackin' 60 Joffe '60 • Iron Springs Intrusive Joffe • Volcanics Mockin'60 Joffe'60 Pine Volley fl77r777 '7I777TT7 '(J7 rnT7I rrTl 'Y rxy 
Intrusive Cook 1957 

EXPLAN AT o N -Absolute age (Radioactive) Fairly certain age Uncertain age 



formation (middle Eocene) yield 46 million years for an absolute age (Jo.ffe , et al. , 
1959 ) , again a rather close correlation -for these determinations. 

The t hickness of the volcanic sequence is not known, but its cumulative total 
probably exceeds 5,000 feet. Tuffs, vitrophyres, massive latite flows, andesites 
and trachyandesites, and agglomerates are included . These units , as elsewhere 
in the state, show considerable lateral variation in thickness . 

Morris (1957) subdivides the older sequence into the Packard quartz - latite and 
Fernow quartz-latite series , the younger into the Latite volcanic series . He also 
records a much later basalt. The oldest series exceed 3,100feet in thickness , 
locally , and is deposited on a surface of relief similar to that now existing . 

Units in the Packard group inc lude , from oldest to youngest, ba sal tuff, lower 
vitrophyre , massive flow, and upper vitrophere . The Fernow includes a basal 
tuff, a vitrophyre and/or porphyritic quartz latite flow . They are gently inclined 
away from their main centers of accumulation . They are considered pre - mid­
Eocene in age . 

The latite volcanic series , separated from the older by a dis conformity , probably 
exceeds 2,000 feet in thickness . Main rock types are: a basal tuff, lower flow 
series, intermediate tuff and agglomerate, upper flow series of latite, andesite 
and trachyandesite, and a thick agglomerate . These are considered mid-Eocene . 

A basalt , in excess of 75 feet , ranging from dense to scoriaceous, occurs to the 
northeast of the main volcanic area. The exact age is unknown, but it post-dates 
the Latite volcanic series and pre-dates Lake Bonneville sediments . 

Stockton-Fairfield area : Gilluly (1932 ) described a thi c k sequence of late Eocene 
or Oligocene flows , tuff-breccias, and tuffs in the Traverse Range and along the 
east flank of the Oquirrh Range east of Bingham. Deposited on an erosion surface, 
some of the old valleys have 1,000 feet of relief within a mile's distance . The 
sequence includes latites and quartz latite, with minor flows of basalt , rhyolite 
obsidian, and nepheline basalt . Breccia is the common texture . 

The volcanic rocks are chiefly latite and quartz latites . These, however , are 
subordinate in quantity to the pyroclastics . At least 1,900 feet of latite breccia, 
with less abundant lavas overlain by not less than 1,000 feet of lava and sub­
ordinate breccia , are noted . Total thickness for the series is estimated at prob­
ably more than 3,000 feet. These volcanic rocks probably correlate with similar 
rocks in the Lake Mountains (Bullock , 1951) and the Latite volcanic series in the 
Tintic district , as noted above . 

Park City area : An area exceeding 200 square miles lies east , north , and south 
of Park City. The extrusives, composed of andesitic flows and pyroclastics, dip 
gently east. The rocks have been deposited on an erosion surface of some relief . 

Gray to yellowish -gray tuffs , a conspicuous portion of the volcanic sequence near 
Park City , resemble a fine sandstone which is gradational to argillaceous rock 
containing larger grains . Some included particles vary greatly in size . 

Age relationships ofthe intrusive and extrusive rocks are not known exactly, but 
Butler (1920 , p . 299) suggests at least one porphyry intrusive may have been 
emplaced , deeply eroded, then covered with andesitic volcanics . The andesites 
rest upon Eocene ( ?) sedimentaries, and the lower tuffs grade into them . Eardley 
(1952, p . 59) suggested a late Eocene age . Fossils in the interbedded tuffs within 
the volcanic sequence (Williams, personal communication , 1954) suggest a possible 
Oligoce ne ag e for at leas t part of the activity. 
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Other areas: The described areas above represent those for which detailed geologic 
data are available. They include those districts in which the thickest volcanic rock 
accumulations are known . Other areas within the state also show considerable 
thickness and broad areal distribution of these rocks, e. g., the Frisco area, margins 
of the Great Salt Lake Desert, and others. 

In the Raft River Mountains, basalts are exposed on their north flanks, and in low 
buttes and hills to the southwest, which are scarred by wave-cut cliffs and terraces 
of Lake Bonneville. A late Tertiary (Pliocene) age is suggested. Several hundred 
feet of white volcanic ash and reddish-brown welded tuffs in the Salt Lake forma­
tion, late Miocene and early Pliocene, are known near Goose Creek (Mapel and 
Hail, 1956). 

Near the Rozel Hills, alternating basalt flows and limestone beds are presumed to 
be part of the Salt Lake group (Slentz and Eardley, 1956). Total thickness is un­
known, but exceeds several hundred feet. Age is considered Miocene-Pliocene. 

To the west near Gold Hill, Nolan (1935) described small areas covered by lavas 
or pyroclastics which range from rhyolite to basalt. Total thickness is unknown. 
Nolan indicated that they are younger than Eocene (?), and are thought to be younger 
than Pliocene (?), but older than Lake Bonneville sediments. Because they are 
separated from the latter by a period of considerable erosion, Nolan concluded 
a late Pliocene age. 

AGE OF IGNEOUS ROCKS OF UTAH 

Igneous rocks in Utah range from Eocene to Recent. At least two and usually three 
series of volcanic rocks are recognized: a pre-mid-Eocene or early Tertiary series; 
later Tertiary, probably Miocene series; and a much later basalt series of possibly 
late Pliocene (?) or early Pleistocene age . Absolute ages suggest volcanism in 
Eocene, Oligocene, and Miocene times. Cinder cones and lava flows of post­
Bonneville age are conspicuous in the southern and west-central part of the state. 

The age of the intrusive rocks cannot be definitely ascertained from stratigraphic 
relationships in most areas in Utah. The intrusives of Nevada are regarded as 
late Jurassic or early Cretaceous. The intrusives of the Plateau region are assigned 
to the Tertiary. In western Utah, where sedimentary formations later than Carbon­
iferous are absent, definite data are lacking for determining whether the intrusive 
rocks should be correlated with the intrusives of Nevada or with those of the Plateau 
country. 

Absolute age determinations (Jaffe, et al., 1959) assist in age relationships • The 
absolute dating by lead-alpha age determinations yield 19-28 million years in the 
Iron Springs district; 20 million years in the Thomas Range. Absolute age dating 
of intrusive igneous rocks include: Sheep Rock Range, 15-20 million years; Three 
Peaks intrusive, 22 million years; La Sal Mountains, 25, 51-55, 386-419 million 
years; Little Cottonwood, Alta, and Clayton Peak stocks, 40-54 million years; 
North Lily and Silver City stocks, 43-50 million years (Table XI). 

Absolute age determina tions made by Jaffe show dis parities. Particularly the as sign­
ment of 386 -419 million years for intrusive masses in the La Sal Mountains is 
erroneous, since they cut Mesozoic strata. Though only in the embryonic stage, 
the need is indicated for more studies by this method in all the major igneous rock 
areas of Utah. Dependable absolute age data will permit a solution to many of the 
difficult problems of dating igneous activity . 
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A compilation of the age relationships of Cenozoic igneous rocks of Utah is attem­
pted in Table XII. Uncertainties, fair certainties, and absolute ages, with their 
known variations, are shown for the major areas in the state. The wide spread of 
the more certain data suggests volcani~ activity throughout a good portion of 
Tertiary period, starting in Eocene time and continuing into the present. 

POSSIBLE RELATION TO OIL ACCUMULATIONS 

The volcanic rocks of Utah offer little promise of being reservoir rocks for the 
accumulation of oil. However, the unique discovery of oil in volcanic detris in 
eastern Nevada requires that they not be eliminated from consideration. Igneous 
rocks may cover possible oil traps in the sedimentary rocks below, and structures 
formed since the volcanic rocks were deposited, can be mapped. Thus, imposed 
anticlinal folds or faults in the volcanics should be reflected in the sediments 
below. Such structures have been mapped in the Plateau Province where both broad 
warps and faults occur in the volcanic sequences. Since several thousand square 
miles of the Plateau and Basin and Range Provinces are covered by extrusives of 
Eocene to late Pliocene or Pleistocene age, fault and/or fold structures post­
dating these ages can be mapped. 

Superimposed structures must be distinguished from primary structures such as 
those formed with strato-volcanoes, compaction features over buried topography, 
etc. Remnants of these structures may be present even after much of the original 
land form has been eliminated by erosion. These might be mistaken for super­
imposed structures. If oil has accumulated in true folds of Eocene or later age, or 
is trapped against faults of similar age, these rocks should bear a more careful 
investigation in the future. 
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OLM values of NIggli (BurrI and NIggll, 1945, p. 9-97). computed from chemical analyses of 50 Igneous rocks In Utah from the 
Colorado Plateau and the Great BasIn, demonstrate possIble dIfferences In the rock types (FIgure 50a) (Kennedy and Proctoc, 
1961 , personal communlcatlon). 

Thus: Q: quartz. L: leucocrate base group--kallophlilte (potas.lum alumIno-silIcate). nepheline , calcIum alumIno-sIlicate 
molecules. M: melanocrate base qroup --calclum orthosillcate , focsterite , fayal1te molecules. Qf L, and M positions represent 
100% of each group. 

On the OL sIde of the trIangle poInt 0 - 40 Is the posWon of the feldspars : orthoclase , albite, anorthite . On the OM sIde pyro ­
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fy the plotted position . Thus, one point may represent a rock analysis, and at a glance ready comparison is possible for a large 
number of rocks. ' 

Colorado Plateau rocks: 0 values range from 32-47 , L, 44-57 , M, 5-14. Near Marysvale two dlstlnct clusters are pre.ent: the 
Buillon Canyon serIes WIth 0 values 36-45 , L, 40-49, M, 8-20, and the more acIdIc Belknap serIes WIth 0 at 50-56 , L, 37-42 , 
and M, 0-4 . 

Variations at Iron Springs and TinUc indicate a group intermediate between two ldarysvale qroups, but more acidic than those of 
the C olorado Plateau. 0 values range from 40-59 , L, 36-48, and M, 4-18. 
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EXPLANATORY NOTE 

In PART III, EVALUATION BY AREAS, written by the best-informed specialists, 
Utah has been divided into natural physiographic provinces (Figure 2), then 
subdivided along county boundaries, major highways, or other lines of de­
markation. However, in the Paradox Basin a "layer-cake" treatment of the 
Desert Creek and Ismay sedimentary horizons was found to be the best means 
to concisely summarize our present knowledge for this area. 

The Index Map (Figure 52), page 170, shows the authors of the areal papers for 
Part III. Four general areas are evaluated in the following order: 

A. Northeastern Utah - the areas east of the Wasatch Front, north of 
Utah and Wasatch Counties, and all of the Uinta Basin. 

B. The Great Basin Sector and the Southwestern Corner of Utah. 

C. The Transition Zone between the Great Basin and the Canyon Lands. 

D. The High Plateaus. 

The Index for each section shows the organization of subject matter. By referring 
to these indices the sequence of treatment can be more fully seen and appreciated. 
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Paper 16 THE UINTA BASIN -
STRUCTURE, STRATIGRAPHY 
AND TECTONIC SETTING! 
by Alan R. Hansen2 

STRUCTURE 

The Uinta Basin is a broad asymmetrical syncline. As described by Walton (1944), 
"Its axis trends roughly east, but bends gently toward the north. The topographic 
low of the basin is not coincident with the axis of the syncline, but parallels it 
throughout its length about 10 to 15 miles to the south." 

For structural and topographic reasons, the Uinta Basin has been divided into 
basins of minor distinction. The -easternmost in Colorado is designated the 
Piceance Creek basin (Figure 6 7). The division is expressed by three domal up­
lifts forming a north-south line approximately along the boundary between Utah 
and Colorado. From north to south, this line of uplifts is composed of the Raven 
Park fold, Douglas Creek uplift, and, to the south, the Uncompahgre plateau. 
Together, these elements nearly separate the Tertiary stratigraphy of the Utah por­
tion from that of Colorado. Associate features of these anticlinal structures are 
the oil-and-gas-producing areas of Rangely oil field and the Douglas Creek gas 
field. 

The south flank of the Uinta Mountains is dis sected by prominent faulting. Huddle 
and McCann (1947) recognized one fault of major displacement that is traceable 
along the greater portion of the mountain front. This fault, known as the South 
Flank fault, is expressed by strong south dips (800 ) along the fault plane, and 
all along the mountain front, beds of Paleozoic and Mesozoic age stand almost 
in vertical position. Along the south flank of Blue Mountain, the writer observed 
such beds to be overturned. 

Oligocene and younger strata are only gently undulating, even where such strata 
lie close to the mountain front and unconformably overlie older upturned Tertiary 
beds. Childs (1950) mentions that the axial plane of the syncline shown in the 
Duchesne River formation continues downward with a progres si ve decrease of dip. 
This evidence has led many to believe that the vertical fault planes at the surface 
tend to flatten with depth, and that the Uinta Mountains are the products of ramp­
thrusting. Such a mechanfsm could develop the asymmetry noted in the Uinta Basin. 
Walton (1944) asserts that faulting has been unimportantin establishing the struc­
ture of the basin, but the writer believes that north-south compression has served 
to impress asymmetry upon a broad down-warp established during the period of 
deposi tion . 

REGIONAL STRATIGRAPHY 

Paleozoic 

Along the south flank of the Uinta Mountains, nearly 7,000 feet of Paleozoic rocks 
have been noted. Nearly half of this total is represented by metamorphosed quart­
zitic sandstone of which Cambrian shales and quartzites comprise 3,400 feet of 
strata. This sequence is directly overlain by a limestone-dolomite unit of ques­
tionable Ordovician age. Rocks of Silurian and Devonian ages are unknown in the 
Uinta Basin and probably were never deposited there. (See Papers 3, 7, and 8). 

1. Adapted from a Yale University thesis. 
2. Geologist, Sun Oil Company. 
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Mississippian, Pennsylvanian, and Permian rocks are not well exposed, but 
drilling has indicated such beds within the basin. lithology suggests deposition 
in a vast marginal shelf area with rapid, lateral-facies changing from littoral to 
epineritic sedimentary types. (Refer to Paper 9). 

Mesozoic 

Mesozoic sedimentation, dominantly clastic, is a continuation of Paleozoic 
deposition, with no unconformable relationships known between the two. Sedi­
ments were derived from the Ancestral Rockies on the east and the Mesocordil­
leran geanticline on the west. The former were progressively buried and have 
relatively little effect after Morrison time, the latter prominent during middle and 
late Mesozoic, furnished vast quantities of sediment (Paper 10). 

Cenozoic 

As the vast Cretaceous seas silted-up and disappeared, the ensuing orogenic 
uplifts served to isolate basins of thick Tertiary deposition throughout the Rocky 
Mountain region within the Uinta Basin. Tertiary sedimentation probably exceeds 
13,000 feet. With the exception of the fresh-water Green River formation, there 
is a monotonous series of deltaic, lacustrine, and fluviatile deposits (Williams, 
1950). Shales predominate, but intervals of sandstone (subgraywackes), and 
mudstone indicate varying conditions of erosion and deposition. Major relative 
subsidence is dominantly' Tertiary, and these basinal sediments are super -imposed 
upon previous sequences of essentially shelf-type sediments. Quaternary allu­
vium and recent river fill have done little to alt er the Tertia ry picture. 

TECTONIC ASSOCIATIONS 

Throughout the greatest part of its tectonic history the Uinta Basin has behaved 
as a great shelf or foreland area lying eas t of an extensive geosynclinal trough 
(Childs, 1950). But in the Cenozoic the Uinta Mountains rose from early Paleo­
cene to Oligocene, with the main uplift occurring during Eocene time (Eardley, 
1951). This uplift is synonomous with deposition that began with the Price River 
and ended with the Green River formations. 

Forrester (1937) indicates three major periods of diastrophism, which were re s­
ponsible for a maximum vertical uplift of about 45,000 feet in the c enter of the 
range: (1) Deformation of the Uinta Mountain and Wasatch Mountain geosynclines 
during the laramide revolution. (2) Vertical uplift and large scale faulting in 
late Eocene, (3) Continental uplift of the general plateau area in late Pliocene 
or early Pleistocene. 
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Paper 17 CLAY BASIN GAS FIELD 
DAGGETT' COUNTY, UTAH 
by M. M. Fidlar 

The following summary is a condensed and updated version of the 1949 description 
of the Clay Basin gas field, the first large gas field discovered in Utah (Fidlar, 
1949) . 

The field lies in T-3-N, R-24-E at the base of the north flank of the Uinta Moun­
tain s in extreme northeas tern Daggett County. Some 50 miles south of Rock 
Springs, Wyoming, and 140 miles east of Salt Lake City, Utah, it is serviced 
b y graded roads that lead northward to Rock Springs, southward to the Browns 
Park ranch area, and westward to Unwood, Utah. Operated by Mountain Fuel 
Supply Company , it is the site of modern homes and service buildings constructed 
by the operator for the use of personnel employed in the field. 

Bounded on the north and east by sheer bluffs of Mesaverde sandstone, on the 
south and west by the maroon and gra y Precambrian foothills of the Uinta Moun­
tains, Clay Basin, for which the field was named. is a striking topographic feature 
eroded in s oft , gra y Man cos shale s exposed on the crestof the westerly-trending 
Clay Basin anticline (Figure 52). Deep drilling on the crest of this structure 
has revealed a normal stratigraphic section down to the Weber sandstone (Figure 
53). The reconstructed stratigraphic section is as follows: 

Thickness 

~ 

Tertiary: Wasatch formation 

Unconformity 

Cretaceous (Upper) 

Mesaverde group • • . . • . • . • . • . . • • . • • . . . . • 900 
Mancos shale . • • • • • • • • • • • . • . • . . . . ..• .• 6.400 ± 
Frontier formation (minor gas sands) • • . . • • . • • • • . . 120 
Aspen shale . • • • • • • • • • • • • • • • • • . . . . • . • • 185 
Dakota sandstone (principal gas sands) • • • • • • . • • •• 110 
Fuson (1) shale . • • • • • . • • • • . • . . . • . • • • • •• 65 
Lakota (1) sandstone. . • • . • • • • • • . . . • • • • • . • 15 

Unconformi ty 

jurassic 

Morrison formation • • • • • • • • . • • • • • . • • • • . •• 600 
Curtis formation . • • • • • • • • . • • • • • • • • • • . • • • 175 
Entrada formation (water) • . • • • • • • • . . • • • • • • • • 100 
Gar me I forma tion • • • • • • • • • . • • • • • • • . • • • •• II a 
Nugget sandstone (water) • . • • • • • . • . • • . • . • • . • 775 

Unconformi ty 

Triassic 

Chinle formation • • • • • . • • . • • • • • • • • • . • . • • 230 
Shinarump conglomerate (water). • • • . • • • . . . • • • • • • 2S 
Moenkopi formation. • • • • . • • • • • • • • . • • • • • .. 895 

Probable Unconformity 

Permian 

Phosphoria (Park City) • • • • • • • • • • • . . • • • • • •• 325 

Pennsyl vanian 

Weber sandstone (noncombustible gas) ••• •• • • • •• " 330+ 
MorQan formation . • • • • • • • • • • • •••• • • ••• .• unknown 

Mississippian 

Madison limestone ••••• •••••• • .. • • . •• .. . unknown 

Possible older Paleozoic sediments • . •• .. .... . .. . . . unknown 

Precambrian: Red Creek quartzite. . . . • • • • • . • •. ••. undetermined 

1 . PreSident, Mountain Fuel Supply Company. 
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Of the above formations the mostpersistant key horizon in the producing wells is 
the top of the Dakota sands tone. 

STRUCTURE 

The Uinta fault, a high angle reverse feature with an apparent throw of more than 
18,000 feet, bounds the Uinta Mountains on their north flank and the Clay Basin 
anticline on its south flank. It strikes slightly north of west, dips sharply south 
and throws Precambrian Red Creek quartzite on the south agains t Upper Cretaceous 
Mancos shale on the north. North of the gas field the Mesaverde and Wasatch 
formations plunge rapidly northward toward the Red Creek syncline. 

A genetic structural relation between faulting and folding in the area is rather 
well established, and folding probably was accomplished during the uplift of 
the Uinta Mountain arch in Late Cretaceous or Early Tertiary age. Wasatch beds 
exposed north of the basin probably were not involved in this folding. The pro­
ducing structure is a closed anticline developed parallel to and against the Uinta 
fault. The Clay Basin fault, a small reverse feature identified at the surface in 
the Mancos shales is developed parallel to and a short distance north of the 
Uinta fault. Surface structure suggests a 400-foot closure against the Clay Basin 
fault on the critical south side of the anticline. Drilling indicates a structural 
reversal on the top of the Dakota sandstone of 450 feet toward the west, 220 
feet toward the south, 150 feet toward the north, and 100 feet toward the east. 
Figure 52 illustrates the various relationships involved. 

ECONOMIC GEOLOGY 

Discovery 

The discovery well, R. D. Murphy Well No. I, in the NW 1/4 sec. 22, T-3-N, 
R-24-E, was drilled by Producers and Refiners Corporation in 1927. frilled only 
a few feet into the Aspen shale and completed as a gas well in the Frontier sand­
stone with an initial production capacity of 3,276,000 cubic feet of sweet gas a 
day, it was shut-in for lack of market for natural gas. In succeeding years the 
structural area was unitized and Mountain Fuel Supply Company took over the 
operation of the field. 

The large gas reserve in the Dakota sandstone was discovered in 1935 in the 
second well in the field, Mountain Fuel Supply Company's R. D. Murphy Well No. 
2 in the NE 1/4 sec. 21, T-3-N! R-24-E. Drilled to a total depth of 6,799 feet 
to test the Entrada sandstone, it was plugged back and completed in the Dakota 
zone for an initial flow of 32,000,000 cubic feet of gas a day. 

Development 

Development of the field to the end of 1961 has resulted in the completion of 11 
wells, of which 10 were producing gas wells and one failed to find gas in com­
mercial quantities. Eight wells are now producing from the Dakota sandstone and 
two from the Frontier. Of the latter, one originally produced from the Dakota, but 
has been recompleted in the Frontier zone. 

Average depth to the Frontier sandstone is 5,400 feet, to the Dakota sandstone 
5,760 feet. Collar elevations vary from 6,279 to 6,659 feet above sea level. 
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Initial production has been variable. The smallest producing well had an initial 
capaci ty of 3,276,000, and the largest of 32,000,000 cubic feet a day. Average 
initial rock pressure approached 2,175 pounds per square inch. All the wells 
produce condensate with the gas. 

A dehydration plant was constructed in 1938. A refrigeration plant, builtin 1951, 
chills the dry gas to remove the liquid hydrocarbons. A compressor plant, put in 
operation in 1956, delivers gas from all wells to the main transmission line. 

Most wells stopped in the Dakota or upper Morrison, but in 1935 the Dakota gas 
discovery well was drilled into the Entrada sandstone 6,799 feet, where it found 
water. Lower zones were not tested until 1947. After geophysical surveys indi­
cated that folding reaches at least as far below the surface as the Weber sand­
stone, a deep 9, 335-foot test, R. D. Murphy Well No.6 -W, was drilled on the 
crest of the structure in the NW 1/4 sec. 22, T-3-N, R-24-E. It penetrated 330 
feet of Weber sandstone, and after drillstem tests demonstrated that the Weber 
contained an accumulation of valueless noncombustible gas, 82 per cent nitrogen 
and 15 per cent carbon dioxide, the well was plugged back and completed as a 
gas well in the Dakota sandstone. 

Production History 

A 23 -mile pipeline was completed in 1937 to connect the Clay Basin field with 
an existing pipeline system from fields in northwestern Colorado which were 
producing gas for distribution in Great Salt Lake Valley. Gas production from 
the Clay Basin wells was started the same year. The annual and cumulative 
production of gas into the Salt Lake pipeline from the Clay Basin field are shown 
in the following tabulation (l5.025 psia pressure base): 

Year 

1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

Production During Year 
(cu. ft.) 

• 1,935,614,000 
• •• 3,708,681,000 
• •• 4,132,529,000 

• 4,264,725,000 
4,689,464,000 

• •• 4,384,394,000 
· •• 3,864,741,000 

6,202,185,000 
• • 6,651,871,'000 

• 4,294,920,000 
· • 6,036,372,000 

• 6,609,774,000 
• • 6,125,730,000 

• 3,949,875,000 
••••••• 3,670,529,000 

• • 2,833,450,000 
• 3,536,556,000 

• • 2,628,518,000 
• • 3,242,999,000 
• • 2,540,462,000 

••••••. 1,877,445,000 
• 1,817,909,000 

• .2,165,186,000 
1,815,962,000 

• 1,950,353,000 

Cumulative Production 
(cu. ft.) 

1,935,614,000 
5,644,295,000 
9,776,824,000 

14,041,549,000 
18,731,013,000 
23,115,407,000 
26,980,148,000 
33,182,333,000 
39,834,204,000 
44,129,124,000 
50,165,496,000 
56,775,270,000 
62,901,000,000 
66,850,875,000 
70,521,404,000 
73,354,854,000 
76,891,410,000 
79,519,928,000 
82,762,927,000 
85,303,389,000 
87,180,834,000 
88,998,743,000 
91,163,929,000 
92,979,891,000 
94,930,506,000 
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Remaining reserves of gas in the Frontier and Dakota sandstone reservoirs in the 
field as of January 1, 1962, were estimated to be approximately 32,000,000,000 
cubic feet. Both producing formations appear to be gas -expansion type reservoirs, 
as the reservoir pressur..e has declined in a regular manner as gas production con­
tlnued. 

CITED REFERENCES 

Fidlar, M. M., 1949, Clay Basin Gas field, Daqqett County, Utah: 011 and Gas Possibilities of Utah, Utah Geol. 
and Mineralog. Survey, publisher. 
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Paper 18 

INTRODUCTION 

NORTHERN UTAHl 
by Lyle A. Hale 

The subject area (Figure 54), consisting of Daggett, Summit, Morgan, and Rich 
Counties and the mountainous portions of Cache, Weber, Davis, and Salt Lake 
Counties, is famous for its wealth of critical geologic data that is ideally exposed 
for examination by the geologist. The central part of the region has been aptly 
termed the "transitional" area. In this area two major north-south trending struc­
tural elements, the Idaho-Wyoming thrust belt and the Wasatch Mountains, merge 
with the east-west trending Uinta Mountain arch. These uplifted areas are com­
posed of, or flanked by, several thousands of feet of sedimentary strata that 
reveal a transition from miogeosynclinal sedimentation to shelf-type deposits. 
For details of the areal geology, the reader is referred to the ~9rtheast Quarter 
of the Geologic Map of Utah, compiled by W. L. Stokes, 1961~ 

The region is bounded on the west by the Basin and Range province, on the north­
east by the Wyoming extension of the overthrust belt and adjacent Green River 
Basin, and on the south by the Uinta Basin and the southern Wasatch Range. To 
the petroleum geologist this region of Utah is unique in that, with the single 
exception of the Clay Basin gas field, more hydrocarbons are being injected into 
than are being extracted from underlying strata. 

MAJOR STRUCTURAL ELEMENTS 

Uinta Mountain Arch 

The east-west aligned Uinta Mountain arch is a unique and anomalous segment of 
the dominantly north-south trending Rocky Mountain chain. The axis of the arch 
extends east to west across Daggett County, then curves and plunges southeasterly 
as it passes into Colorado. Approximately 35,000 feet of strata, ranging from 
Precambrian quartzites and phyllites in the mountainous core to Late Cretaceous 
on the outer flanks, are involved in the uplifted area. The 'arch is strongly 
asymmetric. Dips on the north flank exceed thirty degrees and in areas of thrust 
faulting are vertical to strongly overturned; whereas, on the south flank, dips 
into the Uinta Basin range between fifteen and twenty degrees. The northward 
asymmetry and axial convexity of the arch are the result of strong compressive 
forces acting from the south. Eardley (1961) postulates vertical uplift with sub­
sequent gravity flow northward over the adjacent Green River Basin. Ritzma (1959) 
dates the major growth period of the Uinta arch.as occurring between late Paleocene 
and early Eocene. Later folding with subsequent normal or relax faulting occurred 
at the close of Tertiary Miocene. Two thrust faults on the north flank, the Henry"s 
Fork and Uinta, are planes alohgwhich some 30,000 feet of vertical, uplift occurred. 
The magnitude of horizontal movement or thrust over the adjacent Green River Basin 
is unknown. 

1. The writer is grateful to the management of Mountain Fuel Supply Company for 
permission to publish this report. -
2. Staff Geologist, Mountain Fuel Supply Company, Salt Lake City, Utah. 
3. Available through the Utah Geological and Mineralogical Survey. 
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Even though the Uinta arch is an anticlinal fold of considerable magnitude, it is 
considered a negative area to the petroleum geologist due to -the extensive erosion 
which has exposed crystalline rocks of its Precambrian core. 

Wasatch Mountains 

The salient feature of the Wasatch Range is the Northern Utah Highland, described 
by Eardley (1939, p. 1286). This featureis an ancient positive element, the core 
of which is composed of sharply folded and distorted metamorphic rocks of Precam­
brian age . It extends northward from Salt Lake City to near Brigham City and east­
west between Morgan Valley and Bird Island in the Great Salt Lake. Numerous 
open anticlines and synclines have been mapped north and south of the Highland 
in flanking Paleozoic and Triassic rocks in the Wasatch Range. These folds, 
most notably the Strawberry Valley anticline of the Bear River range, were devel­
oped during the Laramide orogeny. Subsequently, the folded strata were elevated 
by faulting into the mountainous blocks that make up the Wasatch Range. Perched 
anticlines of this type are considered unlikely prospects for the entrapment of 
oil or gas. 

Idaho- Wyoming Overthrust Belt 

A third major structural element, which occupies most of Rich County, is a part 
of the southern extension of the Idaho-Wyoming overthrust belt. Richardson (1941) 
shows the extension of two major thrust faults into north-northeastern Utah. The 
Bannock thrust, well known from Mansfield's (1927) studies, enters the state 
along the west shore of Bear Lake. Generally unexposed in the map area, the 
Bannock thrust can be observed as far south as southern Rich County, where ero­
sion has cut "windows" through the unconformably overlapping Wasatch formation. 
The maximum southern limits of the Bannock thrust cannot be ascertained from sur­
face studies; however, judging from the relative structural position of the strata 
comprising the central Wasatch Range and those in foothill areas around Coal­
ville, it appears likely that the Bannock thrust may be genetically related to the 
Charleston thrust and others described by Baker (1959, p. 153) in the Heber 
Valley area. The Bannock and Charleston thrust faults are the planes along which 
the main Wasatch Mountain masses have moved upward to their present high 
structural position. The magnitude of eastward thrust along the faults is not 
presently known. 

A second major thrust enters Utah east of Randolph, skirts the east margin of 
Crawford Mountain, and is the plane along which the Paleozoic rocks have been 
thrust upward and complexly folded. The Crawford Mountain thrust, like the 
Bannock, is a southern extension of the Idaho-Wyoming thrust belt. This thrust 
is obscured by Tertiary and recent alluvial cover, but strikes toward and may 
be related to the thrust faulting in the Coalville area described below. 

As mentioned above, most of the area lying east of the Wasatch Mountains, 
principally Rich County and eastern Morgan County, is covered by Tertiary strata 
(Knight, Fowkes, and others). Since the principal episodes of deformation 
antedate deposition of the Tertiary strata, the age and structure of the underlying 
formations cannot be ascertained from surface study. It is evident, however, 
that compressional stresses generated by the eastward movement along the Ban­
nock Thrust have developed linear north-south trending folds east of the mobile 
thrust block. Two such folds, visible through Tertiary cover, are indicated on 
Figure 54. One is located north of Laketown on the east side of Bear Lake and 
the other southwest of Randolph. Undoubtedly, others are present beneath the 
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Tertiary cover elsewhere in Rich County. Determination of such subsurface struc­
ture through seismic or magnetometer surveys could lead to the delineation of 
significant oil and gas traps. 

Green River Basin 

The extreme southern limits of the Green River basin of Wyoming extend into 
northern Summit and Daggett Counties. Three important folds, genetically related 
to the growth of the Uinta Mountain arch, are classified as belonging to the Green 
River Basin. These folds are, from east to west, the Clay Basin, Spring Creek, 
and Linwood anticlines. 

Clay Basin Anticline; The Clay Basin anticline is a doubly -plunging anticline with 
400 plus feet of closure. The axial trend of west-northwest is developed parallel 
to the Uinta thrust, Details on the geology and production history of this field are 
presented by M. M. Fidlar elsewhere in this publication. 

Spring Creek Anticline: This fold is a minor northwest-plunging anticlinal nose 
expressed in Mesozoic strata. The fold closes against, and presumably passes 
beneath, the hanging wall of the Uinta thrust. Oldest rocks on the axis are Nugget 
sandstone in fault contact with Precambrian. Two oil and gas tests have been 
drilled on the Spring Creek fold in recent years . The initial test, drilled by the 
Ohio Oil Company in 1956, spudded in lower Mancos shale and bottomed in Weber 
sandstone of Pennsylvanian age at a depth of 3,277 feet. Cores of the Weber 
contained shows of dead oil and were water saturated. Other sands were also 
barren of oil or gas. In December, 1960, Pacific Natura 1 Gas Exploration Com­
pany completed a second well that reached a depth of 5,495 feet in rocks of 
Triassic age. Large volumes of fresh water were recovered from all sands tested. 

Linwood Anticline: This feature is a northwest-plunging anticlinal nose developed 
en echelon to the Spring Creek nose. The fold involves rocks ranging in age from 
Pennsyl vanian-Weber sandstone to Mesaverde of Late Cretaceous age. It terminates 
down plunge at the Henrys Fork thrust and closes up dip against a large normal 
fault. In December, 1961, the E.L.K. Oil C ompany drilled a stratigraphic test 
on the Linwood fold in Sec. 20 , T-3-N, R-20-E. The well reached a total depth 
of 2,000 feet, but no other data has been released. 

Carson Peak Area: This area, located in the northeast corner of Daggett County, 
was drilled by Carter (Humble) Oil Company in 1954. The well spudded in 
Tertiary Green River formation and, according to published well information, 
bottomed in Mesaverde formation of Late Cretaceous age at a depth of 11,200 
feet. Based on the character of sediments at total depth, the writer believes 
the well may have bottomed in rocks of early Tertiary age. This opinion is based 
on the lithology of the rocks penetrated and in part on the observation that the 
deeper parts of the Green River Basin which received Tertiary deposits are adja­
cent to the steeper flanks of the enclosing mountain ranges. The exploratory 
methods involved in the selection of this prospect are unknown to the writer. It 
was probably based on seismic data. 

Widdop Peak Area: This area, located in the extreme northeast corner of Summit 
County , was drilled in 1954, by Rheem Manufacturing Company. The well reached 
a depth of 6,495 feet in the Tertiary Fort Union formation. No oil or gas shows 
were reported. The prospect was based on seismic surveying which delineated an 
east-west fold north of and parallel to the Henry's Fork fault. 
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COALVILLE ANTICLINE 

Introduction 

Because of its obvious structural configuration and proximity to pipelines and 
market area, the Coalville anticline has been a frequent target for exploratory 
drilling. Since 1921, six tests have been drilled on various structural seg­
ments of the anticline. However, minor oil and gas shows were encountered only 
in wells drilled on he apex of the anticline in Sec. 6, T-2-N, R-6-E. As early 
as 1954, Mountain Fuel Supply Company considered the suitability of the struc­
ture as a gas storage prospect, and a preliminary geologic structural study was 
made. Gas storage is needed to assist in satisfying the seasonal fluctuations of 
market demands in the Salt Lake Valley. 

The initial phase of this program consisted of structural and stratigraphic studies 
of the prospect by Mountain Fuel Supply Company personnel. A summary of this 
work completed in December, 1959, follows = 

Stratigraphy 

The stratigraphy of the Coalville area has been described by several writers 
dating back to Stanton (1893) and Wegemann (1915). The most recent published 
description (Hale, 1960) presented significant revisions, particularly of the 
Frontier formation. To present the same here would be needless repetition; there­
fore, a general summary of the stratigraphic section is given below. This is fol­
lowed by a more detailed description of the rocks involved in the gas storage pro­
gram. 

F t ee 

EOCENE Knight formation - -redbeds, conglomerate, sands tone, claystone 2000 

--Unconformity--

UPPER CRETACEOUS (?) Echo canyon conglomerate--conglomerate, maSSive, nonmarine 3000 

UPPER CRETACEOUS Henefer formation--sandstone, claystone, carbonaceous at base, nonmarine 2450-2500 

Upton sandstone member--regressive marine sandstone (early Niotrara) 450 
Judd shale member--marine shale tongue of the Hilliard (early Niobrara 350(W)-760(E) 
Grass Creek member--mixed marine and nonmarine sandstone and shale 875(E)-1025(W) 
Dry Hollow member*--basal conglomerate, middle nonmarine sandstone 1000-1220 

and shale and conglomerate, IXy Hollow coal zone and upper white (varies locally) 
8 sandstone hogback (early Niotrara). 
';:l 

UPPER CRETACEOUS ~ --Unconform1ty--
~ (Hiatus spans middle and late Carlile) 

~ 
';:l Oyster Ridge member--basal regressive marine "Oyster Ridge" sand- 200-280 c:: 

stone; upper part nonmarine shale and sandstone (early Carlile) (varies locally) 0 
I'i: Allan Hollow shale member--marine shale (early Carlile) 780 

Coalville member-.!Wasatch" coal overlying and underlying marine 
sandstone (late Greenhorn) 175 (E) -223 (W) 

Chalk Creek member--nonmarine redbed facies; pink to red clay-
stone, coarse sandstone and conglomeratic sandstone (possibly 3150 
Belle Fourche to late Greenhorn) 

LOWER CRETACEOUS (?) Spring Canyon member*--carbonaceous shale, sandstone and thin 
coals (possibly Mowry or Belle Fourche) 

350 

Longwall sandstone member--regressive marine sandstone 
70(W)-100(E) (possibly Mowry age) 

LOWER CRETACEOUS ~pen (?) shale--dark gray shale and tan sandstone with interbedded 
Ught gray shale containing Teleost fish scales 210 

iKBlvin formation--nonmarine redbeds: shale and sandstone, lenses of 
conglomerate 2500 . 

Member names not cleared by U. S. Geological Survey Geologic Names Committee. 
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On the accompanying map (Figure 55) only the areal distribution of the Kelvin 
formation and of the basal members of the Frontier formation is indicated. Those 
members of the Frontier lying above the Oyster Ridge sandstone are shown as Fron­
tier "undivided" , which roughly corres ponds to the Wanship of Williams and Madsen 
(1959). The mapping project did not include younger formations. Key mapping 
horizons used in the structural survey were the "Wasatch" coal and associated 
sandstones, the Oyster Ridge sandstone, and the Longwall sandstone. 

Kelvin formation: The nam'e Kelvin formation was first used in publication by 
Eardley (1944) in the Peoa-Wanship area southeast of Coalville. It includes a 
lower sequence of conglomerates and shales up to 350 feet thick and an upper 
variegated shale and sandstone sequence 2,000 feet or more in thickness. About 
4,200 feet of variegated shales and coarse-grained to conglomeratic sandstones 
were penetrated by the Ohio Oil Company deep test inSec. 9, T-2-N, R-5-E. This 
section, encountered between 2,650 and 6,840 feet, is nearly twice the average 
normal thickness. Wells later drilled on the structural crest have penetrated 
about 2,300 feet of Kelvin above a thrust fault. Adding this to the estimated 
850 feet of exposed section above the wells gives a thickness of 3,150 plus feet. 
The Kelvin is considered of Early Cretaceous age and equivalent to the Bear River 
and Beckwith, or Gannett formations, in Wyoming. 

A water-bearing sandstone encountered ata depth of about 1,768 feet in Mountain 
Fuel Supply Company's Government Well No.1 is currently being used as a gas 
storage reservoir. An upper sand drilled between 1,360 feet and 1,500 feet is 
being used as an observation sand. 

Structure 

The structural pattern of the Coalville anticline has evolved from two principal 
orogenies. The initial movements of the Laramide orogeny began in early Mon­
tanan and culminated at the close of Late Cretaceous with uplift and complex 
thrust faulting. With the waning of compressional stresses, the structural con­
figuration was further complicated by north-trending normal faults. There ensued 
a period of extensive erosion which breached the Coalville anticlinal area and 
produced a rather extensive drainage pattern. 

Further uplifting of a western mountain mass and increased rate of sedimentation 
buried the early Tertiary drainage system with coarse conglomerates of Eocene 
Knight formation. A subsequent orogeny of probable Miocene age further accen­
tuated the structure of the area. A more detailed review of the geologic history 
of the general area is outlined by Eardley (1959 and earlier). 

The Coalville anticline is an elongate, asymmetrical, doubly-plunging anticline 
with an axial trend of about North 15 East across Townships 2 and 3 North, Ranges 
5 and 6 East in Summit County (Figure 55). Dips on the west limb average about 
20 degrees. The structure rises to the east from Coalville and culminates in a 
sharp reversal in Sec. 6, T-2-N, R-6-E. The east flank is overturned and broken 
by west-dipping thrust faults into a complex imbricate structure. Structural con­
figuration of the south plunge is largely obscured by unconformably overlapping 
rocks of the Knight formation. The west flank is modified by two large normal 
faults. These faults, named the "Great" Fault (after Wegemann, 1915) and the 
Spring Hollow fault, have together formed a deep graben two miles in width. A 
small area of apparent closure developed west of the graben was drilled by Moun­
tain Fuel Supply Company in 1938 to a depth of 5,538 feet. Ohio Oil Company 
deepened the well to 11,434 feet in 1959 without findiqg oil or gas. 
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Following an anlysis of geological data, Mountain Fuel Supply Company began 
experimental work on the crest of the Coalville anticli'ne late in 1960 to test the 
feasibility of using the structure as an underground gas storage area. 

Initially, Mountain Fuel Supply Company drilled its Government No. 1 (G-l on 
Figure 55) to a total depth of 2,349 feet. The Chalk Creek thrust was encountered 
at 2,299 feet and the well penetrated 50 feet of west-dipping (possibly overturned) 
Frontier formation. After an analysi s of all well data, a sand between 1,783 and 
1,870 feet was selected as the gas storage reservoir and the well was completed 
for gas injection. The abandoned Ohio 011 Company Government No. 1 and Texota 
Oil Company Federal "L"Well No.1 were re-enteredandcompletedin the storage 
sand as gas injection and/or withdrawal wells. Government No.2 (G-2) and 
Government No.3 (G-3) wells were completed as observation wells to check possi­
ble vertical migration of gas from the underlying storage sand. 

Upon completion of the five wells, surface facilities for the injection and with­
drawal of gas were installed. The facilities consist of a six-inch spur line from 
the main -transmission line, a 550-horsepower compressor, and a four-inch high 
pressure line connecting the compressor to Government Well No.1 (G-l). A de­
hydration unit with a capacity of 6,000 Mcf gas per day at a pressure of 1,000 
psig was installed downstream from Government Well No. 1 (G-l). Testing 
operations began on November 23, 1960, with the injection of about 4,000 Mcf 
gas per day into the storage sand. As injection continued, it became apparent 
there was no escape route for the water trapped in the storage sand. As a means 
of increasing the storage capacity of the sand, Government Well No.4 (W-4) 
was drilled down structure as a water withdrawal well. Aft er a period of simul -
taneous gas injection and water withdrawal, water was finally displaced by gas 
down structure to the level of the No.4 well. 

As of February 26, 1962, the stored inventory of gas reached 495,000,000 cubic 
feet. Withdrawals during the winter of 1961-1962 during period of cold weather 
reached a maximum of 30,000 Mcf gas per day to help meet the peak demands 
for natural gas in the market area. Each withdrawal is followed by gas injection 
during periods of warmer weather. 

The Coalville gas storage program is rather unique in that the geology is unusually 
complex for a s torage prospe ct , and the struct ure was not conclusively proven as 
an effective trap for accumulation of indigenous hydrocarbons. Although the 
proven an d pote ntial s t orage is not as large as desired, the project , neverthele s s, 
has proved beneficial in meeting the fluctuating demands for natural gas in the Utah 
areas served by Mountain Fuel Supply Company. 
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Paper 19 STRATIGRAPHY AND OIL 
POSSIBILITIES OF THE GREEN 
RIVER FORMATION IN THE 
UINTA BASIN, UTAH 
by Livingstone Porter, Jr. I 

DEPOSITIONAL HISTORY 

The Uinta Basin (Figure 56) first appeared in Paleocene time as a depression 
between the Uinta Mountains and the San Rafael and Uncompahgre highlands. 
Lake Uinta began as a relatively small lake surrounded by broad floodplains of 
low relief. During this early stage the Wasatch formation was deposited. Thick 
deposits of fluvial sands, silts, and mud accumulated on the floodplains, and 
lacustrine limestones and shales were deposited in the axial lake. 

The beginning of Green River formation deposition was marked by the relatively 
rapid growth of Lake Uinta to its maximum size. The lake extended far beyond 
the present boundaries of the Uinta Ba sin, covering the Piceance Ba sin to the 
east, and probably was continuous with Goshute Lake on the north side of the 
Uinta Mountains in southwestern Wyoming. The lake may have covered a large 
part of western Utah, but erosion has removed critical deposits which held the 
key to the relationship of contemporaneous lacustrine sediments in this area to 
those of Lake Uinta. The balance of this discussion will concern only the por­
tion of Lake Uinta and its sediments which fall within the present Uinta Basin . 
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Figure 56. Index map to Uinta Basin. 

1. Senior Evaluations Geologist, California Oil Company, Denver, Colorado. 
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During the remaining Green River deposition Lake Uinta underwent many changes 
in extent, but generally decreased in size as time went on. It finally became a 
closed basin in which the Uinta formation was deposited, and the deposition of 
the fluvial Duchesne River formation marked the end of the lacustrine depositional 
environment in this area. 

STRUCTURAL HISTORY 

The Uinta Basin is at present an asymmetric basin (Figure 57), with a very gently 
dipping south flank and a more steeply dipping north flank. This condition 
apparently existed throughout Green River deposition. The dominant tectonic 
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Figure 57. Structural features of the Uinta Basin. 

activity throughout the life of Lake Uinta was a steady axial subsidence combined 
with a relative uplift of the Uinta Mountains on the north. There were several 
positive areas within the basin which subsided less rapidly than their surroundings, 
and had some influence on facies distribution within the Green River formation. 
Among the most important of these was the Bluebell Arch. The depositional axis 
of the basin centered along the present course of the Strawberry and Duchesne 
Rivers in the western and central parts of the basin, and more or less along the 
present White River to the east. The structural axis lay some miles to the north, 
but was masked by the rapid influx of sediment from the Uinta Mountains, which 
were closer to the basin and relatively higher than the source areas to the south. 
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Following Green River deposition the Douglas Creek arch was rejuvenated, the 
Uinta Mountains continued to rise, and the entire basin underwent a slight north­
ward tilt, so that the present structural axis lies as much as twenty miles north 
of the indicated depositional axis. Minor crumpling, probably due to compres­
sional forces related to continued folding of the basin, produced a number of 
subtle noses, such as the Red Wash-Roosevelt trend in the northeastern part of 
the basin and several noses plunging northwesterly off the Douglas Creek arch. 
The Uncompahgre uplift apparently did not subside as much as the axial and 
northern parts of the basin, leading to the development of the Jack Canyon and 
Hill Creek anticlines as drape folds on the south flank of the basin. 

Tensional forces, perhaps related to regional uplift, are evidenced by a well 
developed northwesterly-trending fracture pattern throughout the basin. The many 
gilsonite veins in the basin occur as fillings in these fractures. Tensional faults 
of up to several hundred feet displacement appear at the surface, most notably 
along the Duchesne fault zone, just south of the town of Duchesne, and paral­
leling the Jack Canyon anticline. Subsurface information also indicates high 
angle reverse faultin;J along the north flank of the basin north of Roosevelt. 

GREEN RIVER FACIES DEFINITIONS 

The various facies of the Green River formation intertongue and grade into one 
another so that a sharp definition is not always practical. However, the follow­
ing major types of depositional facies will include practically all the Green River 
sediments occurring in the Uinta Basin: 

The fluvial facies consists of lenticular conglomerates and sandstone and vari­
colored siltstones and shales. Piedmont fans along the northern margin of the 
basin are included in the fluvial facies. The presence of some lacustrine sedi­
ments distinguishes the marginal lacustrine delta facies from the above fluvial 
facies. This facies contains conglomerates, conglomeratic sandstones, silt­
stones, and shales. The nearshore lacustrine sandstone facies consists of 
locally conglomeratic delta, beach, bar, and spit sandstones; algal and oolitic 
limestones, and light colored siltstones and shales. The offshore lacustrine 
facies is similar to the above, but also contains some marl and oil shale. The 
axial lacustrine facies consists of oil shales, marls, dense, fine-grained, muddy 
limestones, and dark colored shales, and contains no coarse clastics. Finally, 
the mud flat-deltaic facies is composed of gray-green shales, siltstones, and 
thin sandstones, interbedded with thick, lenticular, cross -bedded channel sand­
stones and shallow water oolitic and algal limestones. 

FACIES DISTRIBUTION AND OIL OCCURRENCE 

The following discussion of facies distribution does not ne cessarily hold true 
for anyone horizon within the Green River formation, but rather considers the 
areas in which each facies is predominant (Figure 58). 

Rocks deposited in the fluvial environment ar e only partially re pre sented along 
the north flank of the Uinta Basin. Post-depositional uplift and erosion have 
removed many of these basin margin deposits, and overlap by younger Tertiary 
deposits makes their mapping difficult. Although abundant oil shows have be en 
found in the sands tones and conglomerates of this facies both in we lls and a t 
surface outcrops, the individual lenses of reservoir rock are of r e stricted lateral 
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extent, and to date have not offered encouragement as exploratory objec tives. 
The sediments of the fluvial facies grade into those of the marginal lacustrine 
delta facies along the shoreline of Lake Uinta . 

The conglomeratic deposits of the marginal lacustrine delta facies acc umulated 
where the swift streams coming off the Uinta Mountains emptied into the lake , 
and the water could not transport the pebbles and cobbles any farther. The gravel 
benches found along the Wasatch front at the mouths of present day canyons re­
present similar deposits of Lake Bonneville . Oil production was obtained from 
conglomerates and sandstones of this facies at the Starr Flat field , but proved 
subcommercial due to limited reservoir extent . This facies grades rapidly into 
the nearshore lacustrine sands tone facies . 
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Figure 58. Green River formation facies distribution. 

The nearshore lacustrine sandstone facies includes sandstones of delta , beach , 
bar, and spit type, which are most favorable environments for development of 
reservoir sandstones. The Red Wash field, so far the major oil field in the basin , 
produces from beach and delta sands of this facies. The accumulation is essen­
tially stratigraphic , localized on a westward -plunging structural nose . The facies 
extends westward from Red Wash and is believed to occur in a continuous band of 
varying width all along the north flank of the Uinta Basin . Because the present 
location of the Uinta Basin synclinal axis is far to the north of the: depositional 
axis, the nearshore lacustrine sandstone facies grades into the much shalieroff­
shore and axial facies in a southerly up-dip direction along practically the entire 
north side of the basin. 
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The offshore lacustrine facies is a transitional deposit between the nearshore 
sandstone facies and axial lacustrine beds. This facies occurs in a band from 
two to ten miles wide along the entire length of the Uinta Basin. Sandstones of 
this facies are generally thin, fine-grained, and silty. They are, however, 
capable of hydrocarbon production, as evidenced by gas production in the Red 
Wash field and fractured sandstone oil production at the Roosevelt field. 

The axial lacustrine facies occurs in the depositional axis of the Uinta Lake 
basin. It forms an east-west trending band which crosses the Douglas Creek 
arch from the east and extends entirely across the Uinta Basin to the present 
outcrop edge on the west in a zone varying between 8 and 20 miles wide. Frac­
ture production has been obtained from shales of this facies in the Roosevelt 
field, and also from several wells near Duchesne. Oil shales of this facies 
contain tremendous amounts of oil. The axial lacustrine facies interfingers 
southward into the mud-flat deltaic facies. 

The mud flat-deltaic facies occurs along the southern margin of the basin and 
represents an area of low relief and very gentle slope, where material derived 
from the San Rafael and Uncompahgre highlands to the south accumulated in 
shallow water. Oil has been found in this facies in the outcrop near Sunnyside, 
at Chokecherry Canyon and most recently at Mountain Fuel Supply Co. Wells 
Draw Unit No.1. Oil shows have been noted in a number of wells in this facies, 
and the saturated sands outcropping near Sunnyside were once a major oil field. 
The Jack Canyon accumulation in upper Wasatch sands of a similar facies is 
structurally controlled, and the other known accumulations in this facies 
apparently are trapped by up dip pinchouts of the particular sand involved. 

OIL POSSIBILITIES OF THE GREEN RIVER FORMATION 

The oil shales of the Green River formation indicate the presence of a remark­
able source of hydrocarbons, and shows or production have been found in rocks 
of every facies of the Gree;'l River formation. It therefore seems almost incon­
ceivable that the one major oil field discovered to date will turn out to be the 
only important commercial Green River accumulation in the Uinta Basin. Let us 
then review the types of accumulations which may occur in the different parts of 
the basin. 

In the southern part of the basin, where the mud flat-deltaic facies is predom­
inant, oil will probably be found in isolated sand lenses which are not open up­
dip. Any local variations in the regional depositional trends which might have 
caused the deposition of a number of such sands over a period of Green River 
time in one area could cause a concentration of such individual accumulations 
into a commercially attractive oil field. Any purely structural traps, such as 
folds, or faults which could interrupt updip migration, could localize accumu­
lations in a number of different sand bodies. 

The central part of the basin appears to have potential in fractured shale and 
sandstone production. Results to date have not been encouraging because of 
high drilling costs and rapid production declines; however, this has been the 
history in many areas of fracture production where, nevertheless, several fields 
with good profitable production have been found. 

The northern part of the basin appears to offer an attractive potential for the 
occurrence of oil accumulations. Onlap and truncation of Green River sandstones 
of the marginal lacustrine delta facies are known to occur north of the Uinta 
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Basin syncline, providing stratigraphic trap possibilities. Faulting and struc­
tural nosing may concentrate stratigraphic accumulations in local areas. 

South of the syncline the updip gradation of nearshore lacustrine sandstones 
toward the axial shale facies offers classic stratigraphic accumulation conditions. 
Localization of oil accumulations may be accomplished by variations of the limits 
of sandstone deposition from the general east-west trend. 

DRILLING ACTIVITY 

Only about 50 significant wildcat wells have been drilled in the one hundred­
odd townships west of the Green River. Some of these wells are grouped fairly 
close together, and one can count about 60 townships in this area which contain 
no Significant wells. In the smaller area east of the Green River drilling has been 
considerably denser. However, one township adjacent to the Red Wash field 
has only one Green River test, and another only two, indicating that even here 
there is room for more cil to be found. 

SUMMARY 

In summary, it appears that oil accumulations in the Green River formation will 
be found in stratigraphic traps, dependent to some extent on local structural and 
depositional variations from the regional trends. Finding such accumulations 
will not be easy, because of the scattered geologic control available. On the 
other hand, the very presence of large untested areas in a proven oil province 
provides a challenge to imaginative geologists. 
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Paper 20 ECONOMIC ASPECTS OF 
UINTA BASIN GAS 
DEVELOPMENTl 
by L. W. Folsom2 

Early exploratory drilling in the Uinta Basin was largely confined to the search 
for oil. Many of the early-drilled wells had substantial amounts of gas, having 
only nuisance value because of marketing difficulties. 

Oil, even when discovered in remote areas and inaccessible to a pipeline, is 
adaptable to various other methods of transportation. The operator may suffer 
a transportation-cost penalty, but he can still be fairly certain of selling his 
product within a reasonable length of time; but the unique character of natural 
gas demands transportation by pipeline. Consequently, years of effort and an 
outlay of millions of dollars may be required before sufficient gas reserve can 
be. developed to justify a pipeline into a market area. Moreover, where inter­
state transmission is required toreach a market area, Federal Power Commission 
regulation becomes involved and operators face the risk of exploration and 
development expenditures being unproductive of a return on investment for a 
long period of time before the Commission authorizes connection of the wells-­
this without the certainty of any reliable estimate of the price the F. P. C • will 
finally approve. 

HISTORY OF DEVELOPMENT 

Minor gas production was established in the Uinta Basin in 1929-1941. In the 
search for oil during the following ten years, many excellent shows of natural 
gas were encountered in the Tertiary and Cretaceous sediments. With later 
rumors of pipeline planning, a further boost was given to the exploratory effort 
for natural gas, and the late 1950's saw unprecedented activity: 21 wildcat 
wells being drilled in 1960; 39 in 1961; and a projected 75 to 100 wildcats in 
1962. In the 62 year period of drilling history, over 500 wells have beendrilled. 
It is estimated that at least half of these have been drilled for gas and that the 
overall success ratio is 1 to 2.6. In 1961 alone, the wildcat success ratio was 
1 to 3 or 33 -1/3 per cent. Moreover, many of the wells failing in commercial 
completion, have had significant shows that have led to later discoveries. 

PIPELINE OUTLETS 

The Uinta Basin is now served by three pipeline outlets (Figure 2): The Rangely­
Salt Lake (crude oil) pipeline, the Pacific Northwest Pipeline-EI Paso Natural 
Gas line, and the Mountain Fuel Supply-El Paso Natural Gas line. The second 
line is available to only a small northeast segment of the basin. The Mountain 
Fuel-El Paso line furnishes the first accessible major outlet to market for Uinta 
Basin natural gas. 

1. Condensed from a paper presented before the Intermountain Assoc. Petroleum 
Geologists, Salt Lake City, Utah, April 16, 1962, and the Rocky Mountain 
Section of the American Association of Petroleum Geologists, Salt Lake City, 
Utah, April 24, 1962. Published through the courtesy of Mountain Fuel Supply 
Company. 
2. Manager, Exploration Division, Mountain Fuel Supply Company. 
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GEOLOGICAL CONSIDERATIONS 

General 

The geology of the area has been comprehensively covered by collective authors 
in this volume, recent fi e ld conference guidebooks (particularly Intermountain 
Assoc. Petroleum GeOlogists Guidebooks for 1956 and 1957), and other references 
which are prolific. 

Stratigraphy 

Minor gas production occurs from the Cretaceous Mesaverde and Dakota forma­
tions and from the Eocene Uinta formation. Associat ed gas is produced from 
the Green River-Wasatch transition zone in the Red Wash-Walker Hollow oil 
field. The main production, however, is from stratigraphic traps in the fluvia':" 
tile, red bed sequence, generally considered as the Wasatch formation, here 
termed LOWER TERTIARY UNDIVIDED (Figures 59 and 60). This part of the section 
is here referred to as a fluviatile s equence rather than a shallow-lake (bar , patch, 
and barrier) deposit as proposed by Hendel (1960), whose sound geologic reasoning 
strongly supports his ideas. Figure 61 shows the over-all relationship of the 
Lower Tertiary to the formations of late Cretaceous and early Tertiary age. 
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Two productive zones occur within the "Wasatch" portion of the undivided lower 
Tertiary in the basin. The upper of these is commonly referred to as the Chapita 
sandstone or member, and the lower is herein referred to as the Uteland Butte 
member (Figures 59 and 60). 

The Chap ita member, named for its occurrence in wells drilled in the vicinity of 
the Chapita Wells field, is a zone of about 400 to 500 feet composed of lenti­
cular sands interbedded with shales. The top of this zone occurs at about 500 
feet below the top of the Wasatch--that is below the basal Green River tongue. 
Fields from which the main gas production is from this zone include Chapita 
Wells, Ute Trail, Uintah, Island, Southman Canyon, and Rock House (Figure 1) . 

The Uteland Butte member occurs in the lower part of the undivided lower Ter­
tiary. This member, like the Chapita member, is 400-500 feet thick and com­
posed of lenticular sands interbedded with shales. The Ute land Butte field's 
gas production, the Sinclair Oil and Gas Company's recently completed oil well 
in the west Sweetwater Creek area, and the Rainbow Unit (Shamrock's Unit No. 
4) are producing from this zone. 

Fossil evidence published by Swain (1956) and La Rocque (1960) shows that the 
"Wasatch" of the basin is the time equivalent of the basal Green River, the 
Colton, and the Flagstaff to the southwest of the basin. Abbot (1957) correlates 
the lower Wasatch as a time equivalent of part of the North Horn formation to 
the west and possibly of the Tuscher formation to the southeast. Thus I as 
indicated on the generalized stratigraphic section (Figure 61), the Chapita member 
may be a shoreward facies of part of the Flagstaff, and the Ute land Butte member 
is possibly a time equivalent of part of the North Horn and the Tuscher forma­
tions to the northwest and southeast, respectively, and conceivably might be 
in part of late Cretaceous age. Hale (personal communication) supports this 
interpretation. 

Stratigraphic and Geographic Distribution of Hydrocarbons 

The Wasatch formation is the most economically important gas producing zone 
in the east-central portion of the basin. The possibility of oil or natural gas 
ocuurrence in horizons other than the Wasatch decidedly lowers the risk factor 
of any exploratory drilling. These objectives include the Tertiary Uinta, Green 
River, and the Cretaceous Tuscher and Mesaverde formations. Marginal to the 
basin, the Cretaceous Mancos (Emery), Dakota, and Cedar Mountain formations 
are important gas -bearing horizons as are the Jurassic Morrison and Entrada and 
the Permo-Pennsylvanian Phosphoria and Weber. 

Uinta formation wells have produced some gas at the Bend field, Red Wash­
Walker Hollow field, and at Chapita Wells. These wells are relatively shallow, 
but pressures and volumes appear low and the reserve is not great. 

The Green River formation has produced both gas and oil but is more important 
as an oil-producing formation. The Roosevelt and Gusher fields produce oil 
from the Green River formation. The Red Wash-Walker Hollow field also produces 
considerable associated gas from sandstone lenses in the lower Green River 
formation, actually the transition zone of the Green River-Wasatch formations. 
Nonassociated gas is produced in the Red Wash-Walker Hollow field from the 
same part of the stratigraphic section, mainly at the east end of the field. The 
transition zone is productive in the Peters Point-Jack Canyon field as well. 
The Recent oil discovery in the Wells Draw Unit by Mountain Fuel Supply Com­
pany is in this same general transition zone. 
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The Mesaverde formation has shown some oil production at Chapita Wells and 
Southman Canyon fields. The Castlegate sandstone member has shown some 
gas occurrences in areas marginal 'to the basin. The Mesaverde formation is 
one of the most promiSing potentially productive formations and should contain 
a sizeable reserve that remains to be tapped. 
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Figure 60. 

ECONOMIC CONSIDERATIONS 

At the outset of any economic discussion on the Uinta Basin, it should be pointed 
out that production into pipeline is still too new and, hence, data on depletion, 
pressure decline, water encroachment, and other variables is inadequate to 
make any reliable, long range projections as to life of production and ultimate 
reserves. It is necessary, therefore, to place somewhat arbitrary limits on 
economic factors of gas development. These limits make estimation of reserves 
difficult and, consequently, there is a wide variance in estimates and a dis­
tinct chance for inherent and unintentional error on the part of any estimator. 
It is, moreover, difficult to compare statistics with those given nationally for 
the gas industry because of unique factors influencing the economics of this 
area but generally nonexistent in other gas pruducing provinces. For one, at 
the present time there is a single reasonable market area to be served (Mountain 
Fuel Supply Company's service area) and a single pipeline purchaser for the 
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major portion of the Uinta Basin gas; therefore, perhaps competitive bidding for 
price is limited. It seems quite unlikely that this situation will change within 
the foreseeable future. It is not anticipated that the Rock Springs -Thistle por­
tion of the porposed EI Paso-Colorado Interstate, California system line will be 
accessible to the basin nor increase the outlet for gas from this area. However, 
the intrastate nature of the Uinta Basin Pipeline outlet avoids F. P. C. regulation 
and some of the obvious disadvantages of this type of control. Moreover, should 
a surplus reserve be developed in the future, there is a distinct possibility of 
other pipeline outlets. 

Market 

Customer growth rate as indicated by population increase is the usual basis for 
analysis for future market demands for energy supplies. Between 1955 and 1960, 
the population in Mountain Fuel Supply Company's service area increased by 
128,000 (from 560,000 in 1955to 688,000 in 1960). The population of the state 
of Utah during the same period increased by 103,627. There was actually a popu­
lation shift, therefore, into the market area. The percentage increase of the 
market area population compared to the state population increased Jrom 71.1 
per cent to 76.9 per cent. The number of firm load customers served, that is 
the new customer connections made, increased by nearly 50,000 (49,653), an 
average of about 10,000 each year. In the last year (1961), 9086 new customers 
were added to Mountain Fuel's distribution system. 

Based on total annual gas requirements in the service area since 1955, a fore­
cast can be made as to the total requirements by 1966. This is tabulated below: 

Historical 

1955 - 58,955 
1956 - 66,421 
1957 -67,807 
1958 - 64,474 
1959 - 65,398 
1960 -81,076 

ANNUAL GAS REQUIREMENTS 
M2cf @ 12.85 Psia 

Forecast 

1961 - 90,119 
1962 - 96,944 
1963 - 104,719 
1964 - 112,179 
1965 - 117,202 
1966 - 122,983 

This increase in over-all demand reflects the total of firm requirements plus 
indsutrial fuel requirements. It also reflects a fairly steady proportional rela­
tionship between population growth and the need for industrial fuel. Actually, 
there is a slight progressive increase in the proportion of industrialfuel require­
mentsto over-allrequirements. The increase is the result of influencing factors, 
such as technological advances, centralization of industry, loss of competitive 
position by coal, convenience, andmanyothers. As population increases and is 
followed by greater centralization of industry, it is anticipated that this pro­
portion of industrial demand to total demand will progressively continue to 
become grea ter • 

Market area projections indicate initial requirements of 26 million cubic feet 
per day from the Uinta Basin area. By 1964, 73 million cubic feet per day will 
be required, increaSing to 100 million cubic feet by 1966. 
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Reserves 

It has been estimated that the Uinta Basin contains from 1.25 trillion (Osmond, 
personal communication) to 2 trillion cubic feet (Pruitt, 1961) of recoverable gas 
reserve. These estimates were made before any sustained production was estab­
lished and were, therefore, based only on examination of logs and drill stem 
tests. Evidence now used to make estimates is subject to change. Only a 
reasonable estimate of gas recoverable from that already discovered in place can 
be made. The reserve, thus estimated, as of December 31, 1961, is 1,080 
M3 cf (one trillion eighty billion cubic feet) . 
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Figure 61. 

The Tertiary Green River-Wasatch formation transition zone and Wasatch formation 
proper account for about 75 per cent of the estimated reserve. The Cretaceous 
Dakota and Jurassic Entrada, on the south flank of the basin where they occur 
at reasonable drilling depths, account for about 15 per cent of the total estimated 
reserve. Of this, about 5 per cent of the total reserve is low Btu gas from t he 
Entrada sandstone. The Cretaceous Mesaverde now accounts for about 6 per cent 
for the reserve in the Uinta Basin. This group has a much great er potential 
productive capacity than has been proved to date, and it is anticipated that 
important reserves in this group will be tapped in the near future. 

204 

Zo:: 
Ww 
w> 
0::-
~o:: 

I 
U 
~ 
<t: 
CJ) 

<t: 
~ 

-

wo:: 
UW 
-> 
0::-
a.. 0:: 



Field Price 

The price currently being paid in the area by Mountain Fuel Supply Company 
and Utah Natural Gas Company is 16 -1/2 cents a thousand cubic feet. Esca-
1ation of 1 cent each five years is provided so that ultimately the field price 
will reach 19 -1/2 cents a thousand cubic feet. 

Under the above terms of gas sales agreements, reserves developed under an area 
in excess of6 00,000 (about 675 ,000) acres are committed to the Uinta Basin Pipe­
line. Over twenty separate operators and/or producers in over fifteen fields 
and areas have committed their reserves to this line and now have an outlet to 
market for their reserves. 

Drilling Costs, Completion Procedures, and Deliverability 

The average depth of wells drilled in the basin to test through the productive 
Wasatch formation sands is about 6,000 feet. There is considerable variation, 
of course, from the deeper portions of the basin outward toward the flanks. 
Completed well costs in excess of $20 per foot are to be expected at these 
average depths. As exploratory drilling goes to deeper objective horizons, such 
as the Mesaverde at projected average depths of 8,000-9,000 feet, per foot 
drilling costs increase by at least one-third. An increase in drilling depths 
below the 10,000 foot range double or triple completed well costs. If increased 
gas reserves per unit of porosity and depth should be encountered, such deeper 
drilling might be economical. 

Such increase in reserve per unit of depth is generally the exception throughout 
the Rocky Mountain area, however, because of the progressive loss of effective 
porosity with depth. It would be extremely risky at this stage of drilling history 
to predict what might eventually prove to be optimum drilling depths in the Uinta 
Basin. Drilling costs have been reduced by the use of gas as the circulating 
medium, but this method is not without risk, because of the random occurrence 
of formation water. It is reasonable to expect greater use of gas drilling tech­
niques in the future with consequent reductions in per-foot drilling costs. 

Artificial stimulation of the lower Tertiary producing zones has"decidedly increased 
the potentials of numerous wells, in some cases many times over. This has 
now become nearly standard completion procedure and certainly should be a 
continuing practice. Experience seems to indicate that an oil-base frac is 
preferable to a water-base frac and that initial potential and deliverability is 
increased by the use of diesel-oil as a frac fluid. A few of the wells recently 
drilled have shown very low or no deliverabil1ty against pipeline pressure. It 
is possible that stimulation or restimulation, in some cases, might be a remedy. 

SUMMAR Y AND CONCLUSIONS 

Currently, the largest percentage of gas reserve has been developed in strati­
graphic traps in the lower Tertiary sediments. Further exploratory drilling should 
tap additional Cretaceous Mesaverde gas, and this formation is considered an 
attractive objective whose full potentialrerriains to be revealed. Deeper objec­
tives offer untested potentials around the fringes of the basin where drilling 
depths are not prohibitive. The "bonus potential" of oil and/or condensate 
in the lower Tertiary and upper Cretaceous sediments add incentive to exploratory 
drilling throughout the area. 
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Continuing improvement of drilling and completion techniques will increase 
potentials and deliverability of wells and will hold the line on costs per foot 
drilled. Completed well costs are now on the high side of the average costs 
in the Rocky Mountain area. Experience will, however, bring these costs down. 

Although it can be stated correctly that the ultimate amount of gas to be dis­
covered in any producing province is "fixed by nature", it might be added that 
the RATE of discovery depends upon the intensity of exploration activity. This, 
in turn, depends upon economic factors: a price for the product c;md an avail ­
ahllity of market. These have now been provided in the Uinta Basin and its 
future is indeed promising. 
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Paper 21 GREEN RIVER OIL SHALE 
POTENTIAL IN UTAH 
by M. Darwin Quigley· and Jack R. Price-

The Green River formation of Colorado, Utah, and Wyoming contains the greatest 
potential reserves of oil in the world. The problem has been that of finding an 
economical method of extraction. 

The first economic study of the oil shale in Utah started in 1913 (Woodruff and 
Day, 1914). Since that time sporadic attempts have been made to establish oil 
shale as an economic source of liquid fuels. Much activity took place during 
the interval from 1914 to 1920. D. E. Winchester (1923) published a compre­
hensive account of the oil shale deposits and the efforts to exploit them. Imme­
diately afterWinchester's bulletin was published, the discovery of rich petroleum 
fields in Texas, Oklahoma, and Kansas flooded the market with abundant oil and 
dampened enthusiasm for futher research on shale 011 for a generation to come. 

However, the oil shale reserves of the Uinta and Piceance Basins have been 
steadily increasing in potential economic importance, even though there is pre­
sently no large scale operation that converts the oil shale to crude 011. There 
are several reasons why the oil shale reserves are becoming more important. First 
of all, many oil companies have gone abroad to increase their reserves in crude 
oil. The profits from the sales of those reserves have to be shared with the 
foreign country wherein the reserves are developed. The growing nationalism of 
most foreign countries is such that they are demanding a greater and greater pro­
portion of the profit. The increased percentage of profits strengthens their 
economic power until they are rapidly reaching the point where they are able to 
explore and develop their own petroleum resources. Then, they no longer welcome 
U . S. companies. As a result, the U. S. companies must look more carefully at 
the potentials of our domestic resources, the largest of which is oil shale. 

Secondly, oil shale is becoming more important because of the ever-rising explor­
ation costs. The cost of finding new oil is already above the value of the oil 
found in many domestic oil provinces. Many companies are continuing to exist 
only because they are still producing oil that was found ten or more years ago at 
mUch lower costs. As that low-cost oil is gradually exhausted, the economic 
squeeze becomes more and more intense. If these companies are to perpetuate 
themsel ves, they mus t turn to a resource where the odds are much more favorable, 
even though the maximum profit margin may be somewhat smaller. The answer is 
the solid petroleum resources, such as oil shale and tar sands. 

The recent, mandatory import controls must havea stabilizing and an encouraging 
effect on the domestic oil industry. If the still-growing demand for more power 
from oil is to be satisfied, then we must increase the available supply of oil from 
domestic sources at lower-risk capital costs. Since there would be no dry holes 
in oil shale crude development, the risk capital is minimized, even though it is 
admitted that substantial amounts of risk capital must be expended in the near 
future in research and technological developments to more efficiently extract and 
refine the oil from the oil shale. 

1. Chief Geologist, English Oil Company, Salt Lake City, Utah. 
2. Formerly, Geologist, General Petroleum Corporation, assigned to special 
research on oil shale. 
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Finally, new developments in refining techniques (the possible application of 
nuclear energy to more economical mining and retorting "in situ", and the exper­
imentations and developments that are in progress in other countries) all tend to 
place the oil shale industry on the threshold of reality. The potential of the 
industry is so great that once it gets under way it could grow so rapidly as to 
be reminiscent of the growth of the search for liquid crude oil after the discovery 
of the first commercial well near Titusville, Pennsylvania, on August 27, 1859. 
Only those companies that are aware of the potential and are well acquainted with 
the latest techniques through experienced personnel of their own can expect to 
be economically successful in a phase of the industry that is so foreign and so 
mingled with problems unfamiliar to their past background. Consequently, it 
is quite timely to consider what is known of the oil shale reserves of Utah. 

OIL SHALE ENVIRONMENT 

"Oil shale" isn't really shale at all. The rock is more nearly a limestone or mud­
stone formed eons ago in quiet lakes where there was abundant plant and animal 
life in shallow water . In addition to the plant and animal remains, the calcium­
carbonate ooze was intermixed with the sand and clay brought into the lakes by 
the streams and rivers draining into them. This mixture, over a period of millions 
of years, was compressed into rocks. These rocks, known as oil shales, are 
more correctly called limestones, mudstones, or dolomites, depending on the 
relative amounts of calcite, clay, or dolomite in them. The foregoing conditions 
of sedimentation existed during the deposition of the Green River (Eocene) forma­
tion in the Uinta Basin. The shallow, lacustrine environment, uninterrupted for 
such a long period of time, made possible the accumulation of vast quantities of 
decaying organic material, commingled with the argillaceous and calcareous 
deposits of the lake. These materials were compressed into oil shale, whose 
richnes s, thicknes s, and extent are unique when compared to similar deposits 
in any other part of the world. 

The gradual subsidence of the Uinta Basin under the load of the accumulating 
organic and inorganic rock materials, without major diastrophism, made possible 
the preservation of the oil shale formed by compression and burial. The oil 
shale deposition was interrupted only by short periods of volcanism which 
spread thin tuff and ash blankets over the lake floor. Those blankets are pre­
served as analcitized tuff beds in the Green River section. They are remarkedly 
conUnuous, even though they rarely exceed a few feet in thickness. The gradual 
burial of structures in the lower Green River section and in the Wasatch without 
unconformity or disconformity is indisputable evidence of the constant and con­
tinued accumulation of organic and inorganic material, together with gradual 
subsidence. 

Following Eocene deposition of the oil shale, the accumulation of sediments in 
the Uinta Basin became mainly fluviatile in response to the greater uplift of the 
Uinta Mountains. In spite of the terrestrial origin of most of the sediments of 
the Uinta formation, lacustrine deposition continued to take place in the center 
of the lake, so that in the vicinity of Duchesne there are in excess of 10,000 feet 
of lacustrine beds. The widespread deposition of the Uinta formation and the over­
lying Duchesne River formation preserved the underlying rich oil shale deposits of 
the Green River from erosion over the northern two-thirds of the basin. The oil 
shales are either exposed, near exposure, or have been eroded away on the re­
maining one-third of the basin. 
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STRATIGRAPHY 

A lengthy discussion of the stratigraphy of the Green River formation, wherein the 
bulk of the oil shale is deposited, is adequately covered in the literature by 
Picard (1955, 1957), Abbott (1957), Cashion and Brown (1956), Cashion (1957), 
Dane (1955), and by others. The bulk of the rich oil shale deposits occur in the 
Parachute Creek member of the Green River' formation, with minor amounts occur­
ring in the Evacuation Creek member, above. Near Soldier Summit, where Abbott 
(1957) reports 2,OOO±feetof the lower black-shale facies of the Green River, the 
total thickness includes "some rich oil shale." To the west and northwest, the 
Parachute Creek member and the Evacuation Creek member change gradually by 
lithologic variation and become part of the saline facies of the central Uinta Basin. 
In general, the oil shales are thickest and richest near the depositional axis of 
the basin. Consequently, it would seem that they would be present in even 
greater amounts northwestward from the Sun Oil Company's Ouray well in sec. 22, 
T-9-S, R-20-E. The lithologic variation to a saline facies limits such a gener­
alization to the west. It is probable that the oil shales give way to saline beds 
by gradual interfingering in the deeper parts of the basin. The lack of core analy­
sis on oil and gas test wells to the west and northwest of the Sun Oil Company's 
Ouray well makes it difficult to do more than extrapolate the possible litho­
logic variations through detailed study of the electric logs. 

The most notable bed of the Parachute Creek member is the Mahogany Ledge. 
Mapped by Cashion and Brown (1956) throughout the eastern part of the basiri, 
it contains the thickest and richest oil shale zone in the Green River formation, 
and is a very persistent and an extremely useful marker bed. It thins to the south 
and thickens westward from the Colorado-Utah line. It can be traced to the Green 
River, but has not been recognized as a separate unit west of the river. 

RECENT DEVELOPMENTS AND ECONOMICS 

The lengthy research project on the refining of shale-oil crude at Rifle, Colorado, 
by the Bureau of Mines, and the construction of a production -retort plant at Grand 
Valley, Colorado, by Union Oil Company of California, have paved the way for 
favorable economic competition between shale-oil crude and normal crude oil. 
Union Oil Company officials have stated that they were able to reduce the cost 
of refining to 75 cents per barrel of shale crude. Continued efforts and research 
are bound to reduce that cost even further. It is the opinion of the authors that 
the "heated ball" retorting method of the Aspeco process, developed by the Denver 
Research Institute, is a step in the right direction toward increased efficiency and 
lower refining costs. It would seem logical that, if the retorting takes place in 
an "air-free" environment without combustion, the volatiles emitted would have a 
B.T.U. value equal to, or nearly equal to, pipeline standards. The gases emitted 
by the combustion retort are diluted by air, carbon dioxide, water vapor, and 
other possible products of combustion. These gases must then be filtered and 
enriched to meet pipline standards. 

Mining 

The cost of mining the oil shale and transporting it to the refinery are the other 
major factors contributing to the total cost of shale-oil crude, as compared to the 
cost of exploring for and developing new reserves of normal crude. It would appear 
that those areas where the oil shale is mineable by open-pit methods offer the 
most favorable economics. A complete mining-cost study undertaken recently by 
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one company indicated that the oil shale could be stripped and. mined for a cost 
of slightly less than 50 cents a barrel, based on an average richness of 30 gal­
lons per ton, as determined by laboratory analysis of cores. 

Underground methods of mining materially increase the cost, and such methods will 
be required on those deposits which are too far removed from the outcrop to be 
economically stripped. The Bureau of Mines has been able to estimate a total 
cost of 75 cents per ton at the Rifle mine. The Union Oil Company's costs at the 
underground mine up Parachute Creek have been much higher because of unfav­
orable roof conditions. It is felt that underground mining conditions must be 
very carefully analyzed at each locale before mining is attempted. The initial 
develo~ment should be restricted to open-pit mining because of the reduced 
costs. Underground mining methods can be further studied after the initial pro­
blems of retorting, hydrogenation, and ash disposal have been worked out to 
yield the most "sweet" crude from the least amount of mined shale. 

The possible application of nuclear energy to reduce over-all mining costs, as 
proposed by the Atomic Energy Commission, is a most important consideration. 
Such an experiment should have the support of all the oil companies. The pos­
sible success of the experiment would have a far-reaching significance. It 
could bring the oil shale industry into reality overnight. 

rrln Situ" Methods 

There can be no doubt that the full potential of the oil shale reserves in Utah 
can be developed only when we h.ave learned to retort and produce the oil from 
the shale in place. Otherwise, we are limited by the percentage of oil shale 
that can be removed from an underground mine and by the depth that we can 
economically mine and lift the oil shale. Then too, the disposal of the as h 
1;>ecomes an enormous and costly problem. 

The major problem in preventing the early development of "in situ" retort methods 
is the complete lack of natural porosity and permeability of most oil shale depo­
sits. The porosity and permeability must be created ahead of and prior to the 
distillation of the oil from the shale. If this porosity and permeability could be 
created by an underground nuclear explosion, then the distilled oil would be free 
to move to the production well. "In situ" retort methods would immediately become 
feasible because of the successful experiments already completed or under 
operation in permeable sand reservoirs. Field experiments based on the proper 
spacing and configuration of input and output wells insure complete "sweeping" 
of the reservoir and indicate that 90 per cent or more of the original oil in place 
COUld be recovered. It follows that the percentage of the total possible oil 
recovery from the oil shale is limited, principally, by the practical aspects of 
creating the proper permeability throughout the oil shale section. 

The development and adoption of suitable "in situ" techniques would obviate 
the neces sity of disposing of the enormous quantities of ash. "In situ" tech­
niques would permit the recovery of the oil from the richest beds which lie far 
below practical mining depths. Moreover, no pillars would have to be left to 
support the roof, as is necessary in a mining operation. 

To give an illustration of the tremendous potential of the "in situ" methods, it 
is necessary only to point out that oil shale which yields 30 gallons per ton is 
equivalent to 2,000 bbls. per acre foot. In comparison, a 'sandstone reservoir 
that has a porosity of 20% and a water saturation of 30% would have originally 
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about 1,000 bbls. of oil per acre foot in place. At best, one could not expect to 
recover more than 500 bbls. per acre foot by the usual methods ~f primary and 
secondary recovery. "In situ" methods might recover as ml.lch as 940 bbls. per 
acre foot from the sa~dstone reservoir and 1,880 bbls. per acre foot from the oil 
shale. It would seem that the oil shale has about twice the potential of a good 
sandstone reservoir. 

For instance, let us assume that a 160-acre tract is underlain by an oil shale bed 
having a thickness of 50 feet and ·a yield of 30 gallons per ton. The quarter­
section would contain 16,000,000 bbls. of oil in place. If a 500-foot, hexa­
gonal well-spacing program was set up 50 as to obtain 100% sweep efficiency, 
it would require 55 wells to properly cover the quarter-section. If five of the 
5-spot patterns were "fired" at once, then the entire section could be "swept" 
in five successive moves. On the basis of past experimentation, it appears that 
a practical rate of advance of the distillation front would be about 0.35 foot per 
day. The yearly rate of advance would be 125 feet per year. It would not be 
necessary to advance the front more than 80% of the 500-foot distance between 
the input and output wells before the move to the adjacent set of 5-spot patterns 
could take place, for there would be enough preheat left in the formation to 
insure that the sweeping agent would be able to complete the "sweep-cycle . " 
Consequently, a move could be made every four years, and the entire 160 acres 
could be "swept" in 20 years. During that time 16,000,000 bbls. of oil would 
be produc~d at the rate of 800,000 bbls. per year, or more than 2,000 bbls . per ­
day. On one section of oil shale property of moderate thickness and richness 
such an operation could be carried on for 80 years. 

OIL SHALE RESERVES IN THE UINTA BASIN 

The contour map, Figure 62 .!I, attempts to illustrate the total oil in the shales of 
the Green River and lacustrine Uinta formations within the Uinta Basin of Duchesne 
and Uintah Counties, Utah. The data used in the construction of the map comes 
from the U.S. Bureau of Mines Report of Investigation No. 5081, "Oil Yields of 
Sections of Green River Oil Shale in Colorado, Utah, and Wyoming, 1945-1952." 

"The total oil is represented in millions of barrels of oil per square mile, 
and the contour interval is 10Q million barrels. The total oil content 
map is not restricted to minimum yields of 15 gallons per ton, such as 
are the oil shale maps that are already published. As a consequence, 
the total oil reserve of the oil shales in the Uinta Basin is crudelyesti­
mated at 1,300 billion barrels, instead of 26 billion barrels. Is such an 
approach practical? How can we deny the practicality of one billion bar­
rels per square mile such as is present in Hl,lmble' s Rosemary Lloyd No. 1 
well in sec. 24, T-I-S, R-I-E, U.S.M.? This well penetrated an oil 
shale section in excess of 2,500 feet that was all oil bearing, yet only 
60 feet of it yielded more than 15 gallons per ton. When~wer it becomes 
possible to distill the oil from the shale "in situ", then the entire 2,500 
feet becomes important and not just the 60 feet. 

"The two areas of greatest total oil reserve need some explanation. The 
Ute Trail area in T-9-S, R-21 ,and 22-E, shows a possible reserve of 
1,000 million barrels per square mile, while the south Duchesnearea in 
T":'5-S, R-3 and 4-W, U.S.M., shows a possible reserve of 700 million 
barrels per square mile. The thickness of the Green River in the Ute Trail 

1. Figure 62 and explanation are adapted from an article by the senior author and 
published in Petrogram, September, 1961. 
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area is approximately 3,500 feet while the thickness of the Green River 
and lacustrine Uinta in the south Duchesne area exceeds 7,000 feet. It 
follows then, that the richness ingallons per ton is several times greater 
in the Ute Trail area than it is in the south Duchesne area, even though 
the total oil is comparable. 

"It must not be presumed that the map will remain unchanged when more 
information becomes available. In fact, it is probable that several of 
the oil companies have information on hand that would materially alter 
the map and particularly change its zero limits. 

"The map was not constructe d to show the possible total "shale oil" 
reserve alone, but rather to show the possible relationship between 
the occurrence of the Green River and Wasatch oil and gas fields, and 
the total oil in the oil shales. The relationship is rather striking. All 
the oil and gas fi e lds are concentrated in or near areas of greatest "shale 
oil" reserve. Is not this concrete evidence of the indigenous nature of 
the oil and gas in Gree n River reservoirs? The Red Wash field, in 
T-7-S, R-22-23..,24-E, extends beyond the limits of "shale oil" because 
of the delta sands in the Green River. Oil and gas migration has taken 
place from the rich source beds nearby into the reservoir sands depo­
sited along the ancient river delta. Future exploration and development 
in the Uinta Basin is expected to give more support to the postulation 
that oil and gas will be found in paying quantities where the reservoir 
beds occur in the proximity of large "shale oil" reserves. 

"In spite of the technical breakthroughs reported in the extraction of 
tar-sand oil, oil shale in the Uinta Basin must wait! One needs only 
to see the location of the present oil and gas fields in relation to the 
greatest shale oil reserves to know that no development of the oil shale 
can take place. Multiple use of the same area for the production of 
oil and gas by two entirely different extraction techniques would not be 
possible. The cost of immunizing one technique from harm by the other 
would be prohibitive. Still, it is most encouraging to know that the 
Uinta Basin, and its neighboring basins, the Piceance Basin and the 
Green River Basin, contain a natural resource that will provide adequate 
supplies of hydrocarbons for a continually growing market for many 
generations to come. II 
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Paper 22 GILSONITE AND OTHER 
BITUMINOUS RESOURCES OF 
CENTRAL UINTAH COUNTY, 
UTAH 
by Arthur L. Crawfurdl and Rubert G. Pruiu2 

INTRODUCTION 

Central Uintah County, located in northeastern Utah, lies in the Uinta Basin 
and is underlain by relatively undisturbed Tertiary lacustrine and fluviatile sedi­
ments. The area (shown in Figure 63) discussed in this chapter contains all of 
the known gilsonite veins in the western United States and is the site of large 
bituminous deposits including oil shale, tar sands, gas, and oil. Nearby por­
tions of the same basin contain smaller deposits of other unusual bituminous 
substances, such as wurtzilite, tabbyite, ingramite, albertite, and ozocerite, 
the last of which is a native paraffin (Crawford, 1949; Hunt, 1954). 

Because of the detailed treatment given the oil shale, bituminous sandstones 
(tar sands), gas and oil deposits of the area by authors elsewhere in this volume, 
the major emphasis of this paper will be directed toward the gilsonite deposits, 
with only such reference to the other deposits as are needed to understand the 
interrelationships which exist among them. 

Much of the material which comprises this paper is taken from the unpublished 
(Crawford, 1959) and published (Crawford, 1949; Pruitt, 1961) works of the 
authors, brought up to date and in places expanded. 

GILSONITE 

The mineral gilsonite is a solid amorphous asphaltic bitumen which occurs in 
distinct veins and veinlets in the Tertiary nonmarine sediments of the gently 
downwarped Uinta Basin. These veins are considered classic, continuing un­
broken for miles and maintaining a relatively constant width for great distances 
both horizontally and vertically. Most of the veins are vertical and filled with 
pure, massive gilsonite, showing clean contact with the massive sandstone 
walls of the veins and little or no impregnation or saturation of the vein walls. 

Fresh gilsonite has a brilliant black luster, concoidal fracture and a specific 
gravity of 1.07 (s lightl y denser than water). It is brittle and has a hardness 
of 2 on Moh' s scale. Gilsonite oxidizes to a dull, soot-black appearance and 
takes on an uneven hackly fracture. Fresh gilsonite melts at temperatures as 
low as 2300 F and dissolves in petroleum, giving it the valuable properties for 
which it is mined and used. Gilsonite has been used to saturate roofing and con­
struction paper, as a base for paints and varnish, in mastics and asphalt tile. 
as a stiffener in petroleum products, as insulation and weatherproofing, and as 
a filler in rubber battery boxes and plastics. It is also used in mixtures for con­
trol of lost circulation in oil wells, in paving materiats, light weight aggregates 
under special circumstances, and upon distillation gilsonite yields high octane 
gasoline, lubricating oils and leaves a residue of pure carbon "coke." 

1. Assistant Director, Utah Geological and Mineralogical Survey. 
2. Formerly Geologist, and Adjudicator, U. S. Land Office, Salt Lake City, Utah. 
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Figure 63. Map of the gilsonite vein systems in central Uintah County. Contours from an unpublished report by Kun­
kel, et. aI., (1959) are plotted on the depth to the oil shale source beds to indicate the probable depth of veins in any 
given area. The veins are roughly parallel, but several of the veins branch or bend gently. The remarkable straight­
ness of the strike of the veins across the rolling terrain and canyons is due to the vertical dip of the veins. 



Gilsonite veins occur as a filling in vertical tensional cracks in the competent 
sedimentary beds. These veins trend northwestward for miles across the rolling 
terrain and extend vertically downward until they reach the incompetent mud­
stones of the Uinta and the oil shales of the Green River formations. In the 
latter the veins "break up" into smaller branching veins and ultimately veinlets. 
At least two large veins (the Weaver-Colorado vein and the Black Dragon vein, 
Pruitt, 1961) are known to extend beneath the oil shale horizon into the under­
lying members. Hunt (1954) shows that the gilsonite of the region is derived 
from the upper Green River formation oil shales, flowing upward into open ten­
sional cracks. These veins frequently reach widths of 3 to 4 feet and the 
Cowboy vein is over 17 feet wide at one point. The depth of any given segment 
of a vein appears to be related to the depth to the oil shale source beds (Figures 
63 and 64). In the eastern part of the area the veins are relatively shallow, 
600 to 800 feet in depth. In the western part of the area the veins have been 
mined to depths of 1,500 feet and many extend downward to 3,000 feet or more. 
Figure 63 shows the depth to the oil shale beds throughout the area and gives a 
general idea of relationship between gilsonite veins and the oil shale beds. 

Unfortunately much of the gilsonite region is still unexplored di to a federal 
withdrawal of the deposits in 1910 whichwas only lifted in 19601:... Thesudden 
release of these deposits should do much to contribute to knowledge of the veins 
and the expansion of markets for gilsonite. 

The known gilsonite veins occur in clusters or systems which are described 
briefly. A more detailed description is given by Pruitt (1961). It is likely that 
some of these systems will be found to interconnect and that veins will be dis­
covered which do not reach the surface in areas where the oil shale source beds 
are deeply buried. 

The Cowboy Bonanza system contains twelve named veins. Except for the Weaver­
Colorado, the veins of this system are located north of the White River and west 
of the Colorado-Utah state line. This area is the location of the largest active 
gilsonite mines of the region, operated by the American Gilsonite Company and 
the G. S. Ziegler Company. The Cowboy vein is the largest of all known gilsonite 
veins, reaching a maximum width of 17.5 feet and a length of over 13 miles. 
The Bonanza vein is a branch of a larger vein complex whose total length is over 
15 miles and whose maximum width is 13 feet. There are nine other named veins 
south of the Bonanza vein, several of which are currently being mined. The total 
length of gilsonite veins in this system having a width of 1 foot or more is 52 
miles. Many of the veins on the eastern end of both systems are shallow since 
erosion near the White River has cut down to the oil shale source beds. Figure 
64 shows a cut away view of the Cowboy-Bonanza vein system and their assumed 
relationship to the underlying beds. 

Rainbow System 

The large Rainbow system south of the White River and near the Colorado-Utah 
state line is presently idle, but once supported large scale mining operations. 

1. Gilsonite and asphalt deposits were made available by the Act of September 
2, 1960 (30 U.S.C. 181,182,184) and regulations published July 4, 1962 permit 
competitive leasing of deposits (43 C.F .R. 203). 
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Figure 64. Block diagram of the gilsonite veins and oil shale beds in the Bonanza area, down White River to the north­
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The major vein of the system has three segments: from northwest to southeast 
the Pride-of-the-West, Rainbow, and Black Dragon. These segments together 
form the longest gilsonite vein known, totaling over 24 miles, with a maximum 
sustained width of 8 feet. The Black Dragon segment, the southeastern 4 1/2 
miles, is beneath the oil shale zone and not known to be vertically connected to 
the rest of the vein, although it is precisely on the same strike and undoubtedly 
an extension of the same vein downward. This observation raises the possibility 
that other gilsonite veins may have a counterpart beneath the oil shales and if 

this is so it would multiply many fold the known gilsonite reserves. 

There are at least 16 distinct veins in the Rainbow system and veins having a 
width of 1 foot or over total 72 miles in length. Depths of the veins vary from 
only 400 feet on the eastern end of the system to much deeper toward the west. 
The veins near the western end of the Rainbow system are largely unexplored and 
may extend westward to join with the relatively unexplored Ouray system of 
veins near the confluence of the Green and White Rivers. 

Willow Creek and Ouray Systems 

The area south of Ouray is relatively unexplored for gilsonite, but contains at 
least five moderate-sized gilsonite veins and a host of other veins whose dimen­
sions are not yet fully known. Two systems may be involved (Figure 63), but it 
is difficult to recognize a distinct boundary between them. West of Ouray and 
northwest of the Green River, the old Florence Mining Company, before it pro­
moted the old Uteland copper mill, patented under special act of Congress, a 
copper claim on which occur gilsonite veinlets. The adjacent Original Owner 
and O.K. patented -claims, and isolated state-owned tracts southeast of the 
river, have been worked near the surface, intermittently; but information on 
the quantity and quality of gilsonite in this area is scarce. The largest three 
veins, the Pride-of-Utah, the Cottonwood, and the Willow Creek, about 10, 
8, and 7 miles long, respectively, are southeast of the Green River. Their 
location and interrelationships are shown in Figure 63. It is very likely that 
some of the gilsonite veins on either side of the Green River in the vicinity 
of Ouray are interconnected. It is also possible that the veins immediately 
south of Ouray connect with the long veins of the Rainbow system to the south-
east. 

}lariette System 

The Pariette and Castle Peak veins are the major features of this system, located 
south of Myton, Utah, in Duchesne County. The total length of these veins is 
9 miles. Surface exposures of the veins are only 18 inches wide, but increase to 
over 40 inches at depths of 1,500 feet. The Pariette is the deepest gilsonite 
mine with the longest period of operation. It was closed from 1906 to 1932. 
This system represents the western extremity of the gilsonite deposits in Utah. 

Fort Duchesne 

Two prominent veins, the Carbon and the Raven, comprise this system, which 
is the northern extent of gilsonite deposits in the basin. One or the other of 
these veins have been in continuous operation from the late 1880's until about 
1946. These veins meas ure up to 4 feet wide. Each vein is about 3 miles long. 
The Carbon vein crosses beneath U. S. highway 40 just east of the town of Gusher 
Utah. 

Aside from the six named systems of gilsonite veins, other areas of small gil­
soniteveins are reported on Wild Horse Bench inT-I0-S, R-19-E, near Red Wash 
in T-8-S, R-23-E, -and near the head of Asphalt Canyon in T-12-S, R-24-E. Some 
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of these areas may become important as the region is opened to exploration 
and mining. 

GILSONITE MINING AND MARKETS 

Gilsonite is mined by various hand and mechanical methods, depending upon 
market specifications and characteristics of the individual veins. The fresh, 
unoxidized gilsonite is mined by hand or machine as lumps for use in insul­
ation and coating products where its low melting point or high solubility in 
petroleum are important factors. Fresh gilsonite is massive and hard to 
break or cut mechanically , and so relatively high-cost hand methods are 
commonly employed to mine it. Most fresh gilsonite ore is sized and shipped 
in bags or in bulk directly to users with little additional preparation, bringing 
$43-$47 per ton , F.O.B. mine. 

Oxidized gilsonite is more fractured and has a higher melt pOint. Its uses are 
different from those of the fresh, massive gilsonite, and it can be mined more 
easily by mechanical methods. The gilsonite ore of the Cowboy vein is of this 
class and is mined by hydraulic jet methods. This gilsonite ore breaks easily 
under the force of high pressure water jets and almost floats. It is conveyed 
to the surface, crushed, mixed in a slurry, and piped 72 miles to a refinery 
at Gilsonite, C olorado , and converted into gasoline, oil , and a high purity 
carbon char or coke. By far the largest quantity of gilsonite mined today is 
mined and treated in this manner by the American Gilsonite Company. 

OTHER BITUMINOUS RESOURCES 

Oil Shale 

As discus sed by Quigley and Price (Paper 21), the Uinta Basin is underlain 
by large deposits of rich oil shale in the Green River formation of Tertiary age . 
These oil shale beds crop out along the eastern edge of the area discussed 
in this chapter and dip gradually beneath central Uintah County, ultimately 
reaching depths in excess of 5,000 feet (Figures 63 and 65). The richest and 
thickest oil shales are found in what is assumedto have been the depositional 
trough of the Uinta Basin syncline which lies roughly along the course of the 
White River. Relatively rich deposits at or near the surface are located in T-9 
and 10-S , R-25-E, near the old settlement of Watson, Utah, and in T-13-S , 
R-2 5 -E on McCook Ridge. Some of these surface deposits are privately owned , 
whereas the deeper rich deposits are on federal or state-owned lands . All 
federal lands are closed to oil shale mining . 

Oil shale is presumed to be the source of practically all of the abundant bitum­
inous and petroleum deposits in UintahCounty (Hunt, 1954, and Paper 24) and 
the recoverable shale oil reserves locked up in the deposits of eastern Uintah 
County are estimated to exceed 14 .5 billion barrels (Cashion, 1956) . Shales 
yielding over 4S gallons of oil per ton of rock are not uncommon in certain 
parts of the area. Some of the oil-shale zones are hundreds of feet thick near 
the center of the basin and undoubtedly will be exploited sometime in the future. 
The total estimated oil reserves for the oil shale deposits of Utah, Colorado, 
and Wyoming are truely staggering (Figure 67) . 
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Oil shales appear quite prominently in resistivity electrical logs of the 
numerous oil and gas wells in the basin. Individual beds appear to be quite dis­
continuous over any area, although the general oil shale can be plotted (Figure 
6~) • 
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Bituminous Sandstone 

Rich deposits of asphalt-impregnated sandstone occur in and around the area 
known as central Uintah County. Asphalt Ridge is the richest nearby deposit 
and is located just west and southwest of Vernal. Covington (Paper 23) dis­
cusses this and another important deposit near Sunnyside, Carbon County, 
Utah, which are believed derived from the oil shale beds of the Green River 
formation. Smaller deposits are known on Raven Ridge and at Dragon, Utah, 
in Three Mile Canyon. 

These asphalt deposits are possible sources of liquid petroleum providing 
pilot studies by the U. S. Bureau of Mines prove workable on a large scale 
(Shea, et al., 1952). Reserves in Asphalt Ridge alone exceed 2 billion bar­
rels of crude asphaltic oil along an 11 1/2 mile front (Spieker, 1930). Near 
Vernal the rich asphalt beds are mined and used to pave city and county roads 
in the region. Wells drilled on the dip slope of the asphalt beds indicate a 
tarry liquid oil permeates the horizon to a considerable depth down dip. 
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Oil and Gas 

High pour-point oils are produced from both the Green River (Tertiary) and the 
Mesaverde (Cretaceous) formations within the Uinta Basin. Low pour-point oil 
is produced from the Weber-Park City formation (Pennsylvanian-Permian) on the 
northern edge of the basin. The oil of Tertiary age is thought to be derived from 
the oil shale beds of the Green River formation. 

The Red Wash oil field is the largest producer in northeastern Utah (Figure 
65) and contains over 160 oil wells. The small Roosevelt oil field is another 
Tertiary deposit on the edge of the area under dis cus sion. 

The big recent development in Uintah County, and undoubtedly the most valu­
able resource from an immediate production standpoint, is the discovery of 
enormous deposits of gas in the Wasatch formation (Tert.iary) near the center 
of the Uinta Basin (Figure 65 and Paper 20). 

One puzzling feature of the relationship of the various bitumen and petroleum 
substances of the Uinta Basin is the high paraffin content of the Tertiary oil 
and the shale oil , contrasted to the asphaltic character of the bituminous sand­
stones and the gilsonite deposits. Crawford (1952, 1959) suggests that arti­
ficial ozocerite can be produced from the waxes contained in the crude Tertiary 
oils of the Uinta Basin. 

Recent deep wells in the area near the White River indicate commercial gas and 
condensate in the Mesaverde and Dakota formations (Cretaceous). These 
deeper discoveries, coupled with the enormous proven gas reserves in the 
Wasatch formation (Tertiary), certainly make this area an important factor in 
the national mineral economy . 

CITED REFERENCES 

Cashion, W. B. , and Brown, J. H., 1956, Geology of the Bonanza-Dragon oil-shale area,Uintah County, Utah, and 
Rio Blanco County, Colorado: U.S. Geol. Survey Oil and Gas Inv. Map OM-153 (1:62,500 with text). 

Crawford, A. L., 1949, Gilsonite and related hydrocarbons of the Uinta Basin: Oil and Gas Possibilities of Utah, 
Utah Geological and Mineralog. Survey, publisher, p. 235-260. 

_~ __ ~1952, Ozokerite--a possible new source--a challenge for research: Utah Acad. SCiences, Arts, and 
Letters Proc., v. XXX, p. 74 -83 . 

_____ 1959, Mineral Potentials on approximately 30 townships for which Utah State Land Board selections 
are recommended (in Uintah County): Unpublished report for the Committee on Oil Shale and Solid Hydrocarbons 

of the Utah State Land Boards, p. 22. 

Hunt, J. M., Stewart, F., and Dickey, P. A., 1954, Origin of hydrocarbons of the Uinta Basin, Utah: Am. Assoc. 
Petroleum Geologists Bulletin, v. 38, no. 8, p. 1671-1698. 

Pruitt, R. G., Jr., 1961, Mineral Resources of Uintah County: Utah Geol. and Mineralog. Survey Bull . 71. 

Shea, G. B., and Higgins, R. V" 1952, Separation and utilization studies of bitumens from bituminous sandstones 
of the Vernal and Sunnyside, Utah deposits: U.S. Bur. Mines Report Inv. 4871, p. I, 28 p. 

Spieker, E. M., 1930, Bituminous sandstone near Vernal, Utah, U.S. Geo!. Survey Bull. 822, p. 77-98. 

224 



Paper 23 BITUMINOUS SANDSTONE 
AND LIMESTONE DEPOSITS 
OF UTAH 
by R obert E. C()vin~ton I 

IN TROD UCTION 

The significant bituminous sandstone and bituminous limestone deposits of Utah 
are located within , or on the edges of , the Uinta Basin . They are all located 
within the boundaries of Carbon , Duchesne , and Uintah Counties . The Sunny­
side deposits in Carbon County contain the greatest reserves of bituminous sand­
stone in the United States. The sandstone averages 8 to 10% bitumen by weight , 
(Holmes , 1956), totaling more than 1,600 , 000 , 000 cubic yards of bitumen . The 
second largest deposit in Utah is the Asphalt Ridge bituminous sandstone area 
in Uintah C ounty , Utah . Reserves for this area have been estimated at more 
than 1 billion barrels , although this figure is probably high. The asphaltic 
sandstones of the Peor Springs area and the Whiterocks Canyon area are des­
cribed . The Asphalt Ridge, Sunnyside , Peor Springs , and Whiterocks Canyon 
area deposits contain more than 90% of the asphalt reserves in the State of Utah. 

There are many other small, relatively insignificant deposits of no commercial 
value, but of geologic interest: Among those discussed are the asphaltic sand ­
stones in the Deep Creekarea, the C hapita Wells area , the Raven Ridge deposits , 
the John Starr Flat accumulation , the Lake Fork-Yellowstone River area , the 
North Tabiona area , the South Myton area , the "argulite" deposits in Argyle 
Creek , the asphaltic limestone deposits in Indian Canyon-Lake Canyon , and 
the asphaltic sandstones in the Dragon -Asphalt Wash area . 

ASPHALT RIDGE AREA 

The Asphalt Ridge bituminous sandstones lie in the northeastern district , a topo ­
graphic district 3 to 4 miles south and west of Vernal, Utah, on the northeast 
flank of the Uinta Basin . The area derives its name from the northwest -southeast 
trending topographic ridge which borders Ashley Valley (Figure 69 ). The lower 
700 feet of the Mesaverde formation is exposed at the base of the ridge, dipping 
south to southwest from 8 to 12 degrees . The Oligocene Duchesne River forma­
tion overlaps and truncates the middle and upper Mesaverde sections . The 
Wasatch , Green River , and Uinta formations wedge out and are truncated in the 
Asphalt Ridge area (Figure 70 ). 

The north end of Asphalt Ridge is cut by a normal fault which trends slightly east 
of north , repeating the saturated Rim Rock sandstone . The regional structure of 
the ridge area is monoclinal , with several small "bowings" or noses which inter­
rupt the regional dip. Several strike faults, pre-upper Duchesne River in age , 
are present along the monocline. Only the fault at the County Pit is important as 
a structural control in the accumulation of bitumen . The County Pit fault strikes 
northwest-southeast and sharply delimits the saturation on the northeast , for the 
bituminous Rim Rock sandstone is down thrown on the southwest against lignitic 
shale which overlies the non-saturated Asphalt Ridge sandstone member of the 
Mesaverde on theupthrown (northeast) side . Tar seeps or "brea " occuralong the 
fault plane . 

1 . Petroleum Consultant , Caldwell and Covington , Vernal , Utah . 
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Figure 69. Aerial photograph of Asphalt Ridge, looking northwest. The County Pit is prominent at the hase of the ridge. 



The asphaltic sands occur in the Rim Rock sandstone member of the Mesaverde 
formation and in the unconformably-overlying Duchesne River beds in the ridge 
area south of the Lapoint-Vernal highway. North of the highway, saturation 
occurs in both the Rim Rock and the Asphalt Ridge sandstone members of the 
Mesaverde and also in the Duchesne River formation. 

R im Rock Member of the Mesaverde 

The Rim Rock sandstone member of the Mesaverde is approximately 250 feet thick 
at the north end of Asphalt Ridge and is highly charged with inspissated, tarry 
bitumen a long the length of the outcrop and in the subs urface • The Union Oil 
Company's Cottonwood Springs well in section 21, T-4-S, R-20 - E, penetrated 
bituminous Mesaverde sandstones. More than one-half of the asphalt reserves 
of the ridge area are in the Rim Rock sandstone . This member was recently 
des cribed in detail (Pruitt, 1961). 

Asphalt Ridge Member of the Mesaverde 

The lowest sandstone member of the Mesaverde formation in the Asphalt Ridge 
area is the Asphalt Ridge member . This sandstone is separated from the Rim 
Rock sandstone by a shale interval which is approximately 100 feet thick in the 
central part of the ridge (Figure 73) . The shale interval contains thin lignite beds 
and gray, bentonitic shales. There is no asphaltic material in the Asphalt Ridge 
sandstone member, except on the tract of land north of the Lapoint-Vernal road; 
this tract is on the downthrown side of a northeast-southwest trending fault 
(Figure 70). The relationship of this fault to the accumulation on this tract is 
uncertain. 

Duchesne River Formation 

A discussion of the stratigraphy of the Duchesne River formation is not per­
tinent to this paper . There are several intraformational unconformities within 
the Duchesne River series of fluvatile red beds, conglomerates, and variegated 
shales and sandstones. The formation unconformably overlies and truncates the 
more steeply-dipping beds of the Mesaverde formation. The unconformities and 
dip are probably a reflection of the uplifting of the Split Mountain and Blue 
Mountain anticlinal nosings. Regional monoclinal dip in the Duchesne River 
beds is interrupted by several small "bowings" or archings which are mappable 
on the surface. Several north-south trending faults cut the monoclinal dip 
between the outcrop and the Carter Oil Company Ruth Nelson No.1 well in Sec. 
33, T-5-S, R-21-E. The asphalt saturation in this formation is very definitely 
related to the unconformities present in the area (Figure 71) . The richest satura­
tion occurs along the planes of the unconformities, although it is controlled, 
in part, by the porosity and permeability of the subjacent and the superjacent 
beds. Nearly one-half of the total. reserves of asphalt in the Asphalt Ridge area 
are in the Duchesne River formation. 

Recent Development of the Asphalt Ridge Area 

Development of the Asphalt Ridge was begun in 1954 by the Barnes Engineering 
Company of Los Angeles, California, and by the Ridge Development Corporation 
of New York City. The author (Covington, 1957) was in charge of the core­
drilling and mapping program for the above 'firms and made the first preliminary 
estimates of reserves and "over burden" on certain properties. The mining pro­
perties were then turned over to the Sohio Oil Company. This company has been 
engaged in an active program of core drilling, mapping, and evaluation since 1956. 
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Figure 72. Photograph of the County Pit, Asphalt Ridge area, Uintah County, Utah. 



Nature of Bituminous Sandstone 

The Rim Rock sandstone bleeds tarry, viscous oil on a freshly broken surface . 
This may be observed in the County Pit area (Figure 72) . On fresh surface the 
sandstone has a decidedly cool feel, a property which Barb and Ball (1944) 
ascribe to the fact that the individual sand grains are water-wet . The fresh 
sample also has a "tacky" feel; this tenacious quality makes the bitumen an 
excellent material for road paving. The degree of saturation within the sand ­
stone and conglomerate beds of the Mesaverde and the Duchesne River forma­
tions is dependent upon three criteria: (1) the porosity and permeability of the 
member; (2) the proximity of the member to an unconformity; and (3) the struc­
tural position of the member (greater enrichment is found associated with the 
small nosings or folds than with the sandstones off-flank or down the dip). 
The asphalt sandstones in the Mesaverde have a definite asphalt-water contact. 

The saturation can be classified as follows: (1) tar, with sand grains interspersed 
throughout; (2) sandstone, semi~consolidated, with ·tar as the primary cementing 
agent , and with clay and silica as secondary binding material; (3) sandstone , 
lean , with some interstitial tar; (4) sandstone, barren, with trace of staining, 
water-wet . Saturation is often found in the conglomerates and in the shales along 
bedding pranes or fractures in the Duchesne River beds. 

The asphaltic sandstones weather a blue-white; however , the weathered surface 
is thin . The Mesaverde sandstones have clay pellets · an~t lenses which are 
unsaturated , appearing as splotches, against the fresh, black , tarry surface . 
The sandstones also have a distinctive speckled appearance , due to the small 
white clay inclusions . 

A Brief Discussion of the Economics of Asphalt Property Development 

The feasibility of mining an asphaltic sandstone deposit is dependent upon many 
factors. Some of these factors are the ratio of overburden to material, the 
degree of consolidation of material and overburden , the amount of interbedded 
"waste", local topography , and the degree of asphaltic enrichment . Also impor­
tant is the mining method used, whether "open pit" or thermal recovery ("in 
situ ") . Finally, one of the most important factors is the price obtainable per 
barrel of liquid bitumen. Other considerations are the local a~d stat e tax struc­
ture, interest rates , availability and cost of building material and equipment , 
local labor rates, cos t of water and fuel, and the cost of transportation . 

An overburden to material ratio of 0 . 5 to 1 . 0 would probably be a favorable ratio 
to make strip-mining economically feasible. The author feels that a part of the 
Asphalt Ridge property could be worked by strip-mining operations . Where the 
material is at too great a depth and where the overburden -to-material ratio is not 
favorable, perhaps an "in situ" or fireflood process could be successfully used. 
The Gulf Oil Corpo~ation and the Sohio Oil Company have already conducted some 
tests to determine the efficiency and costs of a fireflood project on asphaltic 
sandstones . 

Since the nearest railhead to the Asphalt Ridge properties is 120 miles to the east 
at Craig, Colorado, or 120 miles to the west a t Heber, Utah, any plan for the 
development of the bituminous sandstones, whether for mining or extraction, must 
include the erection of a plant to extract the bitumen from the sandstones , or , 
pOSSibly , even the building of a refinery near the quarry . The cost of the separ­
ation process will be a direct function of such factors as ease of separation of 
bitumen from the sandstone , cost of crushing material, cost of fuel for heating, 
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cost of flotation che!;llicals, the quality and cost of an adequate water supply, 
costs of electricity, and costs of erection of the plant, including equipment for 
crushing, grinding, IJnd retorting and flotation. 

Figure 73. Photograph of outcrop of asphaltic sand and tar seep in the Rim Rock memher of the 
Mesaverde formation, Asphalt Ridge area, Uintah County, Utah. 

The bitumen, thus separated, is a heavy, viscous liquid with a gravity of about 
lOA. P. I., which is not suitable for pipeline transportation. This tar can be 
"upgraded "; one of the most economically feasible methods of doing this would 
be to employ what is known as a "delayed coking process." A part of the coke 
from this process could be used to generate steam and power for the operation 
and part could be sold for metallurgical-grade coke. The other product is coker 
distillate, which can be readily utilized by the refineries as it produces a lligh 
yield of gasoline, kerosene, and fuel oils. It is highly possible that a fluid-
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coking process could be used successfully, or an oven type of coking unit might 
be employed, in which the hot oil is sprayed on the floor of a refractory-lined 
oven. This latter process is not adaptable to an operation involving over 1,000 
barrels of bitumen per day. The coke produced by the former method of fluid 
coking can be used for fuel, and not for metallurgical-grade coke. 

Origin of the Asphalt 

Over 95% of the saturation on Asphalt Ridge occurs in the Mesaverde and Duchesne 
River beds. Of this amount, nearly half of the reserves are in the Mesaverde 
sandstones. Spieker (1930) has estimated the reserves in the Asphalt Ridge 
area as being in excess of 1 billion barrels. The author considers this figure 
to be excessive, although the reserves are believed to be of sufficient size to 
warrant commercial exploitation . 

The author believes the source of the bitumen to be the down-dip (basinward) 
Green River shales and marlstones which grade into sandstones in a shoreward 
(eastward) direction (Figure 71). The interfingering of the lacustrine, highly 
organic Green River shales with the fluvatile to deltaic "Uinta-Wasatch type" 
sediments could have formed the original reservoir. Subsequent uplift in the 
Blue Mountain-Split Mountain area during Duchesne River time tilted the over­
lying Duchesne River beds, with the movements taking place through many local 
pulsating uplifts. The oil then migrated updip along the unconformities, losing 
its more volatile constituents during the movement. There is a preferential 
saturation which is evident in the field. Any slight increase or decrease in 
either porosity or permeability results in greater enrichment or in "barren" 
patches, respectively. This tends to augment the idea that the fluid was rather 
viscous at the time of the up-dip migration. 

WHITEROCKS AREA BITUMINOUS SANDSTONES 

The bituminous snadstones of the Whiterocks area are located in T-2-N, R-1 
and 2-W, U.S.M., Uintah County, Utah, a distance of 20 miles north of 
Roosevelt, Utah, along the south flank of the Uinta Mountains (Figure 68). 
The asphalt saturation occurs in the Jurassic Navajo sandstone, which has a 
total thickness of over 1,000 feet in the area. Saturation is essentially complete, 
although it is not completely uniform. Degree of bitumen saturation is dependent 
upon the porosity and permeability of the sandstone. One local, thin zone which 
is extremely hard and tight was barren. 

A surface cross section, north to south, and a subsurface cross section, north 
to south (Figures 76 and 77), are included in this report. A surface geologic 
map is shown in Figure 74. The Mesozoic beds dip 62 degrees to the southeast. 
A bowing in the Paleozoic beds has given the name of Whiterocks nose to the 
area (Kinney, 1955). 

Occurrence of the Bituminous Saturation 

An analysis of the bitumen has shown that the oil has about a 12 0 gravity. The 
asphaltic sandstone averages about 10% bitumen by weight. A well drilled by 
Caldwell and Covington in 1958, the No.1 Merimon Ranch-Fee (Figures 74 and 
77), cored 560 feet of asphaltic Navajo sandst'one before reaching "barren" 
sandstone. Based upon available well data and surface plane-table mapping, 
the reserves of the area have been estimated to be approximately 50,000,000 
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barrels of liquid bitumen . Core analysis of the saturated Navajo sandstone has 
s h own porosities which range from 14 to 19% and permeabilities which range 
from 110 to over 550 millidarcies. 
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Origin of the Oil 

The Tertiary Green River formation has been proposed as a source for the oil in 
the Navaj o formation . It is not thought that the oil is indigenous to the Nava jo , 
as th e formation is considered to be an eo lian type d e posit. The author is of 
the op inion that the oil is of Pennsylvanian age and migrated from t he Weber 
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sandstone at a point where the Navajo sandstone is faulted against the Weber 
(Figures 77 and 78). The movement of oil into very fine-grained, low porosity 
and permeability lenses of the Navajo sandstone would seem to indicate that 
the oil which migrated into the sandstone was of very high gravity. Uplift and 
erosion beveled the edges of the outcrop, and down cutting through the formation 
by the Whiterocks River exposed the oil sandstone, sothatthe lighter and more 
volatile ends escaped through weathering anp oxidation. 

The following criteria were used in arriving at this conclusion: 

1. There is no evidence of asphalt or tar across the beveled Mesozoic-Paleo­
zoic Duchesne River unconformity, other than the saturation in the Navajo sand­
stone. 

2. There is no increase in the degree of asphalt saturation in an upward direc­
tion near the beveled top of the Navajo, along the unconformity. If the oil had 
moved updip along the unconformity, one should expect to find a decrease in 
saturation at lower elevations from the beveled surface. 

3. The highly fossiliferous Curtis formation has been pro~osed as a source of 
the Navajo oil; on the outcrop of the Curtis there is only slight evidence of 
staining or asphalt saturation. The author does not feel that this formation was 
the source of the oil in the Navajo of the Whiterocks area. 

The eastward wedging of the Thaynes limestone tongue in the Whiterocks area 
may have been a source for the oil in the Navajo sandstone. Entrapment would 
be due to the wedging or shaling out of the Thaynes eastward and updip on the 
southwest flank of the Whiterocks structural nose. 

SUNNYSIDE AREA BITUMINOUS SANDSTONES 

The geology and asphalt reserves of the Sunnyside area on the south flank of the 
Uinta Basin have been evaluated in an excellent paper by Holmes and Page (1956). 
Therefore, the author will only briefly review the salient features of theaccumu­
lation. The deposits lie on the south-facing escarpment of the Book Cliffs in 
Carbon County, Utah, a few miles north of the coal-mining town of Sunnyside. 
The asphaltic material occurs in beds of lateWasatch and early Green River age. 
Only the deposits in the Wasatch formation .are considered to be of economic 
value. The calculation of the Wasatch reserves is difficult, due to the highly 
lenticular nature of the beds and due to their limited exposure. A conservative 
estimate places the reserves at more than 1,600,000 ,000 cubic yards of material 
which averages 9% bitumen by weight. 

For a detailed discussion of the stratigraphy of the ar:.ea I the reader is referred 
to the paper by Holmes and Page (1956). The beds of Wasatch lithology are 
more than 3,700 feet thick in the Sunnyside area. The upper one-third of the 
Wasatch contains the only beds which are bituminous. Only the lower 450 feet 
of the Green River formation is present in the area, as the upper beds have been 
stripped by erosion. The individual sandstone beds containing the asphalt vary 
in thicknes s from 10 feet to over 300 feet. The saturation is variable, with the 
degree of saturation being a function of the porosity and permeability of the 
sandstone. The lateral extent of the beds is more than 9 miles in a northwest 
to southeast direction. Minor strike faulting 1s present, but seems to have no 
relationship to the accumulation of asphalt. 
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Figure 75. Photograph of Whiterocks Canyon area, looking north; white sandstone on low hill to right is the Jurassic 
Nugget sandstone. 



The asphaltic sandstones weather a blue-gray and are similar in appearance to 
the weathered beds of the bituminous sandstones of the Asphalt Ridge andWhite­

rocks area. On a freshly broken surface, however, the Wasatch sandstones do 
not have the typical speckled appearance. Porosities vary greatly, ranging from 
14% to more than 30% by volume, with the permeabilities varying from 100 to 600 
millidarcies. The Wasatch sandstones are quite well indurated and require 
blasting to permit removal by dozers with rippers. The ore is carried down an 
aerial tramway from the quarry and is then trucked to the railroad at Sunnyside. 
Several of the Sunnyside properties appear to offer excellent possibilities for 
strip-mining operations. Other parts of the deposits may be well adapted to 
"in situ" or fireflooding recovery of the oil. 
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Figure 76. Surface Cross Section, west side Whiterocks River, Sec. 18, T-I-N, R-I-W, U.S.M. Uintah 
County, Utah. 

MISCELLANEOUS LOCALITIES 

A glance at the Index Map (Figure 68) will show the location of all of the pro­
perties herein described. The author checked reports of an asphaltic sandstone 
northwest of John Starr flat in the NE 1/4 of Sec. 24, T-2-N, R-3-W, U.S.M., 
Duchesne County, but was unable to locate the seep. The asphalt occurrence 
would have been in beds of Eocene-Oligocene age. Another tar seep was reported 
east of the Whiterocks river in the SW 1/4 of Sec. 16, T-2-N, R-I-E, U.S.M., 
in Uintah County, but the author failed to locate this also. This seep would have 
been in beds of Duchesne River formation at a point where the Duchesne River 
beds overlie beds of the Curtis formation. 
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Peor Springs Bituminous Sandstones 

The Peor Springs bituminous sandstone deposit lies on the southeast flank of the 
Uinta Basin in T-15 and 16-S, R-23 and 24-E , S . L. M., Uintah County , Utah 
The bituminous sandstones are in beds of late Wasatch age and the geologic 
occurrence is very similar to the geologic occurrence of those in the Sunnyside 
area. The best saturation is in beds which structurally lie on small nosings or 
"bowings" and where the porosity and permeability are high. The source of 
the oil is undoubtedly the down-dip, highly organic, Green River shales and 
marls tones , with which the fluvatile beds of the Wasatch formation interfinger . 
The extent of the reserves is not known, although the author has observed 
saturation in beds which covered an interval in excess of 250 feet. 

Chapita Wells Bituminous Sandstones 

The bituminous sandstone deposits of the Chapita Wells area lie on the eastern 
flank of the Uinta Basin in the northwest part ofT-9-S, R-23-E, and in the north­
east part of T-9-S, R-22-E, in the southwest part of T-8-S, R-23-E, and the 
southeast part of T-8 -S, R -22 -E, S. L. M., Uintah County , Utah. The bitumen 
occurs in the fluvatile sandstones of the Eocene Uinta formation . Although 
many of the sands are extremely "dry ," there are several beds of asphaltic 
sand which are quite highly impregnated with a thick, tarry bitumen . The 
reserves are not known, although it is believed that they are not great. The 
origin is uncertain, but ma y be rela ted to fa ulting or to the impregna tion of the 
sandstones by a gilsonitic-type liquid hydrocarbon which moved upward along 
faults or fractures from a Green River formation source . 

Dragon-Asphalt Wash Bituminous Sandstones 

The Dragon-Asphalt Wash asphaltic sandstones are located on the southeast 
flank of the Uinta Basin, near the gilsonite camp at t he Black Virgin mine in 
Uintah County, Utah, in the east half of T-12-S, R-24-E, and the west half of 
T-12-S, R-25-E. The size of the deposit is not known, although it is extremely 
doubtful that the deposits have any commercial value . Man y of the sandstones 
are dry, tarry beds with light sa tura tion. About on e mile up the canyon from the 
Black Virgin gilsonite mine is a sandstone, about 25 feet in thickness, which 
is heavily saturated with a tarry oil . The deposit is adjacent to and updip from 
a northwest-trending gilsonite vein. Field evidenc e clearly shows that the gil­
sonite vein has acted as the feeder to the porous Green River sandstone and 
ha s completel y charged it with tarry bitumen. 

The Deep Creek Nose Asphaltic Sandstones and Conglomerates 

In the SW 1/4 of T-3-S, R-19-E, S.L .M., Uintah County , Utah, on the north 
flank of the Uinta Basin, is a small, south-plunging anticline which is locally 
known as the Deep Creek nose . The feature is developed in the Tertiary Duchesne 
Ri ver beds. At the point of overlap and a long the unconformity between the under­
lying Mancos shale and the Duchesne River beds of Oligocene (?) age are a series 
of sandstones and conglomerates which are charted with a viscous , tarry oil . 
The deposit is only of academic interest. The origin of the crude was the down­
dip Green River organic shales. The oil probably moved up dip into deltaic -type 
sandstones north of the organic shales and marls tones. When further uplift 
occurred to the north , the oil moved updip along the unconformities into the 
overlying Duchesne River beds. 
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South Whiterocks Tertiary Bituminous Sandstones 

In the SE 1/4 of Sec . 19 in T-2-N, R-1-E, U . S .M., on the south flank of the 
Uinta Mountains and on the north flank of the Basin, there is a small isolated 
patch of fairly "dry" bituminous sandstone . The areal extent of the outcrop is 
small, and the saturation is related to a small northeast -trending fault. The 
t hickness of the beds probably does not exceed fifteen feet. 

fohn Starr Flat Area 

About 12 miles west of the Whiterocks area, there is a small inlier of basal 
Duchesne Riverbeds, a part of which is well saturated with anasphalticmaterial. 
This area is the NW 1/4 of the NE 1/4 of Sec. 24 in T-1-N, R-3-W, U.S.M., 
Duchesne C ounty , Utah . The saturation is sharply delimited on the northwest 
by a small northeast-striking fault. The asphaltic sandstones are approximately 
70 feet in thickness , although the areal extent is extremely small. The deposits 
are not commercial, but are of academic interest in that the saturation is con­
trolled by faulting . 

North Tabiona Bituminous Sandstones 

A few miles north and east of Tabiona , Duchesne County , Utah, on the north 
flank of the Uinta Basin, in the south half of Sec . 17 , T-1-S, R-7-W, U.S.M ., 
on Ute Indian Reservation lands, are several small areas where the basal Cur­
rant Creek formation has been impregnated with asphalt. The saturation seems 
to be related to the une onformity between the Currant C reek beds and the under ­
lying Mesaverde fo rmation . The thickest sandstone observed was not over 25 
feet in thickness and was extremely limited in areal extent. The Currant Creek 
formation dips approximately 23 degrees to the south in this area. No satura ­
tion was observed in beds above the basal Currant Creek or in the underlying 
Mesaverde beds. 

The Lake Fork- Yellowstone River Bituminous Sandstones 

In the summer of 1958 the author checked an asphaltic sandstone deposit on Ute 
Indian Reservation land, in Secti ons 5 and 6, T-1-N, R-4-W, U.S .M. The 
saturation is in the Uinta formation and is located on the north flank of the Uinta 
Basin, on the divide between Lake Fork and the Yellowstone River. There are 
three to four tar sandstones which range from 15to 20 feetin thickness , although 
t he degree of saturati on is poor . One of the basal asphaltic sandstones is quite 
porous and permeable, and a small "brea", or tar spring, flows out of a fractured 
area and onto the ground. This deposit was cored by the Duchesne County Road 
Commissi on in 1958, but the cores were not evaluated . It is understood that 
the material is not sufficiently rich nor the beds of sufficient thickness to be 
used as a source of paving material for the county. The origin of the oil is not 
known. Another deposit is located in Sec. 33,T-2-N, R-4-W, U.S.M. , just 
north of the Uintah and Ouray Indian Reservation line . 

South Myton Bench Area !Jituminous Sandstones 

There are three bituminous sandstone deposits in an area which lies south of the 
town of Myton, Duchesne C ounty, Utah, and on the Pariette Bench. The depo­
sits are in the central part of the Uinta Basin and occur in beds of the Uinta 
formation of Eocene age. Due to the highly lenticular nature of the sandstone 
beds, it is believed that these deposits do not have any great commercial value, 
for many of the sandstones contain "dry " tar . The origin of the oil is not known, 
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Figure 78. Photograph in Whiterocks Canyon, looking east at the outcrop of asphaltic Navajo sandstone. 



although the author believes that the accumulation may have been related to t he 
eas t -west trending Duchesne fault zone, for the saturated beds are south of and 
updip from the fault zone. North of the faults, there is no saturation or impreg­
nation of asphalt. The oil could have migrated up the fault plane from the under­
lying Green River formation. It is also possible that the origin of the oil could 
be related to the interfingering of the lacustrine Green River sediments with the 
fluvatile Uinta -type sediments. 

Indian Canyon-Lake Canyon Bituminous Limestone Deposit 

In the Argyle Canyon area on the southwest flank of the Uinta Basin, there is an 
asphaltic sandstone which has been marketed under the trade name of "argulite" 
and which contains from 8 to 1 0% bitumen by weight. The deposits are in beds 
of the basal G een River (?) and lie south of the divide which separates the 
drainage of the Minnie Maude Creek from the north-draining streams on the dip 
slope of the Green River Formation. This deposit was mentioned by Abraham (1918). 

The Raven Ridge Asphaltic Sandstone 

On the northeast flank of the Uinta Basin in the area known as Raven Ridge in 
the west half of T-7 -8, R-25-E, 8. L. M., Uintah County, Utah, there is an 
asphaltic sandstone deposit which occurs in the deltaic sandstones of the lower 
Green River formation. The formation dips southwestward approximately 16 to 
18 degrees, and the asphaltic sandstone beds are exposed on the northeast­
facing, relatively low-lying escarpments. There are 6 to 8' beds which range 
in thickness from 2 to 10 feet. Much of the sandstone is "dry." These sand­
stones probably represent the near-shore facies of the Green River, and the 
source of the oil was the down-dip, highly organic Green River shales and marl­
stones. The reserves are not known, although it is believed that they are small. 

CONCLUSION 

The Uinta Basin in northeastern Utah is replete with asphaltic sandstones in for­
mations which range in age from the Jurassic to the Oligocene. Bituminous lime­
stones occur in beds of Eocene age in the southwest part of the Basin. Four of 
the deposits appear to have considerable economic merit; the rest are ,probably 
only of academic interest. The source of oil in the asphaltic sandstones is 
intimately related to the source of the solid hydrocarbons of the Uinta Basin. 
The source for all but the Whiterocks accumulation, which is possibly Pennsyl­
vanian, is undoubtedly the Eocene Green River sediments. 
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Paper 24 

INTRODUCTION 

COMPOSITION AND ORIGIN 
OF THE UINTA BASIN 
BITUMENS 
by fohn M. Hu.nt! 

The names of the three formations of interest, from oldest to youngest, the 
Wasatch, Green River, and Uinta, have been used largely as facies terms to 
differentiate sediments which were believed to be of different age but actually 
were deposited simultaneous ly. The Wasatch is predominantly fluviatile and 
continental, consisting of redbeds and thick sands. Much of what has been called 
Wasatch in the cliffs along the south side of the basin was deposited at the same 
time as what has been called Green River in the center of the basin. The Green 
River includes those beds of lacustrine lithologic type, of which the most dis­
tinctive are theoil shales. The Uinta formation, red andgreenshalesandchannel 
sands, is well developed in the northeastern part of the basin and grades into 
lacustrine beds which have been called Green River toward the center. In this 
paper the terms Wasatch, Green River, and Uinta are used to designate time­
stratigraphic units, unless it is expressly stated that they are used as facies 
terms by some phrase like "Green River lithology." 

OCCURRENCE OF THE BITUMENS 

The bituminous substances of the Uinta Basin include oil shales, vein deposits, 
and bituminous sandstones (Fig. 79). Each type of material occurs only in a par­
ticular sedimentary facies: oil shales in he ·lacustrine facies, veins of bitumens 
in fractures associated with minor structures in the portion of the lacustrine facies 
containing oil shale, and deposits of bituminous sandstone in the shore facies 
where reservoir sandstones interfinger with lacustrine facies containing oil 
shales. The subaerial facies are essentially barren of bitumens. This associa­
tion between bituminous substances and facies is shown schematically in Figure 
81. Some of the vein deposits extend into subaerial deposits, but all originate 
in the lacustrine facies. In addition, the individual bitumens, ozocerite', albertite, 
gilsonite, and wurtzilite, appear to be associated with definite time intervals 
as illustrated in Figure 80. Each formation or time stratigraphic unit contains its 
own peculiar bitumens. 

Wasatch Fonnation - Ozocerite 

The Wasatch is primarily a redbed, non-lacustrine formation, and is exposed all 
around the southern margins of the basin. In the Soldier Summit area the upper 
Wasatch consists principally of variegated shales and channel sandstones with 
some lacustrine sediments, consisting of fossil shales and dense limestones. 
Some shales contain ostracods, but the limestones are almost barren of fossils, 
which differentiates them from the limestones in the units above and below. 
Locally this lacustrine facies contains highly bituminous calcitic oil shales. 
Ozocerite is a native wax which occurs as filling in fracture breccia associated 
with north -south trending faults in the southwest margin of the basin near Soldier 

1. Geochemist, Jersey Production Research Company, Tulsa, Oklahoma. 
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Summit. The faults cut the non-marine upper Wasatch, and the origin of the ozo­
cerite is apparently the bituminous lacustrine oil shales farther northeast toward 
the center of the basin. The most important deposit is the Soldier Summit mine 
(Sec. 30, T-lO-S, R-8-E) in a bed of oil shale. This vein extends over 2, 000 feet 
in a belt of breccia that varies from five to 50 feet in width. It has been mined 
as deep as 600 feet. Liquid ozocerite drips from the deeper mine levels. The 
Humble Oil Company's Ruth Nelson No. 1 had a show of oil containing wax simi­
lar to ozocerite on the northern margin of the basin in beds of shoreline facies 
close to typical Wasatch redbeds. In the latter area it appears that the bitumen 
was generated in oil-shale facies and migrated a short distance laterally into 
sandstones in a redbed facies. A similar condition appears to exist at Soldier 
Summit where the upper Wasatch red shales change facies to oil shales a short 
distance down dip (northward). In the Roosevelt and Duchesne field, oil is pro­
duced directly from fractured bituminous shales in the basal Green River. The 
heavy ends · of this oil are remarkably similar to ozocerite. 

O~~UR~re:~E AXIS OF BASIN MARGIN OF BASIN LAND AREA 

BITUMENS 

WURTZILITE ... 

GILSONITE 

BITUMINOUS 
SANDSTONE 

ALBERTITE --.J 
INGRAMITE --l 

f-OZOCER ITE 

Figure 80. 
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SUB-AERIAL DEPOSITS 

SUBDIVISION OF THE TERTIARY 
IN THE UINTA BASIN 

Green River Formation - Albertite, Ingramite, Gilsonite 

The Green River forma tion reaches a maximum thickness of nearly 7, 000 feet near 
the center of the basin. I includes three major facies: lacustrine, shore, and 
subaerial. The lacustrine facies are oftwo major types. The first type consists of 
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siliceous carbonates ca lled "oil s hales ." They contain dolomite , ca lcite , and 
finely crystalline quartz with a wide range in amounts of organic matter . Less than 
one-fourthof the samples contain clay minerals . They weather white a n d a re ex­
posed as high cliffs in many places . The other lacustrine type c onsists of gra y ­
green sha les interbedded with minor amounts of thin white limestone or dolomite. 
These beds occur abundantly in the western and southwestern pa rt of the basin . The 
shore facies is composed of interbedded s a ndstones and ca lcareous shales a nd 
muds , which locally contain oolites, clastic calcareous mudstones , and algal 
reefs . These grade laterally into the subaerial facies which is predominantly brown 
sandstone and siltstone , interbedded with minor amo unts of red and green s hale . 
The latter have generally been called Wasatch, even t hough t hey are of Green River 
age. 

LACUSTRINE 
FACIES 

OIL "SHALES" AND 
VEIN BITUMENS 

(MINOR STRUCTURE) 

SHORE 
FACIES 

BITUMINOUS 
SANDSTONES 

SUBAERIAL 
FACIES 

BARREN 
SANDSTONES 

.... :::.::; ... 

" " . 

RI69700 

ASSOCIATION OF TYPES OF DEPOSITS OF BITUMENS 
WITH SEDIMENTARY FACIES 

Figure 81. 

The lower part of the Green River consists of oil shale , red and green s hale, 
sandstone , marls tone , oolite and algal reefs . The unit c onta ins many fossils a t 
the base , predominantly gastropods and pelecypods that are believed to be eith er 
fresh or brackish-water types . Similar fossils are not found in any of the over­
lying beds . 

In the lower Green River formation about 500 feet stratigraphically higher than the 
ozocerite deposits are found small deposits of a pyrobitumen: albertite . This 
material occurs in fissures within the lake beds. The largest albertite vein is 
4-8 inches wide and can be traced for several hundred feet. Other bitumens that 
appear to be less weathered forms of albertite , such as ingramite , occur in t he 
same general area , and all of them fill fractures and joints in a mahogany - type 
shale which contains an abundance of fossil scales and fish skeletons . Small 
amounts of liquid ingramite exude from bedding planes of the sha Ie where exposed 
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to the heat of the sun . Some veins have such a small lateral and vertical extent 
that they can be tied directly to their source--the mahogany-type oil shales. 

The middle part of the Green River contains a large number of sandstones , which 
are more common on the margins of the basin than in the center . Along the south 
rim of the basin there are thick bituminous sands . The saturated sandstones 
belong in the near-shore facies and are interbedded with and grade laterally into 
dolomitic oil shale . The more massive sands farther from the oil shales are not 
saturated , even though they are laterally updip from them . 

Many small joints occur in the lacustrine facies in the center of the basin . These 
are filled with gilsonite that apparently was derived from the adjacent shales . 
In the eastern part of the basin , the large Dragon and Weaver gilsonite veins 
terminate downward in oil-shale beds . The sediments in Evacuation Wash are 
near - shore , and characterized by oolites and algal reefs which have been des­
cribed by Bradley (1 929 ). No fossils except ostracods and insects are found . 

The lake reached its maXimum areal extent during late Green River time . Shore­
line facies occur around the margins of the basin , but most of the subaerial beds 
have been removed by erosion . The top of the unit contains a highly saline facies , 
characterized by cavities formerly occupied by crystals of various carbonate 
salts . In the western part of the basin the lithologic character is still lacustrine , 
and the unit consists of green shales with little bituminous or carbonate content , 
and no bitumen veins . In the eastern part of the basin the section is predom­
inantly oil shale which ranges widely in richness . The richest member of the 
oil shales , known as the "mahogany ledge, " consists of bedded oil shales of 
various lithologic types , mainly very dark brown and black , hard , cherty dolo­
mite and papery , laminated shale , and averages , when retorted , 30 gallons per 
ton of shale - oil. It is stratigraphically the same member that is being mined by 
the U . S . Bureau of Mines in the Piceance basin at Rifle, Colorado . It is 
exposed on the east margin , but is not present on the west or south sides of the 
basin. 

In the Bonanza -Rainbow area there is "a restricted zone containing crystal cavi­
ties which are empty , filled with calcite , or filled with gilsonite . These cavi­
ties apparentl y were formed by the solution of nahcolite, or other complex car­
bonate salts . 

A shoreline facies of upper Green River is present along Raven Ridge on thenorth ­
east margin of the basin, and man y of the sandston es are saturated with asphalt . 
The source of this asphalt is apparently the rich shale s into which the sandstones 
interfinger basinward. Heavy sandstones of Green River age which also inter­
finger with oil shales basinward are found saturated with asphalt around the 
southern margin of the basin . 

All the veins within middle and upper Green River are gilsonites , most of which 
branch into a series of veinlets in the rich oil shales . The gilsonite apparently 
moved into the veins as a fluid . A liquid form of gilsonite is found at depths in 
the Bonanza mine. The largest gilsonite veins cut about 1 , 500 feet of section 
and reach a thickness of approXimately 18 feet. At their base in the general zone 
of the Mahogany ledge , veins as thin as 1/4 inch have been observed , althoug h 
the average is nearer 1 inch . The gilsonite veins appear to be derived .from the 
upper Green River formation , since most of the veins terminate in this section . 
There is no evidence that any of the gilsonite veins originate in the overlying 
Uinta formation . Although many of the veins are widest in the subaerial deposits 
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of the Uinta formation, in all places they terminate downward in the Green River. A 
more detailed description of the gilsonite mines is given by Abraham (1960). 

Uinta Formation - Wurtzilite, Tabbyite 

The Uinta formation overlies the Green River formation. The red and green shales 
and channel sandstones which are characteristic of the Uinta formation in the 
Bonanza area, grade westward into lacustrine oil shales. Some of these lacustrine 
beds are lithologically peculiar, consisting of very cherty bituminous dolomites 
with abundant cavities once occupied by crystals of soluble salts. 

West and south of Duchesne in these Uinta beds of lacustrine facies are found 
veins of the pyrobitumen wurtzilite. Most of the veins are less than 2 feet wide 
and 20-30 feet in height. Few veins can be traced more than a mile or two, and 
occur at about the same stratigraphic horizon. All are completely enclosed by 
bituminous marlstones which appear to be their source beds (Abraham, 196 O). 

The asphalt tabbyite is found in Tabby Canyon several miles to the southeast of 
the wurtzilite mines at approximately the same stratigraphic horizon. It extends 
as a series of disconnected veins for about 3 miles with a maximum width of 
about a foot. It breaks into a number of vein lets or stringers with depth. 

COMPOSITION OF THE BITUMENS 

Types and Classification of Bitumens 

Bituminous substances are generally divided into two major classes, those sol­
uble, and those insoluble, in carbon disulfide (Abraham, 1960}. Subdivisions of 
these major classes are made on the basis of the fusibility of the substance. 
Figure 82 presents a classification of most of the known types of naturallyoccur­
ring bitumens. The crude oils and oil seeps are relatively low molecular-weight, 
distillable bitumens, whereas all the rest of the substances are higher molecular­
weight, non-distillable bitumens. Going across the chart from left to right 
there is a decrease in the solubility and an increase in the fusion point and the 
carbon to hydrogen ratio of the bitumen. 

Ozocerite is a mineral wax composed principally of straight chain paraffin hydro­
carbons with a few naphthenes. Hatchettite and scheererite are local names for 
varieties of ozocerite found in Scotland and Switzerland. Montan wax is a mixture 
of high molecular weight acids and esters in the range from about C29 to C35' It 
is not found in a free state, but is extracted from lignite or pyropissite by sol­
vents. Ozocerite is the only mineral wax found in the Uinta Basin. It is called 
Utah wax in the literature to distinguish it from Galician ozocerite. 

Viscous liquids or solid low-melting bitumens are classified by Abraham as 
asphalts. The asphalts that are readily extracted from asphaltic sandstones and 
limes tones al so come under this clas sifica tion. Among the asphalts found in 
the Uinta Basin are: tabbyite, a solid found in veins in Tabby Canyon; a semi­
solid bitumen oozing from a creek bed west of Duchesne and called "liverite" in 
this paper; liquid gilsonite found at depths in the Bonanza gllsonite mine; and 
argulite, an asphalt saturating sandstone in the canyon of Argyle Creek south of 
Ouray. There are also asphaltic limestones north of Colton and asphaltic sand­
stones at many other places in the basin. Some of these contain up to 50% asphalt 
by volume. 
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An asphalt with a fusing point higher than 2300 F is classified as an aSphaltite. 
Gilsonite is the only asphaltite found in the Uinta Basin. 

Bituminous substances that decompose before they melt are called pyrobitumens. 
The asphaltic pyrobitumens are differentiated from the non-asphalts or coals, in 
that the former generally contain less than 5% oxygen. Wurtzilite, "ingramite, II 
and albertite (also called nigrite) are the principal asphaltic pyrobitumens found 
in the Uinta Basin. 

The bitumens listed in Figure 82 can be separated into fractions on the basis of 
their solubility in organic solvents. When the bitumen is mixed with petroleum 
ether, it separates into a soluble portion (malthenes) and an insoluble portion 
(asphaltenes). The malthenes can be further subdivided by mixing them with 
adsorbent clay and extracting with carbon tetrachloride. The extracts are the 
oily constituents, and the residues are the asphaltic resins. The resins are 
removed from the clay with carbon disulfide . When the asphaltenes are mixed 
with carbon disulfide, they separate into a soluble portion (carbenes) and an 
insoluble portion (carboids). 

Physical and Chemical Properties 

General Properties: The different bitumens of the Uinta Basin vary considerably 
in their physical and chemical properties which provide a means for character­
izing and iden tifying them. Figures 83 and 84 show the variation in fusing point, 
specific gravity, and solubility. The bitumens are arranged in order of increasing 
fusing point: waxes, asphalts, asphaltites, and pyrobitumens. The fusing 
points increase rapidly for the denser bitumens. Different grades of gilsonite 
range in fusing point from 230 to 350o F. Solubilities in carbon disulfide show 
a sharp break between the soluble asphaltite, gilsonite, and the insoluble pyro­
bitumen, wurtzilite. 

The fixed carbon content, useful in making a preliminary classification of the 
bitumen, is defined as the carbon residue left after heating the bitumen at 9500 C 
for 7 minutes in the absence of air. In general, it stays within definite limits 
for the different types of bitumens. Some of the fixed carbon analyses made on 
Uinta Basin samples are listed in Tabl e XIII. These values are on an ash- free 
basis. 

TABLE XIII 

FIXED CARBON ANALYSES OF UINTA BASIN BITUMENS 

Bitumen 

Ozocerite 
Wurtzilite 
Wurtzilite 
Wurtzilite 
Ingramite 
Ingramite 
Gilsonite 
Gilsonite (pencillated) 
Gilsonite 
Gilsonite 
Albertite 
Albertite 

*ash free basis 
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Source 

So ldi er Summit 
Country Gentle me n 
Powtin vein 
Canyon Junction 
Soldier Summit 
Soldier Summit 
Black Dragon 
Bonanza 
Bonanza 
Weaver 
Soldier Summit 
Soldier Summit 

Wt. % Carbon Residue * 

4.1 
5.9 
6.2 
7.6 
8.1 
8.4 

13.8 
16.3 
16.6 
18.6 
38.0 
37.7 
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PHYSICAL AND CHEMICAL PROPERTIES OF THE UINTA BASIN BITUMENS 

Figure 83. 
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Albertites are readily distinguished from the other bitumens by their high carbon 
residues. Different types of gilsonites differ only by a few per cent in their car­
bon residues. Wurtzilites and ingramites have unusually low residues considering 
the fact that both are pyrobitumens. 
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SOLUBILITY DATA FOR THE UINTA BASIN BITUMENS 

Figure 84. 

The refractive index of a bitumen is useful as a correlation index and as an indi­
cation of molecular structure. Within anyone molecular weight range, the order 
of increasing refractive indices is paraffins, naphthenes, aromatics. In the high 
molecular weight ranges there is some overlap, but the rule still applies generally. 
Figure 85 is a frequency distribution chart of the refractive indices of ninety bitu­
men samples. These samples were chosen from as many different localities as 
possible so as to obtain a completely random distribution. The length of each 
bar in Figure 85 indicates the number of samples having that particular refractive 
index. It is apparent that with refractive indices alone it is pos sible to dis­
tinguish between albertite, gilsonite, wurtzilite, and ozocerite, except for 
indices 'between 1.585 and 1.595 where gilsonite and wurtzilite overlap. It is 
not possible to distinguish between ingramite, wurtz1lite and tabbyite by refrac­
ti ve -index since all three overlap each other. 
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When the median refractive index of the bitumens is plotted against fixed carbon 
content, the points fall in a smooth curve as shown in Figure 86. Ozocerite, with 
a high paraffin content , has a low refractive index and carbon residue. At points 
higher on the curve, where the indices and carbon contents are high, there is a 
decrease in the paraffin content and an increase in the aromatic and condensed 
ring structures. The position of the two pyrobitumens, wurtzilite and ingramite, 
at the low end of the curve strongly suggests that they either have fewer aromatics 
in their structure, or smaller molecular units than either gilsonite or albertite. 
There is also other evidence to support this, such as the carbon to hydrogen ratios. 
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Structure Correlations from Infrared Absorption Spectra; Additional information on 
organic structures of asphalts can be obtained from a study of -their infrared 
spectra . Specific atomic configurations , such as an - OH, ) C=O and phenyl 
groups, have absorption bands in specific narrow regions of the spectrum . For 
example , the -OH group of alcohols absorbs at a wave length of 3 . OJL, the 
) C=O of ketones, aldehydes, and acids at about 5 . 9JL , oxygenated structures 
in the region of 8-10 JL , aromatic structures from 11 to 13 . 5JL , and long chain­
aliphatic paraffins around 13. 9JL. The ratios of aromatic and paraffinic struc ­
tures can be compared among bitumens from the intensity of absorption bands in 
the 11-13 . 5JL aromatic region and in the 13 . 9JL paraffin region . A considerable 
amount of data on the correlation of atomic groups and infrared absorption frequen­
cies has been reported in the literature (Faraday Society , 1945; Barnes, et al . , 
1948; Randall , et al., 1949) . In general, the order of compounds having increasing 
intensities of absorption bands is naphthenes, paraffins , olefins , aromatics , 
oxygen, sulfur, and nitrogen compounds. The non-hydrocarbons have absorption 
bands approximately twenty times more intense than paraffin hydrocarbons . 

Structures in the carbon disulfide soluble portions of the Uinta Basin bitumens 
can be determined by examination of the curves in Figure 87 . The absorption 
peaks at 13. 9JL in the spectra of ozocerite, wurtzilite, albertite, and inqramite 
indicate the presence of chains of five or more carbon atoms in these compounds. 
The sharp peaks at about 13. 4JL in the ingramite and albertite spectra are attributed 
to polycyclic aromatics. The two broad humps at 11 . 5 and 12 . 3JL in gilsonite are 
due to aromatics, the latter peak being attributed to para -substituted aromatics . 
The peaks around 8. 6JL in the spectrum of gilsonite, and at 8 . 9JL in the 
spectrum of wurtzilite , are probably due to oxygenated compounds which absorb 
strongly in the 8-10fL region . The sharp peaks at about 5 . 9fL in the spectra of 
ingramite and albertite are due to the > C =0 group . 

The liquid bitumens of the Uinta Basin have essentially the same basic struc­
tures as the soluble portion of the solids . Evidence for their similarity In basic 
structures is provided by the similarity of their infrared spectra . In Figure 88 
the spectra of liquid, semi -solid , and the soluble portion of solid forms of gil­
sonite and wurtzilite type bitumens are shown . The gilsonites are all from the 
the Bonanza vein system . No . 1 is a liquid ooze from a gilsonite mine , and 
No's . 2 , 3, and 4 are harder forms of gilsonite with increasing asphaltene con,... 
tent. It will be noted that all of the first four spectra are characteristic of gil­
sonite (Figure 87). Their chief differences are in the 8 -1 OfL range where the 
increasingl y harder forms s how increasing abs orption due to the presence of oxy­
genated compounds. They are distinctly different from the bottom spectra of 
wurtzilite-type bitumens . No. 5 is a semi-solid material that is completely 
soluble in es2 , and No.6 is a true wurtzilite that is only partially soluble . 
Both show the characteristic wurtzilite curve with strong absorption at 8 . 9, 
9.65, and 13.9fL • 

Elemental Analyses: Some information about the molecular structures of bitumens 
from the Uinta Basin can be obtained from an analysis for the elements carbon, 
hydrogen, sulfur, and nitrogen. The ratio of hydrogen to carbon atoms varies 
in different molecular structures. Naphthene and paraffin hydrocarbons have 
high H/c ratios whereas condensed aromatics have low H/e ratios . Conse­
quently, bituminous substances rich in the former materials have high Hlc 
ratios , whereas carbonaceous substances rich in the latter materials have low 
Hi e ratios . Ozocerite, a paraffin wax, has the highest Hie atomic ratio of t he 
Uinta Basin bitumens , whereas albertite , the pyrobitumen has the lowest rati n 
next to the coals . The ratios of these and other natural bitumens are listed in 
Table XIV . 

The order in which the substances are listed in Table XIV represents an order 
of decreasing- paraffinicity and increasing aromaticity. 
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TABLE XIV 

HYDROGEN AND CARBON ATOMIC RATIOS FOR NATURAL BITUMENS 

Bitumen Source Atomic Hlc Ratio 

1. Ozocerite Soldier Summit 1.96 
2 . Ozocerite Miller Mine 1. 89 
3 . Tabbyite Tabby Canyon 1.62 
4 . Ingramite Soldier Summit 1.62 
5 . Wurtzilite Indian Canyon 1.60 
6 . Wurtzilite Red Creek 1. 59 
7. Gilsonite Black Dragon 1. 47 
8. Gilsonite Bonanza 1. 45 
9 . Gilsonite Rainbow 1.42 

10 . Albertite Soldier Summit 1. 32 
11. Albertite Albert Co., New Brunswick , 

Canada 1. 24 
12 . C oal Uinta Basin 0.99 
13 . Bituminous Coal 0.80 
14 . Anthracite Coal 0 . 56 

Structural interpretations based on H/c ratios are valid only if the total quantity 
of nitrogen , sulfur , and oxygen in the substances being compared does not differ 
appreciably. Since these elements replace hydrogen, a pure hydrocarbon struc ­
ture would have a higher Hlc ratio than a corresponding structure containing nitro ­
gen, sulfur , or oxygen . Maximum differences in the nitrogen, sulfur, oxygen con­
tent of the Uinta Basin bitumens are about 6%, which is too low to influence the 
order in Table XIV . The Uinta Basin coal and bituminous coal with a high (10-
15%) nitrogen, sulfur , oxygen content would have Hlc ratios closer to 1.28 and 
1.05, respectively, on a nitrogen, sulfur, oxygen free basis. 

The bitumens with low Hlc ratios are generally more insoluble and infusible than 
those with high Hlc ratios . Wurtzilite is a notable exception to this rule, having 
a higher H/c ratio than gilsonite , but being more insoluble . Solubility and fusi­
bility are influenced by other factors, such as the sulfur, nitrogen , and oxygen 
content of the bitumens . 

The sulfur and nitrogen content of the Uinta Basin bitumens are shown in Figure 
89 . Wurtzilite has the highest sulfur content, by far, of the entire group, aver­
aging about ten times as much sulfur as gilsonite. The presence of sulfur linkages 
in the wurtzilite structure is believed to lead to its insolubility and infusibility . 
Sulfur is known to cross link large hydrocarbon molecules, as in natural or syn­
thetic rubber , imparting rigidity and insolubility to the material . 

Only one analysis each was available for tabbyite , ingramite, and albertite , but 
they seem to fall in between gilsonite and wurtzilite in sulfur content. Gilsonite 
samples from several different localities are remarkably uniform in elemental com­
position , all being high in nitrogen (2.25-3 . 29%), and low in sulfur (0.22-0.53%). 
The high nitrogen content indicates that proteinaceous material played an impor­
tant part in the origin of gilsonite. Ozocerites are low in both nitrogen and sul­
fur . 

The mechanism of the oxidation of asphaltic materials can proceed along two 
paths: (1) the addition of oxygen to form unstable compounds from which water, 
carbon dioxide, or other unstable oxygen-containing substances are eliminated 
leaving unsaturated compounds which then polymerize, and (2) the addition of 
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oxygen to form stable oxygenated compounds. Some deductions as to the pos­
sible oxidation mechanism for a bitumen such as gilsonite can be made from 
elemental analyses of the material in various stages of weathering. 

Data of this type have been obtained for a group of gilsonites and are shown in 
Figure 90. The percentages of elemental constituents for 10 gilsonites are plotted 
against the per cent asphaltenes which is a rough measure of the extent of poly­
merization. Inasmuch as asphaltenes are of high molecular weight, an increase 
in the average molecular weight of the substances occurs with an increase in 
asphaltenes . Liquid asphalts are low in asphaltenes and the hard solid asphalts 
are high in asphaltenes; consequently, asphaltenes can be used to measure the 
change from liquid to semi-solid, to solid which represents various stages of 
weathering. 
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SULFUR AND NITROGEN CONTENT OF THE UINTA BASIN BITUMENS 
The data in Figure 90 show a very interesting relationship. In going from Bonanza 
tar with 23% asphaltenes to some of the fresh samples of solid gilsonite with 30 
to 40 per cent asphaltenes there l§.. no appreciable increase in the oxygen content, 
but there is a definite lowering of the hydrogen to carbon ratio . This signifies 
that the change from liquid to solid forms of gilsonite is chiefly a polymerization 
reaction with loss of hydrogen (probably as water). However, in going from the 
fresh solid to the more weathered solid forms of gilsonite having from 40-70% 
asphaltenes, there is little change in the hydrocarbon to carbon ratio, but a 
definite increase in the oxygen content. This indicates that the alteration of the 
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more weathered forms ofgilsoniteis a res ult of the formation of stable oxygenated 
compounds ra ther than of increased p o l ymerization. It is also interes ting t o note 
that neither th e sulfur nor the nitrogen co nt ent varies appreciabl y . Apparently 
neither of these elements is lost or concentrated in going from the tar to the solid 
weathered gilsonite . 
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Figure 90. 

Separation of Hydrocarbons from Bitumens by C hromatography : The chromato ­
graphic procedure involves dissolvinq the bitumen in some light hydrocarbon, s uch 
as normal heptane , alld passing it through a column of activated alumina . This is 
followed by benzene and methanol , ether, or pyri dine . The heptane removes the 
paraffin and naphthene hydrocarbons; the benzene , the aromatic hydrocarbons; and 
the pyridine , the nitrogen , oxygen, and sulfur compounds (non-hydrocarbons ) . 
The separations are not quantitative and it usuallyis necessary to repeat t he pro ­
cedure to obtain an accurate analysis . The approximate distribution of h ydro ­
carbon types in oz ocerite, liquid gilsonite , and two crude oil residues by this 
method is shown in Table XV . The high paraffinicity of ozoc erite (81%) and the 
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aromaticity of gilsonite (48%) are evident from these data. Also, it is evident 
that the heavy end of the Duchesne oil from 7,596 feet is very similar to ozo ­
cerite, whereas an oil show obtained at 3, 000 feet in a nearby well is more sim­
ilar to liquid gilsonite. 

TABLE XV 
CHROMATOGRAPHIC SEPARATION OF OZOCERITE, LIQUID GILSQNITE, 

AND TWO CRUDE OIL RESIDUES 

Duchesne Liquid Duchesne 
Ute Tribal i1 * Gilsonite Ute Tribal #2* 

ComEound T:t:Ee Ozocerite 7596' {Bonanza Mine) 3000' 

Paraffin and Naphthene 
Hydrocarbons 81 82 18 30 

Aromatic Hydrocarbons 10 11 48 36 
Nitrogen, sulfur, and 

oxygen compounds 
plus insoluble mat-
erial 9 7 34 34 

*Residuum boiling above 4280 C. 

ComEosition Studies b:t: Mass SEectrometr:t:: In recent years mass spectrometers 
have been used in making detailed composition studies of the fractions ofolls and 
bitumens containing up to about 40 carbon atoms. These analyses were made for 
the soluble fraction of a gilsonite, wurtzilite, ozocerite, and the bitumen extrac­
ted from lacustrine shales associated with ozocerite veins. The results are 
shown in Table XVI. 

TABLE XVI 
MASS SPECTROMETRY ANALYSES OF UINTA BASIN BITUMENS 

Gilsonite Wurtzilite Ozocerite Shale EXtract 
(Cowboy (Rat Hole (Soldier (Soldier 

vein) Canyon) Summit) Summit) 

Per Cent Soluble 25 6 88 93 

ComQound TYQe Weight Per Cent in Soluble Fraction 

Paraffins 0 7 68 51 
Non-Condensed ring 

Naphthenes 12 21 6 11 
2 -ring Naphthenes* 10 9 6 3 
3-ring Naphthenes* 10 17 4 3 
4,5,6 -ring Naphthenes* 7 24 4 5 
Aromatics 61 22 12 27 

*Fus ed ring s 

The gilsonite contains no paraffins which is most 'unusual for a natural bitumen. 
The wurtzilite is predominately naphthene rings as was suspected from previous 
analyses. The extract of shale near ozocerite veins has a very high paraffin con­
tent comparable to the vein material. The mass spectra data also show that the 
paraffin fraction of ozocerite is about 60% isoparaffins and 40% normal paraffins . 
The aromatic fraction of gilsonite is about 23% alkylbenzenes, 17% naphthalenes , 
16% acenaphthenes, 16% indanes and tetralins, and the rest indenes, acenaph­
thylenes and tricyclic aromatics. 
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Summary of Composition Data 

The Uinta Basin bitumens are complex mixtures of high molecular weight hydro­
carbons and non-hydrocarbons which can be separated into fractions consisting 
of an oily medium, asphaltic resins, asphaltenes , and carboids . These groups 
merge into one another and their atomic H/c ratios decrease with each succeeding 
member, except for the carboids which differ mainly in having more oxygen than 
the asphaltenes. The asphaltenes are usually aromatic, the asphalticresins are 
aromatic or naphthenic, and the oily medium may be naphthenic or paraffinic in 
struc ture . The molecular weights of these groups vary from about 500 for the oily 
medium and resins to 10,OOOfor theasphaltenes, and probably higher for the car ­
boids . 

The distinct differences in the Uinta Basin bitumens are due to the differences 
in the structural units forming the constituent groups . Although asphaltenes are 
usually aromatic , they may have naphthenes in them . Likewise , the oily medJum 
ma y be more aromatic than naphthenic or paraffinic, and sulfur or nitrogen link ­
ages may be introduced in the units . Sulfur , particularly , may act as a cross ­
linking agent to impart rigidity and insolubility to the bitumen. A description 
of the probable structures of the individual Uinta Basin bitumens based on all 
available data is presented below. 

Ozocerite is composed principally of straight and branched chain saturated hydro­
carbons with minor amounts of naphthene and aromatic rings . The sum of oxy­
gen, nitrogen , and sulfur averages less than 0 . 5% . The Hlc ratio of 1.96 is 
approximately that of the -CH2 - group . The low refractive index, low carbon 
residue, and absence of aromatic peaks and presence of a strong paraffinic 
peak in the infrared spectra identify a predominantly paraffinic material. High 
mass spectral data show the paraffin fraction is about 50% isoparaffins, 30% 
normal paraffins, and 20% cycloparaffins (naphthenes). The chain length de­
duced from melting point and X-ray data is in the C 25 -C35 range. 

Gilsonite is predominantly aromatic, containing condensed ring aromatic struc­
tures in the high molecular weight asphaltene fraction and simpler dinaphthyl 
structures with a few paraffins in the oily constituents and resins. The soluble 
material is about 60% aromatic rings and 40% naphthene rings with no paraffins . 
Both nitrogen and oxygen linkages are present, particularly in the higher mole­
cular weight fractions, but the sulfur content is low. Some carbonyl and other 
oxygenated compounds are present in the oily constituents and resins. Over 50% 
of the solid gilsonite probably consists of non-hydrocarbons . 

The high carbon residue , refractive index and mass spectrometer data show that 
condensed rings are present. The low atomic Hlc ratio of 1 . 42 establishes the 
aromatic character of gilsonite . Infrared spectra show the presence of para and 
meta substituted aromatics and oxygenated compounds , and the absence of long 
paraffin chain structures . Mass spectrometer data show a variety of condensed 
aromatic structures . The elemental analysis shows that gilsoni te is high in 
oxygen and has the highest nitrogen content of the Uinta Basin bitumens . 

Wurtzilite is naphthenic in character with fused naphthene rings rather than aroma­
tic rings predominating in the higher molecular weight fractions . Chains of five 
or more -CH2 - groups are attached to the condensed ring units in both the oi ly 
constituents and the asphaltenes . Wurtzilite contains some oxygen , probably in 
the form of carbonyl side chains and oxygen bridges. It also has a high sulfur 
content (4%). The low carbon residue and refractive index , and the high atomic 
H/c ratio of 1 . 60 definitely establish that wurtzilite has fewer condensed ring 
aromatics than naphthenes in its structure . The absence of strong infrared peaks 
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in the aromatic region at 11.5 and 12.3 microns further substantiates this con­
clusion. Its infusibility and insolubility probably arise from the joining of mul­
tiple units of naphthene rings with sulfur and oxygen acting as crosslinking units. 
The presence of strong infrared absorption peaks due to paraffin chains, > e=o, 
and other oxygen linkages establishes that these groups are present in wurtzilite. 

Albertite is composed predominantly of condensed aromatic ring structures with 
the oily constituents containing polycyclic aromatics, carbonyl groups, and some 
paraffin chains. It has less sulfur and nitrogen than 3.ny other Uinta Bas,in bitu­
men except ozocerite . 

The very high carbon residue, high refractive index, and low atomic Hie ratio 
establish the presence of the condensed aromatic rings. The insolubility and 
infusibility of albertite indicate the condensed rings to be of several more units 
than in gilsonite. The infrared spectra of the oily constituents and asphaltenes 
establish the presence of carbonyl groups, polycyclic aromatics, and some paraf­
fin chains. 

Ingramite appears to be a less pol ymerized form of albertite. The oily consti­
tuents and asphaltenes of ingramite have the same infrared spectra as those of 
the soluble fraction of albertite, but ingramite has a higher atomic Hie ratio 
and lower carbon residue than albertite. These properties would be character­
istic of a less polymerized form. 

Tabbyite has an infrared spectrum similar to gilsonite except that weaker infrared 
peaks in the carbon-oxygen regions indicate that fewer oxygenated compounds 
are present in tabbyite. In all other properties, such as refractive index, sulfur 
content, and atomic Hi e ratio, it resembles wurtzilite. It is probably some 
intermediate t ype of bitumen. 

IDENTIFICATION OF SOURCE BEDS 

The author has previously published a paper showing both chemical and geolo­
gical evidence to identify the source rocks of the Uinta Basin bitumens (Hunt, 
et al., 1954). The identification was made by comparing the physical and chem­
ical properties of the bitumens in the veins to minute quantities which still exist 
disseminated in the original source beds. Subsequent studies have not altered 
the original conclusions. Theresults clearly show that the calcareous oil shales 
of the lacustrine facies are the source beds of the hydrocarbons. In addition the 
bitumens disseminated in these lacustrine source beds differ with depth. There 
is a definit e and clear transition in the composition of the rock bitumen that par­
all e ls the change in composition of the vein deposits in going up the entire Eocene 
section. 

Figure 91 illustrates this clearly . This figure contains histograms representing 
infrared spectra of bituminous materials from the basin (Hunt, et al., 1954). 
Each histogram represents a "fingerprint" of the particular bitumen examined. 
When two histograms are similar it means that the two bitumens that were analy­
zed are the same. The histograms on the left side of the diagram represent the 
minute amounts of bitumen still finely disseminated. in the original shale source 
beds. Each histogram actuall y represents an average of several analyses of bit­
umen eXisting in the shale at the depth interval as listed to the left. For example, 
the histogram next to -150 feet is the average of 41 samples analyzed between 
-150 feet and 1,000 feet. In going from the bottom to the top of this series of 
histograms, there is a definite change in the pattern signifying a definite change 
in the chemical composition of the bitumen existing in the source rocks. 
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The histograms to the right represent actual vein bitumens. The four main types 
are shown; ozocerite, albertite, gilsonite, and wurtzilite. It is apparent that 
the ozocerite is chemically similar to the bitumen in the Wasatch and basal Green 
River oil shales, however, it differs from the shale bitumens at higher stratigraphic 
intervals. The albertite resembles shale bitumen in the interval from -3,-310 feet 
to 2,050 feet. The gilsonite is quite similar to the bitumen disseminated in tne 
upper Green River oil shale and differs from those both below and above it. This 
interval from -150 feet to 1,000 feet contains the Mahogany Ledge and is gen­
erally more bituminous than other sections in the basin. The wurtzilite is sim­
ilar only to the bitumens in the Uinta shales. This comparison establishes that 
the composition of the bitumen extracted from the lacustrine shales in anyone 
section is very similar to the composition of the associated vein deposits. It 
also limits the source of the various vein materials to the stratigraphic units in 
which they are found. 

CHANGE OF BITUMEN TYPE WITH DEPOSITIONAL 
ENVIRONMENT 

Circumstantial evidence suggests very strongly that the most important single 
factor controlling the composition of the bitumens in the Uinta Basin was the 
salinity of the lake, which in general increased with time. The increasing 
salinity resulted from continued evaporation accompanying continuous input of 
stream water into the lake. The increase in salinity with time is shown by the 
occurrence of minerals such as calcite, requiring relatively low concentrations 
for precipitation, in the basal sediments, and complex iron, magnesium, and 
sodium carbonates of high solubility in the younger sediments. Also, the 
increasing number of crystal cavities in the youngest sediments are a reflec­
tion of highly saline conditions. Accompanying this change in mineralogy is a 
decrease in the number of macroscopic fossils of benthonic organisms. The 
major changes in the composition of the bitumens correlate stratigraphically 
with the changes in mineralogy and fossil type. In general, the dominant mole­
cular structure of the bitumens changes from paraffin chains to aromatic rings, 
and to chain and ring compounds high in sulfur and nitrogen, the most impdr­
tant representatives being ozocerite, albertite, gilsonite, and wurtzilite, res­
pecti vely. The nature of the controlling environment and the resultant mineral­
ogic components and bitumen types for the various time units of the Uinta Basin 
sediments are summarized in Figure 92. 

FORMATION OF THE VEIN DEPOSITS 

It is important to clearly visualize the quantities of bitumen involved in trying 
to understand how the bitumen which is disseminated in the dense oil shales 
moved into the veins. The author estimated from data in the I.A.P .G. Guidebook 
(1957) that there are approximately 1,970 cubic miles of lacustrine sediments in 
the Uinta Basin. At an average shale density of 2.3 this is equivalent to 
21 x 10 12 tons of sediment. Data on the extraction of the shales (Hunt, et al., 
1954) indicates that about 0.1 per cent of this weight, or 21 billion tons, is 
free, disseminated bitumen. 

Abraham (1960) estimates that the original gilsonite deposits were about 25 mil­
lion tons. Consequently total vein deposits of all bitumens probably do not · 
exceed 50 million tons. Yet this is only two-tenths of one per cent of the bitu­
men still remaining in the shales. Obviously nature was very inefficient in moving 
this material from source to vein. 
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There may be several reasons why so little moved, such as (1) there are very 
few permeable s ections within the lacustrine facies , (2) the bitumen is too heavy 
to migrate very far from its source , and (3) the carbonate mineral surfaces and 
high organic content may have held onto the bitumen more tenaciously than in 
more typical marine sediments. 
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Figure 92. 

The author believes that the veins themselves represent tensional cracks which 
deve loped when the area wa s uplifted . At one time thes e sha les were buried under 
a pressure equivalent to a depth varying from possibly 6,000 feet for albertite to 
2 , 000 feet for wurtzilite . As the area was uplifted , tensional cracks developed 
tending to create reduced pressure voids into which the bitumens moved as vis­
cous fluids . The cracks probably opened slowly and were filled simultaneously 
by the bitumens. None of these veins contain the rock debris that would be ex­
pected if they were open for any length of time. The viscous bitumens in the veins 
subsequently became solids through polymerization , oxidation , the formation of gel 
structures and related processes . Nearly all of the solid hydr.ocarbons of the basin 
have their liquid cGunterparts at depth. 
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In summary, the Uinta Basin represents a unique environment--non-marine yet 
varying from brackish water to highly saline. Although the original waters were 
oxidizing, they later became strongly reducing, and the toxic hydrogen sulfide 
in the bottom layers resulted in a tremendous accumulation of organic matter. 
This resulted in the deposition of several thousand feet of bituminous sediments. 
As the area later became uplifted tension cracks slowly opened at depths and 
forms of ozocerite moved into the veins. In successively younger sediments 
viscous forms of albertite, gilsonite, and wurtzilite filled the openings as they 
formed. As time went on and the uplifting continued these materials polymer­
ized and hardened to become the solids we now see. The changes in the types 
of bitumens originating in successively younger beds coincide with changes in 
the minerals and the fossils. Apparently they all are a reflection of changes in 
depositiona 1 environment . 
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Paper 25 THE BEARING OF SULFUR 
ISOTOPES ON COLORADO 
PLATEAU URANIUM AND 
PETROLEUM DEPOSITS 
by Mead leRoy lensen2 

INTROD UCTION 

Isotope geology has provided an abundance of significant information to t he s ub ­
ject of geology, and has developed into many sub-specialties, two of the br oa d 
divisions being radiogenic isotopic age studies and non -radiogenic isotopic a bun -
dance studies . Many geologists are aware and apprec iative of the age deter­
minations obtained by the study of uranium and lead isotopes collected from ura n ­
ium and lead isotopes collected from uranium deposits of the C olorado Plateau, 
but probably few are cognizant of the bearing that stable sulfur isotopic studie s 
have on the origin of sandstone-type uranium deposits and some of the petroleum 
occurrences of the C olorado Plateau. Some of the recent results , suppositions, 
and suggestions obtained through sulfur isotopic abunda nce studies are herein 
presented . 

BASIC CONCEPTS 

At the present time , 102 elements have been identified. Each element is repre­
sented by one or more isotopes or nuclides; more than 1,380 nuclides are now 
known. The number has increased by leaps and bounds during the past few 
decades, primarily through the ability of nuclear scientists to produce new ra dio­
active species, but also through the discovery of new stable isotopes . There 
are now recogniz ed about 272 s table isotopes in nature , and more than 1, 000 
radioactive species of which only 58 occur in nature . 

A specific nuclide of an element is represented by the unique chemical symbol 
with the addition of a subscript at the lower left and a superscript at the upper 
right of the symbol . The subscript is the atomic number (Z) of the specific iSo­
tope, determined by its number of protons , and the superscript represents the 
mass number (A) , or the total number of nucleons, i . e . protons plus neutrons. 
Thus : the stable isotopes of sulfur, for example , are represented as 
follows : 16S32 , 16S33 , 16S34 , and 16S36 . The subscript is usually omit -
ted , as the unique chemical symbol identifies the atomic number . 

The chemical properties of an element depend ~ssentially upon the number and 
configuration of the orbital electrons, especially the electronic configuration of 
the outer shell. As the nuclides of a given element all have the same number 
of electrons, the stable nuclides of a given element behave alike chemically , 
and as their cosmic abundances were determined d~ing or soon after the origin 
of the solar system, one might expect the stable nuclides to be found together 
in a relatively constant isotopic abundance, regardless of the geologic occur ­
rence or age of the specimen . 

1 . Portions of this study have been supported by the National Science Founda­
tion Grant 3001 and Atomic Energy Commission Contract AT (30-1 ) -2261. 
2. Associate Profes sor of Geology , Yale University , New Haven , Connecticut . 
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On the other hand, however, it is known that the isotopes of anyone element 
differ slightly in their rate of chemical behavior because ofthe slight differences 
in the thermodynamic properties of these isotopes, properties which are deter­
mined for the most part by their mass and atomic structure. In fact, because 
of these slight thermodynamic differences, the specific rates of reaction of the 
different species of one element do differ slightly, even though all do behave 
chemically alike. 

In the case of sulfur, numerous mass spectrometric analyses indicate that meteor­
itic troilite contains almost precisely 22.22 times as much S32 as it does 8 34; 
i.e., all troil~tes exhibit a ratio of S32/S34 equal to 22.22 0 . 01. In contrast, 
mass spectrometric analyses of sulfur-bearing minerals collected from hetero­
geneous sources from the earth exhibit variations from this ratio ranging from a 
low value of 20.82 toa high of 23 .6 2 , a variation of more than 10 percent, while 
the precision of the mass spectrometric measurement is at least 0.02 per cent. 
The meteoritic value is assumed tobe very near to the S32/S34ratio of primordial 
earth sulfur; variations from this ratio indicate geologic processes that have re­
sulted in isotopic fractionation of sulfur, resulting in either a loss or gain of, 
for example, the heavy (S34) species. 

Instead of indicating the isotopic composition of sulfur-bearing substances as 
a ratio of S32 /S34 , the variation of any given ratio from the composition of 
meteoritic troilite is expressed as a permil variation according to the relationship 
8 S34 = S32/S34 (standard) _S32/S34 (sample) x 1000. 8S 34 , therefore, 

S32/S34 (sample) 
is the permil variation of a given sample from the troilite ratio of 22.22. For 
meteorites, therefore, 8 SJ4 = 0%0. Positive values indicate enrichment in 
the heavier (S34) isotope. 

All mechanisms and proces ses that can cause fractionation of isotopes in nature 
are of great interest because isotopic ratio variations may not only suggest that 
specific processes have occurred , but they may also provide us with a fuller 
understanding of the relative importance of the different natural phYSical and 
chemical processes. 

FRACTIONATION OF SULFUR ISOTOPES 

The most significant method by which sulfur isotopes are fractionated is by iso­
topic exchangereactions that take place during oxidation or reduction of sulfur. 
Sulfur occurs in several valence forms, viz., S -2, SO, St-2, and S +-4, and, 
therefore, occurs in many different ions and compounds. Hydrogen sulfide 
(H2S) and sulfate ions (S04 =) are two common, almost ubiquitous, examples. 
An isotopic exchange reaction indicating oxidation and reduction of these sub­
stances is shown as follows: 

H S34 + S32 0= 2 4 

Based upon the application of the Mass Action Law and the computation of par­
tition function ratios of the two substances indicated, it is possible to compute 
the equilibrium constants, K, of this reaction for given temperatures. The 
results, as compiled by Ault (1957), may be summarized in the following table: 
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Equilibrium Constant Versus Temperature for the S04/HzS EXchange Reaction* 

Temperature °c 

o 25 50 100 500 1000 

K 1. 0911 1. 0733 1. 0641 1 . 0500 1 . 0126 1.0047 

*from Ault (1957) 

The equilibrium ,constant at 25~C for the reaction in which, for example, SO~ is 
reduced to H2S IS 1.0733 . ThIS means that under equilibrium conditions the H2 S 
formed will be enriched in S32 to the extent of 7.33 per cent. In other words, 
H2S having an S32 /S34 ratio of 22.22 ( S34 = 0) that undergoes initial oxidation 
to form a small quantity of S04 at 25 u C under equilibrium conditions will result in 
an enrichment of 7.33 per cent S34, or 73.3 permil, in the S04 (8S 34 = +73.3 
permit) . On the other hand, initial reduction ofS0.i to H2Sat 25 0 Cunder equil­
ibrium conditions will result in a depletion of S34 in the H2S produced in the 
amount of 73.3 permil (8 S34 = -73.3). 

It is extremely significant, however, that the sole process by which this reduc ­
tion takes place in nature is through the action of anaerobic bacteria that acquire 
their oxygen from S04 and liberate H2S gas. (Some reduction of S04 may occur 
in magmas at temperatures in excess of about 6000 C in the presence of carbon.) 
Bacteria of the Desulfovibrio genus and Clostridium nigrificans are sulfate­
reducing bacteria. The latter is a thermophile variety that tolerates temperatures 
as high as 65 0 C. 

The food or energy source of these bacteria consists of organic matter. These 
bacteria can be expected , therefore, in almost any environment containing 
organic matter and sulfate solutions. A few examples are: soil, swamps, water­
wells, oil-field waters, salt domes, the bottom muds and sands in either marine 
or fresh-water bodies, carbonaceous "trash-pockets" formed in fluvial-formed 
sandstone channels, and so forth. 

With this knowledge, the importance of anaerobic bacteria in mineral-forming pro­
cesses is quite apparent. For example, native sulfur in salt-dome cap rocks is 
derived from oxidation of H2S that was produced by anaerobic bacteria through 
their reduction of SO~ occurring in the cap rock (Feely and Kulp, 1957; Thode, 
Wanless, and Wallouch, 1954) . Oil associated with the salt-dome trap pro­
vides the organic fOOd or energy source for the bacteria . Therefore, it is rea­
sonable to expect that native sulfur only occurs in those salt domes that are 
associated with oil and are located at intermediate or shallow depths where the 
lower temperatures do not affect the viability of the bacteria . Syngenetic sedi­
mentary sulfides are also formed by organically produced H2S reacting with avail­
able metal sulfates or chlorides in solution, resulting in the precipitation of in­
soluble sUlfides. Furthermore, during the conversion of organic matter tohydro­
carbons or petroleum, H2S gas is also produced, much of which escapes through 
the water into the atmosphere, and some undergoes primary migration with 
the petroleum during the escape of connate water ana petroleum from the source 
rock . Possibly H2S gas may continue to be produeed, not only during primary 
and secondary migration of oil, but even after accumulation in a trap , because 
of the presence of anaerobic bacteria, sulfate connate waters, and oil as the 
food source . Determination of S32/S34 ratios of H2S in sour crudes, organic 
sulfur in petroleum, mineraloids, and asphaltites, and sulfur in sulfate connate 
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waters may improve our understanding of the origin, migration , and sOurce rocks 
of petroleum. An example of knowledge obtained from this source is discus sed 
in a later section of this paper. First however, the geologic role that anaerobic 
bacteria have played in forming sandstone-type uranium deposits is presented. 

RESULTS 

Sandstone- Type Uranium Deposits 

An initial study of the significance of S32 /S34 variations of sulfides as sociated 
with sandstone-type uranium deposits has been presented elsewhere (Jens en , 
1958). Figure 93 shows some of the results of that study plus more recent 
s tudies (Field, C.) of sulfur ratios obtained from specimens from the Marysvale, 
Utah, district. The noticeable difference in (a) average ratio values and (b) 
relative spread in ratios between deposits, listed under A and B, is quite 
striking. 
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Figure 93. Sulfur isotopic ratios of sulfides collected from uranium mines and prospects in Utah, Colo­
rado Plateau, and Wyoming. 

As an explanation of the "Ground Water Hydrothermal" (Jensen, 1959) ratios 
shown in Figure 93, it is not unreasonable to assume that sulfate-reducing 
bacteria became incorporated in , for example, the Sa It Wash member of the 
Morrison formation during the deposition of this fluvial member. Organic mat­
ter present in the form of logs , stems, twigs, roots , leaves , or carbonaceous 
"trash" pockets in portions of the sandstone channels provided a food supply 
for these bacteria. Sulfate waters of either or both meteoric and connate origin 
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could have been reduced by these organisms, and HZS, thereby, liberated, even 
as early as during diagenesis, although the process continued during continued 
burial. Some of the early formed HZS may have migrated through the sandstone 
short distances into shale or clay hOrizons, which, if iron, in any chemical form, 
was then encountered, provided the reducing agency for the formation of sulfides 
(where, in fact, some sulfides are found) at a rather early stage. Incidentally, 
even though this indicates a lack of contemporaneity in the formation of the sul­
fides in barren rock versus sulfides associated with uranium, it is understand­
able why there is no consistent difference in the ratios of the barren versus ore­
associated samples, inasmuch as all of the HZS had the same organic origin. 
Much of this gas, however, may have remained until a later time, possibly as 
recent as ZO million years ago or as long as 60 to 70 million years ago, before 
reacting with uraniferous solutions, which possibly were squeezed out of the 
overlying volcanic-ash-rich Brushy Basin member (Waters and Granger, 1953) 
and transported by connate water (ground water hydrothermal solutions).!Iinto 
the more porous and permeable channels of the Salt Wash member, through which 
they migrated until HZS locales were encountered. The soluble U+6 ion would 
then be reduced to the insoluble U t4 ion, and ferrous sulfate solutions would 
react with HZS to form iron sulfides. If the solutions were unusually rich in 
copper sulfate, admittedly not a common copdition, but certainly quite possible, 
copper sulfides would naturally be concentrated by the HZS (as in the Happy 
Jack deposit) and these copper sulfides would exhibit the typically high ratios 
comparable to iron sulfides of the province, as they do in the Happy Jack depo­
sit (Figure 93). It is somewhat of an enigma why many economic geologists 
assert that dense, massive, and crystalline sulfides have formed from magma­
tic hydrotherma 1 solutions, when these same persons are quite aware of sedi­
mentary sulfides having the same features. 

Although it is well known that lignitic, woody, or carbonaceous material is 
effective in concentrating uranium, the presence of uranium in an area where 
there is a lack of carbonaceous material is not easily explained. It might, 
however, be explained by the presence of HZS that had migrated from the locale 
of the organic food supply needed by the anaerobic bacteria to an organic barren 
zone. In so doing, it thereby provided the reducing environment for the concen­
tration of a uraniferous deposit, even though there may now be no evidence of 
the cause of the reducing environment, as the HZS is no longer present. 

An example where the HZS is now present is offered by the numerous occurrences 
of uranium oxide deposits in the Wind River formation, Gas Hills district, Wyo­
ming, where uranium mineralization is not generally accompanied by plant car­
bonaceous material; in fact, the material is mostly misSing in much of the best 
ore. 

Gas seeps, however, are prevalent in the area from which HZS is escaping into 
the atmosphere. It has been suggested that at the north end of the Gas Hills 
anticline, where several seeps are present, the gas is derived from the under­
lying Frontier formation, which is known to be a reservoir rock for oil and gas 
in this area. 

It is interesting, therefore, to quote from a field study of this area by Eugene 
Grutt (1957), wherein he s ugges ts that "under the conditions occurring in the 
Gas Hills area, evidence suggests that HZS may be mainly responsible 

1. As this member was overlain by roughly 10,000 feet of younger sediments 
during post -Cretaceous time, an average geothermal gradient of 30 0 C/km would 
result in a temperature in excess of 1000 C for these solutions. 
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for the formation of important uranium deposits, because plant carbonaceous 
material is not abundant, and even ·when present it is not always mineralized, 
even though in or near uraninite ore deposits . " Four iron sulfide samples (Figure 
93 ) from the Lucky Mc mine, Gas Hill s district , which were isotopically analyzed 
(Jensen, 1958) have "typical" (for this study) S32 /S3 4 ratios , val ying between 
22.85 to 23 . 28, which, as I have already indicated, are remarkably high in ratio 
and spread over a broad range, and are, therefore , quite suggestive of sulfur 
derived from H2S of organic origin. It will be interesting to determine the 
S32/S34 ratio of not only the H2S gas from t hese seeps, but also of the a bun ­
dant , finely-divided ferrous sulfide that forms below the water surface in the 
seeps by a reaction between f8rrous sulfate and H2S, which is most likely the 
same reaction that has formed most of the sedimentary sulfides and the sulfides 
associated with sandstone-type uranium deposits . The analysis will be even 
more interesting if ratios can be obtained from the sulfate (presumably enriched 
in S34) that is also present in the water . 

Grutt (1957) postulated a petroleum origin for the H2S gas. Because of the wide­
spread occurrence of some uranium throughout almost all of the plateau area, 
even though petroleum is much more prevalent in portions of the Colorado Pla­
teau than previousl y realiz ed , it is still much more reasonable to infer that 
the food for the bacteria was not petroleum, but was, instead, the almost ubi­
quitous plant carbonaceous matter that is present in these beds. Furthermore, 
sulfur isotopic analyses of H2S from petroleum samples in North America (Thode , 
Monster, and Dunford, 1958) indicate ratio values, for the most part, below 
the meteoritic value . In fact , half a dozen petroleum samples (Thod e , Monster , 
and Dunford, 1958) from t he Lakota and Frontier formations , which Grutt (1957) 
has suggested as the source of H2S in the Gas Hills district , exhibit 8 S34 
values between -0 . 3 to -3.6 0/00 . The four sulfide samples from the Lucky Mc 
mine, mentioned above , vary between -28 . 8 to -48.2 %0 . 

There are two main reasons for the great difference between tl1ese two groups 
of values . First, ana erobic bacteria rarely, if ever , reduce S04 to H2S at even 
approaching equilibrium conditions . Isotopic fractionation as great as 1 . 5% 
is unusual when theoretically it should approach 7% near 20o C . When the 
organic food source is as abundant as it would be in organically rich sediments 
(in which petrole um is being formed), the ba~teria reduce S04 with little or 
sometimes no fractionation . Second , the S04 from which the bacteria extract 
oxygen is enriched in S34. Sea-water sulfc;ite today has a remarkably uniform 
8 S34 of about -20%. During Phanerozoic time, there has probably been less 

than several permil 8 S34 increase in this present value . Slight fractionation 
of the sulfur of oceanic sulfate during reduction results, of course, in H2S that 
may still be heavier than meteoritic sulfur , or , at the best, only slightly en ­
riched in S32 over meteoric sulfur, as are the petroleum samples from Wyoming . 
As the sulfur associated with sandstone-type uranium deposits averages about 
-40%0 (altho ugh individua l samples vary considerably from the average) , the 
H2S from which this sulfur was derived was con.siderably fractionated , but 
possibly repetitively oxidized and reduced , as it is decidedly different in is o­
topic composition and spread over a broader range than sulfur from H2S asso­
ciated with petroleum . 

The ratios obtained from the Marysvale samples are consistent with ratios ob­
tained from sulfides occurring in hydrothermal deposits associated with intru­
sive bodies of the Cordilleran . Magmatic h ydrothermal solutions (Jensen , 1959) 
must become consolidated and well-mixed or homogenized in the cupolas of 
intrusives during the last stages of crystallization of these bodies . The 
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subsequent release of these magmatic hydrothermal solutions results in the 
deposition of sulfide minerals of remarkably uniform sulfur isotopic composi­
tion that are usually very near the isotopic composition of meteoritic sulfur. 
Note that the average of the Marysvale values (Figure 93) is about identical 
with the meteoritic va lue (2 2 .2 1) . 

Uinta Basin Petroleum Deposits 

Very little research has been done on the significance of S32/S34 ratios of sulfur­
bearing constituents associated with petroleum. Yet, because of the common 
occurrence of, for example , organic sulfur, hydrogen sulfide, and sulfate con­
nate waters with petroleum, this field of research is pregnant with possibilities. 
An excellent example is provided by two recent noteworthy studies (Harrison 
and Thode, 1958; Thode, Monster, and Dunford, 1958). Of special interest 
is the study by Harrison and Thode (1958) pertaining to the significance of iso­
topic studies of sulfur in oil, asphaltites, and mineraloids of the Uinta Basin. 
The results of this isotopic geologic study, combined with the results of num­
erous field geologic studies of the Uinta Basin, provide an excellent example 
of the corroborating evidence and dove-tailing relationships obtained from these 
two quite different kinds of investigations . 

During much of early Tertiary time, in fact, during about 20 million years of 
essentially Eocene time, several large structural basins existed about the Uinta 
Mountains. The Green River and Wasatch basins formed to the north, whereas 
south of the Uinta Mountains two broad, connected basins, the Uinta and 
Piceance Creek basins existed . Outcrops of the fluvial and deltaic sediments 
of the Wasatch formation rim the Piceance Creek basin and the southern side of 
the Uinta Basin, while, stratigraphically above, an average thickness of 2,000 
feet of predominantly thinly -laminated, bituminous -rich marls tone (oil-shale) 
of the Green River formation covers the interior portions of the basins . The flu­
vial sediments of the Bridger formation, that underlie and intertongue with the 
lower portion of the Green River formation, occur almost entirely along the 
northern rim of the Uinta Basin. The younger Uinta formation occurs stratigraph­
ically above the Green River formation. 

Liquid petroleum, mineraloids, or asphaltic and bituminous sandstones occur in 
all three formations , but it is in the Green River formation, especially the Para­
chute Creek member, where the well known, rich oil-sha Ie beds occur. Even 
though these beds are non -marine in origin, they are accepted with little doubt 
as the source rocks of the associated hydrocarbons. A study by Hunt, Stewart, 
and Dickey (1954) has provided substantial chemical evidence for this belief. 
After referring to the obvious field relationships and occurrences of mineraloids, 
asphal ts, and oils, not only oozing from outcrops of the Eocene formations , but 
also occurring in joints, fractures, fissures, crystal cavities, and in pores of 
the beds, Hunt, Stewart, and Dickey state that in these strata "there are 
four chemically different types of free hydrocarbons. Each type is found 
closely associated with one particular stratigraphic unit, so that the source rock 
of each type can be identified by field geology. In addition to the free hydro­
carbons, there are other hydrocarbons that can be extracted by organic solvents 
from the sediments of the various stratigraphic units. Chemical data, such as 
infrared spectra, elemental analyses, and various phYSical properties show that 
the extract from each unit is identical with the free hydrocarbons from the same 
unit, but differs from the extracts and free hydrocarbons of other units . These 
chemical data, together with the supporting geological data, are believed tocon­
stitute an identification of the source rocks of the Uinta Basin hydrocarbons." 
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It is of interest that not only do the free hydrocarbons contain sulfur, but that 
the extracted hydrocarbons, sulfates, and pyrites from closely associated rocks 
also, of course, contain sulfur. Harrison and Thode (1958) have determined the 
sulfur isotopic composition of these constituents. Their results are shown graph­
ically in the far right column of Figure 94 where the 8834 composition is plotted 
diagrammatically for the various constituents as labeled. For example, in the 
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Figure 94. Sulfur content and isotopic composition of hydrocarbons and oil shale from Eocene forma­
tions of the Uinta Basin, from Harrison and Thode (1958), ar.d Hunt, Stewart, and Dickey (1954). 

Uinta formation, isotopic analyses of sulfur extracted from samples of wurt­
zilite from the Country Gentlemen mine, Indian Canyon, Utah, indicate an enrich­
ment in 8 34 , varying between 30.6 to31.0permilfor the two fractions analyzed. 
Extracted hydrocarbons, 804 and pyrite from a bituminous shale sample of Uinta 
age, but not, however, col~ected from the same geographic location as the 
wurtzilite, were enriched in 8 4 between 26.4 and 28.4 permil for the extracted 
hydrocarbon, 26.1 to 27.2 permil for the extracted 80,4, 22.7 to 23.7 permil 
for the extracted pyrite, and 26.8 to 27.2 permil total sulfur, which is the 
weighted average of the ratios. Information on the weighted abundance of the 
different constituents needed for this calculation is indicated graphically in the 
"wt. percent 8" co lumn of Figure 94. Three more pairs of minera loids and s tra ti­
graphically associated rock samples were also studied by Harrison and Thode 
(1958) for which results are indicated on Figure 94. Incidentally, the samples 
were obtained from the Jersey Production Research Company and are the same 
samples studied by Hunt, et al. (1954). 

In general, the isotopic results indicate an increased enrichment of 8 34 (or 
depletion of 8 32 ) in the younger samples. Furthermore, Wit~ the exception of 
ozocerite, there is generally good agreement between the 88 4 composition of 
the free hydrocarbons and the extracted hydrocarbons and, fQr that matter, with 
the isotopic composition of sulfur in the sulfate and in the pyrite. The isotopic 
similarities between the extracted and free hydrocarbons s.upport the belief that 
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the specific rock units are the respective source beds . It should be reported 
tha t Harrison and Thode (1958) quote J. M . Hunt as reporting "that the hydro­
carbon - source rock relationship for ozocerite is much less definite than for 
the oth er hydrocarbons . " 

An understanding of these relationships and the cause of the depletion of S3Z 
in the younger beds must stem from an understanding of the limnology of Lake 
Uinta . Actually, the primary sedimentary features in the Green River formation 
indicate that organic material accumulated in the bottom sediments during two 
quite different conditions ,of the lake . According to Bradley (1931 ), "The regu­
la r beds of great persistence with their thin laminae seem to indicate stages 
when the ancient Lake Uinta was not only relatively broad and deep , but also, 
probably, termally stratified , so that the lower stagnant layer of water was 
favorable to the accumulation of the organic ooze that later became oil shale. 
The short lenticular beds , the mud cracks , and the shale breccias indicate 
stages when the water level was low and the organic matter accumulated in 
more or less isolated residual pools . " 

Under the reducing condition in the bottom muds of Lake Uinta , anaerobic 
bacteria would be so active in reducing sulfate to HZS that the water could have 
become rapidly saturated with this gas , folloWing which further evolution , 
especially during spring, summer , and fall months , resulted in a thicker toxic 
zone concentrated with t his gas . With turnover of the lake during mid-winter , 
as t he cooler, more dense, HZS-concentrated layer neared the surface, the 
reduced pressure enabled much of the gas to escape to the atmosphere . When 
the pluvial conditions resulted in low water-level conditions , even much more 
HZS was lost to the atmosphere because of the greatly decreased amount of 
water present in which the gas could be dissolved . Even with rising water 
conditions , HZS gas could still have been produced so rapidly under the exis­
ting optimum conditions that much of it still escaped from the water. The 
sec ond column of Figure 94 is taken from Hunt , et al . (1954) wherein they have 
graphically indicated the increased relative salinity and HZS concentration of 
the lake . 

It is evident that the amount of HZS produced was enormous . The environment 
was ideal for the continued viability of anaerobic bacteria . An enclosed lake , 
brackish during its early history , having an almost continuous influx of sulfate 
from streams , would not only have quite favorable reducing conditions at the 
bottom of the lake, but also a thick 20ne of stagnation above , through which 
organic material from the overlying warm zone, teeming with life , would settle 
and in which anaerobic bacteria would also produce HZS . Of course , some of 
t he HZS, especially that formed near the bottom muds , resultedin the formation 
of syngeneticsulfides , but much more was lostto the atmosphere . It is apparent , 
however , from the third column of Figure 94 , that the amount of sulfur incor­
p.orated in the younger hydrocarbons and sediments underwent a great increase 
with continued evaporation of the water of Lake Uinta . 

As discussed ina previous section, the extent of isotopic fractionation resulting 
from reduction of sulfate to H?S is never as great as it would be under equili­
brium reactions . In fact , the rate of reduction by bacteria is correlative with 
the degree of fractionation . Anaerobes existing at moderate temperatures in an 
adequate sulfate concentration and having a plentiful food supply fractionate 
sulfur isotopes rarely to the extent of 1.5 per cent. "Starved" anaerobes , on 
the other hand , have produced HZS enriched as much as Z. 7 per cent in S3Z in 
laboratory experiments (Feely and Kulp , 1957) . Therefore, the fractionation of 
sulfur isotopes under the optimum conditions of Lake Uinta must have been of 
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little extent . But the extent of fractionation during about one score million 
years resulted in a fractionation of possibly two or three per cent. Therefore, 
as HZS, that was only slightly enriched in S32 was lost, the sulfate remaining 
behind gradually became enriched in S34. Subsequent H2S that was evolved , 
therefore , was reduced from heavier sulfate, and , though still slightly enriched 
in S32, it was composed of heavier sulfur than was earlier H2S. By referring to 
the results shown on Figure 94, it is evident from the generally similar 8 S34 
composition of each unit that the hydrocarbons, pyrite, and S04 incorporated 
in the rocks of the respective units were formed , essentially , syngenetical ly 
with the enclOSing rock . Furthermore, there has been little, if any, change in 
the sulfur isotopic composition of an y of these constituents since diagenesis. 
Mass spectrometric analyses of the organic sulfur derived from free hydrocarbons 
that escaped from the rocks closely reflects the isotopic composition of sulfur 
existing at about the time of entrapm.ent of the organic matter in the sediments 
which are believed to be the source rocks for the specific hydrocarbons. 

Onl y two 8 S34 measurements for Utah petroleum samples have been reported 
in the literature (Thode , Monster, and Dunford, 1958). Nevertheless, these 
two samples represent the extreme 8 S34 values yet obtained from petroleum 
samples . One sample from the Green River formation, containing 0.11 per cent 
sulfur, has a 8S34 comp osition of +28.2 per~il; the other , Rozel Point asphalt, 
containing 13 . 42 per cent sulfur, has a 8S 4 value of -8.7 permil. These 
extreme variations are most likely the result of a non-marine origin for these 
petroleum samples . Hydrocarbons formed in a marine environment exhibit a 
much more narrow spread in S32/ S34 ratios , as the source of sulfur , the enor­
mous sea -water sulfate reservoir, has varied littl e in SUlfur isotopic compo­
sition during Phanerozoic tim e . Sulfate in the very small volume of Lake Uinta, 
on the other hand, became enriched in S34 by more than several per cent by 
fractional distillation and loss of S32 from the lake in the form of a volatile 
HZ S. 
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Paper 26 OIL AND GAS POSSIBILITIES 
OF UTAH, WEST OF THE 
WASATCH AND NORTH OF 
WASHINGTON COUNTY 
by Edgar B. Heylmun 1 

INTROD UCTION 

The towering Wasatch Range and the adjoining High Plateaus of central and 
southern Utah mark the eastern edge ofthe Great Basin , a vast, semi -arid region 
of sweeping valleys and isolated mountain ranges . The Great Basin , a part of 
the Basin and Range phys i ographic province , occupies western Utah and most 
of the state of Nevada , as well as sizeable portions of Oregon , California , and 
Idaho . The discussion here will be confined to Utah , although frequent referen­
ces to geology in Nevada will be necessary . The validity of the Great Bas in as 
a genuine oil and gas province has been questioned in some quarters , but the 
writer will attempt to point out some facts that should cause even the most con­
servative oil man to ponder the possibilities . 

PALEOZOIC SYSTEMS 

The Great Basin of Utah contains some of the thickest Paleozoic sequences in 
North America , as most of the deposits were laid down in the great C ordilleran , 
or Rocky Mountain, miogeosyncline . No attempt will be made here to analyze 
each system , as space will not permit an adequate discussion . Over 30 , 000 
feet of Paleozoic sediments accumulated in parts of the region. The three deep­
est basins within the miogeosynclinal belt of Utah are the Confusion basin in 
the west - central part of the state , the Oquirrh basin in the north-central part , 
and the Utah-Idaho basin in the northern part. Limestones and dolomites pre ­
dominate throughout the stratigraphic column in most areas , although sandstones 
and dark shales are also common . Positive areas occurred at various times in 
the Paleozoic which resulted in non - deposition or erosion, and locally certain 
systems are not pres ent . The most profound of the Paleozoic uplifts occurred in 
northwestern Utah during the Penns ylvanian , resulting in eros ion of the Missi­
ssippian units and non-deposition of the Pennsylvanian and Permia n units . The 
positive area , known as the Raft River uplift , may have been contiguous with 
the Uncompahgre uplift that occurred in western C olorado and eastern Utah at 
the same approximate time (Heylmun , 1959, p . 172), and it is certain that it 
has a relationship to the Northeast Nevada highland of Steele (1959 , p . 1105) . 

There are a large number of formational names in use in the Great Basin , as each 
mining district has its own nomenclature . The maj or oil companies, however , 
have been able to extend the C onfusion basin-Gold Hil l nomenclature over much 
of western Utah and eastern Nevada, and the C onfusion basin section is now 
accepted as somewha t of a standard . Only in the deeper parts of the Oquirrh 
basin and the Utah-Idaho basin is it necessary to use additional or different 
formational names . The C onfusion basin section, taken from the Deep Creek , 
House , and C onfusion Ranges , is as follows : 

1. Consultant , Salt Lake City , Utah . 
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WELL INDEX FOR FIGURE 95 

Well Location Total DeEth Lowest Pm. Shows ~ 

l. Western Petrol . Drlg. No. 1 Nebeker 21- IN- lW 1,985 Tertiary O&G Q-T 
2. Geotronic Dev. No.1 Jacketta 30- IN- lW 565 Quaternary O&G Q 
3. Byrd-Frost No.1 Irving 3- IN- 2W 1,916 Tertiary None 
4. L.E. Whitlock No.1 Morton Salt 24- IN- 3W 4,231 Precambrian None 
5. Guffey & Galey No . 1 Farmington 25- 3N- lW 2,000 ? Tertiary Gas Q 
6 . Hickey No. 1 Wilcox 26- 3N- 1W 3,005 Tertiary Gas Q 
7. G . H . Anderson No . 2 Farmington 26- 3N- lW 3,525 Tertiary Gas Q-T 
8. Farmington Gas Field (abnd.) 36 - 3N- lW 2,060- dpst Tertiary Gas Q 
9. J.A. Nak. No.1 Ben Lomond 28- 6N- 2W 619 Quaternary None 

10 . Gulf No.1 Williams 14- 6N-16W 2,894 Penns yl vanian None 
1l. So . Pacific R.R . No. 1 Lemay 29- 7N-14W 2,502 Paleozoic None 
12. Rozel point Oil Field (abnd) 8N- 7W over 2,000 Tertiary O&G Q-T 
13. Stacey No . 1 Brigham City 21- 9N- 2W 1,220 Tertiary Gas Q 
14 . Rhine Pet. No. 1 Brigham City 30- 9N - 2W 2.308 Precambrian? Gas Q 
15 . U.S. Biological Survey No.2 35- 9N- 4W 1,028 Tertiary Gas Q 
16. Lakeside No . 1 Rozel 31- 9N- 7W 2,710 Tertiary None 
17 . Leonora No. 2 Radda tz 14- 9N- 8W 2,280 Tertiary None 
18 . Utah Pennsylvanian No.2 Penrose 3-10N - 4W 4,100 Pennsylvanian None 
19. Utah Southern No.1 Bar-B 17-10N- 7W 7,918 Devonian None 
20 . Cache Valley Dairy No . 1 Gossner 19-13N- IE 5,500 Paleozoic Gas T 
2l. Karmis -Gold Zone No. 1 Brown 10-13N- lW 5,251 Mississippian Gas T 
22 . Cache Valley Oil No.1 Gossner 25-13N- lW 1,650 Miss . ? Gas T? 
23 . Promontory No.1 White Valley 7-13N- 4W 7,321 Cambrian None 
24. Northern No . 1 White Valley 17-13N- 4W 2,013 Mississippian None 
25 . Utah Southern No. 2 Curlew 6-14N- 9W 7,569 Devonian None 
26 . Utah Southern No . 1 Gabrielson 14-14N-I0W 4,765 Mississippian None 
27 . Utah Southern No. 1 Curlew 22-14N-I0W: 4,420 Devonian None 
28. Eagle No.1 Goose Creek 2-14N-19W 812 Tertiary Oil ? 
29. Walden No.1 Goose Creek 3-14N-19W 842 Tertiary None 
30. National No. 1 Burmester 31- IS- 5W 1,127 Pennsylvanian Gas 
3l. Hickey No.1 Cassity 13- 2S - 5W 5,486 Pennsylvanian gas Penn . 
32 . Walker-Wilson-Whitlock No . 1 Cassity 14- 2S- 5W 7,969 Tertiary None 
33. Bonneville No. 1 Worthington 14- 2S- 6W 3,115 ? ? 
34. Shell Oil No. 1 Salduro 4-22S-18W 2,950 Intrusion None 
35. Sage Valley No. 1 Brough 12-13S- 2W 1,200 Cretaceous None 
36. Standard of Cal. No.1 Levan 17-15S- IE DrUling 
37 . Mt. Nebo No . 1 Levan 1-15S- lW 2,900 None 
38. Standard of Cal. No.1 Desolation 8-15S-17W 6,200 Devonian None 
39 . Great Basin No . 1 Sevier 10-16S- 8W 3,510 Tertiary None 
40. Gulf No . 1 Gronning 24-16S- 8W 8 , 161 Tertiary None 
4l. Gulf No . 1 Bishop Springs 8-16S-17W 9,058 Silurian None 
42. Tom Kearns No . 1 Fillmore 13-20S- 5W 1,920 ? ? 
43 . Shell No.1 Baker Creek 19-20S-19W 4,218 Cambrian None 
44. Standard of Cal. No. 1 Sigurd 32-22S- lW 9,638 Jurassic None 
45. Shell No.1 Sunset Canyon 21-22S- 4W Location 
46 . Standard of Cal. No. 1 Burbank 3-22S-19W 6,955 Ordovician None 
47. Von Glahn No. 1 Wah Wah 33-24S-13W 1,971 ? None 
48. EI Capitan No . 1 James 17-25S- 9W 3,682 Tertiary ? 
49. Beaver Valley No . 1 Black Rock 20-25S- 9W 3,500 Tertiary ? 
50. EI Capitan No. 1 Paxton 29-25S-10W 3,379 Tertiary ? 
5l. Premium No.1 Preuss Valley 32-25S-13W 1,050 Tertiary None 
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Triassic 

Permian 

Pennsylvanian 
Mis sis sippian 

Devonian 

Silurian 

Ordovician 

Cambrian 

Thaynes fm . 
Gerster fm . 
Plympton fm. 
Kaibab Is . 
Arcturus fm. 
Ely Is . 
Chainman sh . 
Ioana Is . 
Pilot sh . 
Guilmette fm . 
Simonson dol . 
Sevy dol . 
Laketown dol . 
Fish Haven dol . 
Swan Peak qtzite . 
Eureka qtzite. 
Pogonip group 
Notch Peak 1 s . 
Orr fm. ( 
Weeks fm . ( 
Marjum Is . 
Wheeler fm. 
Swasey Is . 
Dome Is. 
Burnt Canyon Is . 
Burrows Is . 
Millard Is . 
Busby qtzite. 
Pioche sh . 
Prospect Mtn. gtzite. 

Total thickness exposed 

1 , 900tfeet 
1 , 100 

690 
480 

2 ,7 00 
2 , 000 
1, 200 

200 
900 

1 , 200 
500 

2 , 000 
1, 200 

600 
400 
450 

3,500 
1 , 500 

3 , 500 

1 , 500 
450 
400 
300 
200 
350 
250 
150 
250 

1,000 t 

30,400 feet 

Between 1950 and 1956 ten deep wells tested various sequences of Paleozoic 
rocks in the Great Basin of Utah . Most of the wells were in the Confusion 
basin area. Only a few relatively insignificant showings of oil and gas were. 
encountered , and there has been no recent drilling in the basin involving Paleo­
zoic units . 

Some of the younger Paleozoic formations , such as the Kaibab , Arcturus , and 
Chainman, have beds exhibiting good porosity and permeability interbedded 
with organic shales and limestones. In general, the younger Paleozoic rocks 
appear to hold the most promise for oil and gas production, although certain 
zones in the Devonian, Silurian, and Ordovician are known to be petroliferous . 
Much of the Paleozoic is hard and tight and has been subjected to considerable 
structural deformation in some areas. Fresh water has been encountered in 
fractures at great depths in some wells , suggesting connections with the sur­
face. However , since oil and gas shows have been encountered in the Paleozoic 
in western Utah , certain formations must be considered important objectives for 
future dri lling . 
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MESOZOIC SYSTEMS 

The Mesozoic rocks of western Utah are poorly known, inasmuch as they are 
exposed at only a few localities within the Great Basin proper. There are exten­
sive exposures of Mesozoic rocks in the Wasatch Range, the High Plateaus, 
and in southwestern Utah, but these are mostly outside of the region included 
here . 

Triassic sequences, largely incomplete, are known at a few localities in western 
Utah, including the Confusion, Hogup, Big Davis, Tintic, Pavant, Mineral, and 
Topache Mountains. The Triassic rocks exposed in the Pavant Range can be 
correlated with the Triassic in the Colorado Plateau province, and the Triassic 
limestone exposed along the east side of the Confusion Range compares favorably 
with the Thaynes limestone in the Wasatch Range. It is almost certain that 
considerably more Triassic is concealed under the broad valleys in the deeper, 
down-faulted parts of the Great Basin. 

The Jurassic system, dominated by the thick Arapien group along the eastern 
edge of the Great Basin in central Utah, has not been found in western Utah. 
There are, of course, excellent exposures of Jurassic rocks in southwestern 
Utah, and there are a few outcrops in eastern Nevada, but these are outside of 
the region of this report. A great uplift, known as the Sevier arch (Harris, 1959, 
p. 2,639), apparently started to form in western Utah during the late Jurassic, 
causing the removal of any JuraSSic rocks that may have been deposited. 

There are no known Cretaceous beds in western Utah, aside from the thick con­
glomerate deposits along the eastern fringes of the Great Basin. The Sevier 
Arch developed into a superior north-south mountain system during the Creta­
ceous, and it shed coarse debris both to the east and to the west. The Indian-
0la group and other Cretaceous conglomerates are best exposed in the Canyon 
Range (Christiansen, 1951, p. 8) and adjacent areas along the eastern edge of 
the Great Basin. The coarse conglomerates grade eastward into the Cretaceous 
sandstones and shales of the Colorado Plateau province. There are isolated 
exposures of conglomerates in western Utah that have not been accurately dated; 
these could be Cretaceous in age, but, for all practical purposes, it can be said 
that the Cretaceous is missing over most of the region under discussion. 

The Virgin oil field, outside of the Great Basin in southwestern Utah, produces 
oil from Mesozoic rocks, but it does not appear likely that the Mesozoic offers 
much potential for oil or gas production in the Great Basin proper, at least in 
Utah. Only two wells, the Standard of California No.1 Sigurd, in sec. 32, 
T-22-S, R-1-W, Sevier County, and the Standard of California No.1 Levan, in 
sec. 17, T-15-S, R-I-E, Juab County, penetrated Significant thicknesses of 
Mesozoic rocks within the region under discus sion. The Sigurd well struck the 
top of the Navajo at 8,897 feet and bottomed in this formation at a total depth 
of 9,638 feet. It encountered no Significant oil or gas shows. The Levan well 
was plugged and abandoned at 7,526 feet in Triassic rocks. 

CENOZOIC SYSTEMS 

Paleocene Strata 

There are no known Paleocene rocks in the Great Basin of Utah, except along 
the eastern edge in the central part of the state. At those localities the Paleo­
cene can be correlated with units on the Wasatch Plateau and in the Uinta 
Basin. It is possible that some of the scattered conglomeratic sequences in the 
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Great Basin, like those on the east side of the Stansbury Range or on the lower 
slopes of the Canyon Range, are Paleocene or Eocene in age, but no fossil evi­
dence has been found to confirm this. 

Eocene Stral (l 

Like the Paleocene, the Eocene is represented at places like Long Ridge, on 
the eastern fringe of the Great Basin. In addition, the Eocene is also represen­
ted in the form of the White Sage formation near Gola Hill in extreme western 
Utah (Nolan, 1935 , p. 42). The occurrence of fresh-water limestones, shales, 
and sandstones of Eocene age near Gold Hill is of great interest, inasmuch as 
they may be intimately associated with a great Eocene lake system that prob­
ably covered much of northeastern and eastern Nevada at that time (Heylmun , 
1958, p. 139). 

Eocene deposits were not well known in eastern Nevada until the Shell Oil Com­
pany drilled its first Eagle Springs well in Railroad Valley, southwest of Ely, 
in 1954. This was Nevada I s first commercial oil discovery, with an initial 
production of 373 barrels of 27.8 0 gravity oil per day. The producing interval 
in the first well is a welded rhyolitic tuff that overlies a petroliferous Eocene 
section of limestone, shale, and sandstone, totaling some 500 feet thick. The 
source of the oil was probably in the Eocene section, and the second well at 
Eagle Springs produces from the Eocene. The Eocene sediments are correlated 
with the Sheep Pass formation (Winfrey, 1958, p. 77), the type locality of which 
is in the Egan Range south of Ely. At that locality it is approximately 3,200 feet 
thick . 

The oil and gas possibilities in the broad desert valleys of eastern Nevada are 
excellent, although geophysical surveys would be necessary in locating structures 
beneath the valLeyfill. Since there is very little Eocene known in western Utah, 
it is doubtful that it can be considered as an objective there. Except along the 
eastern fringe of the Great Basin, no wells have encountered Eocene rocks in 
western Utah. 

Oligocene Strata 

The Oligocene was a time of great structural unr~st and widespread volcanic 
eruptions , and, therefore , holds little promise for oil and gas. It is interest­
ing to note, however, that oil is produced from an Oligocene tuff at the Eagle 
Springs oil field in Railroad Valley, Nevada. The welded rhyolitic tuff merely 
acts as a reservoir for the high pour-point oil which was probably generated in 
the underlying Eocene sediments. Most of the Oligocene volcanic material has 
been included in the so-called Lower Volcanic group (Harris , 1959 , p. 2, 638) 
which is found over much of western Utah and eastern Nevada. The complex 
sequences of ignimbrites and flows blanket wide areas and, in places, are 
many hundreds of feet thick. The Lower Volcanic group has been dated by the 
potassium-argon method and is of Late Eocene and Oligocene age. The value of 
the Lower Volcanic group as a marker zone in the Tertiary is just now being rea­
lized . 

In parts of north-central and northern Utah, beds probably belonging to the 
Lower Volcanic group apparently interfinger with the overlying lake sediments 
of Miocene age . For example, at Jordan Narrows, south of Salt Lake City, the 
Salt Lake group has been divided into several formations, the basal one of which 
is the Traverse volcanics. The traverse volcanics probably belong to the Lower 
Volcanic group and should be seoara ted from the overlying Sa lt Lake group. The 
Fowkes formation, formerly the Norwood tuff, found in the Wasatch Range, is 
also of Oligocene age (Eardley , 1944, p. 845, 1959, p. 167). 
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The Late Eocene and Oligocene volcanic rocks , though widespread , are not every­
where present . They rest on the previous ly described Eocene lake beds in parts of 
eastern Nevada and extreme western Utah, but over most of western Utah , the 
volcanics rest upon a highly irregular surface of complexly folded and faulted pre­
Tertiary rocks . 

Miocene and Pliocene Strata 

The heterogeneous Salt Lake group contains the Miocene and Pliocene sediments 
in western Utah . The Salt Lake group probably correlates in large part with the 
equally thick Humboldt formation in northern Nevada , except for that portion of 
the Humboldt that is now considered to be Eocene or Oligocene in age . Recent 
work by the writer suggests that the Salt Lake group will ultimately be divided 
into a number of distinct and mappable units . 

The thickest and best developed exposures of the Salt Lake group are in Cache 
Valley (Adamson, Hardy , and Williams , 1955 , p . 1) and in the Goose Creek 
area (Mapel and Hail , 1956 , p . I), but there are other exposures near Park 
Valley, at Rozel Point , in the Pilot Range, at Jordan Narrows, around the Tintic 
and West Tintic Mountains, and the Gold Hill area . In Cache Valley , the Salt 
Lake group is locally over 12 , 000 feet thick, the thickest occurrence known in 
Utah. In Beaver Valiey in southern Utah, beds similar to the Salt Lake group 
may be observed (R. E. Redden , unpublished report), and several wells in the 
southern part of the Great Basin in Utah have encountered Tertiary beds charac­
teristi c of the Salt Lake group . The Gulf Oil No . 1 Gronning , sec . 24, T- 16 - S, 
R-8-W, Millard County, Utah , penetrated over 7 , 000 feet of late Tertiary sedi" 
me nta ry and volcanic units . It is likely, therefore , that equivalents of the Salt 
Lake group can be found under the broad desert valieys through much of western 
Utah. Some of the relationships of the Salt Lake group are shown in Figure 96 . 

The rocks most commonly represented in the Salt Lake group are fresh-water 
limestone and marlstone , shale , sandstone, conglomerate , lignite, tuff , welded 
tuff , and basalt . Most of the sediments , including the limestones , are more 
or less tuffaceous, indicating continued volcanic activity in the region . Some 
of the limestones, however , are distinctly petroliferous . Most of the beds were 
laid down in a vast system of fresh -water lakes that covered much of the Great 
Basin . Since the topography in the Miocene and Pliocene was similar to the 
present topography , the lakes occupied the areas that are now valleys. There­
fore, exposures can be found only at places that have been subjected to recent 
structural uplift or at places that have been exhumed by erosion . Virtually every 
well that spudded in valley alluvium in western Utah encountered the Salt Lake 
group at relatively shallow depths . In some wells, oil and gas shows were re­
corded . 

The Salt Lake group , over much of the region, rests on effusives belonging to 
the Lower Volcanic group, although at a number of localities the beds are 
known to rest directly on pre-Tertiary rocks, these usually being Paleozoic 
limestones , dolomites I or quartzites . Two wells northwest of Logan , Utah , 
encountered the contact between the Salt Lake group and the underlying Paleo­
zoics at a depth of around 5 , 000 feet . 

Petroliferous limestone , organic shale , and lignite are common in the Salt Lake 
group , particularly in northern and northwestern Utah . In addition to these 
excellent source beds for oil and gas , numerous tuffaceous sandstones are 
present as potentia 1 reservoir beds . 
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Vesicular basalts belonging to the Salt Lake group contain black asphaltic oil 
in wells drilled at Rozel Point (A. J. Eardley, unpublished report). In addition 
to these unusual shows of oil, important gas shows have been encountered in 
sands of the Salt Lake group in wells near Logan, Farmington, and Salt Lake 
City. Asphaltic sand and gas was reportedly encountered in a well in Milford 
Valley near Black Rock, Utah. Some of the individual wells are discussed later. 

Quaternary Strata 

At many localities in western Utah, the Quaternary sands, gravels, and clays 
are quite thick. In the broader valley regions the Quaternary is frequently over 
1,000 feet thick. At the abandoned Farmington gas field, the Quaternary is 
around 900 feet thick. In addition to sand , gravel, and clay, peat is an im­
portant constituent in the area bordering the Wasatch Range, while in western 
Utah, on the Bonneville Salt Flats, the Shell No.1 Salduro, sec. 4, T-2-S, 
R-IB-W, Tooele County, Utah, encountered considerable gypsum in the Quater­
nary or la tes t Tertiary. 

The base of the Quaternary is often characterized by a massive, poorly indurated 
.conglomerate or fanglomerate. Generally speaking, the sediments become 
finer-grained in the valley areas away from the mountain ranges, and, in most 
wells drilled far out in valleys, clays predominate over sands or gravels. Even 
in Salt Lake (Jordan) Valley, bordering the Wasatch Range, the Quaternary green 
clays (Jon es and Marsell, 1955, p. 92) are locally over 700 feet thick. 

Numerous oil and gas shows have been obtained in wells drilled through Quat­
ernary sediments in Utah. The extensive asphalt seeps along the north shore 
of Great Salt Lake at Rozel Point have apparently originated in Quaternary or 
Late Tertiary lake beds. Since the oil at Rozel Point has properties similar 
to ichthyol, or "fish oil, "it is possible that the oil originated in some Late Tertiary 
or Quaternary lake as the result of giant fish kill . 

An operation attempting to produce the viscous oil from the seeps and shallow wdls at Rozel Point, about 
1<)33. (Photograph courtesy of A. j. Eardley) 
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A water well near Beaver, Utah, encountered oil in Quaternary sediments at only 
140 feet (Lee , 1908, p. 24), and a weLl drilled for oil and gas near the Salt Lake 
City airport reportedly encountered asphaltic sand at 694 feet in Quaternary lake 
sediments. Good gas shows have been reported in a number of wells. The 
principal areas of gas occurrences are in Quaternary sands near Logan, Brigham 
City, Farmington, and Salt Lake City, and, in some cases, the gas has been used 
locally. 

The presence of gasoline fractions in some of the gas, along with the fact that 
gas bubbles breaking on the surface of water at some gas seeps leave an oil 
slick, leads the writer to believe that at least some of the gas is a pure petroleum 
product rather than marsh gas. The presence of organic clay and peat along with 
numerous sand and gravel beds is encouraging for the production of oil or gas 
from the Quaternary, although there may be some doubt as to whether sufficient 
reserves could be established at shallow depths to be economically profitable. 
A surprisingly large amount of gas, however, was produced from the Farmington 
gas field at a time when production methods were certainly very primitive. 

STRUCTURE 

Aside from broad warpings and regional tilting , no structura I activity is known to 
have affected pre-Mississippian Paleozoic rocks. In the Mississippian, some 
effects of the Antler orogeny in Nevada can be observed in western Utah, and 
the Wendover arch was formed in the western parts of Tooele and Box Elder 
Counties. Later, perhaps in the early Penns ylvanian , the Raft River uplift 
commenced to form in northwes tern Utah. In the area of the Raft River uplift, 
the Mississippian was partly or wholly removed by eroSion, and no Pennsyl­
vanian rocks were deposited. The first really intense structural upheaval, 
however, did not occur until the close of the Jurassic, when the Sevier Arch 
commenced forming in western Utah. Great structural deformation accompanied 
the formation of the arch, and many north-south trending folds were developed. 
As the intensity of the uplift increased to a climax in the Late Cretaceous, 
widespread overthrusting occurred . The great uplifting at this time was part of 
the Laramide orogeny. Igneous intrusions occurred during the later stages. 

Orogenic activity subsided in the Eocene, permitting fresh-water lakes to form 
in eastern Utah and in eastern Nevada, but in the Oligocene more unrest occurred 
accompanied by extensive volcanic outpourings . Sporadic activity continued 
until the present, mostly in the form of normal faulting, with a few localized 
volcanic eruptions . The · late Tertiary lake sediments are, therefore, locally 
interbedded with basaltic flows and ash beds, and have been block faulted and 
locally folded . The pre-Tertiary deposits, of course, have been much more 
severely folded and faulted than have the Tertiary units, for the Tertiary may be 
nearly flat-lying at certain localities. 

If · r,LL.~' 

The following is a brief summary of the important wells drilled in the Great Basin 
of Utah. To avoid a lengthy repetition in giving the location of each well, the 
number in parenthesis refers to the table accompanying Figure 95. 

Western Petroleum Syndicate No.1 Nebeker (1): This well, just north of the 
Salt Lake municipal airport, was drilled to a total depth of 1,985 feet in 1931, 
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testing the top part of the Salt Lake group. Asphaltic sand was found at 694 feet, 
and a gas sand was reported between 750 and 7 56 feet. Both shows were in beds 
of Quaternary age . Another good gas show was reported in Tertiary beds at the 
total depth . An adjacent water well produced 874 B. T. U . gas for a number of 
years for us e in a nearby farm house. The gas contained 84.6 % methane and 
14.4% nitrogen . A number of other shallow water wells in the same general area 
emit quantities of inflammable gas . 

Geotronic Development No . 1 Iacketta (2) : At least five separate gas shows were 
recorded between 188 feet and 551 feet, and an oil show was reported , but not 
confirmed by the writer . The well was converted to a water well after going to 
565 feet. 

L. E. Whitlock No . 1 Morton Salt (4): The Whitlock well went to a total depth 
of 4,231 feet in 1956 . From an examination of the electric log and discus sion 
with men connected with the drilling, the writer assumes that the Quaternary­
Tertiary contact was at 1 , 432 feet , at the base of a thick fanglomerate , and the 
contact between the Tertiary Salt Lake group and the Precambrian was at 3 , 654 
feet, There were no oil or gas shows . 

Gerald H . Anderson No . 2 Farmington (7) : This well went to a total depth of 
3,525 feet, bottoming in Tertiary rocks , in 1950 . Several gas shows were re­
portedly encountered, and one between 2 , 700 and 2,800 feet was in beds 
belonging to the Salt Lake group . No attempt was made to produce the gas . 

Farmington Gas Field (8): Between 1891 and 1897 approximately 20 shallow 
gas wells were drilled in a one square mil e area . Most wells were less than 
700 feet deep, although two. "nnt to about 1,400 feet. A test drilled in 1955 
went to 2 , 060 feet , bottoming in the Salt Lake group. In 1896 and 1897 the 
wells produced for a period of 19 months, supplying Salt Lake City , via a wooden 
pipeline, with 833 B. T. U . gas . As many as 9 different sands produced from the 
Quaternary section, and none were reported as water-bearing. The maximum 
monthly production was 17,000,000 cubic feet, and it i s estimated that the 
field produced around 150 , 000,000 cubic feet of gas before abandonment 
(Richardson, 1905, p . 481). The gas contained 80 . 6 % methane, no ethane, 
and 10.4% nitrogen. The maximum initial production recorded was 4,901,720 
cubic feet per day from a well completed in 1892. The average well -head pres­
sure was between 200 and 250 psi. 

J. A. Nak No . 1 Fee (9): This well was drilled to a depth of 619 feet at a loca­
tion west of Ogden, being the only well drilled specifically for oil or gas between 
Farmington and Brigham City . Since nearby water wells are deeper, the test 
was inadequate . The well was drilled in 1960 and bottomed in Quaternary lake 
beds. 

Southern Pacific Railroad No. 1 Lemay (11) : The Southern Pacific Railroad drilled 
a 2,502 foot water well near Lema y on the Great Salt Lake Desert (Schreiber , 
1954, p. 5). No oil or gas shows were recorded. The contact between the Salt 
Lake group and probabl e Oligocene volcanics was at 1,690 feet, and the contact 
between the volcanics and the late Paleozoic was at 2,108 feet. 

Roz el Point Oil field (12): A larg e area of asphalt seeps on the north shore of 
Great Salt Lake prompted the first drilling at Rozel Point before 1904 . Over 20 
wells, the deepest being 2 ,710 feet , have been drilled in the area. The Roznl 
Point oil field is covered in detail by Eardl ev and Haas (1936, p. 76) and by 

297 



Slentz and Eardley (1956, p. 32). In wells, most of the asphalt is in vesicular 
basalt belonging to the Salt Lake group, at depths ranging between 130 and 300 
feet. The impression is that the asphalt originated in the Quaternary lake sedi­
ments which overlie the basalts. However, the Leonora No. 1 Saboda well had 
asphalt and gas in basalt flows at depths between 1,240 and 1,375 feet, so the 
origin of the hydrocarbons is somewhat in doubt. Carbon 14 dating indicates 
a Quaternary age for the asphalt. In 1956, the Liquid Asphalt No.1 Eller well, 
in section 16, T-8-N, R-7-W, was reportedly producing around 5 barrels of 
asphaltic oil per day (A. J. Eardley, unpublished report) . 

Rhine Petroleum Industries No. 1 Brigham City (14): This well was drilled to a 
depth of 2,308 feet in 1958. The test penetrated Quaternary and Tertiary sedi­
ments and may have bottomed in the Precambrian which apparently underlies the 
Salt Lake group in this area. There were several zones which had minor gas 
shows. Ralph Arnold (unpublished report) lists several wells immediately west 
and northwest of Brigham City, some of which reportedly had substantial flows 
of gas. 

U.S. Biological Survey No.2 Water Well (15): The federal government drilled 
aI, 028-foot water well in the Bear River marshes west of Brigham City in the 
1920's. The contact between the Quaternary lake sediments and the Tertiary 
Salt Lake group was probably at 514 feet. Several gas zones were encountered, 
the best being at 340 feet. Another water well drilled at the location also pro­
duced quantities of gas. An analysis of the gas showed it to contain 87.9% 
methane and 5.5% nitrogen. Ralph Arnold (unpublished report) reports a well­
head pressure of 134 psi in 1948. 

Utah Southern Oil Co. Wells (19, 25, 26, 27): The Utah Southern Oil Company 
drilled four tests in northern Utah between 1951 and 1956. The drilling of these 
wells is covered in detail by Peace (1956, p. 17) and will not be reviewed here. 
The wells were drilled for Paleozoic objectives, and no significant shows of 
oil or gas were encountered. 

Cache Valley Dairy Assoc. No.1 Gossner (20): This test was drilled north of 
Logan, Utah in 1956 and went to a total depth of 5,500 feet. The base of the 
Quaternary is tentatively placed at 900 feet. The contact between the Salt Lake 
group and the Pennsylvanian is at 5,024 feet. Numerous gas shows were encoun­
tered , the most important of which were at 3,600, 4,760, and 4,825 feet in 
sands of the Salt Lake group. 

Karmis-Gold Zone No. 1 Brown (21): This San Franciscan company drilled a 
well to a depth of 5,251 feet, west of the aforementioned well, in 1957. The 
test encountered several gas shows in the Salt Lake group and bottomed in 
late Paleozoic rocks. 

Hickey Oil Corp. No.1 Cassity (311: This testwas drilled to 5,486 feet in 1955, 
east of Grantsville, Utah. Quaternary and Tertiary sediments, mostly clay, 
marl, and sand, were penetrated to a depth of 4,830 feet, where a hard Penn­
syl vanian limes tone and sandstone sequence was tapped. A ten -foot sand, 
belonging to the Salt Lake group, was topped at 2,925 feet and had a minor 
gas show, while zones at 5,290, 5,400, and 5,460 feet in the Pennsylvanian 
were reported by the operator to have been saturated with high gravity oil and 
also to have contained gas. Wl1ether these shows were of commercial quality 
is not known, a s no attempt wa s made to complete the well. 
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Walker-Wilson Drilling No . 1 Cassity (32): Located less than a mile west of 
the aforementioned Hickey well, the Walker-Wilson test went to 7,979 feet in 
1956 . The well never encountered the Pennsylvanian rocks found in the Hickey 
well and remained in the Salt Lake group to the total depth . There were no Signi ­
ficant gas shows in the Quaternary and Tertiary sediments penetrated . 

Shell Oil No . 1 Salduro (34)~ Shell drilled this well on the Bonneville Salt Flats 
in 1956, going to a total depth of 2,950 feet. The Quaternary or latest Pliocene 
section contained much g ypsum. There were few sands in either the Quaternary 
or the Tertiary, the sediments being mostly clays . The contact between the 
Salt Lake group and volcanics possibly belonging to the Oligocene Lower Vol ­
canic group was at 1 , 375 feet , and a basic intrusive rock was topped at 2 , 742 
feet. There were no oil or gas shows. 

Standard of California No. 1 Levan (36): This well went to a total depth of 
7,526 feet, bottoming in Triassic red beds . The well penetrated over 4 , 000 
feet of red beds referable to the Chinle and Moenkopi formations , an anomolous 
situation that suggests complex structure at this locality . There were no oil or 
gas shows . 

Gulf Oil No . 1 Gronning (40) : Gulf drilled a 8,161 foot test northwest of Delta, 
Utah , in 195 7. Late Tertiary sediments , possibly belonging to the Salt Lake 
group, were penetrated from 970 feet to the total depth. This is one of the 
thickest occurrences known in Utah . Several basalt flows were interbedded 
between 2,500 and 3 , 500 feet , but the majority of the beds were clay , ash , 
sand, and silt. There were no oil or gas shows. 

Gulf Oil No.1 Bishop Springs (41) : Gulf drilled a well on a prominent surface 
anticline in the Confusion Range . The well went to 9,058 feet in 1952 and 
tested the Paleozoic section from near the base of the Mississippian to the 
Silurian . There were no significant oil or gas shows. 

Shell Oil No.1 Baker Creek (43): This well went to a depth of 4,218 feet. 
It was drilled in 1956 at a location north of Garrison, Utah. The probable top 
of the Salt Lake group was at 730 feet and the contact between the Salt Lake 
group and the Cambrian Prospect Mountain quartzite was at 4,180 feet. The 
Salt Lake group consists of ash, sand, silt, clay, dolomite, limestone, and 
gypsum at this locality . There were no oil or gas shows . 

ShelLOil No . 1 Sunset Ca~4Jl: The Shell Oil Company drilled a well on 
a prominent surface anticline on thewest side of the Pavant Range, southeast of 
Fillmore, Utah. The well began in Triassic rocks , reached a total depth of 
8,962 feet, and bottomed in Silurian dolomite . No significant shows were 
reported . No other wells have been drilled for oil or gas in the immediate area. 

Standard of California No . 1 Burbank (46): Standard of California drilled a well 
to a total depth of 6,955 feet in 1952, on a surface anticline in the Burbank 
Hills east of Garrison, Utah. The endeavor tested the middle Paleozoic section, 
bottoming in beds of probable Ordovician age. There were no important oil or 
gas shows. 

El Capitan No . 1 Tames (48): Several shallow to moderately deep wells were 
drilled in Milford Valley near Black Rock, Utah. The captioned well went to a 
total depth of 3 , 682 feet in 1950, apparently bottoming in late Tertiary sedi­
ments. The reports of oi 1 and gas shows in some of the wells in the area appear 
to be reliable, but have not been confirmed by the writer . The shows, if present , 
would be in Quaternary or Tertiary beds . 
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SUMMARY 

Over 80 tests have been drilled for oil and gas in the Great Basin of Utah. Of 
these, about 20 were in or around the abandoned Farmington gas field, and ano­
ther20 or so were around the Rozel Point asphalt seeps. Aside from these, about 
15 other wells had important showings of oil and gas, so that altogether, approx­
imately 45 of the wells drilled in the region had oil or gas shows. In addition 
to the abandoned gas production at the Farmington gas field, a small amount of 
black asphaltic oil has been produced at Rozel Point. 

The overwhelming majority of the oil and gas shows to date have been in beds 
of Quaternary or Tertiary age. The Quaternary and Tertiary sediments were laid 
down, for the most part, in vast fresh-water lakes. Fresh water sediments gen­
erally are not considered favorable for the generation of oil and gas. However, 
in view of the recent dis coveries of non -marine oil fields in Utah and adjacent 
areas, having similar characteristics to some of the lake beds west of the 
Wasatch, the Cenozoic sediments of western Utah become worthy of fur­
ther exp lora tion . 
ther exploration. 

The subsurface information available indicates that the most attractive area for 
Cenozoic production, particularly gas, is immediately west of the Wasatch Range, 
in Utah, Salt Lake (Jordan), and Cache Valleys, as well as along the east shore 
of Great Salt Lake. In those areas the sands and gravels of the Quaternary and 
Tertiary are pinching out in a westwardly direction. At many places the sand 
pinchouts are known to occur in an up -dip direction. In addition to the presence 
of sand pinchouts, numerous channel-sand and beach deposits are known to exist. 
Along the east shore of Great Salt Lake, an area of shallow gas sands is known 
to occur west of a belt of artesian water wells (Eardley and Haas, 1936, p. 74). 

Thick Quaternary and Tertiary sections, containing many sand beds, are known 
in Tooele Valley and in the Sevier Desert, so oil and gas possibilities could 
exist at numerous localities in the Great Basin of Utah. However, most of the 
petroliferous limestones of the Salt Lake group seem to be in northern Utah, and 
the peat beds in the Quaternary are found primarily adjacent to the Wasatch Range. 

Since detritus and alluvium mask the underlying structure of Quaternary and Ter­
tiary beds almost everywhere, gravity or seismic surveys would be necessary to 
determine the subsurface structure. With the location of a suitable structural 
situation in an area of favorable Cenozoic stratigraphic conditions, oil or gas pro­
duction could possibly be established within the Great Basin of Utah. 
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Paper 27 GEOLOGY AND OIL 
POSSIBILITIES OF 
WASHINGTON COUNTY 
by Earl F. Cook! 

OUTUNE OF GEOLOGIC RELATIONS 

Asequenceofsedlmentaryrocks. almost20.000feet thick. overlylng Precamtrlan 
rocks and overlain by 6.000 feet of volcanics, mark a long perlod of marlne and 
continental deposltion. with intermittent emergence and eroslon, but Without 
folding. 

In the Late Jurassic or Early Cretaceous, the reglon was moderately warped, and 
Upper Jurasslc rocks were beveled by eros10n. Geosyncl1nal or foreland trouQh 
sedimentation began In theearly La~Cretaceous Withdeposlt1onof a.basal con­
glomerate. fOllowed by a thick accumulation of shale and sandstone. This type 
of dep0s1t1on was interrupted once by uplift at about the end of Colorado time. 
Renewed sedimentation, recording an orogenlc pulsauon to the west, beQan, 
probably in Montana time, wlth the spreading of the basal conglomerate of the 
Kaiparowits formation. 

The area was then uplifted dunng the Late Cretaceous, and at least three fOlds 
(one of them the Virgm -Kanarra anticl1ne) developed along northeast axes, 
became overturned toward the east, and locally broke Into thrua.ts of small dis­
placement. The lack of eVidence for orogenlc movement Within either Upper 
Cretaceous rocks or the overlying Claron formation closely trackets this main 
Laramide movement as belng after the deposition of the J<.alparowits but pre­
cedlng the deposition of the Claron. The age of the basal Claron is stili Wl­

certain. 

Alter erosion of the Laramlde fOlds, renewed ~plift spread basal Claron conQlo­
merate eastward. followlng the depOS1tlOn of lar.ustrlne I1mest ones and sand­
stones of the Claron, a short interval of local crustal disturbance and pre­
I1rrunary exploslve volcanlsm was the prologue to a series of Qreat eruptions 
which formed 19O1mbrltes, Idvas, mud flows, and brecclas. 

following the volcanlcs the Pine Vdlley laccolith, some 3,000 feet thick, spread 
between them and the underlying Claron. The Stoddard laccol1th intruded Upper 
Cretaceous rocks. and laccoliths at Iron Sprlngs Intruded the Jurassic Carmel. 
Unconformlties Withln the volcanics, some marked by lacustrlne limestone' and 
quartzite gravels. suggest orogenlc dlsturbances or perlods of Intruslve folding. 
Durlng or followlng the lntruslons an assymetrlc anticl1ne, produced by com­
pression or magma w1thdrawa I. formed tn the Hurricane fault zone on the flank 
of one of the laramide folds. 

The follOWing comments are In addition to Table XVII, an Index to the stratigraphy 
of Washington County (see also Cook. 1960b, and Utah Geologtcal Survey Map 14). 

1. Dlrector, Idaho Bureau of Mlnes and Geology, Moscow, Idaho; 
Dean, College of Mines, Unlversity of Idaho, Moscow, Idaho. 
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PRECAMBRIAN 
Vishnu schist (?) ••• gneiss, schist, and granitic rocks crop out along the southwestern foothills of the 

Beaver Dam Mountains. 

CAMBRIAN 
Prospect Mountain quartzite •.• red-lrown metaquartzite outcrops in the Beaver DamMountains •.• roughlyequi­

valent to the Tintic quartzite of central and northern Utah. 
Pioche shale ••• reddish lrown to green micaceous shale in the Beaver Dam mountains ••• grades downward into 

Prospect Mountain quartzite and upward into Cambrian limestones. 
Camlrian limestones--undifferentiated. 

ORDOVICIAN (?) - SILURIAN (absent 7) - DEVONIAN 
Urnes tones , interbedded with dolomites, occur in the western part of the Beaver Dam Mountains. Poorly identified 

rocks which may be eitherCamlrian or Q-dovician, or both, are quite certainly represented, and McNair (1952, 
p. 46) indicates that CKdovician (?) is overlain by Devonian Muddy Peak limestone. 

MISSISSIPPIAN 
Redwall (Rogers Spring, Monte Cristo, Madison Lower Mississippian) limestone .. . grey, dense, hard, cherty, 

cliff-forming .•. light to dark, medium to fine grained. Campbell (1952) lists 559 feet in the St. George No. 
1 well of the California Company and approximately 1,000 feet in the Beaver Dam Mountains have been 
ascribed to this formation. 

Blue Point (&-azer, Upper Mississippian) limestone. Campbell (1952) lists 210 feet of cherty limestone in the 
St. George No.1 well. This interval may have been included in the upper part of the Redwallin the Beaver 
Dam Mountains. 

PENNSYLVANIAN 
Callville limestone .•• (hin -bedded. In the Beaver Dam Mountains the basal 530 feetis cherty limestone. Above 

this is 500 feet of tan to light-qrey dolomite, overlain by 530 feet ofiine-qrained limestone containing abun­
dant thin beds of sandstone that were formerly mapped as Callville, but which may be of Permian Pakoon 
age (McNair, 1952, p. 46). 

PERMIAN 
Pakoon (Bird Spring, Upper Callville) limestone . .. In addition to rocks assigned to the Pakoon in the Beaver 

Dam Mountains (McNair, 1952, p , 46), 830 feet of Pakoon limestone occurs in the St. George No.1 well. 
(Campbell, 1952, p. 88). 

Supai-Coconino (Queantoweap) sandstone .•• massive, fine grained, light colored, cross-bedded sandstones 
with small uniformly. distributed spots of iron oxide .•• occurs in the Beaver Dam Mountains, in the St. 
George No.1 well (five miles south of St. George) and along the Hurricane fault scarp. 

Toroweap formation • . . red and yellow mudstone (McKee, 1952) overlain by a thick-bedded, cliff-forming marine 
limestone, which is overlain byred beds ••. limestone member thickens northwestward towards southwestern 
Utah and where red beds are absent the unit is often mapped as a part of the overlying Kaibab limestone. 

Kaibab limestone •.• massive, hard, cherty, fossiliferous, gray limestone in two thick beds separated by 150 
feet of gypsum-anhydrite. 

TRIASSIC 
Moenkopi formation •.• six subdivisions : Timpoweap impure limestone and conglomerate, lower red gypsiferous 

shale, Virgin limestone, middle red gypsiferous shale, Shnabkaib sandy shale and gypsum, upper red 
gypsiferous and arenaceous shale. 

Shinarump cong •••• Mapped separately because of economic and stratigraphic Significance, but considered basal 
Chinle. Fine to coarse, gray to purpoSe sandstone, conglomeratic in lower part. Grades upward into 
typical Chinle. Contains silicified wood. 

Chinle fm •••. variegated, sandy, conglomeratic shale and fine calcareous sandstone (Painted Desert and Petrified 
Forest in Ar1zon~. 

TRIASSIC OR JURASSIC 
Moenave .•• the lowermost member of the Glen Canyon group replaces some of what has hitherto been called 

Chinle and Wingate. It includes two members: the lower, the Dinosaur Canyon sandstone and siltstone 
and the upper, the ledge-forming Springdale sandstone which contains the Silver Reef bed (Averitt, 1962) . 

(Wingate) ••• beds formerly aSSigned to the Wingate in this area are now considered Moenave. 
Kayenta . • . red -lrown sandstone and mudstone intercalated with light grey siltstone. An early or middle Juras sic 

dinosaur from the basal portion of the Kayenta indicates Jurassic age (Welles, 1954, p. 597), but Triassic­
like Tritylodontoids found 10 feet below the base of the Navajo 7 miles northeast of Kayenta, Arizona 
(Harshbarger, et at., 1957, p. 10) leave the age in doubt. 

JURASSIC 
Navajo . • • cross-bedded quartz sandstone, forming massive cliffs. Color predominantly red, although upper 

part in places, notably in Zion Park, is white. Fossils found are not diagnostic. 
Carmel (upper and middle Jurassic): Platy, argillaceous grey limestone; \jrey and brown arenaceous limestone; 

soft red sandstone, gyps1ferous shale, and gypsum. 
Entrada (upper Jurassic) ••. friable red-chocolate and greenish-white sandstone overlies the Carmel and occurs 

as a narrow band of soft rocks on both sides of the Pine Valley Mountains. 
Curtis ••• basal gypsum overlain by calcareous sandstone and limestone conglomerate east of the Hurricane 

fault where it overlies the Carmel. 
Winsor ••• evenly bedded, thinly laminated, fine-qrained red and white sandstone •. East of the Hurricane fault 

it overlies the Curtis and is conSidered to be the youn\jest of the Jurassic formations. 
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LOWER CRETACEOUS ... absent (?) " . may be represented by part of Winsor. 

UPPER CRETACEOUS 
Dakota (?) sandstone ••• poorly sorted pebble conglomerate with sandstone lenses. Contains qUdrtzite, chert, 

and black limestone pebbles . Essentially a basal conglomerate of the Tropic formation, it is probably 
Colorado in age. East of the Pine Valley Mountains, it unconformabl y overlies the Entrada, and in places 
the Carmel, and grades upward through an BOO-foot section into the Tropic shale. 

Tropic shale ... alternating silty gray shales and thin, grey, yel\ow-lrown, red, and black sandstones with 
some coal beds. Becomes more arenaceous westward. Roughly equivalent to Mancos shale of east central 
Utah. 

Straight Cliffs and Wahweap sandstones ... sandy, blue-grey shale and lignite alternating with massive, cross­
bedded buff sandstone in beds 5-BO feet thick. Richardson (1927, p. 467-8) concludes that this and the 
Tropic shale are Colorado in age, whereas the Kaiparowits is Montana in age . 

Kaiparowits formation •.. thin-bedded, lenticular, friable I1ght-grey to buff sandstone, fine-to- medium 
grained, with silty red shale and quartzite cobble conglomerate at base; highly cross-bedded; numerous 
iron concretions. 

TERTIARY 
C laron (Wasatch) formation •.. lower conglomerate member, which in area northwest of Gunlock comprises entire 

formation, is a cobble to boulder conglomprate; medial sl1tstone member includes some pink limestone and 
black limestone pebble conglomerate; upper grey massive lacustrine limestone member includes interbedded 
pink to green hornblende-biotite quartz latite crystal tuff (Needle Range Tuff). 

Tertiary volcanics • . . For a discussion of the identifying characteristics of the individual fc:rmations within 
this group, see Cook, 1960a, and Table XVII in this volume. 

PLIOCENE (?) 
Muddy Creek formation . .. fine light colored locally tuffaceous sedimentary rocks. 
Flat Top Mountain suite ..• rhyolitic flows and shallow intrusive bodies. 

PLEISTOCENE TO RECENT 
Basalt cinder cones and decite flows. 
Culbert lreccia ... mudflows 

RECENt 
Silt, sand, gravel - alluvium and hillwash. 

TECTONIC STRUCTURES 
In Southwest Utah the structural transition from Plateau structure on the east to 
baSin-range structure on the west is accomplished within a fault block west of 
the Hurricane fault. 

The western part of the Colorado Plateau province is a group of high plateaus, 
cut in flat-lying sedimentary rocks , which descend in great steps toward the 
south. These plateaus are cut by a few , long, northerly-trending faults that 
determine the major features of the topography and follow the lines of older mono­
clines that dip east. 

The eastern part of the Basin and Range province appears to be characterized by 
thrust faults and steeply-tilted fault blocks. The transition zone differs from the 
Basin and Range province. Apparently it had no post-Laramide thrusting, and 
folding and tilting are moderate. On the other hand, the transition zone contains 
asymmetrical and overturned and thrust-faulted Laramide anticlines, which the 
Plateau province lacks. 

Two structural trends inters ect in the transition area. The first, marked by a well­
defined set of northeasterly aligned intrusions, folds, and faults, developed during 
the Laramide orogeny between the old foreland to the east and the geosyncline to 
the west. The second, developed during the Tertiary, is expressed by north­
south faults. Later movements have followed both trends: the Hurricane fault 
follows a Laramide ariticline for part of its length , then follows the Tertiary 
trend southward into Arizona (Figure 97). 
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The Hurricane fault is marked by a high, west-facing escarpment known as the 
Hurricane Ledge or Cliffs. North of Anderson Ranch where the scarp is over 
1,500 feet high, exposed Permian and Triassic beds in the upthrown block dip 
steeply eastward away from the scarp, then flatten in the valley of LaVerkin 
Creek, east of which the beds are horizontal. Along part of the ledge, Permo­
Triassic strata have been dragged into an asymmetrical anticline. Northward, 
the east dip of the beds forming the back s lope of the ledge continues to increase, 
until, in the vicinity of Kanarraville, about 10 miles northeast of New Harmony, 
these beds are overturned. Gregory and Williams (1947) regarded these east­
dipping strata in the Hurricane Cliffs as the east flank of an asymmetrical, 
locally overturned Laramide anticline ancestra 1 to the Hurricane fault which they 
called the Kanarra fold (Figure 98). 

The rocks of the downthrown side, concealed in most places along the fault 
trace by alluvium and hill wash, are exposed in a hill west of Toquerville and . 
a few miles south of Toquerville in the banks of the Virgin River where it crosses 
the fault (where outcrops dip steeply westward away from the fault). In both 
localities, as well as near the base of the ledge east of Pintura, exposed fault 
planes dip 600 -750 west. 

Tertiary folding produced a broad anticline west of the Hurricane scarp and may 
even have reversed the dip of the truncated Mesozoic strata in the west limb of 
the Laramide Kanarra fold. A portion of the Kanarra fold probably broke into a 
reverse or thrust fault. The Kanarra fold was planed off by erosion before depo­
sition of the Claron formation. At least the lower ignimbrite of the Quichapa 
formation was laid down across the Kanarra fold before normal movement on the 
Hurricane fault began. The first major displacement in the Hurricane zone 
occurred later than the formation of the Oligo-Miocene volcanics, possibly during 
the period of platy latite extrusion and laccolithic intrusion in the Pine Valley 
Mountains. 

Following the first major episode of mid-Tertiary (7) faulting, the area was 
eroded to low relief; a low scarp remained on the resistant Kaibab limestone of 
the up thrown eastern block, and boulder alluvium spread from the Pine Valley 
Mountains to the base of the scarp. Basalt, contained on the west by the foot­
hills of the Pine Valley Mountains, overflowed the Kaibab scarp in a few 
places. Then, in the Quaternary period, came the second period of major 
faulting; the basalt was broken and the eastern segments were raised 1,500 
feet. The Quaternary faulting is normal, like the displacement of smaller faults 
which parallel the Hurrica.ne in the plateau country to the east. 

The Hurricane fault displacement is difficult to estimate. At three localities in 
Washington County, rocks of the downthrown block can be seen in contact with 
the fault. In each of these, rocks of the Moenkopi formation dip steeply west, 
parallel the dip of the fault plane, and rest against Kaibab limestone on the 
upthrown side. The stratigraphic separation can most accurately be estimated 
in Toquervi lle Hi 11, where the Shinarump conglomera te, exposed on both sides, 
indicates a throw of about 2,500 feet. In the Pintura area the shift, much 
greater than the slip, is estimated at about 10,000 feet; whereas the slip, 
practically impossible to estimate because the wall-rocks parallel the fault 
plane, is certainly less than half this. 

The Pine Valley laccolith rests in a broad, shallow, northeast-plunging syn­
cline which may have started as a Laramide down~arp that was further depressed 
during the intrusion of the laccolith. 
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In the area north of the Pine Valley Mountains, the Upper Cretaceous rocks, 
the Claron formation, and the Leach tuff thin toward a northeast line that bisects 
the outcrop of the Stoddard laccolith. This line probably represents an exten­
sion of the Iron Springs Gap anticline, a Laramide fold in the Iron Springs dis­
trict which was beveled by pre-Claron erosion, as was the Kanarra fold. Evi­
dence in the Iron Springs district suggests slight renewed arching in post-Claron 
time (Mackin, 1947, p. 12). 

The western margin of the transition block is defined by a set of en echelon 
subparallel faults, along which the Basin and Range country of the west has sub­
sided. The main member of this set is the Gunlock fault. Northward, the Veyo 
fault, which starts within the uplifted block, becomes the dominant and mar­
ginal fault. Southward, the Gunlock fault is replaced by the Shebit (also spelled 
Shivwits) fault, along which displacement is reversed. In the latitude of the 
Shebit fault, the transition zone is widened by the inclusion of the Beaver Dam 
Mountains, and the west marginal fault is the Beaver Dam Wash fault. Two 
north-plunging folds, the Shebit syncline and the Shebit anticline, are spatially 
and genetically associated with the zone of displacement reversal at and near 
the juncture of the Gunlock and She bit faults. 

The Virgin anticline (Figure 98), a Laramide structure 20 miles long, extends 
from a point near the "corner" north of Toquerville, where the Hurricane fault 
abruptly changes direction, southwest to a point south of St. George. Three 
doubly-plunging portions of the Virgin anticline are known as the Harrisburg, 
Washington, and Bloomington domes. Just southwest of Washington dome the 
Virgin anticline is crossed and displaced by the Washington fault, which trends 
north -northwe stand ha sits down thrown s ide on the wes t . 

Three other small folds in southern Washington County have been the object of 
oil exploration interest. One, the Punch Bowl dome, is about a mile south of 
the southwest end of the Washington dome and immediately east of the Washing­
ton fault. The other two are small, low domes: one, just north of the Arizona 
line south of St. George, is White Butte dome; the other, six miles east of the 
first, is Bee Hive Dome. 

According to Wegemann and Bauer (1952) only at South Wash, about 1.5 miles 
south of Grafton and 11 miles east of the Hurricane fault, is the regular north­
east dip of the rocks in the plateau portion of southwest Utah interrupted by 
anticlinal folding. Here a sharp, narrow anticline may be traced northward to 
the flat of the Virgin River and for a mile-and-a-half up Coalpits Wash, beyond 
which it gradually merges with the general dip. In Coalpits Wash, it is faulted 
along its crest. South of Grafton the beds dip westward from its crest into a 
shallow syncline, only a few feet in depth, which dies a short distance farthet: 

STRUCTURAL RELATIONS OF INTRUSIVE ROCKS 

Pine Valley Laccolith 

Earlier authors have regarded the porphyritic body, 3,OOOfeet thick, which forms 
the main bulk of the Pine Valley Mountains as extrusive. Three lines of evi­
dence demonstrate it is intrusive: (1) the absence of extrusive features; (2) 
the intrusive nature of the basal contact, and (3) the intrusive fault character 
of the latera 1 con tact of the body. No structural or lithologic evidence of s epara te 
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Figure 98. The northeast-plunging Virgin anticline, looking northeast. Note the "comer" in the right middle distance 
where the projection of the Laramide anticlinal fold is cut obliquely by the later north-south Hurricane fault, the trace 
of which is marked by the low saddle in the middle distance. The highlands (Kolob Plateau) in the upper right are 
east of the Hurricane fault. (Photograph· by J. R. Shelton and R. C. Frampton.) 



extrusions or intrusions is recognized. Evidence of an erosion surface beneath 
the porphyry, which might be expected had the rock been emplaced as a single 
thick flow, is absent. In general, the basal contact follows one horizon, but 
small intricately branching porphyritic apophyses reach into the limestone sev­
eral inches away from the main contact. This irregularity, and the absence of 
glass, breccia, chalcedony, and erosion surface criteria, suggest that the con­
tact is intrusive. 

On the north and northwest, the Pine Valley laccolith is in intrusive fault 
contact with members of the volcanic sequence. ' The intrusive faults do not 
displace the underlying sediments; two places are known where the Claron 
formation passes unbroken and apparently unchanged in thickness from beneath 
the laccolith to beneath the vOlcanics. 

Stoddard Laccolith 

The Stoddard laccolith is marked by a dissected, dome-shaped mountain of nearly 
circular plan. Except for its southern margin, where it has apparently intruded 
the lower part of the volcanic sequence, the laccolith is in more orless concordant 
contact with sharply upturned and overturned shales and sandstones of the Upper 
Cretaceous Tropic formation. The base of the body is not visible; the laccolithic 
form is inferred from the generally concordant upper contact. 

Core drilling in the anticlinal valley west of Stoddard Mountain has revealed 
monzonite porphyry of Stoddard type beneath rocks that resemble the Tropic for­
mation at a depth less than 600 feet. This relation strongly suggests that the 
anticline is an intrusive structure overlying a westward extension of the Stod­
dard laccolith. The small and discordant Pinto Peak intrusive body on the south 
side of the anticlinal valley is probably connected at depth to the extended Stod­
dard laccolith. Pinto dome, also, probably overlies this same intrusive body andis 
itself an intrusive feature. Cores from drill holes showa sharp contact between 
the intrusive rock and the overlying sediments and a striking lack of change in 
either rock near the contact. 

Structural relations of the laccoliths of the Iron Springs district have been des­
cribed in detail by Mackin (1947a). 

The intrusive masses of southwest Utah tend to follow stratigraphic horizons. 
The Three Peaks, Granite Mountain, and Iron Mountain laccoliths of the Iron 
Springs district all intruded along a single horizon in the Jurassic Carmel forma­
tion; the concordant contact of the Stoddard laccolith is near the base of the 
Upper Cretaceous section~ and the Pine Valley laccolith moved in near the top 
of the Upper Cretaceous (?) - Eocene Claron formation. 

EXPLORATION TARGETS 

Virgin Oil Field 

The following description of the Virgin oil field and its petroleum production and 
possibilities has been written by Edgar B. Heylmun, consulting geologist of Salt 
Lake City: 

311 



"The Virgin field, first developed in 19 07, is the oldest oil field in Utah. It is 
located about 1 1/2 miles northeast of the village of Virgin, immediately to the 
west of Zion National Park. The region is semi-arid and rich in stark desert 
beauty. Most of the oil production is from shallow wells located in the narrow 
valley of North Creek, which flows south and empties into the Virgin River. An 
imposing mesa, capped by the Triassic Shinarump conglomerate, rises to the 
north and northwest, while another mesa, capped by Quaternary basalt, rises 
to the east of the field. The Middle Red shale member of the Early Triassic 
Moenkopi formation forms most of the surface in the 
where the average elevation is around 3,625 feet. 
prompted the first drilling (Figure 99). 

area of the Virgin Field, 
Oil seeps in the region 

Figure 99. Oil seep in the Timpoweap formation. 

~'The producing zone is a sandy to pure limestone that ranges between 1 and 8 
feet in thickness at the top of the Timpoweap, or Rock Canyon, limestone mem­
ber of the Moenkopi. The Timpoweap member ranges from 120 to 160 feet in 
thicknes s in the area of the field and unconformably overlies the petroliferous 
Kaibab limes tone of Permian age. Both the Timpoweap and the Kaibab are noted 
for their vuggy porosities. The depth of the producing zone ranges between 475 
and 750 feet, depending upon structural position and topography. 

"About 140 wells have been drilled at the Virgin field and in the immediate vicin­
ity, mostly to depths of less than 1,000 feet. Only 8 wells are reported to have 
penetrated below the Timpoweap member into the Kaibab limes tone. Numerous 
oil shows have been encountered in the Kaibab, but there has been no produc­
tion from it. The deepest test to date is the E. R. Bardwell No.1 Venton, located 
in the NW 1/4 SW 1/4 of section 13, T-41-S, R-12-W(Heylmun, 1961). It went 
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to a total depth of 4,538 feet in 1958, probably bottoming in the Redwall limestone 
of Mis sis sippian age. Oil shows were encountered in several zones, the be st 
being in limestones and sandstones of the Pakoon orCallville between 3,405 and 
3,495 feet. These excellent shows were drill-stem tested, but the results of 
the testing did not offer any encouragement for commercial oil or gas produc­
tion. The Bardwell test is the only well in the Virgin field that has penetrated 
the Pakoon and Callville formations. 

"The cumulative production at the Virgin oil field is about 195,000 barrels. About 
30 wells have been productive, and approximately 440 acres are proved. There 
are currently 3 wells in the field capable of producing about 10 barrels of oil per 
day. Two of the wells produce a small amount of dark brown paraffin-base oil 
with a gravity of 31 0 A.P.I. The third well, Hurricane Producing and Refining's 
No.3-A, located intheNW 1/4, NW 1/4, SW 1/4 of section 13, T-41-S, R-12-W, 
is capable of producing about 8 barrels per day of sour, black asphalt-base oil 
with a gravity of 240 A. P. I. There is no immediate explanation for the occur­
rence of two types of oil. It is to be noted that a number of wells in the field 
encountered a zone of sulfur water in close proximity to the pay zone. A small 
topping plant, located in the field, is operated periodically; the oil is refined 
into fuel oil and diesel fuel, and the products are marketed locally. The Virgin 
field has been shut-in during 1962. 

"A few wells reportedly initially produced in excess of 30 barrels per day, but 
most wells produced much less. The usual completion practice has been to set 
casing on top of the pay and then drill into the oil zone. Many of the wells have 
been shot with nitroglycerine or dynamite, and a few acidizing procedures have 
been employed. 

"Structurally, the Virgin oil field lies in a small synclinal pocket near the axis 
of a broad, low-relief, anticlinal trend that plunges gently toward the north 
(Figure 100). Because of differences in the thickness of the Lower Red Shale 
member of the Moenkopi, the structural picture at Timpoweap depth does not cor­
respond to the picture obtained by mapping on top of the Virgin limestone member. 

"There are a number of oil seeps in the general area, and in all probability the 
Virgin field is a form of subsurface "oil seep." Being close to the surface, the 
reservoir pressures have been dissipated, and oil migration by gravity drainage 
into the structurally low "pockets" has been tempered to some extent by 
porosity and permeability changes within the producing formation, and by the 
local fracture patterns. Another factor that may have some bearing on the devel­
opment of porosity and permeability is ground -water activity along the cours e of 
North Creek. Most of the oil production has been from wells in close proximity 
to the creek. 

"Synclinal oil producti0n is not uncommon, being well-known in the eastern 
United States and in California. The shallow Mexican Hat oil area in south­
eastern Utah is located in a syncline, and may be similar to the Virgin oil 
field. Additional shallow oil prospects may exist elsewhere in southwestern 
Utah, with similar structural and stratigraphic situations. It is unlikely that 
major oil reserves exist at the Virgin field. However, the deeper stratigraphic 
possibilities, particularly in the Pakoon formation and in the Mississippian Red­
wall limestone, must not be overlooked." 
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Virgin Anticline 

Boshard (1952) summarized the history of exploration drilling on the Virgin anti­
cline. The first test was on the Harrisburg dome, which has a possible closure 
of 900 feet; the well was begun in 1918 and after intermittent drilling reached a 
total depth of 3,400 feet. Dobbin reported the hole to have possibly bottomed 
in the upper part of the Pennsylvanian Callville limestone. No reliable shows 
of oil were reported. Harrisburg dome is about three miles long and three-fourths 
of a mile wide. 

Bloomington dome, five miles south of st. George, is almost five miles long by 
two miles wide and has a closure of 1,100 feet. It has been the scene of eight 
wells, the last three of which were deep tests. The first went to a depth of 
2,530 feet between 1927 and 1931, with no significant shows of oil. In 1931, 
a well was started and was completed after 1932 to a depth of 4,114 feet. It 
drilled into the Callville limestone and questionable oil shows were reported. 
In 1951, the California Company drilled a 6, 347-foot test. C ore s having pin­
point shows of oil were reported in this well. The thickness of the formations 
penetrated were published by Campbell (1952). 
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Punch Bowl, Bee Hive, White Butte, Pintura, 
and Shebit (Shivwits) ' Structures 

A well on Punch Bowl dome, a symmetrical 3/4 x 3/8 mile structure, was drilled 
to a depth of 2,540 feet between 1929 and 1936. A complete section of Kaibab 
was penetrated, and the hole bottomed in sandstone of Permian age. According 
to Dobbin, three different shows of oil were reported in the sandstone section 
below a depth of 2,190 feet. 

Two small surface anomalies, Bee Hive dome and White Butte dome, have had 
shallow wells which penetrated the productive horizon of the Virgin oil field. 
Neither rep<;>rted oil shows. 

The Pintura structure (Neighbor, 1952), drilled by Sun Oil Company to a total 
depth of 5,496 feet without encountering any shows of oil or gas, was mapped on 
the basis of a color break in the Navajo sandstone and is about three and one­
quarter miles west of the Hurricane fault. It is a northwest-trending, slightly 
symmetrical anticline with a mapped closure of approximately 1,400 feet. A 
second well was drilled to a depth of 9,501 feet by Pan American Petroleum 
Corpora tion in 1961, bottoming in the Devonian. There were no important oil 
and gas shows. 

Shebit (Shivwits) Anticline 

The Shebit anticline is a north-plunging structure, parallel to the Shebit fault, 
and largely contained within the Shebit Indian Reservation about 11 miles west 
of St. George. Although the anticline has been the object of some exploration 
interest, it has not been drilled, probably because there is no surface closure. 
The Shebit anticline is truncated on the south by the Cedar Pocket Canyon fault. 
If this fault forms a seal, the Shebit anticline and the Cedar Pocket Canyon 
fault, together, constitute a large structural trap. The structure, which is 
expressed at the surface in beds of the Moenkopi formation, is about seven 
miles long. It is asymmetrical, with the steeper flank on the west against the 
Shebit fault. 

FAVORABLE BEDS 

The Mississippian Redwall or Rogers Spring limestone, though massive and 
lacking sandy zones which might serve as reservoirs, contains large coral 
festoons, and some of the limestone of the upper beds has a fetid odor when 
broken. Reef accumulation of oil in the Redwall is a possible exploration target. 

The Callville limestone of southwest Utah, which as mapped may include some 
Permian Pakoon limestone at the top, is one of the most favorable formations in 
the column for oil because of its sandstone content. Only three wells in south­
west Utah have passed through the Callville formation. 

The only oil production in southwest Utah has come from a thin sandy to pur~ 
limestone in the Timpoweap (Rock Canyon) member of the Moenkopi formation 
in the Virgin oil field. This same member has been tested without success in 
other structures, including the nearby Grafton fold. 
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Although a composite thickness of 5,000 feet of Upper Cretaceous and Eocene 
sedimentary rocks includes fos siliferous marine shales, this portion of the strati­
graphic column in southwest Utah has yet to be tested for oil because no favor­
able structure has been recognized in which these strata are involved. Known 
anticlines west of the Hurricane fault in which Cretaceous and Tertiary sedi­
mentary beds are found are probably of intrusive origin. 

MAKING USE OF A GEOLOGIC MASK 

It has only lately been realized that the volcanic rocks of the Great Basin area 
which extend into southwestern Utah can be used structurally and stratigraphi­
cally; far from masking geologic relations, these rock units may be the only 
basis of determining structure in subjacent sedimentary rocks. Most of these 
volcanic rock units are ignimbrites, sheet-like pyroclastic deposits of probable 
nuee ardente origin. Overlapping ignimbrites have been studied by Cook (1958, 
1960a) in eastern Nevada, ' and by Mackin (1960) in western Utah, in an area of 
about 50,000 square miles. Individual units have been traced more than 100 
miles linearly; some of these units probably had an original extent of more than 
5,000 square miles. Several measured sections exceed 2,000 feet in thickness 
and include more than a dozen ignimbrites. At least one unit is more than 1,000 
feet thick, but the average thickness is about 200 feet. 

Original horizontality, modified only by differential compaction, and the great 
extent of some individual units, make these ignimbrites and their stratigraphic 
relations useful in working out pre-volcanic geology and geography, contempor­
aneous deformation, and post-volcanic movements. Many of them, extensive 
and distinctive, can be correlated from range to range. In many of them, lateral 
lithologic variation is small, whereas the variety among units is great. Corre­
lation criteria include the ratio between lithic, crystal, and vitric components; 
identifiable minerals and their proportions; vertical variations in degree of 
welding within units; and the presence and nature of planar and discoidal struc­
tures. Field relations indicate that each ignimbrite was deposited with a hori­
zontal upper surface, modified only by differential compaction, subsequent 
erosion, and deformation. The extent of each ignimbrite was determined largely, 
if not entirely, by the basin or depression in which it formed. Although the 
more extensive and, c onsequently, the more useful of the Basin Range ignim­
brites probably were formed within the Tertiary period and thus represent a 
relatively brief segment of geologic time, they document by their stratigraphic 
relations some of the major events in the tectonic history of the region. 

Also, planar structures within ignimbrites which are parallel to the attitude of 
the unit may be used to determine strike and dip of the units, just as in sedi­
mentary rocks. Tertiary volcanics in southwestern Utah rest disconformably on 
Tertiary sedimentary rocks; thus, if any of the Tertiary sedimentary rocks con­
tain oil, it ma y be trapped by overlying volcanic rocks whose measurable atti­
tudes will reveal the trapping structures. But caution is to be observed in 
distinguishing between tectonic and intrusive structures in the ignimbrites. 

Dips in Paleozoic and Mesozoic rocks may have been caused by pre-Tertiary 
folding, by tilting during Tertiary block faulting I by Tertiary intrusion, or by 
a combination of these things. The study of the Tertiary volcanics serves to 
distinguish the relative effect of each of these phenomena. 
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SUMMARY 

Favorable source beds and reservoir rocks exist in the upper part of the Paleo­
zoic and the lower part of the Mesozoic section in Washington County. Although 
oil has been produced from one small field, the value of the oil has not repaid 
the costs of exploring even that field. Drilling in other areas of southwest 
Utah has generally been discouraging, although oil shows have been encoun­
tered in s orne well s . 

On the other hand, all exploratory drilling outside the Virgin oil field has been 
on surface structures which may be shallow and which may not reflect the struc­
ture at the depth of a favorable horizon. By analogy with a parallel anticline 
of the same age in the Iron Springs district, it seems clear that the Virgin anti­
cline may be a decollement structure, formed by rumpling of an upper crustal 
sheet as it slid on a lubricating layer or layers. In the Virgin anticline, the 
gypsum layers in the Kaibab may have provided such slip surfaces. In that 
case, the wells drilled on Harrisburg and Bloomington domes, although tests of 
the structures, may not have been conclusive tests of favorable beds. Future 
exploration , aside from drilling the Shebit anticline, should, therefore, be 
directed toward delineation of subsurface structures and potential stratigraphic 
traps. 
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Virgin Oil Field, Washington County, Utah. Small refinery in middle distance (Photo hy E. B. 
Heylmun).2 
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Paper 28 OIL AND GAS POSSIBILITIES 
OF THE MARKAGUNT AND 
KOLOB PLATEAUS 
by Richard L. Threet! 

INTRODUCTION 

Between u. S. Highways 89 and 91, from the northern boundary of Iron and 
Garfield Counties to the southern border of Utah (except eastern Washington 
County), there lies an area of over one million acres which has been tested 
for oil and gas by only three closely-spaced holes in western Kane County. 
Past insignificant interest in the Markagunt and Kolob Plateaus, as well as 
portions of the Wygaret Terrace in the southeastern corner of the area, is due to: 
(l}remoteness of markets, pipelines, andrailroads; (2) concealment of Paleozoic 
formations, even in immediately surrounding areas, and sparse subsurface control 
for evaluation of specific objectives; (3) lack of demonstrable'" evidence of Pale -
ozoic basinal conditions conducive to large hydrocarbon accumulation; (4) ext en -
sive erosion of up-dip portions of Mesozoic and early Tertiary strata in an area 
of high relief, resulting in generally unfavorable hydrologic conditions in those 
objectives, (5) widespread Cenozoic faulting and volcanic activity, especially 
in the western and northern portions of the area, complicating the entire geologic 
picture and suggesting escape possibilities for oil and gas. 

With such an outlook, most operators have moved very cautiously and conser­
vatively in exploration of the area. Until 1960, the Markagunt-Kolob area had 
remained an exploration no-man's land. The Markagunt-Kolob area is about the 
only Utah region not yet covered by a field trip and guidebook by either the 
Utah Geological Society or the Intermountain Association of Petroleum Geologists , 
thus re-emphasizing the lack of general knowledge of the area. Only a narrow 
strip along the east edge of the area was included by Heylmun (1958) in his 
evaluation of oil and gas possibilities of a large part of southern Utah. 

GENERAL GEOLOGY 

Most published Markagunt-Kolob Plateau information is from the commendable 
pioneering work by H. E. Gregory and his colleagues. Under a 1954-55 research 
grant from the National Science Foundation, the present writer extended Gregory's 
reconnaissance mapping on the north end of the Markagunt Plateau (Threet, 1956) 
and studied the geology of the Cedar City area in detail. The simplified geologic 
map which accompanies this paper (Figure 101) incorporates the NSF work and 
some modification of Gregory's maps for the Markagunt-Kolob area. 

Except for the strongly faulted western margin of the Markagunt Plateau from 
Cedar City to the vicinity of Parowan, the geology of the area is rather simple --a 
great block of concordant Paleozoic, MesozoiC, and early Tertiary strata, capped 
by early Tertiary ignimbrites and agglomerates, bounded by the Hurricane and 
Sevier Faults and tilted gently northeastward, eroded deeply around the southern 
and western edges, and covered locally by geologically recent basaltic lavas. 
Along the southwestern margin of the area, an eastward-facing late Cretaceous 
monocline had been truncated and covered discordantly by early Tertiary sediments 

1. Department of Geology, San Diego State College, San Diego, California"; 
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Figure 101. Simplilied geologic map of the Kolob-Markagunt Plateau area with adjacent portions of 
Iron, Garfield, and Kane Counties, bounded by U. S. Highway 91 through Parowan and Cedar City 
and U. S. Highway 89 through Panguitch and Kanab . Qual-alluvium of Sevier and Cedar City 
Valleys; Qb-geologically recent basaltic lava flows and cinder cones; Tv-Eo-Oliocene ignimbrites, lava 
flows and agglomerates of acidic to intermediate composition; T-Eocene fluvial , lacustrine, and pyro­
clastic sediments of the II Wasatch II and II Brian Head II formations; K-Cretaceous sandstones and shales; 
J-Upper Jurassic limestones, sandstones, and evaporites of the Carmel, Entrada, Curtis, and Winsor 
formations, lying on continental sandstones of the Moenave, Kayenta, and Navajo formations; Tr­
Triassic red beds of the Chinle, Shinarump, and Moenkopi formations; P-Paleocene rocks, with only 
the upper part of the Permian Kaihab limestone exposed in the markagunt-Kolob area. 
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and volcanics, only to be exhumed when streams dissected the westward -facing 
Hurricane Fault scarp in late Cenozoic time (Gregory and Williams, 1947) . 
Northward from Cedar City the Hurricane Fault is replaced by several faults 
en echelon that splinter a northwestward-facing mid-Cenozoic monocline which 
obliquely unfolded the eastward-facing Laramide monocline. The details of 
plateau margin geology between Cedar City and Parowan will be described in a 
forthcoming paper by the writer. 

The following notes on stratigraphic units may be helpful in evaluating explora­
tion prospects in the Markagunt-Kolob area: 

QU. -- geologically recent basin alluvium (probably resting on Mio-Pliocene 
basin fills of variable thickness) as much as several hundred to a few thousand 
feet thick adjacent to Hurricane Cliffs in Cedar City Valley and related fault 
scarps in Parowan Valley (Thomas and Taylor, 1946); probably not more than a 
few tens to a few hundred feet thick in Sevier Valley, where late Cenozoic Sevier 
River formation is chiefly pediment gravels across early Tertiary sediments and 
volcanics in the vicinity of Panguitch. . 

Q!? -- geologically recent basaltic lava flows and cinder cones (one conspicuous 
group of small cones aligned along a major fissure running northeastward from 
Navajo Lake) only locally extensive and rarely more than a few tens of feet 
thick; very fresh flows and cones lie on a low-relief karst landscape of early 
Tertiary limestone in the southern Markagunt Plateau, with abundant tubas and 
caverns which might cause drilling difficulties without proper casing program; 
somewhat older basaltic flows lie on stripped benches of Kolob Plateau, with 
considerable erosional destruction of cones and inversion of relief on flows. 

Tv -- Eocene-Oligocene ignimbrites, flows, and agglomerates concordant with 
underlying "Wasatch" and "Brian Head" formations (Threet, 1952, 1956); wide­
spread andesite lava and rhyolite welded tuff at base of volcanic sequence total 
about 500 feet in thickness; because of deep erosion of up-dip edges anddepos­
itional variations in thickness of agglomerates of flow breccias, upper part of 
volcanic sequence may range up to a few thousand feet In thickness in the area 
north and northwest of Panguitch (average thickness probably less than 1,000 
feet). Stratigraphically, these early Tertiary volcanic units are almost as simple 
as the concordantly underlying sedimentary formations; they pre-date the major 
faulting in the High Plateaus; and they have no close relationship with the ...Q£ 
flows, from which they are separated by a profound unconformity . Except for 
lamprophyre dike swarms which fed various parts of the Tv volcanic sequence in 
the northern part of the area , intrusive ·bodies are small and rarely found; the 
small dome which exposes the early Tertiary sediments in the north end of the 
area, at the summit of Utah State Highway 20 across Bear Valley, probably is 
due to a deep-seated plug or laccolith . 

-L -- Eocene or Paleocene fluvial sandstones and marlstones of the "Wasatch" 
formation overlain by pyroclastics, fluvial sandstones, and tuffaceous marlstones 
of the "Brian Head" formation, with an average total thickness of abo ut 2,000 
feet, interfinger with the basal part of Tv volcanic sequence; algal bio stromal 
limestones in upper-middle part of interval may have some interest as objectives 
for oil and gas, especially where associated with friable and permeable fluvial 
sandstones; lower half in interval mostly tight, silty limestones with coarse 
conglomerate at base. 
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K -- Cretaceous brackish-water sandstones and marine shales with a total thick­
ness of 2 ,0 00 to 2,500 feet; uppermost several hundred feet, Kaiparowits forma­
tion, very friable and permeable sandstone; several hundred feet of underlying 
Straight Cliffs -Wahweap formations composed of Mesaverde sandstones with 
oyster biostromes; lower half of Cretaceous sequence is coaly Tropic shale with 
basal Dakota (?) friable sandstone and conglomerate which are extremely perme­
able and cause serious landslide problems along Utah State Highway 15 east of 
Zion National Park. Significant facies changes take place in an east-west 
direction in these Cretaceous rocks, changes which may lead to favorable reser­
voir and trap conditions (as well as source) in the subsurface toward the north 
end of the Markagunt-Kolob area. 

L -- Upper Jurassic marine and lagoonal limestones, sandstones/shales , and 
evaporites (Carmel, Entrada, Curtis, and Winsor formations) from 700 to 1,200 
feet thick, underlain by 2,000 to 3,000 feet of eolian and fluvial sandstones 
(Na vajo , Kayenta, and Moenave formations). Facies changes and westward 
thickening of Carmel and Curtis limestone/evaporite intervals offer most prom­
ising objectives in Jurassic interval. 

! -- Triassic red beds, generally not promising for oil and gas, except for 100 
to 300 feet of Timpoweap limestone at base of Moenkopi section which is pro­
ducing zone at Virgin oil field in Washington County; Triassic sequence consists 
of 400 to 1,000 feet of restricted Chinle variegated mudstones, underlain by as 
muchas 200feetofShinarumpgrit, and 1,000 to 2,000 feet of Moenkopi red beds. 

f -- Paleozoic rocks are exposed only along the extreme western side of the 
area, where the upper part of the Permian Kaibab limes tone crops out in the core 
of the Laramide Kanarra fold at the base of the Hurricane Cliffs (Gregory and 
Williams, 1947). The formational tops reported by Petroleum Information for 
the J. Ray McDermott State No.1 well in western Kane County indicate about 
500 feet of Kaibab limestone, but due to the vagaries associated with the Moen­
kopi-Kaibab contact, this figure is somewhat doubtful. Thomas and Campbell 
(1961) drew attention to "a record thickness of Permian evaporites" in the under­
lying Toroweap, with a total Pennsylvanian-Permian section of about3,000 feet. 
Some of the most appealing Paleozoic objectives in southern Utah have been in 
the 900-foot section of Mississippian carbonates, but tests have been generally 
disappointing. Middle Paleozoic sections evidently are poorly developed in the 
Grand Canyon region and in southwestern Utah (Heylmun, 1958), with rarely 
more than a few hundred feet of Devonian carbo na tes and some sandstone present. 
Reports from the McDermott State No . 1 well indicated a Cambrian section of 
nearly 2,000 feet, the upper half chiefly limestone which was cored and tested 
extensively to yield surprisingly good shows and the lower half the usual Bright 
Angel shale and Tapeats sandstone . 

.'-;UM1\IARY OF THE DRILLING RESULTS 

The only tests for oil and gas in the Markagunt-Kolob area have been three holes 
drilled for the J. Ray McDermott Company in western Kane County, near the 
east edge of the down thrown block of the Sevier fault . The two older wells, 
drilled in 1954 (Govt. No.1 --SENWSec. 19 , T-42-S , R-7-WandGovt. No. 
2 -- NE NVI/ Sec . 17, T-42-S, R-7-W), were comparatively shallow testsof the 
zone in the vicinity of the Moenkopi-Kaibab contact (TD for each well about 
3,700 feet). The wells were located on what appears to be an obscure dome in 
the Carmel lime stone , breached and strippe d t o the upper Navajo sandstone; 
the dome has some g eomorphic expression on the Kanab Quadrangle 1:62 ,5 00 
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topogra phic ma p . Reportedly , the Govt. No . 2 was about 100 feet s trllcturally 
higher tha n Govt. No . I, which condition would require a 300 foot reversal in 
regional dip . Govt . No . 1 was listed as a stratigraphic test , however , and it 
is not certain to what extent structure was considered in selecting the locations . 

The domal structure appears to plunge southwestward and then southward toward 
the location of State No. 1 (SW SW Sec . 2 , T-43 -S , R-8 -W) , but the basis of 
location of that well drilled in 1959-60 is not known to the present writer . This 
deep test (TD 10 , 503 feet) bottomed in the Precambrian and afforded important 
subsurface information in an area where such information is almost lacking . 
Thomas and Campbell (1961) emphasized shows in the Chinle , Shinarump, Miss­
issippian , and Cambrian , and Petroleum Information reported extensive coring 
and testing , but the well was plugged and abandoned in February 1960 . 

PROSPECTS FOR FUTURE EXPLORATION 

Prospects for Paleozoic objectives seem limited to the southern part of the area 
where wells of reasonable depth can test the entire Paleozoic section . Structural 
prospects seem rather unlikely in the southern part of the area , but stratigraphic 
tests can be shallowed by about a thousand feet by drilling on the upthrown side 
of the Sevier fault. Much more subsurface stratigraphic information and inter­
pretation is needed before Paleozoic paleogeography can be prospected for strat­
igraphic traps . 

In the northern half of the area , only Mesozoic and early Tertiary objectives lie 
within reasonable depths , where the most promising zones are the upper 'Wasatch ", 
the upper half and basal part of the Cretaceous sequence , the Carmel limestone 
and friable Entrada sandstone capped by the widespread Curtis gypsum, the 
Shinarump grit, and the basal limestone (Timpoweap) of the Moenkopi formation . 
The up - dip cliffs or weathering escarpments around the south and west edges of 
the Markagunt and Kolob Plateaus provide an excellent cross section for facies 
studies in the Mesozoic rocks , facies studies which may give a clue to the 
location of buried trends in a down -dip direction in the vicinity of Panguitch . 

Several investigators have clearly established the general extent and paleo­
tectonics of a late Mesozoic positive area immediately west and northwest of 
the Markagunt-Kolob region. The positive area was accompanied by a marginal 
trough, to the southeast , in which thick Upper Cretaceous sequences with rapid 
facies changes accumulated from southern Nevada to northern Utah . In tbe 
northernmost Markagunt Plateau , at depths between 5,000 and 8 , 000 feet, there 
should be Cretaceous conditions very similar to the Indianola -Mancos relation­
ships which have been important in Wasatch Plateau gas developments . To some 
extent , early Tertiary conditions mimicked and continued those of the latest 
Cretaceous, although with emphasis on continental conditions . Restricted lacus­
trine conditions in the upper "Wasatch" beneath the northern Markagunt Plateau 
may have developed limited oil and gas occurrences similar to those in the 
early Tertiary of eastern Nevada . 

Because Wasatch Line and Cordilleran geosyncline paleotectonics played a 
major part in determining shoreline positions and marine/non-marine facies 
relationships during earlier mesozoic time, rather weak pos sibilities for strati­
graphic traps in the basal Moenkopi and in the Carmel-Entrada-Curtis exist at 
various depths between 4 , 000 and 10 , 000 feet beneath the western edge of the 
Markagunt Plateau . 
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From a structural standpoint , too little is known about the Markagunt Plateau 
to outline prospects at this time . Although a cross-section by Gregory (l 950a ) 
shows an attractive anticline immediately north of Cedar City, it is now known 
that the east limb of the "anticline" is due to the late Cretaceous folding , and 
the west 11mb of the "anticlme" is due to the Miocene munoclinal warping which 
obliquely unfolded the LaramIde flexure . It seems likely , however, that this 
composite structure might still be a good prospect for deep Paleozoic objectives ; 
just beyond the mouth of Shurtz Canyon south of Cedar City (NW part of T . 37 

S ., R. 11 W .) the top of the Mississippian should be cmcountcrcdin a structur ­
ally high (possibly closed) position at a depth of 3 , 000 to 5 , 000 feet. 

In an area of much less complex geology , a vague dome covering several square 
miles seems to have geomorphic expression in an area southwest of Panguitch 
and southeast of PangUltch Lake . A test in that area should encounter the top 
of the Cretaceous at a depth of about 1,000 feet and the top of the Navajo at 
about 4 , 500 to 5 , 000 feet. 
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Paper 29 OIL AND GAS POSSIBILITIES 
OF THE TRANSITION ZONE 
IN CENTRAL UTAH 
by F. Jr. Christiansen 

INTRODUCTION 

Th~ Transition zone between the High Plateaus to the east and the Basin and Range 
province to the west , as herein discussed, includes ali of Sevier County and 
parts of eight other -counties (170 Townships) (Figure 102). Paralleling north­
east-southwest trending belts of varying geologic features , bordered on the 
west by the Wasatch line, it forms an irregularly shaped linear belt from Park 
City on the north to Antimony on the south . Its eastern edge is arbitrarily 
defined by roads and county boundaries . Paper 28 by R. L . Threet discusses 
the southern continuation of this zone. 

The area is served by a network of hard surfaced and dirt roads , and jeep trails; 
however, the rugged terrain of the higher portions presents costly access prob­
lems for drilling . 

Some drilling has been done , mainly in the eastern and southeastern parts . Gas 
and oil shows were reported in a few of the deeper tests, but no oil or gas has 
been discovered. Geologic studies are continuing, but there are no exploratory 
wells presently being drilled. Clear Creek, Toes Valley, Flat Canyon, Ferron 
and Last Chance gas fields have been developed in the adjacent area to the 
ea.st (Figure 102) . The western half of this zon~ and the area north of Nephi 
(Figure 102) , except for the eastern foothills belt and a section eastward to 
Soldiers Summit, have been unattractive for oil and gas potentialities . San 
Pitch Valley, Sevier Valley and particularly eastern and central Sevier County , 
western Wayne County and perhaps eastern Pi ute County offer more promise and 
may thus receive additional exploration . 

The area discussed has been divided into three parts: (1) the Wasatch Moun­
tain area, between Nephi and Park City, plus the eastern foothills belt bor­
dering the Uinta Basin (Figure 103); (2) the San Pitch-Sevier area between 
Nephi and Richfield; and (3) the southern VOlcanic area extending from Richfield 
south to Antimony. 

GENERAL GEOLOGY 

Structural and stratigraphic relationships suggest that this zone has been inter­
mittently active from the Precambrian to the present, either as a "hinge line" 
between Paleozoic geosynclinal development on the west to shelf or cratonic 
deposition on the east , or later as- a zone of Cretaceous orogenesis on the west 
with geosynclinal development to the east. Early Tertiary continental basin 
deposition followed !::>y late Tertiary epeirogeny developed a broad zone of normal 
faults and structural basins . Associated volcanic activity and continental basin 
deposition has continued through to the Recent. 

In general , the area may be divided into three parallel belts : (1) a western zone 
of Laramide closed folds and the associated (Charleston, Nebo, Canyon Range , 
and Pavant) thrusts; which grades eastward to (2) a central transition belt of less 

1 . Professor of Geology , University of Utah, Salt Lake City , Utah . 
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Figure 102. Index map showing the area of the report. 
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intense folds, faults, and salt structures, which gives way to (3) an eastern belt 
of open folds and normal faults (Plateau Province) . The associated volcanism as 
measured by the number of stocks, plugs, and dikes of varying sizes and the vol­
ume of extrusive rocks, decreases eastward from the Laramide zone into the Plateau 
Province, where scattered laccolithic structures, small dikes, and relatively 
sma 11 vol ume s of volcanic materia 1 occur . 

The Pennsylvanian-Permian, Jurassic, and Cretaceous systems include abrupt 
sedimentary facies changes, viz., the Oquirrh-Weber, Arapein-Carmel, and 
Indianola -Mancos relationships. These and other equivalent stratigraphic units 
have been considered favorable for oil and gas accumulations , particularly in the 
eastern part of the area. To the east some of these units are producing oil and 
gas (Figure 102) . The complex nature of the geology to thewest, including most 
of the Wasatch Mountains and the western half ofthe San Pitch -Sevier and southern 
volcanic areas, has not been considered favorable for oil and gas accumulations. 

On the other hand, the easternportionsofthe San Pitch-Sevier and southern vol­
canic areas, and the eastern foothills of the southern Wasatch belt appear to be 
more favorable, as the structura 1 and s tra tigraphic conditions are es sentially simi-
1ar .to those of the petroliferous parts of the High Plateaus and Uinta Basin. The 
open anticlines, monoclines, domes, basins, and homoclines of varying sizes 
(Figure 105) have locally been displaced by Tertiary normal faults. Known fold or 
other structural trends, bordering the mostly covered southern volcanic area, may 
be expected to continue underneath the volcanics . Additional detailed geologic 
studies of the border areas and "windows"within the volcanics may lead to spec­
ific objectives beneath the covered area . 

In the central belt between the Laramide thrusts on the west and the Plateau 
Structure on the east, exploration for stratigraphic traps may eventually prove 
successful. Here are numerous facies changes and many localand broad uncon­
formities within the Late Jurassic, Cretaceous and Early Tertiary systems . Con­
sideration should also be given to the possibility that San Pitch and Sevier 
Valleys may be in part collapsed anticlinal valleys, initiated in Late Jurassic 
time by upflow of evapo'"ites. Later Laramide forces may have accentuated the 
salt structures and folded the underlying strata. During and following 
Late Tertiary normal faulting, ground water solutions may have dissolved and 
removed some of the so~uble salts, causing collapse of the overlying formations. 
The very complex structural and stratigraphic features bordering the valleys can 
be explained by this kind of phenomenon. 

In the centra 1 and ea s tern be lts, s tra tigraphic units with oil and ga s poten­
tial range in age from the Mississippian through the Early Tdtiary. These units 
vary greatly in composition, distribution, and shape, and range from widespread 
sedimentary blankets such as the Nugget and Morrison formations to more re­
stricted lenses such as the Arapien and Indianola formations. 

WASATCH MOUNTAIN AREA 

This area includes the southern part of the Central Wasatch Mountains, the 
Southern Wasatch Mountains and a part of the foothills belt, which extends east­
erly to Soldiers Summit (Figure 102). Most of the area is considered unfavorable 
for oil and gas accumulations. The Cottonwood, and Uinta uplifts have been 
deeply eroded, and Precambrian crystalline and younger granitic rocks have 
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been exposed. Between the Cottonwood uplift and the westward-plunging nose 
of the Uinta fold are a series of stock ,-like bodies, and many sma ller intrusions. 
Tertiary volcanics and related small Tertiary intrusions cover large areas between 
the Uintas and the Cottonwood uplift, as well as the region east and northeast of 
the head of Salt Creek, near Nephi. Extending around the Cottonwood uplift and 
western Uinta nose, and plunging into the structural depression between the 
Cottonwood uplift and the Uinta structure, are sedimentary sequences of essen­
tially every system from the Cambrian to the Tertiary. These, however, have 
been tightly folded, thrusted, and locally metamorphosed. Southward to Nephi 
along the western half of the area the geologic features consist of tightly folded, 
thrusted, and locally metamorphosed sediments . 

The Mississippian to Tertiary sedimentary units exposed south and southeast of 
the Cottonwood uplift and north and south of American Fork Canyon are listed as 
follows: 

PALEOZOIC , MESOZOIC AND CENOZOIC 
STRATIGRAPHIC UNITS OF THE CENTRAL AND SOUTHERN WASATCH* 

"Crab Creek formation 
Uinta formation 
Green River formation 
Col ton formation 
Flagstaff limestone 

North Horn -Price River formations 

Morrison formation 
Curtis formation 
Entrada sandstone 
Twin Creek limestone (Carmel) 
Nugget sandstone 

Ankareh shale 

Thaynes formation 
Woodside shale 

Park City formation 
Diamond Creek (Coconino) sandstone 
Kirkman limestone 

Oquirrh formation 

Manning Canyon shale 

Great Blue limestone 
Long Trail shale member 

Humbug formation 
Deseret limestone 

Gardner limestone 

North 
o 

500 
250 

o 
600 

2000 

1240 
510 

1270 
1106 
1500 

1530 

1340 
315 

1890 
835 

1600 

26000 

1650 

2700 

580 
600 
665 limestone 
286 dolomite 

South 
500 

o 
175 
600 

0-1200 

0-950 

Not exposed 
Not exposed 
Not exposed 

800 
1100-1400 Nava, 

500 Wing, 
125 Chinl 
125 Shina 

1250 Moen 
1290 

Not exposed 

1000-3000 
600-1000 

500 

12,000-15,000 

1000 

500-1200 

660 
720 

520 

*Modifiedafter Hintze, etal., Geology Studies, B. Y.U., vol. 9, pt. 1, 
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In contrast to the above zone, along the foothill belt of the Wasatch Mountains, 
and eastward along the northward-plunging Wasatch Monocline to Soldier Summit, 
the structural and stratigraphic conditions are considered to be relatively favor­
able. Several exploratory wells have been drilled. The general structure and 
stratigraphic features are illustrated by L. F. Wells' NW-SEcross section (Fig­
ure 103) through the Strawberry Valley area (personal communication). As illus­
trated in this cross section and particularly in the Cretaceous and Tertiary sys­
terns, several types of favorable structural and stratigraphic relationships exist. 
Here, the presence of several known source beds adds to the possible oil and 
gas potential. 

Summary of wildcat drilling in this area follows: 

Well Location 

Wasatch County 
21-4S-5# SW NE NE 

Utah County 
16 -8S-5E C SW SW 
16-8S-5E SE NW 
16-8S-5E S SE NW 

17-8S-5E SW SE NE 
29-8S-5E NE NE 
29-8S-5E NE NE 

3-9S-4E NW SW 
10-9S-4E SE NE 
19 -7S-6E 
4-10S-4E 

16-8S-5E NW SW SE 
16-8S-5E NE SW SW 

? -10S-5E 
21-10S-5E SE SE NE 

Company T.D . 

Syndicate Oil & Mineral Mining #1 Fee, Heber, SIS' 

Sun Oil Co. , #2, Diamond Fork, 5632 to Park City 
Diamond Oil Co., #1 Fee, Diamond Fork, 3980,' Penn. 
Utah Drilling & Devel. Co . , Buskirk #1, Diamond Fork 

3990 TD, Ppc. 
Sun Oil Co., #'1, Diamond Fork, 3921 TD, Ppc. 
Diamond Oil Co., *3 Fee, Diamond Fork, 1691', Permian 
Diamond Oil Co., #1 Unit, Diamond Fork, 10' TD. 
Diamond Oil Co., #2 Fee, Diamond Fork, 2151'. 
Diamond Oil Co., #1 Fee, Diamond Fork, 941'. 
Shell Oil Company #1 West Portal Unit, 4200'. 
Thistle, 2000' TD. 
D. Feldman, Diamond #1, 5431 TD. 
D. Feldman, #2 Sun, Diamond Fork, 5632', Ppc. 
Spanish Fork Oil Co. #1 Unit, Thistle, 875'. 
Walter Nelson, Finlayson #1 South Diamond Fork, 

1000' approx . 

SAN PITCH-SEVIER ARCH 

The San Pitch-Sevier area extends south from Nephi to the northern border of 
the centra I Utah volcanic field near Richfield. It includes the Gunnison Pla­
teau, Cedar Hills, Valley Mountains, the southern part of Long Ridge, the 
northern Pavant Range, the southern tip of the Wasatch Plateau, the northern 
part of the Sevier and Fish Lake plateaus, the western half of San Pitch 
Valley and all of Sevier Valley (Figure 105). 

The Laramide complex fold and thrust systems extending through the western 
part (including the Cedar Hills, Gunnison Plateau, Valley Mountains and vicin­
ity, and the Pavant Mountains) and the thick sequences of Cretaceous and 
Early Tertiary orogenic conglomerates combine to form an unfavorable geologic 
setting for oil and gas accumulations (Figure 104, .Spieker, 1949). Surficial 
structures in the Tertiary rocks have been mapped and some drilling completed, 
but only the thickCretaceous and perhaps older conglomerates were encountered 
at depth. 
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The area to the south end east , including the Sevier and San Pitch Valleys and 
the Wasatch, Sevier and Fishlake Plateaus immediately north and south of Salina 
Canyon , however , is more favorably located, although exploratory work has been 
disappointing . It is believed that further and perhaps more detailed geologic 
studies are warranted . Such investigations may result in the delineation of other 
objectives worthy of exploratory drilling . 

E 

, .. 100 Miles ------------- --'1 

Figure 104. Wesl-easl Cross Section. 

Little is known about the bedrock geology of the Sevier and San Pitch Valleys . 
They are mostl y covered with alluvium . Marginal structural and stratigraphic 
features indicate that these valleys may be in part collapsed salt anticlines. 
Inception of salt anticlinal development may have occurred in Late Jurassic time 
following the deposition of the evaporite sequences known to be present in the 
Arapien. Successive stages of evaporite and related argillaceous -rock "intru­
sions" developed local unconformities over and marginal to the "intrusions." 
Compressional stresses of the Laramide orogeny probably intensified these 
earlier developed structures and folded the Navajoand older formations into anti­
clinal structures paralleling the present valley trends . These events were 
followed by epeirogeny , normal faulting and volcanism . Uplift and faulting 
would have accelerated the solution of the evapNites, causing the collapse of 
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the rocks they were supporting. Because the Navajo and older formations were 
not involved in the development of the salt structures nor in their subsequent 
collapse, they should retain the configuration developed during the several 
pulsations of the Laramide orogeny. 

Perhaps deeply buried and completely masked broad open folds exist in the 
Navajo and older formati ons immediate ly east of the Laramid e thrust belt and in 
the transiti on zone between the thrust belt and the Colorado Province . If so, 
these open fold structures of older rocks are re lati ve ly deep and completely 
masked by the complicated overlying structures in the young e r rocks. Rela­
tively extensive and expensive exploration programs will be nece ssary to ex­
plore these lower zones. 

Between Sevier and San Pitch Valleys and Castle Valley across the Wasatch 
Plateau are abrupt lithologic and tectonic transitions. The complicated struc­
tures occurring in the A apien and younger strata grade in very short distances 
to relativel y simple open fold and normal fault structures characteristic of the 
Plateau P' ovince. 

The abrupt facies chang es and the sudden decrease in t he magnitude of tectonic 
changes found in the area present an exciting challenge to the petro le um geol0 -
gist. A section for the San Rafael Swell and Emery County areas adjacent to 
the east follows (Stokes, 1956): 
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AGE 

Tertiary 

Cretaceo us 

Jurassic 

FORMATION 

Igneous dikes and sills 
Gceen Ri ver formati on 
Wasatch undivided 
Colton formation 
Flagstaff limestone 
North Horn formation 
Price River formation 
Castl ega te sandstone 
Black Hawk formation 
Star Point sandstone 
Masuk shale 
Emer y sandstone 
Blue Ga te sands ton e 
Ferron sandstone 
Tununk shale 
Mesa Verde formation 
Mancos shale 
Dakota formation 
Cedar Mo untain formati on 
Morris on -Cedar Mountain undivided 
Brushy Basin (Morris on ) 
Salt Wash (Morris on ) 
Morrison, undivided 
Summerville formation 
Curtis formation 
En trada formation 
Carmel formation 
Navajo sandstone 
Kayenta formation 



Triassic 

Permian 

Pennsylvanian 

Wingate sandstone 
Chinle formation, 
Shinarump formation 
Moenkopi formation 
Kaibab limestone 
Coconino sandstone 
Hermosa formation 

Below is a summary of drilling to date in this area: 

Well Location 

Sanpete County 

3-17S-3E NE SE 
8-19S-1E W NW NE 

24-20S-1W SE SW 
24-20S-1W NE SW 

8-19S-1E NW NW NE 

Sevier County 

36-20S-1W SW NE 
15 -22S-2E SW NE NE 
12 -22S-4E SW SW SW 
23-22S-SE NE SW NE 
13-2SS-5E C SW SW 

26-21S-1W 
34-22S-1W NW SE 
25-21S-1W SWSE 
17-22S-4E SE NW SW 

34-22S-5E C SW SE 
27 -23S-2W SW 

Juab County 

l-lSS-l W 
17-1SS-1E 
27-16S-1E NW NE 
10-16S-1W C SE SW 

Company T.D. 

Producers Oil Co. #1, Ephraim, 921'. 
Gunnison Oil Co. #1, Gunnison, Wildcat, 1800'. 
Ben H. Bullock, et al., #1 Unit, Redmond, 85'. 
Sanpete Oil Co., #1 Unit, Redmond, 1462'. 
Brookline Oil Co. Marion #1, Wildcat, 1922'. 

Sanpete Oil Co., #2, Redmond Anticline, 250'. 
El Paso Nat. Gas #1, Salina Canyon, 6117'. 
Gordon G:ay Co., iI, Emery, 3973'. 
K.D. Owen, #1, Sevier, 3710', Curtis fm. 
American Liberty Oil Co., #1 North Last Chance, 4493', 

Coconino sandstone 
Cos co Oil Co., #1 Shorty, Wildcat, 722'. 
Standard Oil Co., #1, Sigurd, Wildcat, 9638'. 
Albrecht & Assoc., Morre-Elkhorn #1, Wildcat, 934'. 
Mountain Fuel Supply Co., Accord Lakes #1, Accord Lakes 

Unit, 5471', Jm. 
Skelly Oil Co., Emery-Federal #1, Wildcat, 10,740' TD 
Earl N. Ramey, Fee - R - 1, Wildcat, 460' TD 

Mt. Nebo Oil Co., #1, Juab, 2,900'. 
Camay Standard, Levan #1, Levan, 7526'. 
Carter Oil Co., Wheatley #1, Coon Springs 
Great Basin Petroleum, Chase #24-10, Wildcat, 3520', 

Umestone 

SOUTHERN VOLCANIC AREA 

This volcanic region consisting of the Tushar Mountains, Piute "/alley, Sevier 
Plateau, Grass Valley, Fishlake Plateau, Rabbit Valley, Thousand Lake Mountain 
and the northern part of the Awapa Plateau, is transected by the northeasterly­
trending Laramide thrust and fold belt on the west, the parallel central transition 
belt and the eastern plateaus. The chief difference between this area and those 
to the north is the pres ence here of large volumes of volcanic material which cover 
most of its surface, and the presence of several relatively large intrusive bodies 
particularly in the western belt. 
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Figure 105. Geologic map of Transition Area. 
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The younger tectonic elements trend slightly east of north . Normal fault zones 
and faulted monoclines, and a number of northwest~trending Laramide asym­
metrical folds in the southeastern part of the area (Figure 105) are exposed . 
The Hurricane Fault zone extends northeasterly along the western margin of the 
area; the Tushar and Sevier faults border the Sevier Valley qraben and smaller 
fault zones are believed to border Grass Valley, which may also be a graben­
type valley or perhaps may owe part of its development to the collapse of a 
salt anticline . The Paradise fault zone extends northward along the western 
margin of Thousand Lake Mountain and to the graben and horst structure of the 
Wasatch Plateau (Figure 105). 

The stratigraphy and structure belowthe volcanics are known only from the sedi ­
mentary rocks exposed at the margins of the volcanic field and from several 
windows, such as the window near the north central part of the volcanic field . 
Richard R. Kennedy (1962) (personal communication) has described the following 

. stratigraphic section in this area. 

Formation 

Sevier River Formation 
Tushar Conglomerate 
Winsor (probabl y includes 

equivalents of the Curtis, 
Entrada & Carmel fms.) 

Navajo (may include Win-
gate & Kayenta fms.) 

Chinle 
Shinarump 
Moenkopi 
Kaibab 
Toroweap 

Oquirrh (or Talisman) 

Callville limestone 
(exposed in PTH mine 
tunnel) 

Sec. 11, T-28-S , R-4-W 
Piute County, Utah 

Lithology 

Silts, sands, gravels 
Limestone , conglom. 

Limestone , sandstone 

Ortho-quartzite 
Sandstone, shale 
Shales, conglomerate 
Shales , sands., limes . 
Limestone, dolomite 
Limes tone, dolomite, 

quartzite 
Cro s s - bedded, ortho­

quartzite 
Limestone with minor 

sand and shale; 
lower part is gyp­
siferous . 

Age 
Thick­

ness (ft) 

Tertiary -Qua ternary 
Cretaceous 

Jurassic 

Triassic-Jurassic 
Triassic 
Triassic 
early Triassic 
Guadalupian 

Leonardian 

Desmoinesian (?) 

Morowan-Desmoin­
esian (?) 

300 
6 5 

610 

1722 
240 

94 
1227 

348 

306 

580 

TOTAL THICKNESS ...... . . .. ..... 6185 

In addition to the above measured section, several hundred feet of the Flagstaff 
formation is exposed in the extreme southeast corner of Piute County. 

Kennedy suggests that the following units have oil and gas potential . 

1. Winsor formation (probably includes equivalents of the Curtis I Entrada I and 
Carmel formations). 
2. Moenkopi formation (Virgin limestone member) . 
3 . Kaibab limestone. 
4 . Toroweap formation . 
5. Oquirrh (or Talisman) formation 
6. Callville limestone . 

337 



A limited amount of evidence indicates that the older tectonic trends are east­
west and northwest-southeast. B. S . . Butler (1920) suggested (p. 111) that an 
arch or uplift extends eastward from Beaver through the volcanic field. It is 
suggested that the northern border of this arch strikes eastward along a line 
about five miles north of Marysvale and may join the westward extension f)f the 
Starvation Creek and Thousand Lake Mountain structures exposed at the eastern 
border of the volcanic field. Inferred structural contours indicating a 3,000 
foot rise in the Chinle formation (Baker, 1935) extend due west from the Star­
vation Creek anticline and along the northern margin of the Thousand Lake 
Mountain anticline. Stratigraphic evidence in the area of Marysvale (Kennedy, 
1962) suggests that the northern part of the east-west arch was probably 
defined in Late Cretaceous time. Immediately south, the Laramideand ear­
lier tectonic elements strike northwest. The Thousand Lake Mountain, 
Starvation Creek, Cainville, Escalante and Teasdale structures are illustrative 
of this trend (Figure 105) . 

Considering the attitudes of the larger tectonic elements of the area and those 
adjoining the above described structures, it is interesting to note that the Water­
pocket monocline and Circle Cliffs upwarp trend about north 20 west, and to 
the north the San Rafael trend is about north 40 east. At the area of juncture 
of these two major elements a third major element extends westward under the 
volcanics. This westward - trending zone may mark the northern border of the 
Beaver Arch (presumably of Laramide age) or the third element of a triradial 
system (Christiansen, 1963) centering near the Starvation Creek Anticline. 

Summary of drilling in the Southern Volcanic area: 

Location 

Wayne County 

20-298 -5E C NE NW 
11-28S -4E C 8W NW 
30-29S-5E NW SE 
23-27S-4E 

CITED REFERENCES 

Company Total Depth 

Parry Oil Co., Federal #1, Teasdale, 523', 
Texaco Inc. , Thousand Lake # 1, Thousand Lake, 6905' 

Mis sis sippian 
Argo Oil Co., Hickman #1, Wildcat, 3768'. 
Shumway Oil, Government #1 - 23, Thousand Lakes 

Mountain, 1917 I. 

Baker, A. A., 1935, Geologic Structure of Southeastern Utah: Am. Assoc. Petroleum Geologists Bull., v. 19, no. 10, 
p. 1472-1507. 

Butler, B. S., 1920, ere Deposits of Utah: U.S. Geol. Survey Prof. Paper Ill. 

Christiansen, F. W., 1963, Polygonal Fracture and Fold Systems in the Salt Crust near Wendover, Utah. Science 

Kennedy, Richard R., 1962, unpublished thesis. 

Spieker, E. M., 1949, The transition between the Colorado Plateaus and the Great Basin in central Utah: Utah Geol. 
Soc. Guidebook, no. 4. 
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INTRODUCTION 

GAS FIELDS OF THE 
WASATCH PI~ATEAU 
I,, · Palll 1'. Walton' 

During the period 1952 to 1954, three hydrocarbon gas fields were discovered 
on the Wasatch Plateau. A CO2 field had previously been found there in 1947. 
One important field was developed at Clear Creek, and small production was 
discovered on the Flat Canyon, Toes Valley , and Gordon Creek structures. 

The Wasatch Plateau extends from Soldier Summit south to Salina Can yon , ap­
proximately seventy -five miles , and from the Book Cliffs on the east to the San­
pete-Sevier valley on the west, a width of nearly twenty-five miles. For the 
mos t part , the surface forma tions are low-dipping Upper Cretaceous and Paleo­
cene strata which have a structural position of as much as 6,000 feet above the 
synclinal Sanpete-Sevier valle y to the west. Eocene strata are exposed around 
the margins of the Plateau. 

The Wasatch Plateau , basically a north-south trending monocline or terrace, on 
its north end , consists of a broad uplift with two major lines of folding that 
plunge northward into the Uinta Basin. The Plateau's faulted western side dips 
strongly into the Sanpete-Sevier valley; its east side is bounded by the San 
Rafael Swell, a large mountain-type anticline having a northeast-southwest 
axis . The axes of folds on the Pla teau parallel the San Rafael trend and are 
considered to be marginal bands of folding to the Swell. 

Erosion subsequent to the monoclinal uplift has been controlled to a great extent 
by graben fault s ystems, but elsewhere a dendritic-type drainage pattern has 
developed the region into a youthful , highly mountainous terrain, difficult of 
access , with topographic relief frequently in excess of 3,000 feet. 

HISTORY 

Initial drilling on the Wasatch Pla teau was done by the Pacific Western Oil 
Corporation at its No. 1 Gordon Creek Unit well. Commenced in ·1946, this 
well was drilled to a total depth of 12,146 feet, bottoming in the Coconino sand­
stone . Later it was plugged back to 10,980 feet and completed as a CO2 gas 
well in the Sinbad limestone. Open flow was 8,5.00,000 cubic feet of gas per day. 

In 1951, Byrd-Frost, Inc., on a farmout from Morgan-Walton Oil and Gas, Incq 
commenced drilling the initial well on the Clear Creek structure. This well was 
completed at a total depth of 5,260 feet in the basal member of the Ferron sand­
stone , for an initial open flow of 9,000,000 cubic feet of gas per day . Subse­
q'.lently, sixteen productive wells and three dry holes have been drilled on Clear 
Creek. The field was unitized in 1957. 

After Three States Natural Gas Company acquired the assets of Byrd-Frost in 
1952, it drilled the Northeast Scofield and Flat Canyon structures . Gas was 
discovered in the Ferron and Dakota at the latter area. The discovery well was 

1 . Consulting geologist and independent operator (partner in WALTON KEARNS). 
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completed in 1953 at a total depth of 7,038 feet in the Dakota sandstone which, 
after shooting with sixty quarts of nitroglycerine, produced initially 6,500,000 
cubic feet of gas per day open flow. Three additional wells have since been 
completed; one, Unit No.4, being a dry hole. 

Pacific Western drilled three additional wells during 1952 and 1953 on the Gordon 
Creek structure, and one of them, Unit No.3, resulted in the discovery of pet­
roleum gas in the Ferron. This well was drilled to a total depth of 4,308 feet 
and was completed with an initial open flow of 1,500,000 cubic feet of gas per 
day. All other wells found water in the Ferron. In 1956 Skelly Oil drilled the 
No.2 Bryner well to a total depth of 12,293 feet, bottoming in rocks of Penn­
sylvanian age. This well was plugged back to the Sinbad and completed as a 
CO2 well. 

In 1955 Three States completed the discovery well on the Joes Valley field at a 
total depth of 7,262 feet in the Ferron sandstone with an initial potential of 
7,500,000 cubic feet of gas per day open flow. Following unitization, No.2 
and No.3 Unit wells were completed in the Ferron. Subsequently, both were 
deepened to the Dakota p which proved productive of' gas. 

In 1957 the English Oil and American Petrofina companies drilled the discovery 
well in the Ferron field. The discovery well was completed in the Ferron sand­
stone at a depth of 720 feet for an initial open flow of 4,700,000 cubic feet of 
gas per day. 

In 1958 Shell Oil Company drilled its No. 1 North Springs Unit well about twelve 
miles southeast of Gordon Creek, just east of the Wasatch Plateau. This well 
found 1 .8 million cubic feet of methane gas per day in the Mississippian Manning 
Canyon, the first discovery of petroleum gas below the Cretaceous strata in the 
region. 

Development at Clear Creek resulted in the building by Utah Natural Gas Com­
pany of an eighteen-inch line from the field to Orem, where gas is sold to Moun­
tain Fuel Supply Company for distribution. At the present time, an average of 
35,000,000 cubic feet of gas per day is being taken altogether from the Clear 
Creek, Joes Valley, and Flat Canyon fields. 

STRATIGRAPHY 

Upper Cretaceous to Eocene strata are exposed on the surface of the Wasatch 
Plateau. Beds ranging in age from middle Upper Cretaceous to Pennsylvanian 
have been penetrated by the No. 1 Unit we 11 on the Gordon Creek structure. 
Shell's North Springs No.1 Unit well located twelve miles southeast of Gordon 
Creek penetrated Middle Cretaceous to Cambrian strata. The distribution of the 
surface formations and their descriptions for most of the Wasatch Plateau and 
its west margin are shown on two maps by Spieker (1931-1949). The writer 
(1955) has described the surface and subsurface strata. 

The stratigraphic column (Figure 106) which follows should suffice for the purpose 
of this paper. 
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STRUCTURE 

Structure Map 

The structure map (Figure 107) constructed from data obtained by surface and 
photogeologic mapping, augments well information . The structure contours are 
based on the Ferron sands tone. 

The mos t striking fea tures of the regional structure are the an ticlina I trends 
parallel to the San Rafael Swell uplift. One of these, a major anticlinal fold, 
is located on an axis that trends from Soldier Summit southwesterly through 
Clear Creek to the South Joes Valley anticline, a distance of forty-five miles . 
Another important fold is the axis connecting the Flat Canyon and Gordon Creek 
anticlines, a distance of thirty-eight miles. Major graben fault zones, the 
Pleasant Valley and the Joes Valley rifts, apparently intersected these two anti­
clinal trends after the lines of folding had been established, for certain fault 
blocks in these grabens are merely faulted segments of the original folds. 

One of the most spectacular topographic features in the northern Wasatch Plateau 
is the Joes Valley graben . Opposite the Straight Canyon syncline, the throw on 
the faults bounding this graben is over 3,000 feet. The North Joes Valley struc­
ture is closed on the east by the shear zone of this large graben. On its south 
end the Joes Valle¥ graben describes a gentle curve toward the west and , to­
gether with some regional northwest-trending nosing, forms a large structural 
closure known as the Emery structure. 

The most important fault zone, economically, in the area is the Pleasant Valley 
graben, against which the Clear Creek gas field is formed , This zone is par­
allel to. the Joes Valley graben and can be traced for thirty-eight miles from 
north to south. Numerous splinters occur along its edge, and the maximum 
throw of the boundary fault appears to be opposite the highest point on the Clear 
Creek structure. 

The graben along the axis of the Gordon Creek anticline may be a keystone fault 
formed by plastic flow in the underlying Arapien salt series, which allowed the 
crestal block to fail in tension and drop to its present position. 

GAS FIELDS 

Ctell r Creek 

The productive portion of the Clear Creek structure is at present confined to the 
large fault segment lying west of the Pleasant Valley graben. This fault segment 
is the highest point structurally in the northern Wasatch Plateau. The total 
structural closure within this one fault segment, which includes the Flat Canyon 
anticline, is at least 2,100 feet. 

Clear Creek was initially tested because it is a large structural closure, and 
gas was discovered in the Ferron sandstone solely on the basis of this struc­
tural theory _ The accumulation is probably principally determined by structural 
closure; however, the Ferron appears to be cleaner and better sorted at Clear 
Creek than elsewhere in the area. Also, the Ferron is highly fractured at Clear 
Creek, and the field I s production history to date indicates it is in part a fracture 
reservoir . Pressure surveys indicate good intercommunication between the wells 
of the field, probably due to the large number of faults in the area. 
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True structural traps frequently have more than one pay horizon. The Dakota 
and Lower Cretaceous sands have been tested on the top of Clear Creek with 
negative results; however, flank tests of these sands have not been made. 

Flat Canyon 

The Flat Canyon anticline was drilled following Clear Creek's discovery. It is 
a closed surface structure. In the initial well commercial quantities of gas were 
found in the Dakota, and a small volume was recovered from the Ferron. The 
productive portion of the Flat Canyon anticline is confined at present to that 
portion located immediately east of the Ioes Valley graben. Uttle more tha n 
150 feet of closure can be mapped in the Castlegate sandstone on the surface, 
but the three wells drilled on this feature indicate it has more than 250 feet of 
cl osure in the Ferron (Figure 107). 

The trapping of gas in the Ferron and Dakota sandstones at Flat Canyon seems 
purely structural. 

Gordon Creek 

Of all of the northern Wasatchfolds, the symmetry of the Gordon Creek anticline 
has been least damaged by graben faulting. This anticline has at least 500 
feet of surface closure in the Star Point and Emery beds, and apparently main­
tains much of this structural relief at depth, for 560 feet of continuous C02 gas 
saturation was found in the Coconino sandstone in the Unit No.1 well. 

Gordon Creek's great size and closure make it an outstanding structural trap. 
It was drilled primarily to test the Permian and Pennsylvanian strata. In its 
initial well, the Iurassic and Triassic formations were found to have thickened 
nearl y 4,000 feet over their measured thicknesses in the northern San Rafael 
Swell area, thus precluding a test of the Pennsylvanian strata at that time be­
cause of the great depths and expense involved. While three other wells have 
been drilled to the Ferron, only one of these, Unit No.3, has found petroleum 
gas in the Ferron. 

The gas accumulations in the Ferron, Sinbad, and Coconino appear to be due to 
structural closure. 

North foes Valley 

The North Ioes Valley structure has 900 feet of independent closure against the 
Ioes Valley fault zone . The fault segment in which the North and South Ioes 
Valley structures are located has at least 1,600 feet of surface closure. 

Three wells have been completed on this structure. The initial well found gas 
in the Ferron. Another proved productive from the Dakota. The third was a dry 
hole. The discovery well has since been deepened to the Dakota. Both produc­
tive formations make large quantities of water with the gas. 

The accumulation of gas in the Ferron and Dakota sandstones at North Ioes Valley 
appears to be related solely to structural closure. 
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Ferroll 

The Ferron field is located on a northeast - trending anticline with two areas of 
closure . The producing formation is the Ferron s a ndstone , and the accumulation 
appears to be controlled principally by : structure . 

PRODUCING FORMA TIONS 

Ferron Sandstone 

Cores and electric and radioactive logs furnish the bulk of the data on the phy­
sical characteristics of the Ferron as a producing formation . 

At Clear Creek the Ferron appears hard and t ight and is freq uently cut by verti ­
cal and 45 0 fractures . Fracturing s ee ms important in the physics of gas produc ­
tion and unquestionably enhances favorable reservoir characteristics by provi ­
ding additional porosity and permeability to aid the flow of gas from the reservoir 
into the wells . Fracturing is probably materially augmented because of fa ulting 
near the wells , or it ma y be induced by shooting the wells with nitrog lyc erine 
explosives . Fracturing with sand-oil and sand - wa ter emulsions has been suc­
cessful recently in several of the wells where workovers were necessary to s hut 
off bottom hole water . 

For convenience in the completion of the wells at C lear Creek , seven zones of 
sand development were recognized from drilling breaks and electric and radio­
active logs . These zones appear interconnected, for gas analyses andpressures 
from wells prod ucing only from the shallow zones are identical with those pro­
ducing from the basa 1 or No. 7 sand on ly (Figure 108) . 

An isopach (Figure 109) of the net sandstone thickness of the Ferron indicates a 
local thickening or "build up" in the vicinity of C lear Creek . This thickening 
is believed to be related to early moveme nt along the Clear C reek uplift during 
Ferron deposition . 

The Ferron sandstone in the south e nd of the Wasatch Plateau appears to be a 
deltaic deposit with its origin to the southwest. The Ferron field is located 
near an apparent channe l deposit of sand emanating from this delta . 

At Joes Valle y , Flat Canyon , and Gordon Creek , the Ferron is les s porous and 
permeable than at Clear Creek and does not appear to be as well fractured . 
Reservoir capacity at these three fi e lds is therefore much less . 

Dalto/" :"'''Ilt/s/oll e 

At Flat Canyon the Dakota sandstone was drilled with cable tools ; and , since 
no cores were taken , very little of its physical character can be ascertained . 
The forty-four feet pene trated in the discovery well were hard and relatively 
impermeable , as the well flowed naturally only 4 , 500 , 000 cubic feet of gas per 
day open flow through the casing . Upon being shot with sixty quarts of nitro­
glycerine , the flow increased to 6 , 500 , 000 cubic feet of gas per da y . Consid­
erable amounts of water are curre ntl y being produced from the Dakota at Flat 
Canyon . The Dakota c ontained water at Gordon Creek , but is apparen t ly with­
out fluid of any kind o n the cres t of Clear Crc:ek . 

At Joes Valley the Dakota also is hard and tight , and reservoir capacity appears 
low . Considerable water is produced with the gas . 
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· Sinbad Limestone at Gordon Creek 

The 108-feet-thick, hard, non-porous Sinbad limestone was the zone in which 
the Unit No. 1 well was completed as a CO2 producer with an initial natural 
open-flow potential of 8,500,000 cubic feet of gas perday. Unconfirmed reports 
indicate that while being tested this producing formation failed to maintain its 
initial productivity because of the apparent small reservoir capacity. No sus­
tained production has ever been taken from this well since it was initially com­
pleted and tested; therefore, its producing characteristics are unknown. 

Coconino Sandstone at Gordon Creek 

A drill-stem test in the top 560 feet of the Coconino sandstone in the Unit No.1 
well revealed an initial flow of 8,880,000 cubic feet of C02 gas per day with 
no water. Due to a fishing job the hole was lost, and the well was completed 
in the Sinbad limes tone ins tead. Diamond coring of almos t the whole Coconino 
section revealed a remarkably uniform, porous, and permeable sandstone into 
which some secondary anhydrite had been deposited in a few places. Consid­
ering the size of the Gordon Creek structure and the large gas column in the 
Coconino, an immense reserve was estimated in the reservoir. However, the 
Skelly No.2 Bryner well, drilled one and one-half miles to the south, found the 
Coconino water bearing. An explanation for this condition is not yet available. 

FUTURE GAS POSSIBILITIES 

Future possibili ties for finding gas and/or oil may be grouped into two classi -
fications: (1) deeper drilling on known structures, either productive or dry, in 
the shallow zones, and (2) initial drilling of untested structures. 

Under the first classification, certainly Pennsylvanian, Mississippian, or deeper 
tests on the already productive Clear Creek, Gordon Creek, Toes Valley, Flat 
Canyon, and Ferron fields would have much to recommend them. Likewise, a 
Mississippian or deeper test on the Emery structure is justified, and one is at 
present drilling on this structure. 

Under the second clas sification, it is apparent from the Structure Map (Figure 107) 
that there must be numerous fault traps which are as yet undrilled. The horsts 
in the Toes Valley graben and the segment of the Flat Canyon structure lying on 
the west side of the same graben are examples of structural traps which may 
offer future gas possibilities for the Wasatch Plateau. 
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Paper 31 GE()LOGY AND OIL AND GAS 
POSSIBILITIES ()F EAST· 
CENTRAL l JTAH 

INTRODUCTION 

The area discussed extends eastward from the Wasatch Plateau to the Utah­
Colorado boundary, and southward from the Uinta Basin to the south boundary 
of T-29-S S.L.B.&M., some 18 miles south of theGrandCountv-San Juan County 
line . Included are parts of Carbon, Emery, Wayne, Grand, and San Juan C oun ­
ties. The area embraces the San Rafael Swell , the northern portions of the 
Paradox Basin, and the Uncompahgre Highland, major structural , stratigraphic, 
and physiographic subdivisions of the Colorado Plateau province (Figure 110). 

Five cross-sections have been constructed , principally from well data supple­
mented by surface measured sections . The lines of cross-sections and the 
major structural features are shown on Figure 111 and 112). Oil and gas fields 
in the area are shown on Figure 1. The writers have drawn extensively on their 
experience, and, in additi on, from the geologica 1 reports of the U. S. Geolo­
gical Survey , principally by A.A. Baker , C. H . Dane, E. M. Spieker , E. T. 
McKnight , and D. J. Fisher. Other geological summaries dealing with the area 
have been published in bulletins of the Am. Ass oc. Petroleum Geologists and 
in guidebooks of local geological societies in Utah and C olorado . 

GE1VERAL (;EOLO(; Y 

Geologic fI isl ()~ .. -

The Colorado Plateau craton was exposed and subjected to moderate erosion 
until Middle and Upper Cambrian time when sedimentary rocks were deposited 
in a transgressing sea whose shoreline migrated eastward from the C ordilleran 
geosyncline to the vicinity of the C nlorado-Utah boundary, and eventually into 
central C olorado . A gentle uplift of the C olorado Plateau began in the Ordo­
vician period and persisted until Middle Devonian time, when southward ti lting 
allowed the sea to advance toward the north. Ordovician and Silurian rocks arc 
absent or only locally developed. Upper Devonian rocks are believed to under­
lie most of the region . These grade upward into Mississippian carbonates 
which were deposited on a stable s helf in shallow , warm seas that spread over 
much of western America from the Arctic to Mexico. Toward th0 end of the Mis­
sissippian' uplift, accompanied by some erOSion , occurred in the north and 
west parts of east-central Utah. 

In Late Mis sissippian and Early Pennsylvanian time , black shales and limestones 
were deposited in western and north-central Utah. The first ma jor orogeny to 
affect this region began along what is now the -Uncompahgre Highland, compli­
mented by subsidence of the paralleling Paradox Basin . Vast quantities u f 

1. Consulting Geologist , Salt Lake City , Utah. 
2. C onsul ling Geologist and Ass ociate Editor of Petrogram , Salt Lake City , U tah . 
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coarse arkosic material were shed westward from the rIsmg highland . This 
clastic material wedged abruptly into thick marine carbonate rocks and black 
shales which accumulated between periods of prolonged evaporite deposition. 

The change from marine to continental environment in the Paradox Basin is 
reflected in the carbonates of Wolfcampian (Permian) age . Intermittent erosional 
intervals were interspersed with marine invasions and accompanying carbonate 
deposition (Wolfcampian). Sands on the west and north interfingered with red 
arkosic continental sedimentary rocks derived principally from the Uncompah­
gre . Periodic uplift of the Uncompahgre Highland, and compressive stresses 
acting from the southwest produced a series of northwest-trending structures 
in the Paradox Basin. Plastic flowage of thick evaporites and black shales of 
the Paradox formation was induced by these stresses and produced numero~s 
salt domes , salt plugs, and salt anticlines . The growth of some of the eva­
porite structures continued until Late Turassic time, and was accompanied by 
a persistent westward tilting of the Colorado Plateau. 

Early in the Triassic Period , red-bed floodplain deposits spread over the Pla­
teau from uplands in C olorado and New Mexico, interfingering with predomi­
nantly marine sands, siltstones, and l,imestones, being deposited in the 
western geosyncline and adjacent areas . In Late Triassic, non-marine sedi­
mentary rocks first began to collect upon the exposed Precambrian rocks on the 
surface of the now quiescent and deeply eroded Uncompahgre Highland. 

Westward tilting of the Colorado Plateau continued into Jurassic time. A uni­
que and widespread dune sand deposition began in Late Triassic time. Oscil­
lating shailow seas deposited thin marine and estuary sedimentary units which 
interfingered with, or were interbedded with, the thick sands during several 
eastward advances of the Late Triassic and Jurassic seas . With the final re­
treat of the Jurassic sea , widespread playa, floodplain , and lacustrian condi­
tions developed. Muds, limestones, sandstones, and conglomerates of the 
Morrison formation accumulated. Abundant volcanic debris in the Morrison is 
probably related to volcanism associated V'Tith the Nevadan orogeny of western 
Utah and Nevada. 

The destruction of the Co,-diileran geosyncline by these orogenic forces trans­
formed the western area from a depositiona L basin persisting into Late Jurassic 
time to an actively positive area which supplied clastic sediments eastward 
acros s the Colorado Plateau as that area began to subside beneath the en­
croaching Cretaceous sea. The coarse clastics of the Cedar Mountain, Buck­
horn, and Dakota units reflect this event . The thick marine Mancos shale sec­
tion of eastern Utah and western Colorado intertongues and grades westward 
into sandstones and conglomerates of the Mesaverde group of the Wasatch 
Mountains and Wasatch Plateau, reflecting periodic uplifts of the orogenic belt 
along the eastern margin of the old Cordilleran geosyncline . In later Cretaceous 
time, the coarser clastics of the Mesaverde group extended eastward over the 
Colorado Plateau and are exposed in the spectacular escarpment of the Book 
Cliffs . Swampy coastal-plain conditions in a humid temperate climate resulted 
in extensive coal deposits of the Wasatch Plateau of eastern Utah and the Mesa­
verde Pia tea u of wes tern Colorado. 

Tertiary continental sedimentary rocks , similar to those exposed in the Roan 
Cliffs and found beneath the Uinta BaSin, were probably deposited over most of 
east-central Utah, but are now absent south of the Roan Cliffs. These rocks 
were principally derived from the active thrust-fault belts of the Wasatch 
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Mountains. The region was elevated several thousand feet above sea level in 
Late Tertiary time, causing the rejuvenation of many pre-existing structures and 
the development of new ones. Salt in many of the evaporite structures in the 
Paradox Basin was extensively leached by ground water, and numerous complex 
slump and collapse features developed. Rapid erosion, subsequent to this major 
uplift, has removed all the Tertiary and many of the other sediments from the 
region and in some places has exposed Precambrian rocks at the surface. 

MAJOR STRUCTURAL FEATURES 

San Rafael Swell 

The San Rafael Swell is a large northeast-trending closed anticlinal featureloca­
ted principally in Emery County. The absence of Pennsylvanian rocks on part 
of the structure, and in bordering areas, indicates that this region was tec­
tonically positive, or at least above sea level, during or immediately following 
Pennsyl vanian time. If sediments were deposited here during Des Moines, 
Missouri, and Virgil (Pennsylvanian) time, they were removed prior to Wolf­
campian (Early Permian) deposition. Herman and Sharps (1956) have named 
this ancient high the" Emery Uplift." Sedimentary rocks younger than Jurassic 
have been removed from the crest by post-Laramide erosion. 

Uncompahgre Highland 

The Uncompahgre Highland is a major northwesterly-plunging anticline, with 
a structural history dating back to Late Mississippian or Early Pennsylvanian 
time . This structure plunges under the Book and Roan Cliffs on the north and 
rises on the southeast to form the high measas in southwestern Colorado. Up­
lift of this element, its denudation and contribution of sediments to the Para­
dox Basin on the 'Nest, its eventual burial under Upper Triassic sediments, and 
its rejuvenation in Late Cretaceous or Early Tertiary time (Laramide), strongly 
influences the geologic history of the region . Several important gas fields have 
accumulated in Jurassic, Cretaceous, and Tertiary rocks related to this feature. 

Paradox Basin 

The northern extension of the Paradox Evaporite Basin is one ofthe most complex 
and interesting geological features of Utah . It is separated abruptly from the 
Uncompahgre Highland on the northeast by a large, subsurface fault (Section 
D-D'). Eastward tilting against the fault produced an asymmetrical, subsiding 
basin. Thick deposits of Pennsylvanian carbonate, clastic and evaporite sedi­
mentaryrocks, and dominantly clastic Permian sediments filled the basin. Max­
imum thicknesses are found near the fault, where arkosic rocks derived from the 
highland accumulated. Numerous evaporite plugs and linear intrusions formed 
in Late Pennsylvanian and in post-Pennsylvanian time by flowage of evaporite 
deposits of the Paradox formation, into overlying rocks along northwest-southeast 
structural trends, principally in the deeper parts of the basin. 

Arms of the Paradox sea extended northward along the east side of the San Rafael 
Swell and westward across the south plunge of the Swell in Lhe Vicinity of Cain­
ville (Wengerd, 1958, and Wengerd and Matheny, 1958). A possible sea con­
nection to the Oquirrh Basin on the northwest in the vicinity of Farnham dome 
is indicated indeepwells. Although it has been suggested that these structurally 
low extensions may have been points of supply for cyclic recharge of fresh sea 
water into the subsiding Paradox evaporite basin, most evidence indicates that 
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the main connection of the embayment with normal marine conditions lay to the 
southeast {Herman and Sharps, 1956} . Evaporite deposition continued longer 
in the northern end of the basin where thick salt, anhydrite, and potash depo­
sition persisted beyond the time when normal marine conditions were restored in 
the southern part of the ba sin. 

Rapid changes in the Pennsylvanian rocks, from fine clastics and evaporites to 
shelf carbonates, occur along the margins of the northern Paradox Basin. This 
transition results largely from a sedimentary wedgeout of the Paradox evaporite 
and black shale facies against the fringing positive or shelf areas. The wedge­
out on the west is much less abrupt than on the northeast, where the carbonate­
evaporite facies grades into a thick arkosic facies which is sharply terminated 
against the basin-flanking Uncompahgre fault. The fault has maximum dis -
placement probably in excess of 15,0'00 feet. 

During 196 I, Richfield Oil Company drilled No . 1 Onion Creek Unit in NE SW 
Sec. 31, T-23-S, R-24-E to 13,922 feet and was still in the Paradox member at 
total depth. Late in 1962, Phillips Petroleum Company was drilling a Devonian 
test three miles southwest on the same project. 

STRATIGRAPHY 

Precambrian 

Foliated schists and gneisses, lesser granite, granite gneiss, and granite peg­
matites have been penetrated in wells on the San Rafael Swell. 

Cambrian Period 

Very few wells have penetrated the Cambrian in the northern Paradox Basin. The 
Cambrian in the northern San Rafael Swell area consists of a lower quartzite, 
a middle shale, and an upper carbonate unit . Cambrian sediments are not known 
over the site of the Uncompahgre Highland. The lower units of the Cambrian 
wedge out eastward across the Paradox Basin from the San Rafael Swell as they 
do in areas to the north and south in the widespread Cambrian overlap on the 
Colorado Pla tea u cra ton. 

Ordovician and Silurian Periods 

Rocks of Ordovician and Silurian age have not been definitely identified in the 
San Rafael Swell and Paradox Basin. 

Devonian Period 

Several hundred feet of Devonian rocks have been identified in wells in the 
Paradox Basin, and oil production has been established in the Lisbon field from 
two of the units {Ouray limestone and McCracken sandstone}. Devo~ian sedi­
ments, including the glauconitic shale, siltstone, sandstone, and limestone 
sequence of the Elbert formation and the overlying Ouray limestone, have also 
been identified in wells in the San Rafael Swell and in the northern Paradox 
Basin. 
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Mississippian Period 

Mississippian rocks are regionally thin over the Colorado Plateau. Basal Mis­
sissippian rocks in wells drilled in central Utah are limestones and dolomites, 
and are generally referred to as the Madison and Deseret limestones . In the 
Paradox Basin, the terminology generally used is Leadville (Deseret?) for the 
dominantly limestone upper unit of the Mississippian sequence and Madison for 
the lower unit which is mostly dolomite . 

The Mis sis sippian formations of the Oquirrh Basin extend into the northeastern 
part of the area . The Deseret is overlain by the Humbug formation, composed 
of poorly-sorted sandstone interbedded with argillaceous limestone, and the 
Manning Canyon formation, which consists of interbedded dark carbonaceous 
shale, fine-grained sandstone and black argillaceous limestone. This section 
wedges out southward on the north plunge of the San ' Rafael Swell and south­
eastward under the Paradox Basin (sections A-A' and B-B'). The Mississippian­
Pennsylvanian boundary occurs in the upper part of the Manning Canyon shale . 

In Late Mississippian time a general uplift resulted in widespread solution , 
mechanical weathering , and erosion of the Mississippian carbonate rocks. Poro­
sity developed near the erosion surface and in thin zones beneath it, and often 
in a zone 100 to 200 feet below the top . Shows of live oil and flammable and 
non-flammable gas have been encountered in Mississippian rocks in several 
wells, and commercial oil has been discovered in Mississippian rocks at Big 
Flat , Salt Wash, and on Lisbon anticline . Intensive exploration should result 
in the discovery of additiona 1 areas where porous or fractured limestones and 
dolomitized sections form stratigraphic traps, or have been folded into struc­
tural traps , with resulting commercial oil and gas production . 

SYSTEM 

Permian 

Pennsylvanian 

Pennsyiz'anian and Permian Periods 

SERIES 

Leonard 
Wolfcamp 

Virgil 
Missouri 
Des Moines 
Atoka 
Morrow 

GROUP 

Cutl er 

Hermosa 

Wengerd (1958) and Wengerd and Matheny (1958) suggested several revisions of 
Pennsylvanian terminology and stratigraphic subdivisions. Their suggestions 
are here followed. 

The Molas formation , a presumed regolith formed on the Mississippian erosion 
surface, when the Uncompahgre Highland began to rise , forms the base of the 
Pennsyl vanian sequ~nce. The Molas is a widespread unit composed of vari­
colored sil ty and waxy sha les and thin beds of limestone and sandstone. Sedi­
mentary rocks between the Molas formation and the Cutler formation are placed 
in the Hermosa group, which as thus defined, is subdivided, in ascending order, 
into the Pinkerton Trail formation , the Paradox formation , and the Honaker Trail 
formation. The Pinkerton T!"ail is a dark gra y , fine to medium-crystalline fossil­
iferous limestone interbedded with silty shale. 
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The Paradox formation is divisable into three members where the salt section is 
present. The lower member is composed of interbedded shales , siltstones , an ­
hydrite , and dolomite or limestone. The middle , or evaporite , member c onsists 
of cyclic interbeds of organic black shales , dolomite , anhydrite , gypsum , and 
sa it . The evaporites wedge out toward the marginal shelf areas . The upper mem­
ber, a biostromal limestone or dolomite , has been subdivided into an upper (Ismay) 
zone and a lower (Desert Creek zone) in areas where productive in the southern 
part of the Paradox Basin . 

CARBON 
A 

~o;;--- - --- -

B 0-__ 

6 -------

EMERY 

\ 
\ 

be 
I '" ---« 

\ / 9 

\ ,..110 
~5 Y 

UINTAH 
ot 

27~ 

·\~3----~ 
Q I 

. rfo4 
'23 

'· 34 ? e.,\ 
0 .. / a:~ 

. ' . 35-'~ E' 39
0 

__ -..oro--rr- 22 ~.~ .. .. ... . 0 

o 
II<[ 

--- ~I~ .... / 

----'~_- --;.oF-
f 12 -

WAYNE 
d.!3 
" " 14 

Figure 112. Cross Section Index Map. 

JUAN 

The Honaker Trail formation, compos ed of cherty limes tone and dolomite , sha le , 
siltstone, and sandstone , includes carbonate sediments of both Pennsylvanian 
and Permian age. It grades northwest into the Oquirrh formation of the C ordilleran 
geosyncline , and eastward into a coarse clastic arkosic facies near the Uncom­
pahgre Highland . Clean , well-sorted, fine-grained , orthoquartzose sandstones 
occur in t he Honaker Trail equiva lents southeast of the San Rafael Swell. Several 
good shows of oil ha ve been enc o untered in these sands, but no production has 
been es tablished . 
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In Late Pennsylvanian time prior to the deposition of Wolfcampian (Permian) sedi­
ments (Herman and Sharps, 1956), most of the Paradox Salt Embayment was being 
eroded after a period of Pennsylvanian folding and faulting . In the center of the 
embayment, Virgil sediments are overlain by Wolfcampian strata. Toward the 
west, strata of Wolfcampian age rest on progressively older Pennsylvanian rocks , 
and in the San Rafael Swell on rocks of Missis sippian age . 

At the top of the Honaker Trail formation, interbedded and intertonguing fossili­
ferous marine limestones, reddish siltstones, and red calcareous sandstones 
are Late Pennsylvanian in age near Moab (Henbest, 1948), but similar rocks are 
Wolfcampian (Permian) in age farther west. The exact relationship between these 
unassigned facies, formerly referred to as "Rico", and the Wolfcampian car­
bonates that are included in the Honaker Trail formation is still not clearly under­
stood. Presumably, they intertongue westward. 

Cutler stratigraphy in the Paradox Basin is characterized by interfingering light­
colored sandstones and red beds, which were derived from source areas in oppo­
site directions . Tongues of coarse arkosic sandstones, siltstones, and shales, 
up .to 8,000 feet in thickness, extend westward into the basin from the Uncom­
pahgre uplift. Individual units thin rapidly and decrease in grain size in a west­
ward direction and change to predominantly siltstone and shale red-bed deposits. 
These units wedge out between light-colored sandstone tongues of the Permian 
"Coconino" and White Rim that extend eastward into the Paradox Basin and per­
sist to some degree nearly as far as the Utah-Colorado boundary . Some red-bed 
tongues project westward to the San Rafael Swell . Where sandstone and red 
beds interfinger in nearly equal proportions, the sequence is usually named the 
Cutler formation, and individual units are designated as members or tongues . 

The "Coconino sandstone", well exposed on the San Rafael Swell, is a white to 
light-gray, generally fine-grained, rounded to subangular quartz sandstone. It 
is massive and cross-bedded, and is very similar lithologically to other sand­
stone tongues of the Cutler and Toroweap formations and to the type Coconino 
sandstone of the Grand Canyon area. According to McKee (1954), the type 
Coconino thins rapidly northward from the Grand Canyon and wedges out a few 
miles north of the Utah-Arizona boundary. The "Coconino" of the San Rafael 
Swell may include some Coconino equivalents not necessarily continuous with 
the Grand Canyon t ype locality, but also includes parts of the Toroweap sand­
stone and the White Rim and Cedar Mesa sandstone members of the Cutler forma­
tion, which are widespread throughout southeastern Utah . 

Above the "Coconino" is the white or light gray to brown, sandy , dolomitic, 
cherty Kaibab limestone, present along the western part of the Paradox Basin and 
extending only a few miles east from the San Rafael Swell. The lime stone was 
deposited in a sea that transgressed north or northeast from its principal area of 
development in southwestern Utah and northwestern Arizona. The Kaibab in the 
Vicinity of the San Rafael Swell is corre lative with only the top part of the typ e 
Kaibab in Kane County, Utah (McKee, 1938). The lower units are not represented. 

Triassic Period 

The Moenkopi and Chinle formations are pres e nt througho ut the San Rafae l Swell 
and Paradox Basin except where local unconformitie s are present. The Chi rile lie s 
directly on Precambrian or granite wash of unknown age, over most of the northern 
part of the Uncompahgre Highland. The upper part of the Moenk opi ma y be present 
at some localities on the Uncompahgre . 

361 



The Moenkopi forma tion consists princ ipa lly of thin-bedded reddish siltstones , 
with a middle rna -ine limestone unit (S inba d) in the Sa n Rafael Swell and west­
ward . The marine unit wedges out and interfingers with red -bed siltstones a long 
the e a st edge of the San Rafael Swell. A dolomitic zone , which may represent 
the Sinbad interval, has been detected in several wells as far east as the Salt 
Valleyanticline. Thickness of the Moenkopi in the Farnham dome area is approx­
ima tely 543 feet. The Cities Service No . 1 Government well at Grassy Trails 
(NW NW Sec . 1, T- 16-S , R- 12 - E)and the El Paso No . 1 Pack Saddle well (SE NE 
Sec . 12, T-18-S , R-12 - E) , drilled southeast of Farnham dome , encountered the 
ea stern wedge edge of the marine facies of the Moenkopi . Petroliferous bed s 
of calcareous siltstone and limestone interfinger with reddish siltstones in these 
wells . C ities Service No . 1 Government was completed in September 1961 a s 
an oil discovery (84 . 5 barrels of oil per da y) in the Moenkopi . 
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Rocks in the San Rafael Swell 4and east-central Utah, formerly called Shinarump, 
are now generally mapped as the Moss Back sandstone member of the Chinle 
formation (Stewart and Smith, 1"954). The Shinarump may occur in patchy rem­
nants in a few localities, but is generally well developed in areas farther south 
near the Colorado River and southward into Arizona. 

The Chinle formation consists of several hundred feet of varicolored shales with 
interbedded minor sandstones of fluviatile origin. Considerable bentonite, glass 
shards, and other volcanic material is present. Locally, the sandstone members 
of the Chinle formation are petroliferous. 

Jurassic and Triassic (?) Periods 

Juras sic rocks include the Glen Canyon and San Rafael groups, and the Morri­
son formation (Stokes, 1962). Natural gas is currently being produced from 
sandstones of the Entrada and Morrison in numerous small fields between Cisco 
and the Colorado-Utah boundary. Oil is produced from Morrison sands at Bar­
X, Seiber nose, and Cisco Townsite, and in Sec. 8, T-20-S, R-24-E. 

Cretaceous Period 

Cretaceous rocks exhibit a striking west-to-east facies change, which reflects 
the eastward transition from continental sediments in central Utah into the dom­
inantly marine rocks of eastern Utah and western Colorado. Most of the Creta­
ceous sediments were derived from the Nevadan thrust fault and fold belt of 
western Utah. Thick conglomerate and sandstone units, with interbedded con­
tinental shales, siltstones, and mudstones, grade eastward to the gray marine 
shales of the Mancos. Sandstone units which persist to the east transgress 
time boundaries upward and represent deposits of a strand line progressively 
retreating eastward across east-central Utah. Oscillations of the Cretaceous 
sea over the Wasatch Plateau and through the Book Cliffs area into Colorado 
have produced a complex assemblage of coarse and fine clastic sedimentary 
rocks. A final regression in Late Cretaceous time is indicated by the cool­
bearing sandstone units in the Book Cliffs area which persist eastward into 
Colorado, and grade stratigraphically upward into continental sediments of 
Latest Cretaceous and Tertiary age. Burger (Paper 12) gives a detailed discussion 
of the geology of the Utah Cretaceous deposits. 

Stratigraphic traps formed by porosity and permeability variations, wedgeouts 
of lenticular sands, and structural traps in the Ferron and other Cretaceous 
sandstone lenses have been explored for natural gas and possible oilaccumula­
tion in the Wasatch Plateau and eastward through Grand County into western 
Colorado. Eastward wedging of some of these units and sands of the Mesa­
verde in the Book CUffs and east-central Utah offer many possibilities for dis­
covery of oil and gas. 

Tertiary Period 

Tertiary beds are present only north of the Book Cliffs in the area under dis­
cussion. They form the Roan Cliffs, a second major escarpment above and paral'­
leling the Book Cliffs, and dip into the Uinta Basin toward the north. South of 
this escarpment Tertiary rocks are not known. Hardy (Paper 13) gives a detailed 
discussion of the Tertiary rocks of Utah. Active exploration has resulted in the 
discovery of several oil and gas fields along the southern and eastern margins 
of the Uinta Edsin. 
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A large accumulation of bituminous residue, principally in the Wasatch, but 
extending into the Green River formation, contains in excess of 700,000,000 
barrels of bitumen in a single deposit near Sunnyside, Utah (T-14-S, R-14-E). 
Bitumen occurs in sandstone lenses surrounded by impervious shales, the occur­
rence appearing to be an outstanding example of a stratigraphic trap reservoir 
exposed to the surface by erosion. Numerous exposures of bituminous sandstone 
can be observed along the Roan Cliffs from their juncture with the northern 
Wasatch Plateau, eastward to the Colorado-Utah boundary. Production of gas 
at Peter's Point and oil at Jack's Canyon has been developed in similar lenti­
cular sandstones. 
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SUMMARY OF OIL AND GAS POSSIBILITIES 

Brief History of Exploration 

The first attempt to explore for oil and gas in Utah was in the area covered by 
this paper. In 1891 Simon Bamberger drilled to a depth of 1,0 00 feet, a few miles 
south of Green River in T-21-S, R-16-E. His well bottomed in the Morrison with 
no "shows" reported. Since then, a total of nearly 500 wells have been drilled 
in east-central Utah. Most of the early tests were confined to shallow explor­
ation of Mesozoic rocks and Pennsylvanian sediments in the cores of the salt 
anticlines. Important commercial discoveries have been made in numerous 
fields on the Uncompahgre Highland and southern Uinta Basin, especially since 
1955. Recent discoveries have been made in the northern Paradox Basin, at 
Big Flat, Lisbon ', and Salt Wash. These recent discoveries have lead to an 
upsurge of drilling activity in the Paradox and Uinta Basins and on the north 
plunge of the Uncompahgre Highland in eastern Grand County. 

Suggested Exploration Guides 

1. Zones of porosity and some oil shows have been encountered in the few wells 
penetrating the marine Devonian strata. 

2. Secondary porosity zones developed as a result of widespread erosion of 
Mississippian carbonates prior to Pennsylvanian deposition, and persistant 
zones of vuggy and intergranular porosity occur in. dolomites and limestones in 
the upper several hundred feet of the Mis sis sippian. The Pure Oil Company's 
discoveries at Big Flat and Liabon and Pan American's Salt Wash discovery 
demonstrate the potential of Mississippian rocks in east-central Utah. Shell 
Oil Company tested gas at the rate of 1,820,000 cubic feet per day from the 
Manning Canyon formation at their No.1 North Springs Unit well in Sec. 27, 
T-15-S, R-9-E, during 1958. Dead oil staining at Moonshine Wash (T-25-S, 
R-I-S and -16 -E) and other localities in flushed vuggy porosity zones further 
indicates the productive potential of rocks of Mississippian age. 

3. Lateral facies changes in Pennsylvanian and Permian rocks on the marginal 
western shelf of the Paradox Basin may have created hydrocarbon traps-- the 
widely distributed porous carbonates of the Paradox formation intertC'ngue with 
black shales to form a favorable combination of source and reservoir rocks. 
Extremely rapid changes which often contain zones of favorable porosity occur 
within the Paradox formation where it changes from the basinal and evaporite 
facies to the marginal shelf facies. Stratigraphic-trap possibilities are good 
in these marginal areas which exist along the south and east flanks of the San 
Rafael Swell, the north and south flanks of the Nequoia Arch, and probably in 
the northern part of the Paradox Basin. Recently two oil wells have been suc­
cessfully complete in a fractured clastic zone within the salt facies of the Para­
dox formation at Big Flat. During late 1958, Tennessee Gas Transmission 
Company drilled 11 0 feet of oil-stained porous biohermal reef material in Sec. 4, 
T-31-S, R-12-E, in the lower Paradox. Water saturation was too high for oil 
production. Offset wells were all dry holes. 

Good shows of oil were also noted in sandstones in the Honaker Trail (upper 
Hermosa) formation in a well drilled by Paradox Production Company in T-30-S, 
R-13-E during 1957. The Kaibab limestone and "Coconino" sandstone are some­
times saturated with dead oil when encountered in wells in east-central Utah. 
Live oil was recovered from "Coconino" s'andstone in a well drilled by Tennessee 
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Table XVIII. Discovery and Production information relating to Oil and Gas Fields in East-Central 
Utah. (prepared from Petrogram) 

FIELD LOCATION DISCOVERY 
DATE 

BAR-X AND 17S-25, 26E 8-8-48 
STATELINE 

BIG FLAT 26S-19E ll-I-57 

CISCO DOME 19,20S-21, 22E 4-13-25 
(Shut-in gas) 

CISCO SPRINGS 20S-23E 
(Shut-in-gas) 
N. CISCO SPR- 19S-23E 
INGS 
(Shut-in gas) 
CISCO TOWNSITE 21S-23E 

CLEAR CREEK 13-15S-6,7E 

CRESCENT 22S-19E 
JUNCTION 
(Abandoned 
oil) 
DANISH WASH 19S-24E 
(Shu t-i n gas) 

1955 

1955 

4-1-54 

11-1-51 

6-22-43 

6-6-55 

FARNHAM DOME 14, 15S-11, 12El 1921 

FENCE CANYON 15,15tS-22,23E 4-19-60 
(Shut-in gas) 

FERRON 20,21S-7E 
(Shut-in gas) 
FLA T CANYON 16s-6E 

GORDON CREEK . 14S-7, 8E 
(Shut-in, 
mostly CO 2 ) 

6-23- 57 

1953 

5-10-48 

GRASSY TRAIL 15,16S-12, 13E 9-21-61 
UNIT 

DISCOVERY 
WELL 

NO.· OF WELLS PROD. AVER . PROD. DEEPEST 
Prod uc- Prod u- HORIZON (S) DEPTH FM. DRILLED 
ing cible 

STANOLIND II 1 
(l7S-25E, 12 SESE) 

PURE II 1 Unit 
(26S-19E, 14 SWSE) 
UTOCO II 2 .0 
(20S-22E, 30 NWSW) 

THREE STATES, ET AL (I 1 0 
(20S-23E, 15 NENE) 
INTERNA T'L DRLG . II 1 
Linney 
(l9S-23E, 20 NWSW) 
D&N MINING 112 Murray 
(21S-23E, 24 NWNE) 
BYRD FROST II 1 10 
(14S-7E, 5 NWSE) 
AlaR. POTA SH (I 1 
(22S-19E, 16 NWNE) 

SMITH MOORE, ET AL 
11 Govt. 
(195-24E, 31 SENE) 
UTAH OIL REF. II 1 
(15S-11E, 12St) 
TEXACO II 1 Unit 
(15S-22E, 36 NESE) 

AMER . PETROFI"NA 11-22 
(20S-7E, 22 NESW) 
THREE STATES III Kearns 3 
(16S-6E, 27 NWNE) 
PACIFIC WESTERN II 1 
(l4S-7E,24 SENE) 

CITIES SERVICE II 1 
Govt . 
(16S-12E, 1 NENW) 

13 Cret. Dakota and 3000 
Buckhor n, J ur . 
Salt Wash & 
Entrada 3500 
Missis sippian 7700 

16 Cret . Dakota, 2100 
Cedar Mt., Jur. 
Morrison 2300 
Jur. Morrison 1775 

Cret. Dakota 2820 

Jur . Morrison 500 

15 Cret. Ferron 

2 (abd.) Jur . Morrison 

4700 

1600 

Cret. Dakota 

Jur . Navajo 

Cret. Dakota 
Cret. Buckhorn 
Jur . Morrison 
Cret. Ferron 

Cret. Ferron 
Cret . Dakota 
Cret . Ferron 
Triassic Sinbad 

1965 I 

3000 

8560 
8175 
8450 
810 

5900 
7020 
3500 
10 , 900 

Triassic Moenkopi 3900 · 

Precambrian 
Gran i te 

Cambr ian 

Precambrian 

Jur. Entrada 

Cret . Dakota 

Jur . Morrison 

Jur. Morrison 

Jur . Morrison 

Jur . Morrison 

Devonian (1) 

Precambrian 

Cret . Dakota 

Cret . Dakota 

Penn . Hermosa 

Mississippian 

1961 PRODUCTION · 
Oil-BBLS Gas-MCF 

1,167,330 

23,8.38 18,399 

145 

9,413 , 620 

1(l3,084 
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HARLEY DOME 18 , 19S-25E 5-3-26 FALLGREN, ET AL (I l Jur. Morrison 1000 Jur. Entrada 
(Shut-in gas (19S-25E, 4 SENE) and Entrada 

and helium) 
JOE'S VALLEY 15S-6E 9-11-56 THREE STATES (I 3 Cret. Ferron 7000 Cret. Dakota 13,609 
(Shut-in gas) (15S-6E, 20 SWNW) Cret. Dakota 7700 
LAST CHANCE 26S-6 ,7E 12-16-34 RAMSEY PETR. (I I-X 2(Abd. ) Triassic 2625 Permian Coconino 
(Abandoned (26S-7E, 18 NWSW) Moenkopi 
gas) 
PETERS POINT 12, 13S-16,17E 1954 EL PASO II 3 Unit Tert. Green Cret . Mesaverde 
(Incl. Jacks (l3S-17E 8 SWSE) River 3000 
Cenyon - shut- Tert . Wasatch 4800 
in oil and 
gas) 

5-28-61 PAN AM II 1 Salt Wash SALT WASH 23S-17E Mississippian 8700 Cambrian Lynch 1,236 9,350 
(23S-17E, 15 NWSW) 

SAN ARROYO 
(Shut-in gas) 16S-25,26E 10-9-55 SINCLAIR II 1 Govt. Cret. Dakota 4500 Precambr tan 

(l6S-25E, 26 SENW) Jur . Entrada 5250 
SEIBER NOSE 19,20S-24E 2-17-55 CARTER (I 1 Larson- Jur . Morrison 1435 Jur. Morrison 508 

Sta te 
(20S-24E, 2 NENW) 

STONE CABIN 12S-14E 1958 GREAT LAKE NAT . (I 1 Tert. Wasatch 5200 Cret . Mancos 
(Shut-in gaa) ( 12S-14E, 13 SWNE) 
UNNAMED I6S-23E 12-11-61 TIDEWATER (I I-X Unit Cret. Dakota 805 0 Jur. Salt Wash 
(Horse Point (16S-23,14 NWNE) 
Un; t , Sl gas) 

I6S-24E UNNAMED 1-16-62 R.C. UNDERWOOD II 1 Cret. Cedar Jur . Morrison 
(East Canyon (l6S-24E, 13 SENE) Mtn. , Jur . 5895 
Unit , Sl gas) Morrison 6136 

UNNAMED 16,17S-22 ,23 E 2-2-60 SUNRAY (1 2 Unit Cret. Dakota 7270 Jur . Sel t Wash 
(Diamond (17S-22E, 23 NENE) 
Ridge Unit , 
ahut-in gas) 
UNNAMED 17S-24E 10-6-60 TREND OIL (I 1 Unit 
(Bryson Can. (17S-24E, 10 SESW) 4 Cret. Castlegate 660 Jur. Entrada 
Uni t, Sl gas) Cret . Dakota 4330 

Jur. Morrison 4560 
UNNAMED 18S- 22E 6-13-61 GREAT YELLOWSTONE II 1 Cret. Dakota 5210 Jur . Sa 1 t Wash 
(Book Cliffs ( 18S-22E, 32 SESE) 
Unit, Sl gas) 
UNNAMED 20S- 24E 1-20-61 PUMPELLY (I l Fee Jur. Brushy Basin 1585 Jur. Brushy Basin 9,159 

(20S-24E, 8 NENE) 
WESTWATER 17S-23,24E 1 J -6-57 OIL, INC. II 18-C-2 Fed. Cret. Castlega te 900 Jur. Entrada 2,354,094 

(17S-24E, 18 SENE) Cret. Dakota 4400 
Jur. Morr iaon 5200 
Jur. Entrada 5700 

WOODSIDE 18 ,19S- 13 ,14E 2-7-24 UTAH OIL /I 1 Permian Cooonono 3120 Permian 
(Shut -in CO2 (19S-13E,J2 SWSE) 
and Helium) 

(j) 
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Gas Transmission Company at Sorrel Butte in T-29-S, R-12-E late in 1958. 
Attempts to produce the oil commercially failed. 

4. The marine calcareous Sinbad member of the Moenkopi formation in the San 
Rafael Swell and the Nequoia Arch is oil saturated in most wells. In August 1958 
Superior Oil Company recovered live oil from the Moenkopi at Iron Wash in 
T-24-S, R-13-E, but failed to complete a commercial well because of low pres­
sures and permeability . Cities Service recently completed several oil wells 
just north of the San Rafael Swell in the Grassy Trail unit. Equity Oil Com­
pany also has encountered good shows of oil in the Moenkopi.. More favorable 
porosity and permeability may be present within this widespread petroliferous 
unit. 

5 . Petroliferous sandstone facies of the Chinle fromation may contain oil, notably 
in the Nequoia Arch region and on the east flank of the San Rafael Swell. Shows 
of oil are common in these units when drilled' and numerous saturated outcrops 
have been mapped. 
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6. Gas accumulations are possible in sandstones of the Glen Canyon group 
around the north end of the Uncompahgre, as at Gannesa field in western Colo­
rado, a few miles east of the Bar-X area. Nonflammable carbon dioxide gas is 
produced from this rock sequence at Farnham dome. 

7. Gas occurs in the Entrada sandstone in the gentle folded belt around the 
Uncompahgre. Excellent porosity and permeability 1s characteristic. Entrada 
gas discoveries on the Bar-X, Westwater, and San Arroyo Wash structures and 
vicinity are low in heat value because of contained carbon dioxide, but volumes 
are large. 

8. Lenticular sands tone beds wi thin the Morrison, Burro Canyon -Cedar Mountain 
formations, and the Dakota sandstone produce gas and oil in numerous small 
fields in the Bar-X area. 

9. Lenticular units of the Cretaceous Ferron sandstone produce gas at Clear 
Creek, Flat Canyon, and other fields of the Wasatch Plateau and may contain 
commercial gas in other areas, principally west of Farnham Dome and the San 
Rafael Swell. 

10. Lenticular sandstone units in the Mesaverde group have yielded gas and 
oil in western Colorado, and gas north of the Book Cliffs in recently developed 
fields of the southeastern Uinta Basin. 

11. Substantial production of oil and gas has been developed in the sandy 
facies in the Wasatch group and Green River formation north of the Book Cliffs, 
in the Uinta and Piceance Creek Basins. The bituminous sandstone deposits 
of the Sunnyside area, in T-13 and 14-S, R-13 and 14-E, are contained in these 
rock units. Many millions of barrels of oil residue are present. 

In summary, the following formations produce oil or gas in east-central Utah: 

Tertiary 

Cretaceous 

Jurassic 

Triassic 

Permian 

Mississippian 

Green River 
Wasatch 

Mesaverde 
Ferron 
Dakota 
Buckhorn 
Cedar Mountain 

Morrison 
Entrada 
Navajo (carbon dioxide) 

Moenkopi (Sinbad member) 

Coconino (carbon dioxide) 

Undifferentiated 
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Summary of Individual Areas 

San Rafael Swell: Permian "Coconino" and Kaibab formations and a small out­
crop of Permian Wolf camp strata are exposed in the core of the San Rafael Swell. 
A Mississippian outcrop has been reported at one locality. Many outcrops of 
the "Coconino" and Kaibab formations and sandstones and limestones of the 
overlying Moenkopi and Chinle formations are saturated with oil. Rocks of 
Pennsyl vanian age are absent in wells drilled on top of the San Rafael Swell. 

The surface structure ofthe swell is a broad dome with an axis trending slightly 
east of north. The major structural development probably was during the Late 
Cretaceous - Early Tertiary Laramide disturbances, though the region around and 
including parts of the swell (Emery uplift) appears to have been a mildly pOSi­
tive element during much of Pennsylvanian time. 

The east flank is sharply defined by the so-called San Rafael "reef." Steeply 
dipping beds, in places exceeding 80 degrees, from a spectacular hogback, 
mostly in sandstones of the Glen Canyon group. Dips a short distance east 
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and west of the "Reef" are moderate to nearly horizonatl. The steep east flank 
may have been formed by strong compressive stresses, with possible thrust 
faulting at depth. The discovery of high-angle thrust faulting at Farnham dome, 
on the north nose of the swell, and possibly at Huntington dome on the west, 
suggests that such compressive stresses were more prevalent in the shelf area 
than formerly believed. Furthermore, some workers believe that magnetic, 
seismic, and gravity profiles crossing the east flank of the swell strongly indi­
cate thrust faulting. 

The structural history which is emerging from recent studies of the San Rafael 
Swell area includes the discovery of a pre-Laramide cross fold or positive area 
of major importance. Mississippian and Pennsylvanian sediments thicken north­
ward from the crest of the swell, where rocks of Pennsylvanian age are absent, 
into the Farnham dome area. A similar thinning is noted southwestward from 
Farnham Dome toward the Huntington dome. It appears, therefore, that the north­
westerly-trending 'folds which flank the Paradox Basin in the Nequoia Arch region 
may continue through the San Rafael Swell, at least as far west as the Hunting­
ton dome area. If the above suggested interpretations are found to be valid, the 
subsurface structure of the San Rafael Swell may be considerably more complex 
than indicated by the surface. Numerous stratigraphic and structural traps for 
oil and gas should be present surrounding the old San Rafael positive area, 
particularly in rocks of Pennsylvanian age. Therefore, a consideration of the 
petroleum possibilities of subsidiary structures related to the San Rafael Swell is 
of importance. 

Woodside Anticline: The Woodside anticline is an asymmetrical structure on the 
east flank of the north-plunging nose of the San Rafael Swell in T-19-S, R-13-E. 
Surface closure is approximately 800 feet. The first of two wells (Burns No. 1 
drilled in 1899) bottomed in the Navajo sandstone at 1,490 feet, with a show of 
oil reported in the Curtis or Entrada at 1,100 feet. The Utah Oil Refining Com -
pany No.1 Fitzhugh, completed February 7, 1924, bottomed in the "Coconino" 
sandstone, and produced helium-rich gas from that formation at the rate of 6 to 
10 million cubic feet per day. On March 21,1924, the area was set aside as 
a helil,lm reserve by the U. S. Government. Deeper formations with good oil and 
gas pos sibilities include all members of the Hermosa group and the carbonate 
rocks of the Mis sissippian and Devonian. Production rights to these deeper 
formations were leased to Humble Oil and Refining Company, which recently 
drilled a dry hole in SE SE Sec. 12, T-19-S, R-13-E. 

Farnham Dome: Farnham dome is located on the north-plunging nose of the San 
Rafael Swell. Geophysical and subsurface studies by Equity Oil Company (Peter­
son, 1954, personal communication) indicate that minor surface faulting is 
associated with a major subsurface thrust fault. The surface structure is now 
known to be a drag -folded portion of the hanging waH of an overthrust fault 
which has overridden the west flank of a buried structure to the southeast. 
Earlier interpretations failed to recognize the thrust faulting, and the strati­
graphic sequence was not correctly interpreted. Wells drilled on the surface 
dome pass through the overthrust into the west flank of the buried anticline at 
depth and encounter the Cedar Mountain formation and Buckhorn conglomerate. 
Production of carbon dioxide gas, which was once believed to be from the "Coco­
nino" sandstone, is now known to come from a ver'l similar lithologic unit, the 
Navajo sandstone. 

Four wells have been drilled on the surface anticline. Thr:ee of them produced 
carbon dioxide gas from the Navajo sandstone, but have been abandoned. Two 
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wells were drilled on the sub-thrust anticline. One is producing carbon dioxide 
and one is a dry Devonian test completed as a carbon dioxide well in the Moen­
kopi. Non-commercial shows of inflammable gas mixed with carbon dioxide and 
light oil were encountered in the marine Sinbad member of the Moenkopi forma­
tion in most of the wells. Carbon dioxide gas from Farnham dome is piped to a 
dry ice manufacturing plant in the nearby town of Wellington. 
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Mounds Structure: This structure, four miles southeast of Farnham dome, is a 
faulted anticline discovered by seismic surveys and subsurface well data. Fold­
ing occurs beneath an unconformity which appears to separate the Mississippian 
and Pennsylvanian. Three wells have been drilled. The Equity Oil Company 
No. 1 Mounds well was drilled to the Cambrian. No encouraging shows of oil 
or gas were found in the pre-Triassic beds, but the well was temporarily com­
pleted as a small gas producer from the marine section of the Triassic Moenkopi 
formation. The other two wells were drilled to the "Coconino". Encouraging 
shows of oil and flammable gas were found in the Moenkopi, but attempts to 
complete the wells as commercial producers failed because of low permeability. 
All of the wells were eventually plugged and abandoned. Recent successful 
completions of several oil wells in the Grassy Trail unit, two miles east of 
Mounds, has revived interest in the Mounds area. 
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The Farnham dome-Mounds area is within the transitional belt between the Cor­
dilleran geosyncline, including the Oquirrh basin 'on the northwest, and the 
Colorado Plateau shelf on the east. A possible intermittent seaway connection 
may have existed here between the Oquirrh basin and the Paradox basin during 
part of Pennsylvanian time. Stratigraphic traps may occur in this area as a result 
of facies changes within the transitional belt. 

Neguoia Arch: The Nequoia Arch is a large gentle northwest-plunging surface 
fold that extends from the Monument upwarp to the San Rafael Swell. Smaller 
surface folds, such as the Barrier Creek, Blue John, Sweetwater, and Big and 
Little Flattop anticlines, are superimposed upon the arch. 

The Nequoia arch formed a salient out from the Emery "high" into the Paradox 
Basin during deposition of the Paradox formation. The Paradox thins westward 
from approximately 5,600 feet at the Cane Creek anticline, near Moab, to about 
700 feet on the Nequoia Arch. Thick Paradox sections on the northeast and 
southwest thin rapidly toward the arch. Thinning takes place principally by 
shoreward wedgeout of individual beds in the basal Paradox formation in a few 
miles of overlap on the shelf area. The salt unit wedges out completely. The 
lithology of the Paradox formation on the Nequoia Arch is predominantly dolo­
mite, limestone, anhydrite, minor sands, and thin black shales which represent 
the upper Paradox only. The section sharply contrasts with the thick salt, gypsum, 
anhydrite, and black shales encountered in wells a few miles to the north, 
south, and east in the Paradox Basin. Sedimentary units in the Paradox forma­
tion at this locality suggest a near-shore, shallow water environment, such 
an environment is often favorable for the development of porous organic barrier 
of oil and gas have been encountered in a majority of wells drilled through the 
Paradox formation. Although numerous dry holes have been drilled in the vicinity 
within the last seven years, it is probable that productive traps formed by 
folded porous beds, stratigraphic wedgeouts developed by organic "reefs ", 
unconformities, and up-dip terminations or porous beds may yet be discovered 
in the Nequoia Arch region. 

A thick section or porous and permeable sandstone, saturated with dead tarry 
011 was encountered in the "Coconino" at the Standard Oil Company of Calif­
ornia Moonshine Wash No.1 well in NE SW Sec. 32, T-25-S, R-l5-E. This 
section was tested and yielded a few specks of light-brown oil with the drilling 
fluid. Several tests of the Paradox and porous Pinkerton Trail rocks yielded 
fluorescence, a few oil spots, a scum of 011, and minor gas shows. Excellent 
Mississippian vuggy and intercrystalline porosity containing some dead oil 
staining, and a trace of live oil was encountered in the same well. A drill stem 
test of this interval yielded 4, 695 feet of salty sulphur water. Casing was set 
to shut off water. Attempts to acidize perforations and obtain production failed. 
It is pos sible that at a higher structural position the zone of vuggy Mis sis sippian 
porosity encountered in this well might be productive. 

The prospect for Moenkopi, "Coconino", Paradox, and Mississippian production 
appears favorable in the Nequoia Arch area. Although shows were encountered, 
the Paradox formation has lacked porosity in many wells. This section should 
be productive if areas of improved porosity and permeability can be found in 
favorable structural positions. 
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Section A -A' Section B - 8' Section C - C' Section D- 0' Section E - E' 

~ Green River 

~ ~ Wasat~h fm Wasatch fm. 

t ~ Pa leocene beds 
Mesaverde group Mesaverde group 

Mancos shale Mancos shale Mancos shale Mancos shale Mancos shale 
fFerron mbr. I Ferron mbr. r Ferron mbr. I Ferron mbr. 

(J) Dakota sandstone Dakota sandstone Dakota sandstone Dakota sandstone Dakota -Cedar Mtn. 
~ Cedar Mtn. fm. Cedar Mtn. fm. Cedar Mtn. fm. Cedar Mtn. fm. 0 
~ IBuckhorn mtr 
~ Morrison fm Morrison fm. Morrison fm. Morrison fm. Morrison fm 
~ r Brushy Basin mbr. I Brushv Basin mbr. I Brushy Basin mbr. I Brushv Basin mbr. I Brushv Basin mbr. ~ 
0:: I Salt Wash mbr. I Salt Wash mbr. I Salt Wash mbr. I Salt Wash mbr. I Salt Wash mbr. 0 

Summervi 11e fm. Summerville fm. Summerville fm. ~ummerville-7 ~llmmerville fm 
0 

2 9 
Curtis fm. Curtis fm. Curtis fm. Curtis fm. 
Entrada sandstone fm. Entrada sandstone fm. Entrada sandstone fm Entrada sandstone fm Entrada -, o (J) 

~ ~ Carmel fm. Carmel fm. Carmel fm. Carmel fm. Carmel fm. 
Navajo sandstone Navajo sandstone Navajo sandstone Navaio sandstone Navaio sandstone .... Kayenta fm. Kayenta fm. Kayenta fm. Kay enta fm. Kayenta fm. 
Wingate sandstone Wingate sandstone Wingate sandstone Winaate sandstone Winaate sandstone 
Chinle fm Chinle fm Chinle fm Chinlp fm Chinle fm. 

S r Mossback mbr. I Mossback mbr. J Mossback mbr. I Mossback mbr 
(J) 

Moenkopi fm. Moenkopi fm. Moenkopi fm. Moenkopi fm. Moenkopi fm. (J) 

~ I Sinbad mbr. [ Sinbad mbr I Sinbad mhr [ ~inhi'lrl mhr 0:: 
E-< 

~ Kaibab fm. Kaibab fm. /' Kaibab fm /' ~Kgihi'lhfm~ ~ 

Coconino/_Cutler Coconino/ Cutler p., Coconino sandstone ~. Cutler 
~ 

Hermosa - Oquirrh fm. Honaker Trail-Rico fm Honaker Trai I-Rico fm Honaker Trail-Rico fm 
Z Round Valley fm. ? Paradox :1.. Salt Paradox ~-{ Salt 
Z 

Pinkerton Trail Is Pinkerton Trail Is. Pinkerton Trail Is. ~ 
p., 

Manninq Can yon fm. Mannina Can von fm. Molas fm Molas fm 

8 
(J) Deseret-Humbua fm. Humbug-Deseret- Dese ret-Madison - Madis on - Leadvi lle 
~ Madison limestone Madison - Leadville Is. Leadville Is. limestone 0 

? N Q Devonian undif. Devonian -Elbert Devonian Devonian 
0 

Cambrian undif. Cambrian undif. ~ Z Cambrian undif. Cambrian undif. 
~ ~ Lynch dolomite Lynch dolomite Lynch dolomite Lvnch dolomite p., 0:: 

j:Q Maxfield limestone Maxfield limestone Maxfie ld limes tone Maxfie Id lime stone 
~ Ophir fm . Ophir fm. Ophir fm. ..a: 
0 Tintic atzt. Tintic atzt. Tintic qtzt. Tintic qtzt. Granite Wash 

~ 2 Precambrian Precambrian Precambrian Precambrian Precambrian 



Ferron--The Ferron anticline, 6 1/2 miles in'length, lies between the Wasatch 
Plateau and the San Rafael Swell. Gas has accumulated in lenticular Ferron 
sandstones beneath two distinct closures. The field was discovered in 1957 
by American Petrofina and English Oil Company. Gas flowed at the rate of 
4,700,000 cubic feet per day from 628 to 758 feet. Two additional gas wells 
have been completed. Development drilling is continuing. 

Last Chance Anticline--In 1934 gas was discovered in several fine-grained 
lenticular sandstones in Sec. 17, T-26-S, R-7-E, in the lower part of the 
Moenkopi formation. Initial potential in the discovery well was 21,000,000 
cubic feet per day of natural gas (840 B. T. U.). Of the seven additional wells 
drilled on the anticline, three are capable of producing gas. The field is shut 
in because of lack of market. Production is probably dependent upon the presence 
of porous sandstone in a favorable structura I position. Two of the wells tested 
the Paleozoic section. The Paradox formation is missing, although more than 
800 feet are present 17 miles south on the Caineville anticline. Stratigraphic 
traps may pos sibly be associated with the nO c'"thward wedgeout of Paradox strata 
in this vicinity. 

Subsidiary Structures of the Uncompahgre Highland: The surface of Grand Valley, 
from the base of the Book Cliffs southward to the Canyon ofthe Colorado Riveris 
covered with Late Cretaceous marine Mancos shale. Tne Mancos is underlain 
by a sequence of dominantly continental strata comprising the Cretaceous Dakota 
sandstone, the Lower Cretaceous Cedar Mountain formation and Buckhorn conglo­
merate, and the Upper Jurassic Morrison formation and Entrada sandstone. With 
the exception of the blanket -type sandstones of the Entrada, these formations 
consist of porous, lenticular sandstones and conglomerates interbedded with, and 
often surrounded by, impervious shale. Most ofthe material is fluviatile in origin. 
Lithology changes abruptly both laterally and vertically. Sand development 
appears to control oil or gas accumulation more than does structure. Sand lenses 
of these formations are oil saturated in numerous outcrops along the canyon of the 
Colorado River, and produce oil and gas in several fields. Studies aimed at 
delineating areas of maximum porous and permeable sand development should re­
suIt in the discovery of additional oil and gas reserves. Production from the 
blanket-type sands of the Entrada is largely confined to structural traps. The 
typically porous and permeable massive sandstone units of the Glen Canyon group 
will usually require an anticlinal structure in order to form a trap. 

The Triassic Chinle formationrests upon Precambrian crystalline rocks or granite 
wash over most of the area. Possibly well-sorted granite wash sedimeI".ts noted 
in some wells might be potential reservoirs. 

Subsidiary structures consist of numerous gentieanticlines and synclines super­
imposed on the northwestward-plunging anticlinal nose of the Uncompahgre High­
land. A brief discussion of developments in some of the local areas of the 
Uncompahgre Highland follows: 

Cisco Dome: Cisco dome is a local closure on a long anticline, which is located 
on the boundary between the Uncompahgre Highland and the Paradox Basin. 
Between 1925 and 1929, seventeen wells were drilled on Cisco dome and most 
produced natural gas from the Dakota and Cedar Mountain formations until about 
1936. The gas contained appreciable amounts of distillate and was used for the 
production of carbon black in a local manufacturing plant. In the early 1930's 
theU.S. Government halted the exploitation of gas for carbon black. Initialflows 
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of wells averaged about 4,000,000 cubic feet per day. Very little was done in 
the field until 1955 when a new development program was initiated. During the 
period 1955-1959, seven wells were drilled in the field, three of which were 
completed as gas wells. A large reserve of gas probably remains to be produced 
in this field. 

A plunging anticlina I nose extends northwest from the Cisco dome for a distance 
of at least six miles. Some very good stratigraphic traps could have formed where 
lenticular sandstones wedge out up-dip along the axis of the fold. 

Cisco Townsite: At least 16 wells have been drilled on a domal structure near 
and in the townsite of Cisco. Several have produced three to four barrels of oil 
per day on pump from a sand in the Morrison formation. Initial flows in some 
wells ranged up to 50 barrels or more per day. Two have yielded gas at the rate 
of 85,000 to 100,000 cubic feet per day. Production is from lenticular stream 
channel deposits and declines rapidly. Depths of the wells range from 552 to 
2,826 feet. The pos sibility for important production appears meager. Press ures 
are very low in most wells. The Morrison outcrop is only a few miles to the south 
in the valley of the Colorado River. 

Cisco Springs -Cottonwood Anticline~ Seven wells were drilled on the Cisco 
Springs-Cottonwood anticline during 1955 and 1956. One yielded 241 feet of 
green oil from the Dakota formation on a test, but failed to produce oil in com­
mercial quantities. It was later completed as a gas well in the Morrison where 
2,800,000 cubic feet per day was gauged after fracturing treatment. Encouraging 
shows of oil and gas were found in two other wells, and a good show of oil was 
reported from a fourth well. The three remaining wells were dry. Lenticular 
sandstones of the Dakota, Cedar Mountain and Morrison formations are the 
principal objectives. An area of probable closure on the anticline should be 
tested to the Entrada. Use of sand-frac and other new drilling and completion 
techniques should produce increased flows from other wells where gas is encoun­
tered. 

Seiber Nose and D:lnish Wash: Four wells were drilled by Agate Oil Company 
in T-19-S, R-24-E, on the southwest flank of the Seiber nose structure in a 
locality known as D:lnish Wash. Two of the wells are reported to have been com­
pleted as gas wells in the lenticular Dakota sandstone. The discovery well 
yielded gas at the rate of 1,470,000 cubic feet per day on a test. One other 
well was gauged at 500,000 cubic feet per day. Both wells are shut in. 

Carter Oil Company drilled the No. 1 Larsen-State well (NE NW Sec. 2, T-20-S, 
R-24-E) on the east flank ,of Seiber nose in January 1955. It was completed as 
a flowing oil well from 1,428 feet depth in the upper eight feet of sand in the 
Brushy Basin member of the Morrison formation. The well was placed on pro­
duction after sandfrac treatment, flowing at the rate of 52 barrels of 38 degree 
gravity oil per day. Production declined to 26 barrels per day after two months, 
and pumping equipment was installed. Production continued to decline to an 
average of 10 barrels per day after 10 months. The hole was drilled with cable 
tools, a technique which appears to be important to successful completions in 
the low-pressure impure sandstone reservoirs of the area. Four other wells 
drilled by Carter within 1,320 to 1,980 feet of the discovery well did not 
encounter oil or gas in commercial quantities. However, oil saturation or good 
staining was noted in samples from sands of the Dakota and Morrison formations. 
Although mudding-off of productive horizons may have contributed to these 
failures, the oil in the discovery well apparently occurs within sands deposited 
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in a narrow stream channel. Such channels are typical of the Morrison forma­
tion throughout eastern Utah. The nature of this oi~ reservoir illustrates some 
of the problems encountered in developing major production in this area. 

A two-well oil field discovered early in 1961 by Raphael Pumpelly in Sec. 8, 
T-20-S, R-24-E, three miles southwest of Seiber Nose, yielded 9,159 barrels 
of 011 from the Brushy Basin member of the Morrison formation during 1961. The 
wells are still producing. 

Bar-X and Westwater Anticlines: Approximately 30 wells along the crest of the 
Utah portion of the Bar-X anticline and westward along the Westwater anticline 
have been completed as gas wells. Producing sands range in age from the 
Jurassic Entrada to the Cretaceous Castlegate sandstone. With the exception of 
the Entrada, all the sands are lenticular and discontinuous and generally cannot 
be correlated exactly between wells, though producing zones are generally corre­
lative. Data accumulated by drilling in the area indicates that nearly every per­
meable and porous sand within the Dakota, Cedar Mountain, Buckhorn, and 
Morrison section can be expected to yield gas. Some of the wells produce from 
three or more separate sands. Oil has been produced from the Morrison forma­
tion in one well on the Bar-X structure in Colorado. 

Harley Dome: Early drilling on Harley dome resulted in the discovery of natural 
gas containing helium. The structure has been set aside as a helium reserve 
by the U.S. Government. In October 1955, the Ute Royalty Corporation No.1 
Government well was drilled on a ncrthern extension of the structUre in NW NW NE 
Sec. '31, T-18-S, R-25-E. Initial production of natural gas was 3,050,000cubic 
feet per day from a sandstone in the Brushy Basin member of the Morrison for­
mation. Several dry holes were subsequently drilled on the structure. Production 
appears to be restricted to and controlled by discontinuous sand lenses. 

San Arroyo: The San Arroyo structure is a northwest-plunging asymmetrical anti­
cline extending for approximately 13 miles northwest from Sec. 31, T-16-S, 
R-25-E. An area of closure near the east end of the anticlinal trend is under 
development by Sinclair Oil Company. The six gas wells completed to date"are 
capable of producing natural gas from the Dakota and Entrada sandstones. Shows 
of oil have also been noted in the Mancos shale. Gas from the Entrada sand­
stone is low in heat value as a result of contained carbon dioxide. 

Fence Canyon, Horse Point, Diamond Ridge, East Canyon, Bryson Canyon, and 
Book Cliffs: Within the last two years several small gas fields including those 
listed above, have been completed on the Uncompahgre Highland in lenticular 
sandstones similar to those described above. None of these fields have been 
outlined by development drilling, but they ill~strate the gas-productive poten­
tial of this region (See Table XVIII and Figure Ill). 

Northwest Salt Anticline Region: The prominant belt of faulted salt anticlines 
which flank the Uncompahgre Highland extends nathwest " into east-oentral 
Utah. Interest in finding oil and gas associated with the salt anticlines was 
greatly stimulated by natural gas and condensate discoveries in rocks of Mlssis­
sippian and Devonian age in the vicinity of Lisbon anticline in T-30-S, R-24-E, 
late in 1959. In the Salt Anticline area the flowage of Paradox salt completely 
masks the structure of the underlying rocks. Exploration in the Salt AnticUne 
area is concentrated in an effort to find fault and fold traps in the older rocks. 
Geophysical surveys and deep-well drilling indicate so far that these traps are 
most likely to be found beneath the southwest flanks of the salt anticlines. 
Because the structure of rocks beneath the salt is markedly different from the 
structure above the salt, surface synclines in the Salt Anticline region are not 
unfavorable places to prospect for oil in rocks of pre-salt age. 
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The Sagers Wa sh syncline apparentl y over lies and is a surface expres sion of the 
downthrown side of the Uncompahgre basement fault. It adjoins the Cisco anti­
cline which parallels and marks the southwest edge of the Uncompahgre High­
land. The Thompson anticline is a rather poorly defined, broad anticlinal nose 
extending from the Yellow Cat dome near the Colorado River, northwestward 
through the town of Thompson into the Book Cliffs, where it is rather weakly 
reflected by a re-entrant in the massive sandstones of the Mesaverde formation. 
The Pacific Western-Equity Oil Company Thompson No.1 well, in Sec. 33, 
T-21-S, R-21-E, drilled on this structure, was abandoned in the Paradox salt at 
a depth of 13,767 feet. Athick section of Pennsylvanian and Permian arkosic 
sediments were drilled above the salt. Continental Oil Company in its well on 
Cisco anticline, approximately eight miles northeast, started in Cretaceous 
Mancos shale and penetrated Precambrian below the Triassic Chinle formation 
at approximately 3,700 feet. Relief on the Precambrian basement, in excess 
of 15,000 feet between the two areas, indicates the magnitude of the faulting 
which separates the Uncompahgre Highland and Paradox Basin. 

The Crescent Wash syncline separates the Thompson anticline from the Salt Valley 
anticline. A highly deformed fault-graben marks the position of the Salt V lley 
anticline. Repeated flowage of evaporites of the Paradox formation into the core 
of the anticline during much of post-Pennsylvanian time produced a complex 
structure. Many wells have been drilled along the axis of the Salt Valley anti­
cline. Shows of oil and gas are numerous in the Dakota, Morrison, and Paradox 
formations, but sustained production has not been obtained. Continental Oil 
Company drilled a Mississippian (?) test on the Salt Valley anticline in Sec. 
22, T-22-S, R-19-E, during 1961 and the Spring of 1962. Very little information 
was released. The Paradox salt is reported to be 6,300 feet thick in the well. 

The Court House syncline flanks the Salt Valley graben on the southwest, and is 
succeeded westward by the G '-een River anticlinal nose. The Green River nose 
plunges northwest through the town of Green River. The Uttle Grand fault crosses 
the nose from east to west, developing a possible structural closure on the 
up thrown block to the north. Four wells have been drilled on this structure 
near the Uttle Grand fault in an unsuccessful attempt to find production in the 
upthrown segment of the nose against the fault. Two deep tests by Amerada 
Petroleum Corporation started in the hanging wall of the fault zone, and passed 
through the fa ul t into the upthrown block at about 2, 500 feet. The Paradox forma­
tion was intersected at approximately 4, 800 feet, and the Paradox salt at 5,100 
feet. The two wells continued to total depths of 5,645 and 5,896 feet where they 
were abandoned in Paradox salt. Natural gas with condensate was encountered 
at high formation pressures of approximately 2,100 pounds per square inch in the 
Paradox salt section. Attempts to produce the wells commercially were finally 
abandoned because of excessive salt water invasion. 

Superior drilled a dry 10,608 foot Devonian test on the Salt Wash structure in 
SWSW Sec. 24, T-21-S, R-15-E during 1961. Noshowsofimportancewere 
reported with the exception of a minor gas show in the Paradox salt. 

Salt Wash: In May 1961, Pan American Petroleum Corporation completed a well 
on Salt Wash anticline in Sec. 15, T-23-S, R-17-E, pumping 115 barrels of oil 
per day fromrocksof Mississippian age ata depth of 8,693 t08,707 feet. Later 
in the year a west offset was completed flowing 47 barrels of oil per day. As of 
April 1962, Texaco Inc. is testing an apparently successful oil well which will 
extend production a mile to the west. Oil is produced from a porosity zone 270 
to 300 feet below the top of the Mississippian. 
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Big Flat: The Big Flat anticline, a large prominent structure exposed at the 
surface in T-26-S, R-19-E, has been the site of numerous efforts to develop 
oil production dating back to 1949 when Tidewater drilled the first test. Good 
shows of o il were encountered in both the Paradox salt and in carbonate rocks 
of Mississippian age. Fo ur more dry h oles, two Paradox tests and two Missis­
sippian Lests were drilled before oil production from Mississippian p orosity was 
finally established by Pure Oil C ompany in the SW SE Sec. 14 during 1957. The 
discovery well flowed 319 barrels of oil per day. Pure drilled two development 
wells . Only one is being produced. In addition Pure was unsuccessful in an 
attempt to find oil production from the Paradox salt in Section 23. 

Two recent discoveries within the Paradox salt section in an interval known as 
the Cane Creek marker have caught the attention of the oil industry. The Cane 
Creek marker, interbedded black shale, dolomitic siltstone, and anhydrite, is 
near the bas e of the Paradox section between beds of massive salt. Pure Oil 
Company completed the first of these discoveries, No.5 Big Flat Unit 1 in NW 
SE Sec. 27, T-25-S, R-19-E, during Januar y 1962, flowing 453 barrels of oil per 
day from a depth of 7,202 to 7,228 feet. Southern National Gas was responsible 
for the second Cane Creek marker discovery, which is 8 miles south of the first 
one on the south plunge of the Big Flat anticline in SE NW sec. 6, T-27-S, 
R-20-E. That well was completed February 28, 1962 flowing 280 barrels of oil 
per day from a depth of 5,808 to 5,860 feet. A new wave of exploration aimed 
at this interval may be initiated in the northern Paradox Basin. 

Many shows of oil have been reported from the Cane Creek marker in this part 
of the baSin, notably at Big Flat, Cane Creek, and on the Moab (Seven Mile) 
anticline. One of the best s hows was rEported by Delhi Ta ylor in their No.2 
Utah well drilled in NW SW Sec. 18, T-25-S, R-21-E on the Moab anticline. 
During one test, 4,230 fe et of oil was recovered from the Cane Creek marker. 
Oil was swabbed at the rate of 27 barrels per day. Mechanical difficulties 
prevented a s ucces sful completion, and th e well was abandoned. Rocks of 
Missis s ippian age ha ve never been penetrated on this structure, most of which 
has been withdrawn from oil and gas leasing as a potash reserve. 

Atten ti on was first called to the Cane Creek marker as a potential oil reservoir 
by early drilling on the Cane Creek anticline. Flows of oi l up to 1,000 barrels 
per day were reported from this zone, but these flows declined rapidl y and 
successful completions were never made. The Cane Creek anticline is also 
a potash reserve which is now being deve loped. 

PROBABLE FUTURE DEVELOPMENTS 

At the pres ent time (Ma y 1962) oil and gas exploratory effort in east-central 
Utah is concentrated in two distinct areas. Probabl y the most important is the 
effort to find other oil and gas reservoirs in the Salt Anticline region similar to 
those at Li sbon , Big Flat, and Salt Wash. Because of the structural complexity 
of the region and the high rewards for a discovery, such as Lisbon, exploration 
is expected to continue for many years . The chances are very good that it will 
s omeday become a major oil and gas producing province. 

Anoth er place where exploration is concentrated at present is the north plunge 
of the Uncompahgre Highland in Grand Valley and beneath the southern flanks of 
the Uinta Basin. The success ratio has been very good here . More small gas 
fields will n o doubt be found where lenticular sandstones of Cretaceous and 
Jurassic age wedge out up-dip on gentle anticlinal noses. The search for that 
type of trap is continuing. As more market outlets for gas are established , more 
well s will be drilled. 
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Paper 32 THE KAIPAROWITS REGION 
AND ADJACENT AREAS 
by Edgar B. Heylmun1 

This paper summarizes the salient geologic features of central and eastern Kane 
Counties, as well as part of Wayne County . The Kaiparowits and Paunsaugunt 
Plateaus, Boulder Mountain, Circle Cliffs upwarp, and the Henry Mountains 
are some of the important elements in this colorful cliff and canyon land . The 
region is drained by the Colorado River and its tributaries, and some areas are 
highly dissected and inaccessible . 

STRATIGRAPHY 

Obj ecti ve beds for oil and gas production range from Cambrian to Cretaceous in 
age . Mesozoic and Cenozoic rocks are exposed over much of the region, but 
the only Paleozoic rocks exposed are small patches of Permian sediments on 
the crest of the Circle Cliffs up warp . All Paleozoic systems except Ordovician 
and Silurian are recognized in the subsurface . The top of the Precambrian ranges 
in depth from 5,200 feet to over 15,000 feet, depending on the structural and 
topographic location . 

Between the beginning of the Cambrian and the close of Silurian south-central 
Utah was a platform area that received marine sediments east of the great 
Cordilleran miogeosyncline . At some time in the Devonian, due to continued 
Sinking in the geosynclinal trough, the region was tilted gently westward and 
subjected to erosion. Ordovician and Silurian beds which might have been de­
posited were removed, and the exposed Cambrian surface was peneplaned . 
Late Devonian seas then swept in and deposited a uniform layer of sediments 
across the entire region. The Late Devonian sandstones, shales, and dolo­
mites lie unconformably on progressively older Cambrian rocks in an eastward 
direction. Following the deposition of Devonian sediments, Mississippian 
limestones and dolomites were laid down, thickening gradually in a westward 
direction . 

In the early Pennsylvanian, orogenic activity related to the Ancestral Rockies 
occurred, and the Kaibab uplift came into existence in the southwestern part 
of the region . This uplift was probably a northwest extension of the Zuni up­
lift which developed in eastern Arizona and western New Mexico at this time. 
In addition to the Kaibab uplift, a minor positive area appears to have developed 
in the area of the present Circle Cliffs upwarp. These positive elements pro­
duced a profound effect on sedimentation, completely altering previously exis­
ling trends and processes. Numerous intraformational unconformities are pre­
sent within the Pennsylvanian, and locally, on the Kaibab uplift, Pennsylvanian 
sediments appear to be absent . 

The great Paradox evaporite basin formed in east-central and southeastern Utah 
during the Pennsylvanlna, and a portion of this basin is present in the north­
eastern part of the area under discussion. Pennsylvanian rocks in the Paradox 
Basin consist of dolomites, limes tones, black shales, and thick evaporites. 
Elsewhere in south-central Utah, however, Pennsylvanian sediments consist 
primarily of limestones and sandstones . 

1. Consultant, Salt Lake City, Utah. 
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Early Permian limes tones and sandstones lie unconformably on older beds acros s 
the entire region. Epeirogenic uplifting continued in the Permian, and the seas 
retreated. Continental deposits, mainly red shales and thick aeolian sandstones, 
were deposited. Once again, before thecloseof the Permian, the seas returned 
and limestones and sandstones were laid down. Locally, in the western part 
of the region, small evaporite basins were formed. Some of the beds deposited 
at this time are distinctly petroliferous. 

Mesozoic and Cenozoic rocks are exposed on the surface and have been des­
cribed in several papers (especially Gregory and Moore, 1931. Gregory, 1951, 
and Hunt, 1953). The generalized stratigraphic section for central Garfield 
County is as follows: 

Oligocene (?) Volcanics 
Paleocene & Eocene Wasatch (?) fm. 

Kaiparowi ts fm. 2,000 
Wahweap ss. 1,300 

Cretaceous Straight Cliffs ss. 1,250 
Tropic sh. 630 
Dakota (?) ss. 50 
Winsor fm. 600 
Curtis fm. 150 

Jurassic Entrada ss. 300 
Carmel fm. 550 
Navajo & Wingate ss. 2,000 
Chinle fm. 400 

Triassic Shinarump s s . 100 
Moenkopi fm. 700 
Kaibab Is. 400 
Toroweap fm. 400 
Coconino 55. } 
Hermit sh. 1,200 
Cedar Mesa ss. 
Pakoon fm. 300 

Permian 

Hermosa fm. 300 
Molas sh. 100 Pennsylvanian 

Mississippian Unnamed unit 200 
Redwall Is. 800 

Devonian Elbert or Martin fm . 300 
Unnamed unit 700 
Muav Is. 400 

Cambrian Bright Angel sh. 300 
Tapeats ss. 400 

Precambrian Sandstone and shale 

STRUCTURE 

There are a number of anticlinal folds in south-central Utah, many of which have 
not been drilled for oil and gas. Detailed structural contour maps are not avail­
able except in the Henry Mountain area (Hunt, 1953) and the eastern part of the 
region (Ba ker , 1947). Generalized maps depicting structures can be found in 
Gregory and Moore (1931, p. 120) and Heylmun (1958, p. 1804) . 
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Most of the folding probably occurred in the Cretaceous and Early Tertiary. 
Faulting is conspicuously absent, although there are two great north-south 
fault zones, the Sevier and Paunsaugunt, in the western part of the region. 
The Sevier and Paunsaugunt faults are Pliocene and younger in age, and are 
probably related to normal faulting in the Basin and Range province to the west. 

Extensive areas of volcanic rocks, including ignimbrites, exist in the northern 
part of the region under discussion, extending northward into central Utah. The 
laccolithic Henry Mountains rise in the eastern part of the region . In all pro­
bability, the igneous activity occurred during the Late Eocene and Oligocene. 
Quaternary basalt flows and cinder cones are found in the western part of the 
region, probably being associated with movement along the Sevier andPaunsau­
gunt faults. Despite the amount of igneous activity which has occurred in 
various parts of south-central Utah, structural deformation and contact meta­
morphism are surprisingly insignificant. In fact, coal inclusions have been 
found in the igneous rocks of the Henry Mountains, and metamorphic effects 
extend out only two or three inches from the contacts. 

OIL A.ND GAS POSSIBILITIES 

Forty important tests have been drilled for oil and gas in the region considered 
here, and the following three wells produced sub-commercial quantities of oil: 

Tennessee Gas Transmission No. I-A Poison Springs, Sec. 4, T-31-S, 
R-12-E, Producing interval 4,149-4,174, in the Hermosa formation. 

California Company No.1 Johns Valley, Sec. 22, T-35-S, R-2-W, 
Producing interval 7,361-7,412, in the Timpoweap member of the 
Moenkopi formation. 

California Company No.1 Upper Valley, Sec. 12, T-36-S, R-I-E. 
Producing intervals 6, 041-6,302 in the Timpoweap-Kaibab, and 8,760-
8,900 in the Mississippian. (Plate ). 

The Phillips No.2 Escalante Anticline, Sec. 29 , T-32 -S, R-3 -E, tested large 
quantities of non-inflammable gas from several zones between 1,455and 3,679 
feet. At least six other wells in the region had important shows of oil and 
gas, while a number of other wells had lesser showings. Oil seeps and oil­
saturated outcrops are known along the Colorado River, on the Circle Cliffs 
upwarp, and in the vicinity of the Paunsaugunt fault south of Bryce Canyon 
National Park. 

Due to topography, hard formations, and lost circulation problems, drilling for 
oil and gas in south-central Utah has proved difficult and expensive. This is 
expecially true for wells which penetrate Paleozoic rocks. Drill-stem tests 
have recovered fresh water at considerable depths in some wells. The writer 
knows of certain hydrodynamiC studies which have been made which tend to be 
discouraging. 

Despite theseadverse factors, the fact remains that oil and gas shows are num­
erous, and three wells have succeeded in producing small quantities of oil. 
Such units as the Timpoweap member of the Moenkopi formation , the Kaibab, 
Toroweap, White Rim, and Pakoon formations, and the Mississippianand older 
formations hold promise. These units locally exhibit good porosity, and the 
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Permian rocks in particular are petroliferous in nature. When taken into consi­
deration that only 40 wells have beert drilled in a region over 8,000 square 
miles in area, or one well every 200 square miles, south-central Utah must 
be considered to be essentially virgin. 
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Paper 33 PENNSYLVANIAN 
PALEOTECTONICS OF 
COLORADO PLATEAU 
b\· R ichard W. Fetzner1 

This s ubjec t is considered s ufficiently important to reprint the following 
abstract. For full development of the ideas presented, refer to American 
Association of Petroleum Geologists Bulletin , v . 44 , no . 8 , p . 1371-1413 . 

ABSTRA CT 2 

During tbe Pennsylvanian interval oj time, the Colorado Plateau area underwent the most active 
period of tectonic activity of the Paleozoic era . Pennsylvanian paleotectonic relationships have been re · 
constructed from stratigraphic and lithologic data acquired from 264 control points. This was accomplished 
througb the use of isopach maps, lithologic ratio maps, vertical sandstone distrihution maps, field evidenre, 
ano paleontological data. 

Pennsylvanian tectonic elements of the Colorado Plateau area defmecl a northwest · trending parageo­
synclinal seaway. Greatest subsidence occurred in the north wbere the Paradox Salt lJasin formed as an 
asymmetrical balf graben. On the south, depositional centers formed in the Pennsylvanian San Juan and 
Lucero basins. The seaway opened northwest onto the rapioly subsiding Oquirrh s"elf, northeast into the 
nortbern Colorado trough, west into the Cordilleran geosyncline, southeast into the southern Colorado 
trougb, and south and soutbwest into the Pedrego.a basin and the Sonoran geosyncline. Tbe seaway was 
bounded to tbe northwest by the Emery uplift, to the northeast and east by the Uncompahgre and San Luis 
uplifts, and to the west and soutbwest by the Kaibab·Zuni uplift. The Defiance uplift. a structural suh­
sidiary of the Kaibab-Zuni lineament. projected north into the southern Paradox hasin. where it strongly 
affected depositional patterns during Pennsylvanian time. 

Throughout most of Pennsylvanian time , the Emery uplift was a low, partly submerged, structural 
arch. A southeastern spur uf teclunism, prulJably archipelagic in nature , alTected depusitiunal pattern" 
from Desmoines to Wolfcamp time in the northwestern Paradox basin. Earliest and greatest Uncompabgre 
tectonism occurred in its southern part. Here it iJecame a clastic source area in ."toka time, remained 

~~Ofb;isc:~?;,~~:~ti':[~;~Oo~~~;::t~':~nU~~~~~~i~:r;h~~~~~~j~de~~a~~ff~ ~at;:r~~n~~~~~~::;l~l:~t~~~~~~ 
probably permitted marine access between the Eagle and Paradox evaporite basins during Desmoines time. 
Consequently, Paradox evaporites may be the composite product of two evaporite hasins. The San Luis up­
lift, whicb was slightly positive in pre-Pennsylvanian time, did not respond to sharp uplift until late Penn­
sylvanian time. The Penasco uplift underwent early and late Pennsylvanian tectonism, but impressed 
only minor influence on the regional lithofacies . Althougb the Kaibah·Zuni uplift existed as a nearly con­
tinuous structural lineament during most of the Pennsylvanian, greatest and earliest tectonism occurred 
in the eastern, or Zuni segment. The Defiance uplift was probably positive in the Mississippian, and under­
went successive tectonic pulses during Atoka.early Desmoines, late Desmoines, and late Pennsylvanian­
early Permian times. Major hydrocarbon production in the Four Corners area displays close relationship 
to this tectonic element geographically and geologically. 

Because of sedimentary and tectonic barriers, a thick sequence of evaporites was deposited within 
the Paradox Salt basin. The Emery and Uncompahgre uplifts created restriction on the northwest, north, 
and east, and the Kaibab·Zuni uplift provided restriction on the soutbwest. The combination of a clastic 
barrier projecting into the Four Corners area from the northeast and the Defiance uplift projecting into 
the Four Corners area from the southwest formed nearly continous physical restriction across the southern 
Paradox basin and provided conoitions necessary for cyclical evaporite rleposition within the ba.in. 

1 . Geologist , Sun Oil Company , Richardson , Texas . 

2 . Permission to reprint this abstract has been granted by the author 
and the American Association of Petroleum Geologists. 
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Aneth Discovery Well (Texaco No.1 C Navajo). Looking Northwest: Beds of Jurassic Brushy Basin 
in hills immediately behind the well. Dakota Scarp in the hackground. Well spudded November 22, 
1955; completed February 17, 1956; initial potential -1704 barrels per day. (Photo courtesy R. S. 
Breitenstein, Texaco, Inc.) 
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Paper 34 

INTRODUCTION 

BASEMENT ROCKS AND 
RELATIONSHIP TO OVERLYING 
SEDIMENTS OF THE 
PARADOX BASIN 
by W. Don Quigley! 

Since the discovery of oil and gas in Mississippian and Devonian rocks in the Para­
dox Basin in southeastern Utah in 1959, the potential of the older Paleozoic strata 
has been more fully realized. The recent discoveries at Lisbon, Big Flat,- and 
Salt Wash have stimulated extensive exploration and drilling of the older Paleo­
zoic formations throughout the basin. Data from development drilling within the 
fields have demonstrated that the structural attitude of the older Paleozoic rocks 
is quite different from that of the post-Pennsylvanian strata. Consequently, 
determination of new favorable areas must be based on some type of sub-surface 
information. Geophysical techniques, mostly seiSmic, have been utilized exten­
sively in collecting data that might provide clues indicating the location of buried 
structures affecting Mississippian and older rocks. Due to the thick evaporite 
section of Pennsylvanian sediments which are found unconformably overlying the 
Mississippian and older rocks in many parts of the basin, considerable variation 
in the velocity of sound waves may occur, thus making difficult the proper inter­
pretation of the seismic records. For this and other reasons, results of seismic 
exploration work have been somewhat discouraging in the basin, and othermethods 
of geophysical exploration are now being employed in conjunction with the seismic 
work. 

The lack of structural conformity between the rocks above and below the evaporite 
section in the Pennsylvanian strata is the greatest obstacle to more hydrocarbon ' 
dis coveries in the older Paleozoic rocks in the Paradox Basin. Drilling for Mis sis­
sippian and older prospects on the basis of surface structural information has been 
most unreliable and unsuccessful. 

A study of the basement rocks in the region may provide some useful information 
toward determination of present structural attitude of the Lower Paleozoic sedi­
ments. The Probability that the structure of the older Paleozoic strata conforms 
reasonably well with the configuration of the basement surface is much more likely 
than conformance to the structure of the post-Pennsylvanian strata. Consequently, 
delineation of the basement surface is most important and could provide essential 
information. 

DESCRIPTION OF' THE BASEMENT ROCKS 

Information on the lithology and characteristics of the basement and Precambrian 
rocks of the Paradox Basin is meager. There are no surface exposures of these rocks 
in the basin. The closest exposure is found on the adjacent Uncompahgre Plateau 
where the Precamlrian rocks consist of complexly interrelated granites, gneisses, 
and schists. Other exposures of the Precambrian series are found in the Grand 
Canyon, San Juan Mountains, Zuni Uplift, and Uinta Mountains, all of which are 
somewhat distant from the basin. A very few wells have been drilled into the 
Precambrian rocks in and around the basin. These provide information inferring 
that the basement rocks may have certain characteristics. 

1. Consulting Geologist, Salt Lake City, Utah. 
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That the basin Precambrian complex contains both igneous and metamorphic rocks 
is quite certain. In addition, information from a recent well drilled by Texaco on 
the Nequoiz Arch indicates that a series of sed1ments, which are only slightly 
metamorphosed may' underlie the known basal Cambrian sandstones. These sedi­
ments could either be Lower Cambrian or Precambrian in age. 

Sketchy information on the basement rocks can be derived from the study of the 
xenoliths in sills and laccolithic intrusive complexes of the San Rafael Swell, 
Henry Mountains, Abajo Mountains, and the La Sal Mountains. According to 
Mr . E. M . Shoemaker (1956), most of the inclusions in the laccolithic complexes 
of the mountain ranges in the basin and on the San Rafael Swell are hornblende­
rich rocks of uncertain origin . Shoemaker believes that these rocks originate from 
depths in the crust and are not representative of the shallower Precambrian rocks 
such as those exposed on the Uncompahgre Plateau. 

Uncompahgre Precambrian Rocks 

Precambrian rocks are widely exposed on the Uncompahgre Plateau. These con­
sist of a complex series of crystalling metamorphic and plutonic intrusive rocks 
which have never been subjected to a comprehensive and systematic study. Only 
parts of the complex have been described by various authors. According to Shoe­
maker (1956), "These rocks are primarily schistose or strongly gneissic rather 
than massive plutonic intrusives, and most of the shcistose and foliated rocks 
appear to be sedimentary in origin. The rocks range from slates to injection 
gneisses . Dark colored mica schists and mica hornblende gneisses predominate 
in exposures north of Unaweep Canyon, and lighter colored gneisses and massive 
granite predominate in Unaweep Canyon, east of Gateway, Colorado, and to the 
south along the southwest flank of the plateau. Some quartzite was reported by 
Cross from the we.st end of Unaweep Canyon." 

"Most of the dark-colored rocks are quartz-biolite schists or gneisses with sub­
ordinate amounts of hornblende, plagioclase, potash fledspar, and locally garnet. 

t In some gneisses the folia are alternately hornblendic and biotitic. A biotite 
schist from eastern Unaweep Canyon was found in thin section to be composed of 
layers alternat~ly rich in plagioclase and potash feldspar, and contain.ed sub­
ordinate amounts of biotite and hornblende. " 

"The lighter colored gneisses are composed predominantly of quartz, plagioclase, 
and potash ' feldspar, with subordinate amounts of biotite and hornblende. A 
typical specimen from central Unaweep Canyon consists of about 60% quartz, 
20% sodic plagioclase, 15% microcline, 3% biotite, 2% hornblende, and traces 
of epidote, sphene, opaque iron oxides, and apatite." 

"A wide variety of igneous rocks intrude the metamorphic complex of the Uncom­
pahgre Plateau. Perhaps the most distinctive and widespread intrusive is a coarse 
porphyritic biotite granite. " 

"Abundant pegmatite dikes cut the metamorphic complex in Unaweep Canyon. These 
pegmatites consist mainly of albite and quartz with only trace am~)Unts of micro­
cUne, and muscovite and contain scattered garnets. " 

"A few lamprophyre dikes are present in Unaweep Canyon and locally are intimately 
associated with the pegmatites. These, studied in thin section, range from horn­
blendic kersanite to biotitic spessarite. " 
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"Other granite plutons intruding the metamorphic complex of the Uncompahgre 
Plateau appear to be both older and younger than the porphyritic biotite granite. 
Near Gateway, Colorado, the biotite granite cuts an older gray medium -grained 
gneissic granite. The older granite is composed of orthoclase, quartz, micro­
cline, oligoclase, biotite, and hornblende with accessory apatite and sphene." 

"Probably one of the youngest intrusive masses in the Precambrian complex is a 
pale pinkish-gray, medium grained, two-mica granite exposed in eastern Unaweep 
Canyon. The top of the intrusion is well exposed in the canyon walls, and the 
contact with the metamorphic host is sharp, even, and nearly horizontal. This 
granite consists of about 40% quartz, 35% slightly perthitic microcline, 15% 
albite-orthoclase, 7% muscovite, 2% biotite , 1% garnet, and minute traces of 
apatite, zircon, magnetite, and hematite. Muscovite appears to be replacing the 
biotite. " 

Age calculations of the various granites found in the above exposures vary from 
1,050 million to 1,650 million years . Thus, the granites probably belong to the 
Archeozoic Era and may be either Keewatin or Timiskaming in age. 

Magnetic susceptibility tests of numerous specimens of Precambrian rocks from 
the Uncompahgre as reported by H. R. Joesting (1958) vary from about zero to 
3.1 x 10-3 c.g.s. (centimeter-gram-second) units. Since the samples were 
obtained from outcrops, the true susceptibilities of some or all were reduced by 
weathering. Many of the magnesia-ferric minerals may have been altered to 
ferrous minerals thus reducing the magnetic susceptibility. However, the sus­
ceptibility of some of the granite types was many times higher than that of the 
schists and gneisses. Susceptibility of the pegmatite and lamprophyre dike 
material changed from zero to 0.053 x 10-3 c. g. s . units. The two-mica granite 
noted above had a susceptibility of 06 x 10-3 c.g.s. units as compared to 3.1 
x 10-3 c.g.s. units for the widespread porphyritic biotite granite. 

A well drilled by Equity Oil Company at the north end of the basin on the north­
west extension of the Uncompahgre in Sec. 20, T-21-S, R-23-E, Grand County, 
Utah penetrated granite wash immediately below the top of the Triassic-Moenkopi. 
The description of the basement rocks at this location is as follows: 

3317 - 3335 

3335 - 3397 

3397 -

Granite wash, with clear quartz, pink 
feldspar, with interbedded maroon and 
purple shale. 

Granite wash, with clear quartz, feld­
spar, biotite, some green waxy shale. 

Granite, gray, quartz, feldspar, white 
albite, and abundant biotite. 

The above description suggests that an igneous mass composed of coarse por­
phyritic biotite granite lies immediately below the top of the Moenkopi in this 
area, and was subjected to a long period of erosion and weathering before being 
covered by the upper Moenkopi during Trias sic time. 
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San Rafael Swell Precambrian Rocks 

Information on the nature and characteristics of the basement rocks on the San 
Rafael Swell is derived exclusively from well data. Five wells on the Swell were 
drilled deep enough to encounter Precambrian rocks. Descriptions of the basement 
rocks encountered in these wells are variously described as follows; 

1. El Paso - Pack Saddle No. 1 - Sec. 12, T-18-S, R-12-E. Top of 
Precambrian - 6740'; Total Depth 6806'; Amount penetrated - 66 feet. 
Description: 
6740-50' Conglomerate quartzitic, feldspar pebbles, trace of shale. 
6750-6806 Granite, pink, gray, and dark gray, quartz, feldspar, mica-

ceous, fresh and some weathered. 

2. Renolds Mining Corp. No.1 Sinbad - Sec. 12, T-22-S, R-12-E. 
Top of Precambrian - 5066'; Total Depth- 5105'; Amount Penetrated - 30'. 
Description: 
Granite, gray, biotitic, composed of orthoclase, microcline, quartz, 
and biotite. 

3. American Metals Climax Inc. - Black Dragon No.1, Sec. 32, T-21-S, 
R-13-E. Top of Precambrian - 4580'; Total Depth - 4640'; Amount 
penetrated - 60 feet. 
Description: 
Granite, pink to orange with biotite, feldspar, quartz, and some musco­
vite. 

4. Pure Oil No.1 Desert Lake - Sec. 1, T-17-S, R-10-E. Top of Pre­
cambrian - 10,480'; Total Depth - 10915'; Amount of Precambrian 
penetrated - 75 feet. 
Description: 
Quartzite, clear, coarse to fine grained; shale, green metamorphosed; 
quartzite, pink white, coarsely crystalline, micaceous; granite, pink to 
clear, coarsely crystalline, with quartz crystals, micaceous and feld­
spar. 

5. Pan American No. 1 USA Cullen - Sec. 11, T-15 -S, R-13 -E. Top of 
Precambrian - 7354'; Total Depth -7417'; Amount Precambrian penetrated 
63 feet. 
Description: 
Sandstone, red , brown to buff, micaceous; shale, red, brown; garnet; 
quartz, clear; green to orange feldspar; some hornblende; pyroxene; 
and green mica. 

Based on the above descriptions of the Precambrianrocks penetrated by the wells 
on top of the San Rafael Swell, the common and most widespread rock type is a 
biotite-rich, pink to gray granite with only minor amounts of granite wash on top. 
The description of the pink granite agrees closely wi.th the description of the 
youngest plutonic granite (pink, two-mica) bodies of the Uncompahgre Plateau. 
The flank wells encountered metamorphosed sediments beneath the Tintic, sug­
gesting an ancient intrusive igneous core for the Swell. 
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Nequoia Arch Precambrian Rocks 

The Nequoia Arch trends northwest across the southwestern part of the paradox 
Basin. Evidence of the presenc~ of this arch has been obtained from both sur­
face and well data. Information on the Precambrian rocks has been obtained from 
some of the wells drilled on or near the arch. Descriptions of the~e rocks are as 
follows: 

1. Texaco - Temple Springs No.1 - Sec. 14, T-25-S, R-13-E. Top of 
Precambrian 6206'; Total Depth - 7314'; Amount of Precambrian pene­
trated - 1108 feet. 
Description: 
Interbedded shales, sandstones, and some quartzite which 'were only 
slightly indurated. Shale, red to brown, soft and gummy; sandstone, 
gray to white, loose and quartzitic; quartz, white, milky, and clear; 
shale, splintery and micaceous; shale, dark green, with black hard 
quartz mineral; sandstone, gray to green, very fine grained, hard and 
tight. 

2. Texaco - Temple Springs No.2 - Sec. 22, T-25-S, R-14-E. Top of 
Precambrian - 6856'; Total Depth - 7010'; Amount of Precambrian pene­
trated - 154 feet. 
Description: 
6856 - 6900' Shale, dark -green, waxy, slightlY micaceous; sandstone 
pink, fine to coarse grained, angular; shale, red to brown, micaceous. 
6900 - 6920' Shale, dark green, waxy, slightly micaceous. 
6920 - 6930' Shale, maroon, micaceous, and some red siltstone. 
6930 - 7010' Shale, dark green, slightly micaceous. Shale, maroon 
very micaceous. 

3. Texaco - Nequoia No.6 - Sec. 32, T-27-S, R-15-E. Top of Pre­
cambrian - 8070'; Total Depth - 8096'; Amount of Precambrian penetra­
ted - 26 feet. 
Descriptior.: 
Granite, pink, with biotite, quartz, feldspar. 

Obvious ly there is considerable difference in the basement rocks on and those near 
the Nequoia Arch. The core of the arch is probably granite and may represent an 
ancient plutonic intrusion in the Precambrian metamorphic complex. However, 
the description of the section beneath the Tintic quartzite in the two Temple 
Springs wells does not appear similar to the descriptions of the metamorphic 
complex of the Uncompahgre Plateau. In fact, the soft, slightly metamorphosed 
nature of these sediments suggests an age younger than the previously noted age 
of the metamorphic complex. These sediments may be Late Precambrian or Early 
Cambrian in age and may be part of an unrecognized sedimentary section which 
underlies the assumed basal Cambrian sandstones in parts of the Paradox Basin. 

Monument Upwarp Precambrian Rocks 

Several wells on the Monument upwarp in southeastern Utah have been drilled deep 
enough to encounter Precambrian rocks. These rocks are described as follows: 

1. Midwest Exploration Co. - Elk Ridge No. 1 - Sec. 30, T-34-S, 
R-19-E. Top of Precambrian: 3617'; Total Depth - 3630'; Amount of Pre­
cambrian penetrated - 172 feet. 
Description: 
Schist, light green, very micaceous and silaceous. 
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2. Utah Southern Oil Co. - Cedar Mesa No.1 - Sec. 28, T-40.-S, 
R -18 - E. Top of Precambrian - 3617'; Tota 1 Depth - 3630'; Amount of 
Precambrian penetrated, 13 feet. 
Des cription: 
Schis t, green, mus covi te, micaceous. 

3. Shell Oil Co. - Bluff No.1 - Sec. 32, T-39-S, R-23-E. Top of Pre­
cambrian - 8669'; Total Depth - 8762'; Amount of Precambrain penetrated 
94 feet. 
Description: 
8668-8680' - Shale, dark brown, micaceous, some salt and pepper silt­

stone. 
8680-8690' - Shale, dark purple, brown, reddish brown with quartz filled 

fractures; and hard, slightly micaceous, slightly sandy 
sha le with quartz filled fractures. 

8690-8720' - Shale, green to black, dark brown, dense, with a few 
biotite grains, very fractured with quartz and calcite vans 
in fractures. 

8720-8740' - Shale as above with scattered chlorite and anhydrite­
crystals on fracture planes and trace (If calcite in matrix. 

8740-8762' - Shale as above with pyrite crystals on shear plane. 

The descriptions of the Precambrian rocks on Monument upwarp given above indi­
cate that they are largely sedimentary with some alteration due to metamorphism. 
Those on top of the upwarp are more highly metamorphosed than those in the 
Shell Oil Company's Bluff No.1 well on the flank. 

The above descriptions of the Precambrian rocks in and around the Paradox Basin 
indicate that numerous rock types were overlapped by Cambrian seas; however, 
the control is not sufficient to permit the compilation of a Precambrian paleo­
geologic map. It is apparent that s lightly metamorphosed upper Precambrian 
or lower Cambrian shales and sandstone underlie the Cambrian sandstones 
(Tapeats, Tintic, or Ignacio) in some parts of the basin, with gneisses and 
schists found in other parts, while Precambrian granitic rocks are found in still 
other areas. Thus far, no definite pattern is evident. 

TECTONIC HISTOR Y OF BASIN ROCKS 

In order to obtain a basic concept as to the present general surface configuration 
of the basement rocks, it is necessary to study and briefly relate the tectonic 
history of the basin. For Simplicity in this discussion, the rocks of the basin 
will be separated into four general layers; namely: Precambrian, Pre-Pennsylvanian, 
and Post-Pennsylvanian. The major tectonics affecting the basement and overlying 
Paleozoic rocks occurred during these intervals. Of course, t0ctonism occurred 
in most all periods of geologic time, but effort is made herein to gr oup some of 
these periods together. 

Relatively little is definitely known about the actual tectonics which have affected 
the basement rocks of the Paradox Basin. However, certain inferences can be 
made based on information obtained from the positive structural elements adjacent 
to the basin, and those which traverse the basin. 
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Precambrian 

Most of the present local tectonic elements in the basin 'and surrounding region 
are Laramide in age and many do not effect the Precambrian rocks. These num­
ero~s tectonic elements are described by Vincent Kelly (1955) in detail. Gen­
erally, · the older Precambrian tectonic elements appear to have been oriented in 
a north-south, northeast, or east-west direction ratherthan the current general 
northwest orientation. 

Evidence and information on the Archeozoic tectonics of the basin is fragmental 
and obscure. Precambrian deformations were probably numerous and varied. 
From the descriptions given previously on the Precambrian rocks ofthe Uncom­
pahgre Plateau, it is evident that many plutonic bodies were intruded into the 
Precambrian sediments. Most of these intrusions were probably Archeozoic in 
age and there is little evidence of later intrusion prior to the widespread stock 
and associated laccolithic type emplacements in and around the basin during 
Tertiary time . 

The early intrusions in the Precambrian rocks have greatly obscured the evi­
dence of Archeozoic geosynclines and geanticlines. The fairly thick mantle 
of shales and quartzites occurring in and around the Paradox basin indicated that 
it was located on a depositional shelf or margin of a geosyncline for a part of 
Precambrian time. That these sediments were probably subjected to severe 
tectonic movement prior to Cambrian time is indicated by the exposures of the 
Cambrian -Precambrian unconformity in the San Juan Mountains east of the basin. 
According to D. L. Barrs (1958), "Every exposure of Paleozoic sediments over­
lying stratified Precambrian rocks exhibits a seventy to ninety degree discor­
dance, and much of the region was intruded by granitic stocks and batholiths 
prior to the Ignacio sedimentation. However ,erosion reduced topography to an 
exceptionally smooth peneplain upon which the uppermost Cambrian sands were 
deposited. A well developed weathered surface is present along Mountain 
View Crest immediately south of Needle Creek, where the upper three to six 
feet of Eolus granite are weathered almost to a soil beneath the Ignacio quart­
zite. Even though a nearly smooth surface is evident at local outcrops, some 
relief was present, since a boulder conglomerate from the base of the Ignacio 
at Coalbank Pass, and beds as high as the upper Devonian Ouray limestone, 
lie directly on the Precambrian near Ouray, Colorado." 

As suggested by Barr, a long period of erosion and peneplanation took place 
during the Proterozoic Era and continued through Lower Cambrian time. How­
ever, some sedimentation must have occurred locally to account for the nearly 
unmetamorphosed sediments found beneath the Cambrian sandstones in some of 
the wells of the basin. 

Presumably there were numerous tectonic deformations which occurred during 
Precambrian time in conjunction with the large batholithic and sill-like intru­
sions. Most of the positive elements were leveled by the long period of ero­
sion in Late Precambrian time. However, in the genera I region of tl.e Grand 
Canyon, transgressing Camlrian marine waters encountered considerable relief 
on the Precaml:rian terrain. Some is lands rising a thousand feet above sea level 
interrupted the regularity of the Tapeats sedimentation. 
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Pre-Pennsy lvanian 

The Pre-Pennsylvanian strata include Cambrian, Devonian, and Mississippian 
sediments. Tectonism was regional in nature during most of the period. 

During Cambrian time the general Four Corners region subsided gradually and 
Cambrian seas transgressed from west to east. The age of the so-called basal 
Cambrian sandstones becomes progressively younger from west to east, such 
that the basal Ignacio sandstone in the San Juan Mountain area is believed to be 
latest Cambrian or even earliest Ordovician in age. The ancestral cores of the 
Zuni uplift, San Juan Mountains, and Uncompahgre plateau may have been emer­
gent during Late Cambrian time and remained positi ve during Ordovician and most 
of Silurian time. The Cambrian seas regressed to the west in Late Cambrian 
time or Early Ordovician, leaving the sediments exposed to erosion. 

In general, the absence of Ordovician and Silurian strata throughout the region 
with only a disconformity marking their interval, indicates either gently emer­
gent conditions during these periods or a regional emergence toward the close 
of Silurian time so that any sediments deposited during the interval were re­
moved. 

Deformation in Devonian time was probably gradual and regional in nature rather 
than sharp and local. Early Devonian time saw therise of the Trans -Continental 
arch with the Colorado sag extending northwestward across most of the Para­
dox Basin. 

Toward the close of Devonian time the upward emergence of the Trans -Continental 
Arch reached a maximum and even part of the Colorado sag was exposed; how­
ever, most of the Devonian sediments were preserved across the Paradox basin 
since this region remained below sea level. Regionally, the thickness of 
Devonian rocks increase westward across the basin. The basin area continued 
to receive conformable limestone sediments which were deposited on through 
Mississippian time on the eastern shelf of the Cordilleran geosyncline . 

Pennsy lvanian 

Early Pennsylvanian time marked the beginning of a period of extensive tectonism 
for the Paradox Basin region. The long dormant cores of the Defiance-Zuni 
and Uncompahgre uplifts became active again. Trans -basin arches began to 
form. The Nequoia arch and San Rafael Swell (Emery high) areas became 
slightly positive. The position of many of these positive elements may have 
been nearly coincident with that of the plutonic masses intruded into the 
Precambrian sediments in Archeozoic time. The zones of weakness developed 
at that time may have persisted and were readily affected ~y subsequent tec­
tonism. 

Considerable faulting and loca I folding, affecting both Precambrian rocks and 
overlying sediments, took place in this Early Pennsylvanian period. Some of 
these folds and faults may have exerted some influence on the general location 
and orientation of the later Laramide structures. 

The genera I uplift of the region in Early Pennsylvanian time raised certain areas 
above sea level. Relief was not great, but the upper Mississippian sediments 
were locally subjected to erosion. The unconformable Molas formation over­
lying the Mississippian limestones is composed of residuum from this erosion . 
The Molas and later Pennsylvanian formations were deposited in and around 
the previously formed structures. 
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During middle and late Pennsylvanian time, the outlines of the present Paradox 
Basin were formed. Continued regional epeirogenic uplift formed shelf and 
land-locked sea areas. These had intermittent communication with deeper and 
more widespread marine waters to the northwest and to more restricted Pennsyl­
vanian areas to the southeast. The Uncompahgre continued to rise and by late 
Pennsyl vanian time had formed a definite barrier between the Paradox basin on 
the west and the Central Colorado basin on the east. 

Many of the east-west and northeast-trending positive elements across the basin 
continued to grow but were not exposed above sea level. Most continued to 
recei ve sediments but at ales serra te than adj oining depres sions, and this 
resulted in a thinning and pinching out of some of the strata. Local discon­
formities are common within the Pennsylvanian section. The Pennsylvanian 
seas of the Paradox Basin became completely land -locked in Des Moines time. 
The rising Emery -San Rafael element cut off the accessway to the widespread 
Pennsylvanian seas to the west and northwest, while the upward movement of 
the Uncompahgre and Zuni highlands on the east and southeast shut off the 
communication in that direction. The result was the widespread formation of 
evaporitic sediments within the basin. Subsequent ingres s of marine waters 
abetted by increased erosion of the surrounding highlands during Late Penn­
sylvanian time led to the deposition of carbonates and a thick section of limy 
siltstones, arkosic sandstones, red silty shales, and chert. 

Post-Pennsylvanian 

During early Permian time rapid sinking of many of the positive tectonic elements 
across the basin allowed the influx of early Permian seas which resulted in the 
formation of the lower Permian carbonates on the west, and lower Rico calcar­
enitic marine limestone on the east side of the basin. Most deposition in later 
Permian time was non-marine in nature; however, the transition to non-marine 
strata was intermittent with a recurrence of transgressive· marine waters at var­
ious intervals. The transition is usually one of complex lateral and vertical 
gradation from thin-marine beds to predominantly terrestrial red-bed facies. 

Rapid uplift and growth of the Uncompahgre during middle and late Permian 
caused the dumping of tremendous quantities of arkosic sandstone and lime­
stone debris along the western margin of the plateau onto shallow and some­
times emergent high -shelf areas. The loading of these sediments, along with 
local tectonism probably caused the differential movement of the plastic eva­
porite beds below. Contemporary movement along early Pennsylvanian faults 
may have triggered the salt flowage. At any rate, the upward movement of the 
salt caused gradual arching of the overlying strata. The movement of the salt 
was very s low and continued with intermittent periods of no movement through­
out Triassic and most of Jurassic (up to Morrison) time. Local movement may 
even have continued on into Cretaceous time. However, the present structural 
attitude of the salt anticlines did not develop until Tertiary time. The move­
ment of the salt and resultant folding, collapse, and faulting of overlying sedi­
ments probably had little effect on the ba sement rocks . Kelly suggests that some 
down warping might have occurred with the flowage. 

The trans -basin arches and folds formed in late Mississippian and early Pennsyl­
vanian time were probably active during periods of Permian time. Considerable 
change in lithology and interfingering of sedimentary facies occurred during the 
Permian due to regional and local movement, as well as the transgression and 
regression of marine waters. 
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The basin area was subjected to only minor tectonism during Traissic-Jurassic 
time. Few, if any, changes in the basement surface and structural attitude of 
the overlying sediments developed during these periods. Generally the area was 
regionally elevated intermittently with seas transgressing and regressing to the 
west. Some of the previous structures were elevated above sea level and s ub­
jected to erosion. Sea waters were trapped locally and evaporites were depo­
sited. Some of the time the seas receded far to the west leaving most of the 
basin region above sea level and continental deposits of eolian sand developed. 
Volcanism in Late Juras sic time probably did not originate within the confines 
of the basin, but in areas to the west and covered parts of the subject area 
with ash. 

At the beginning of Cretaceous time another northwest - trending epeirogenic 
uplift took place in southwestern Utah which affected most of the Paradox B3sin 
region. Folding and faulting of the basement rocks along with the overlying 
sediments occurred. Local highlands were present in the basin contributing 
to deposition of coarse conglomerates and sandstones. Upper Morrison sedi­
ments were reworked and deposited as Cedar Mountain and Burro Canyon for­
mations and local disconformities between the respective strata were developed. 

A period of relative quiescence seems to have characterized the Paradox Basin 
region during most of middle Cretaceous time. Erosion and sedimentation must 
have balanced each other, since a stratigraphic hiatus exists between the 
Cedar Mountain - Burro Canyon formations of early Cretaceous age and the 
overlying Dak ota formation of probable late middle Cretaceous age. In some 
places, angular discordance can be observed between the respective strata 
testifying to medera te t8cLonic movement during this period. Whether or not 
these movements were deep seated is unknown. 

A widespread subsidencp ()f ~he 'Nhclc Rocky Muurnain reglan took place during 
Late Cretaceous time. All of the ~ectonic ele ments of the Paradox Basin regi on 
were covered by marine waters. Several thousand feet of black, manne s ha les , 
siltstones, argillaceous limestones, and argi llaceous, calcareous sands tone 
were deposited in the Rocky Mountain geosyncline. Toward the close of 
Cretaceous time, epeirogenic uplift again became dominant. The Mancos 
marine seas became shallow, and local highlands began to emerge . Faulting 
and local movement was common. Numerous northeast - trending faults ha ve 
been found on the northern margins of the basin which affect the Mancos forma­
tion' but not the overlying Mesaverde formati on of very , late Cretaceous age. 
This period of faulting probably mdrked the beginning stages of the widespread 
Laramide orogeny which followed. The earlier tectonic elements, Uncompahgre 
Plateau , San Rafael Swell, Nequoia Arch, Monument Upwarp, and Trans -basin 
arches were probably rejuvenated again at this time. However, much of the 
region still h':ld only moderate relief and was transgressively inundated by 
marine waters during the time of deposition of the Mesaverde formati on which 
is characterized by both marine and c ontinental lithology. 

The Laramide orogeny produced considerable deformation o f the strata across 
the paradox B3sin. Numerous tectonic elerr..ents were formed. Some of these 
appear to have no relationship to the older established elements of early 
Paleozoic time; others were greatly influe nced by these earlier tre nds; and still 
others appear to have r eoriented the older uplifts and arches. Some of the 
Laramid e tectonic elements did affect the Precambrian rocks and older Paleo ­
zoic sediments, whereas others affected only strata of Penns ylvanian or 
younger age. Differential folding of post -Mississippian sediments ma y have 
been caused by compressional forced as a result of the increased move ment 
of salt in the salt anticlines along the eastern margin of the basin in early 
Tertiary time. 
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Subsequent tectonics which might have affected the basement rocks of the Para­
dox basin are relatively inSignificant. Tertiary time sawgeneral uplift with the 
formation of continental lacustrine basins. The locallaccolithic igneous domes: 
La Sal Mountains, Henry Mountains, Abajo Mountains, Temple Mountain, Ute 
Mountains, and other stocks of early Tertiary time modified the structural attitude 
of the adjacent strata to some extent. However, the basement rocks and over­
lying older Paleozoic strata probably were not structurally altered other than by 
simple fracturing and stoping, allowing the implacement of magmatic material 
in the immediate proximity of the stocks. The greatest deformation and arching 
caused by the sills, dikes, and tongue-like intrusive bodies appears to have 
taken place in the near-surface strata, leaving the lower Paleozoic and Precam­
brian rocks relatively undisturbed. 

BASEMENT HIGHS AND LOWER PALEOZOIC STRUCTURES 

If one assumes that the present surface of the basement rocks in the Paradox 
Basin is primarily due to the tectonic movements which have taken place sub­
sequent to P:'ecambrian time, then this topography is probably expressed as 
structure in the immediately overlying strata, possibly including Mississippian 
formations. This assumption is not completely valid since it is known that there 
were some islands of Precambrian rocks rising above the peneplain during Cam­
brian time. However, the long period of time from Archeozoic to middle Cam­
brian was sufficient to allow the development of a peneplain with only minor 
topographic relief, and, therefore, it is safe to assume that in most places in 
the basin, basement surface highs are similarly expressed in the Mississippian 
and older strata. 

Certain positive tectonic elements in and around the basin have been rejuve­
nated several times during geologic history and effected the basement rocks 
and all overlying strata each time. These are: Uncompahgre Plateau, Nequoia 
Arch, San Rafael Swell, Defiance-Zuni uplift, and Monument upwarp. The 
orientation of the elements was not always identical to that at present, but 
their loci have remained fairly constant with only minor rotation of axes marking 
each period of rejuvenation. 

Uncompahgre Plateau 

The Uncompahgre is a northwest trending, essentially symmetrical geanticline 
which borders the eastern andnortheastern sides of the basin and was extremely 
active throughout geologic time with frequent ocillations. Remnants of Missis­
sippian limestone lie on Precambrian rocks in a few local spots on the p.l.ateau. 
These sediments along with all subsequent strata which were deposited on the 
flank or over the top of the Uncompahgre, depending on the state of emergence 
or subsidence of the element at the time of depOSition, have been folded by the 
latest rejuvenation of the uplift. The axis of the uplift plunges gradually north­
westward across the northern end of. the basin. Small local secondary base­
ment arches attached to the Uncompahgre may have extended westward for a 
short distance into the basin deforming the overlying Paleozoic strata in those 
areas. 
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Nequoia Arch 

The Nequoia Arch is presently a long northwesterly-trending anticline which 
crosses the south -central part of the basin. Reflection of this arch in surface 
strata is nearly imperceptible, and it is only partly delineated by well control. 
Stratigraphic information from wells implies certain geologic events. An igneous 
pluton has penetrated the Precambrian metamorphics and sediments . This intru­
sion probably occurred during the Archeozoic Era and may have been rejuvenated 
at some later time . The arch became slightly positive in conjunction with the 
widespread early Pennsylvanian orogeny, but probably did not rise above 
sea level. Orientation of the element was perhaps more northerly. The ele­
ment was even more positive during part of Permian time and may have risen 
above sea level for a brief period. The orientation was still nearly north­
south or even slightly northeast. Final uplift and reorientation to northwest 
probably occurred during the Laramide orogeny . There is some indication that 
this later movement was differential with the major thrust exerted against the 
older rocks. It is, therefore, quite probable that the axial plane of the fold 
migrates with depth. 

San Rafael Swell 

The San Rafael Swell is a long, north-south trending, asymmetrical anticline 
with steep dips on the eastern flank and gentle dips on the western side. The 
present structural attitude of the surface rocks does not precisely reflect the 
structure of the deeper rocks. There are a number of pre -middle -Permian local 
structures which are not reflected in the overlying sediments. Even the gen­
eral axis of the deeper ancesteral element does not coincide with the present 
surface axis. 

It is quite possible that the core of the San Rafael Swell is an ancient plu­
tonic intrusion which has risen in various rejuvenated stages during geologic 
time. The Pure Oil Company No.1 Desert Lake well on the west side of the 
Swell encountered quartzite and metamorphosed green shale above the granite 
indicating that Precambrian sediments did exist in the region. Likewise, the 
Pan American No.1 USA Cullen well at the north end of the Swea encountered 
only slightly indurated sandstone and shale overlying granite and these are 
considered Precambrian sediments. This well also encountered the Precambrian 
section immediately below a Permian section. Similarly, the Kerr-McGee T. P. 
Utah 27 No.1 well in Sec. 7, T-23-S, R-13-E, on the Swell had a section 
of the normal stratigraphic column missing. This well went directly from 
Coconino (permian) into Deseret (Mississippian) at a depth of 400 feet, thus 
demons tra ting tha t part of the Permian, a 11 of the Penn s y 1 van ian , and part of 
the Mississippian strata are missing. Other well data show considerable 
stratigraphic variation, formation pinchouts, and intertonguing in Mis sis si­
ppian and Pennsylvanian strata. Variations in thickness of Pennsylvanian beds 
exceed 700 feet within a distance of three miles, and over 1,300 feet in seven 
miles. Lower Permian carbonates also vary considerably in thickness. Conse­
quently, it is obvious that the Swell has been intermittently a positive tectonic 
element during geologic time. Folding has been differential and present day 
surface structures are not necessarily superimposed over the deeper structures 
which affect the basement and conformable overlying lower Paleozoic rocks . 
Laramide folding of the upper strata seems to have slid over some of the pre­
viously folded lower sediments. 

398 



Monument Upwarp 

The Monument upwarp, in the southern part of the basin, is a north-south 
trending anticline which is of fairly recent geologic age; Permian and late 
Cretaceous. The upwarp is a low, broad asymmetrical anticline about 100 
miles long and 30 miles wide. As mentioned earlier, the initial uplift occurred 
in Permian time, as evidenced by the abrupt thinning and change in the compo­
sition of the Cutl er formation. In fact, the deposition of eolian sandstoneindi­
cates that the area was above sea level part of the time. The axis of the Per­
mian uplift, however, was probably east of the Late Cretaceous (present) axis. 
A number of local folds are reflected in surface rocks on the east limb of the 
main structural element. These folds may be the result of compressional forces 
developed by the Abajo igneous intrusion which affected the upper strata more 
than the older sediments. 

Other Basement Highs 

There are a number of other Mississippian structures which have been found 
as a result of drilling and which tend to confirm the presence of other base­
ment arches across the basin. 

The Lisbon, Kane Creek, Lockhart, Big Flat, Salt Wash Mississippian struc­
tures may have an en echelon alighnment related to a broad, gentle basement 
arch. The configuration of the above surface structures is quite dissimilar to 
the deeper counterpart. The surface structures are influenced greatly by the 
flowage of salt in the region and tend to mask the Mississippian structure below. 
The Lisbon area is a good example: the older Mississippian structure on which 
the Lisbon oil field is located is not reflected in the surface rocks; the old 
structure was not greatly affected by the Laramide orogeny nor by the salt 
intrusion, with the exception of possible rejuvenated movement along old 
fault planes. The present surface anticline is superimposed over a Missis­
sippian syncline or graben. There are probably a number of other Missis­
sippian structures in the Lisbon area which have little relationship to the 
surface expression of the exposed rocks. 

Results of geophysical work indicate that other Mississippian structures and 
basement arches may be present in other parts of the basin. 

GEOPHYSICAL METHODS 

The development of the oil and gas fields in the lower Paleozoic strata in the 
basin clearly show the lack of conformity between the structural attitude of these 
rocks and that of the near surface formations. As a result, sub-surface data 
disclosing existance of other deeply buried structures must be obtained prin­
cipally by geophysical methods. The three common geophysical techniques 
are: magnetic, "gravity , and seismic. The various virtues of the three methods 
are discussed below. 

Magnetic 

Since the intensity of the earth I s magnetic fie ld is primarily due to the physical 
configuration and magnetic characteristics of the basement metamorphic and 
igneous rocks, the effect of the overlying strata is for the most part negligible. 
When the magnetic susceptibility of the basement is uniform, variations in the 
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intensity of the earth's magnetic field is inversely proportional to the depth to 
basement from the point of reading. In this case, magnetic contours can be 
used qualitatively to delineate basement topography and the structure of con­
formably overlying strata. Changes in magnetic susceptibility of basement 
rocks, augmented by the structural and depositional inconsistencies of the 
sediments, may produce magnetic anomalies whi'ch are not indicative of struc­
ture. Thus, the l1mitationsof the use of magnetic data toresolvestructuremust 
be recognized. However, these limitations do not entirely mitigate the effect­
iveness of magnetic measurements in resolving sub-surface structural relation­
ships. Often the magnetic inconsistencies can be recognized and properly 
considered in the interpretative treatment of the data. 

Magnetic measurements prove quite effective in locating faults and are far more 
reliable for this purpose than any other geophysical method. Frequently, the 
fault plane itself causes an anomalous response due to increased mineralization, 
so even those faults which do not effect the basement can often be detected. 
Admittedly, not all faults produce anomalous magnetic intensities, but exper­
ience demonstrates that mos t do. Therefore, a high level of confidence may 
be reasonably assigned to fault delineation by the magnetic method. 

Airborne magnetometer work is generally more useful in a regional sense, 
rather than for delineation of local anomalies. Experience has shown that a 
greater degree of reliability in magnetic anomalies of low magnitude is possi­
ble with surface measurements. 

Considerable additional information about the configuration of the basement 
rocks can be obtained by subjecting the magnetic data to second derivative 
analysis. Mathematically, this is a means of determining the curvature of 
the data or the rate of change with respect to linear extent. When these de­
rivative values are contoured, the zero contour may be assumed to rouyhly 
delineate segments of the basement which have discreet susceptibility factors. 
Study of the curvature map thus produced reveals the individual basement seg­
ments, and magnetic anomalies associated with the basement blocks can rather 
confidently be ascribed to the effects of relief, and thus may reflect structural 
elements. 

In the event sufficient WAll control is available in an area subjected to magnetic 
investigation, further treatment of the data can be made to produce a base­
ment topographic contour map, and, by corollary, structure map of the overlying 
conformable sedimentary strata. In this treatment of the data certain arbitrary 
operations are used which can introduce error. 

However, these errors tend to erase anomalies rather than to introduce psuedo 
anomalies, so any positive magnetic anomalies still remaining after this treat­
ment probably do reflect basement highs. 

A number of magnetic anomalies which suggest basement highs have been de­
lineated in and around the Paradox Basin. To date, the information has been 
quite reliable, a few of these have been drilled and the pres ence of Mississippian 
structure has been confirmed. There is also a direct correlation between the 
structure of the Lisbon field and the defined magnetic anomaly. 
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Gravity 

Some insight into the nature and configuration of basement rocks has been gained 
by gravity studies. Although density determinations of basement rock samples 
are necessarily limited in number, those available do represent a reasonable sam­
pling of the various types of igneous and metamorphic rocks that may be expected 
to comprise the basement complex. Densities of sedimentary rocks present no 
problem since exposures of most of the column exist. Listed below are examples 
in the Uncompahgre Plateau province. 

Age or 
Formation 

Precambrian 

Pre-Paradox 

Paradox 

Upper Hermosa 

Permian (Cutler­
Rico) 

Mesozoic 

Density 
~fu~-~c~m~3~)~ _____________ ~R~em~a~rk~s~ ________________ __ 

2.60-3.07 (Sat. bulk) 

2.60 (est. av.) 

2.14 Halite 
2.31-2.33 Gypsum 

2.62 

2.55 (50% water sat­
urated) 

2.50 

Thirteen samples from Uncom': 
pahgre Plateau and surrounding 
area. 
Carbonates, sands, shales 

These are estimated to com­
prise 90% ofthe formation. 

Limestones, shales, sands­
weighted average from drillers 
log of well in Moab area. 

From 30 I surface samples. 

Wingate through Salt Wash(J~ 
Determined by gravity mea­
surements at top and bottom 
of canyon west of Uravan, 
Colorado. 

It is evident that a significant density contrast exists between the clastic­
carbonate and evaporite sediments. Thus, it is entirely possible to resolve 
structures induced by salt flowage by analysis of the gravity anomalies with 
which they are associated. This has been done successfully by Toesting and 
Byerly (1954) in investiga·tions carried on by the U. S. Geological Survey. 
They found, however, that in numerous instances gravity anomalies could only 
be attributed to density contrasts within basement rocks. Since this incon­
gruity was observed to follow a random pattern, it suggests that the basement 
complex is a somewhat heterogeneous composite of igneous and metamorphic 
rocks. No more than rather broad generalizations can be drawn from gravity 
data since the relative thickness of the Pennsylvanian salt section is the prin­
cipal source of gravity anomalies. 

Generally, Precaml:rian metamorphics can be expected to have densities in the 
range of 2.60 to 2.65 g/ cm3 , which are comparable to those of the clastic 
sediments. Where an abnormally thick sedimentary section is implied by gravity 
data, it is quite likely that metamorphics are present. 

As discussed previously, a granite porphyry intrusive into older granite has been 
noted in the Uncompahgre uplift, and this porphyry has high magnetic suscep" 
tibility but les s thari normal density. Where incompatability of magnetic and 
gravity anomalies has been observed, it can most reasonably be explained by 
the pres ence of this porphyry. 
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It may be deduced from this analysis that the Precambrian surface is comprised 
of a somewhat heterogeneous assemblage of acid igneous and metamorphic rocks. 
Certain lineaments throughout the Paradox Basin have a ,generally northwest­
southeast trend, but these ,may reflect structurE:! of Paleozoic or later tectonic 
origin. Certainly, there is evidence that some contacts between igneous facies 
strike more nearly east-west. One of the enigmas is the relationship of meta­
morphic to igneous. It is not clear whether the metamorphics occur as the ero­
sional remnants of a once ubiquitous mantle, or whether the metamorphics occur 
as the erosional remnants of a once ubiquitous mantle, or whether they are an 
integral part of a Precambrian series which sustained a complex paleo-geologic 
history. If the latter is true, as indicated previously, basement lineaments 
should be expected to display a notable degree of parallelism. Gravity studies 
tend to support this concept but only as a postulate. Gravity measurements do 
indicate rather conclusively the complexity of the basement rocks in both 
composition and configuration. 

Seismic 

Very little information on basement rocks has ensued from seismic investiga­
tions. Any concepts evolved from seismic analysis have been structural, and 
these by inference from reflecting horizons extent in Paleozoic strata. Until 
comparatively recently, reso lution of Paleozoic horizons has been unreliable 
and difficult. Techniques have been developed which overcome some of the 
velocity proble~s inherent to the evaporite facies, and record quality has also 
been improved. 

For the most part, seismic work has been concentrated on resolving local struc­
tural features. However, some idea of the regional framework is obtained from 
a composite analysis of local areas. For instance, tiSbO,l Valley, Big Flat, and 
Salt Wash appear to be somewhat discreet structural features developed along 
a basement tectonic lineament which transects the northern portion of the Para­
dox Basin. This is, perhaps, the most extensive basement feature indicated by 
seismic data. In the Four Corners area, and adjacent to the San Rafael Swell, 
structural trends have also been delineated. While these appear to be locally 
discreet, they may I in some cases I be elements of major basement features 
which extend for considerable distances into the basin. 

Seismology indicates the presence of Paleozoic structures and structural trends 
which have no recognizable surface expression. Very little has been learned 
about rock types and their distribution by this geophysical means. 

SUMMARY 

The basement rocks underlying the Paleozoic and younger strata of the Paradox 
Basin are probably composed of a complex assemblage of metamorphic rocks 
varying in degree of metamorphism, and intruded with numerous varieties of 
acid igneous rocks. Generally I these intrusions are ancient in age and may 
have been emplaced along certain zones of weakness which have persisted 
throughout geologic history. The orientation of some of the recurrent positi.ve 
elements may have deviated slightly with each subsequent uplift. 

J:>rior to Paleozoic sedimentation, the topography of the basin was evidently quite 
flat with only minor relief because of the long period of peneplanation before 
middle Cambrian time. Tectonic movement was generally regional in nature 
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between Precambrian and early Pennsylvanian time. Pennsylvanian time was 
undoubtedly the most important and widespread tectonic period that affected 
the basement and overlying lower Paleozoic sediments of the Paradox Basin 
region. It might also be considered the most important period ~om an economic 
viewpoint. Many of the Mississippian structures in which oil and gas have been, 
and ultimately will be, found were formed during this period and many have pro­
bably retained their identity during subsequent periods of tectonism, being 
altered only by faulting and reorientation. 

Numerous arches and positive elements in and around the basin which are 
reflected in the bas ement rocks have been discussed above. Some of these 
are well known and are either expressed in the surface strata or have been con­
firmed b y well information; others are indicated only by geophysical work. 

The development of some of the recent oil fields in the Paradox Basin has demon­
s trated the lack of structural conformity between the older Paleozoic strata · and 
that of the post-Pennsylvanian strata; however, there may be general confor­
mance between the structural attitude of these older sediments and the surface 
of the basement rocks. Consequently , determination of basement surface highs 
could also indicate overlying lower Paleozoic structures which might contain 
hydrocarbon accumulations. 
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Paper 35 DESERT CREEK ZONE 
SOUTHEAST SANJUAN 
COUNTY, UTAH 
by Kenneth E. Carter! 

INTRODUCTION 

During Pennsylvanian time the Paradox depositional basin occupied most of 
southeastern Utah and parts of southwestern Colorado, northwestern New Mexico, 
and northeastern Arizona. 

Thick arkoses are present in the northeastern part of the basin, adjacent to the 
strongly positive, northwest-trending Uncompahgre front. To the southwest the 
arkoses interfinger with cyclic deposits of eV~j)I:ites which attain a thickness 
of at least5,000' in the central portion of the basin. The evaporite facies thins 
southwestward and grades to "shelf" limestones and dolomites deposited in a 
penesaline- to normal-marine environment. 

Nearly all the Pennsylvanian production discovered thus far is on the southwes:ern 
shelf, particularly where "shelf" carbonates are transitional to evaporites. 
Hydrocarbon accumulations are trapped in porous carbonate build -ups within the 
Desert Creek zone. These build-ups have been defined as reefs, biostromes, 
bioherms, banks, and algal forests by various workers in the area. The pre­
sence of calcareous algae, associated with such carbonate build-ups, has 
been recognized for some time, and intensive study, particularly since the 
discovery of the Aneth field, has indicated that algae are of extreme importance 
in the development of oil and gas reservoirs. 

In this paper the stratigraphy of the Desert Creek zone and the relationship to 
the production of oil and gas is discussed. The study has been confined to the 
36 square townships in the extreme southeast corner of San Juan County, Utah. 
All the major oil and gas fields, productive from the Desert Creek zone, are 
within this area. 

RESUME OF DEVELOPMENT-DESERT CREEK ZONE 

Within the area studied, the first production from the Desert Creek zone was 
established on the Boundary Butte anticline. The Western Natural Gas -- Byrd 
Frost, Navajo No '. 1, Sec. 25, T-43-S, R-22-E, was completed in 1948 in the 
upper Desert Creek and overlying Ismay zones for an initial potential of 9 
million cubic feet of gas per day. The discovery attracted limited attention 
because of the lack of market facilities. 

The area was essentially dormant until the discovery of the Desert Creek field 
in Sections 35 and 36, T-41-S, R-23-E. The discovery well was drilled by the 
Shell Oil Company in 1954 and was completed in the Desert Creek zone at a depth 
of 5,300 feet, for an initial potential of 248 barrels o~ oil per day. 

The economic potential of the area was not fully recognized until the discovery 
of the Aneth field in 1956 by the Texas Company. The discovery well was 

1. Consulting Geologist, Durango, Colorado. 

405 



~ 

~ .... .... 
~ 

T . 
38 
S 

T 
39 
S 

T 
40 
S 

T 
41 
S 

T 
42 
S 

T 
43 
S 

R24E R25E R26E 

UTAH 
"-AR-iz'ONA' 

lZZZZl 

EXPLANATION 

EVAPORITE FACIES 

CARBONATE - EVAPORITE RATIO < 8 : I 

"SHELF" FACIES 

CARBONATE - EVAPORITE RATIO > 8 : I 

PRODUCING FIELDS 

THE ONLY FIELDS SHOWN ARE THOSE 
PRODUCING FROM THE DESERT CREEK 

ZONE . 

SCALE 

,........., H H 
I 2 3 4 5 6 

MILES 

THICKNESS - FACIES MAP 
DESERT CREEK ZONE 

SOUTHEAST SAN JUAN COUNTY, UTAH 



drilled in Sec. 23, T-40-S, R-24-E and was completed through perforations 
5,828-5,874 for 1,704 barrels of 430 gravity oil p'erday. Discoveryofthe 
Cahone Mesa, White Mesa, McElmo Creek, and Ratherford fields followed 
shortly thereafter. Subsequent development drilling has joined these fields, 
and they are now known to produce from a common reservoir. These fields 
are herein called the Greater Aneth Area. 

As of January 1, 1962, there were over 550 producing wells in the greater Aneth 
area and over 46,000 acres proven for production. In 1961 the field produced 
25,174,568 barrels of oil. 

STRATIGRAPHY 

The Paradox member of the Hermosa formation is charaCterized by complex 
lateral and vertical lithologic variations. Cyclic deposition of evaporites 
occurred in the central part of the basin with each cycle, or partial cycle, 
separated by black shale. Rite {1960} recognizes 29 cyclothems in the eva­
porite facies which he has numbered in sequence from youngest to oldest. The 
.areal extent and facies relationship are different for each cycle, but, in gen­
eral, thinning and a gradational change to carbonate rocks occur towards the 
southwestern shelf. 

Early in the development of the oil and gas fields of southeastern San Juan 
County, the Desert Creek zone was believed to represent one partial cyclo­
them. Additional well control now suggests that the Desert Creek zone repre­
sents two parti"al cycles. Well-to-well correlation from the southeastern part 
of San Juan County to Gibson Dome and the Lisbon field in the northern part 
of the county indicates the Desert Creek zone is correlative with salt beds 4 
and 5, as pointed out by Rite (1960). 

The thickness and generalized facies relationships of the Desert Creek zone 
are shown on Figure 118. Two major facies are differentiated within the area 
studied based on the ratio of carbonates to evaporites. The cross -hatched 
area outlines the "evaporite" facies, which consists of dark gray to brown dolo­
mite, shaly limestone, calcareous siltstone, thin, gray to black shales and 
anhydrite. Ai though these sediments are referred to as the "evaporite" facies, 
the carbonate-evaporite ratio varies from 0 to 8: 1. Dolomite has not been 
included with the "evaporites", although some is of primary origin. These 
sediments are characteristic of a predominantly penesaline to saline environ­
ment. In the remainder of the area, the Desert Creek zone is composed of 
limestone and dolomite with minor amounts of shale, siltstone, and sandstone 
which were deposited in a normal marine environment. 

The thickness of the evaporite facies is comparatively uniform, averagJng about 
80 feet. The thickness of the carbonate facies varies from 120 feet to over 200 
feet, averaging about 170 feet, or over twice the average thickness of the 
evaporite facies. 
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EVAPORITE FACIES 

The e-vaporite facies consists of two partial cyclothems as illustrated by wells 
4 and 8 on Figure 119. At well 4 the lower cycle consists of dark gray, cal­
careous, micaceous siltstone, dolomite, and limestone with thin interbeds of 
dark gray to black shale and dark gray, very fine-grained sandstone. The lower 
partial cycle is terminated by an eight-foot thick gray anhydrite. The carbonate 
rocks are dark gray to brown, microcrystalline, shaly to silty and anhydritic. 
The limestones are very dense, hard, and tight. The dolomites are microsucrosic 
and earthy with poor to fair intercrystalline porosity and low permeability. 

The upper cycle, in ascending order, consists of dark gray to brown shaly, silty, 
cherty, microcrystalline limestone with interbedded dark gray, calcareous 
shale. Above this interval is a 14' thick bed of anhydrite overlain by dark gray 
calcareous to dolomitic siltstone. The Desert Creek is bounded above and 
below by black, carbonaceous shale. 

North of the greater Aneth area the lithology of the evaporite facies is similar 
except that the percentage of carbonate rock is much lower. The limestones and 
dolomites grade northward to calcareous or dolomitic, shaly siltstone (well 8, 
Figure 119). 

CARBONATE FACIES 

The areas of carbonate deposition include the greater Aneth area and a part of the 
southwest shelf. Although these rocks have been grouped together, significant 
lithological and environmental differences exist. 

Southwest of the evaporite facies is a northwest-trending area of thickening 
outlined by the 180' thickness contours. The section consists of dark gray to 
brown, shaly, silty, microcrystalline limestone with thin interbeds of dark 
gray calcareous siltstone and shale. The clastic content of the lower part of 
the section is high, with a progressive decrease in clastics towards the upper 
part of the section. Crinoids and fus ulinids are common, particularly in the 
shaly limestones. 

It is difficult to trace the upper and lower cycles previously described into the 
carbonate facies. It is believed, however, that the lower cycle is equivalent 
to the interval 5,154-5,268 feet in well 2, Figure 119. The division between 
the two cycles is placed at the top of a gray, very fine-grained, calcareous 
sandstone which overlays a light gray, microcrystalline, oolitic limestone. The 
top of the upper cycle also is marked by thin bedded sandstone and siltstone 
immediately above a tan, microcrystalline, oolitic limestone. The thin oolitic 
zone at the top of the Desert Creek zone is present throughout most of the 
southwest shelf and is found in the greater Aneth area. The oolitic limestones 
are believed to have been deposited in shallow, agitated water3 which mark 
the lowering of sea level that terminated each cycle. 

These sediments are not typical of a high shelf facies. The dark color and high 
shale content of the limestones suggest deposition in a semi-restricted environ­
ment which probably was transitional between the evaporite facies to the north­
east and the higher shelf area to the southwest. 
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In the Boundary Butte - Chinle Wash area (T-43-S, R-21 and 22-E) the Desert 
Creek zone thins to 120 feet. The limestones are less shaly and both lime­
stones and shales are lighter colored than to the northeast. In the Chinle Wash 
field, gas production is obtained from the upper Desert Creek zone, and in the 
Boundary Butte field, oil and gas are produced from the upp er and lower parts 
of the zone. 

GREATER ANETH AREA 

Of greatest economic significance is the carbonate facies of the Desert Creek 
zone developed in the greater Aneth area. 

The Aneth reef complex is a nearly circular mound of highly fossiliferous lime­
stone and dolomite . The carbonate mass hasa l2-milediameterand a maximum 
thickness of over 200 feet. At the periphery, the Desert Creek zone thins 
rather abruptly to 100 feet or less, and grades to sediments of the evaporite 
facies. 

The lower part of the Desert Creek zone consists of gra y to tan, porous, fossil­
iferous limestone and dolomite . Fos sil debris includes brachiopods, foramini­
fera, crinoids, and occasional corals. Abundant calcareous algae (Ivanovia sp.) 
may be present and are important both as a rock-builder and as a sediment­
binding constituent. Porosity is vugular and intercrystalline with the vugs 
varying in size from pinpoint to over an inch in diameter. 

The boundary between the lower and upper part of the Desert Creek zone is 
marked by a thin shale or sha ly lime. The upper part of the Desert Creek z one 
is predominantly oolitic limestone with porosity developed as a result of the 
leaching of oolites. 

The carbonate facies of the upper part of the Desert Creek zone is of les ser 
areal extent than the carbonate facies of the lower part of the zone. The 
anhydrite from 5 , 423-5 , 450 feet (well 5, Figure 119) may be developed well 
within the producing area, particularly in the southern portion of the field. 

Porosity and permeability are variable, but average about 8-10% and 5 millidar­
cies . However, porosity of nearly 30% and permeability of over 1,000 milli­
darcies are known. Net pay thickness varies from 10 feet to over 100 feet, 
with a field average of 35 to 50 feet. Crude from the greater Aneth area is of 
paraffinic base, green in color, and with an average gravity of 41 0 A.P.I. 

Approximately 46, 000 acres are proven productive and cumulative production 
as of January 1,1962, was 111,833,444 barrels of oil. The average yield 
per acre as of January I, 1962, was2,400 barrels of oil. Estimated recoverable 
reserves are approximately 5,400 barrels of oil per acre, or 250,000, 000 barrels 
of oil for the field. 

The factors responsible for the localization of the Aneth ree f complex are obscure. 
Thickness mapping of the stratigraphic units below the Desert Creek z one are 
suggestive of thinning . Such thinning may reflect a mild structural and topo­
graphic high which provided a more favorable environment for the growth of 
plant andanimal organisms than the surrounding sea bottom. Unfortunately, 
very few wells have been drilled below the Desert Creek zone in the greater 
Aneth area , and the data are inconclusive. 
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In the Aneth reef complexit is believed that the carbonate rocks of both cycles 
probably reached their maximum thickness during the initial normal marine phase 
of each cycle. 

The progressive lowering of sea level during the remainder of the cycle resulted 
in the gradual emergence of the Aneth complex concurrent with an increase in 
salinity of the surrounding waters. Penesaline carbonates were deposited cul­
minating in the deposition in anhydrite. 

It is believed this relationship best explains the interfingering and infilling of 
pore space by anhydrite, particularly on the southern edge of the field. 

OTHER PRODUCING FIELDS 

Other producing areas include the Desert Creek, Gothic Mesa, and Bluff fields. 
In these fields the better reservoir development occurs in limes tones and dolo­
mites in the lower part of the Desert Creek zone. These rocks are similar litho­
logically to those in the greater Aneth area, but thicknesses are not as great, 
nor .is porosity and permeability as well developed. In these fields the carbon­
ate-evaporite ratio approaches the 8: 1 limiting value arbitrarily used to differ­
entiate the carbonate -evaporite facies. 

EXPLORATION PROBLEMS 

Although most of the oil and gas fields in southeast San Juan County are asso­
ciated with mild structural deformation, the development of suitable reservoir 
rocks is the prime factor in the loca liza tion of oil. In many ins tances, the 
as sociation of structure with the prodUCing area is probably fortuitous with the 
presence of a structure producing the incentive to drill. Consequently, con­
ventional structure-finding tools are of limited value in exploration . 

In the absence of a direct oil-finding method, meticulous lithologic and environ­
menta 1 studies appear to be the mos t promising approach. With additiona 1 con­
trol' it is possible to work with smaller stratigraphic units which will provide 
"leads" which may be masked by working with thicker units. 

The importance of algae in the development of a suitable reservoir rock has 
become apparent during the past few years. A better understanding of the rela­
tionship of algal growth to environment should provide additional prospective 
areas. 

CITED REFERENCES 
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Paper 36 OIL AND GAS POSSIBILITIES 
OF THE ISMAY ZONE 
by William C. Hafeman l 

INTRODUCTION 

The Ismay zone of the Paradox Basin immediately underlies the Upper Hermosa 
formation, and is underlain by the Desert Creek zone which is productive in 
the Aneth Complex. The Ismay zone is of Pennsylvanian Des Moines age and 
can be separated into two cycles or zones, as indicated on Figure 120. The 
two zones are further subdivided into two distinct phases for this report. Thus, 
the format will be an upper and a lower Ismay zone with each zone subdivided 
into an upper and a lower phase. 

Regional aspects of the two Ismay zones indicate a depositional similarity. The 
main differences between the zones are the more widespread deposition of eva­
porites and the common occurrence of algal carbonates in the lower Ismay zone. 
The occurrence of hydrocarbons within the Ismay zone further differentiates the 
two independent cycles. To date, the Upper Ismay zone has a very disappointing 
production history, but commercial accumulations of hydrocarbons in the Lower 
Ismay zone have been found in several localities on the southwestern shelf of 
the Paradox Basin. 

AREA AND SCOPE OF STUDY 

The area of study includes approximately 20,000 square miles in the south­
eastern portion of Utah and adjacent parts of New Mexico, Arizona, and Colo­
rado, as indicated on Figure 122. 

In the course of the study, samples and cores were examined from wells through­
out the Paradox Basin. Emphasis was placed on wells drilled within the struc­
tural Blanding Basin, where all of the present commercial Ismay production occurs. 

Figure 121, a basinwide cross-section, shows regional correlations across the 
Paradox Basin in the Upper Ismay and Lower Ismay zones and illustrates the 
changes of lithologies within the zones. The correlations illustrated in Figure 
121 are based on studies of columns extending from the Mississippian carbonates 
to the top of the Pennsylvanian Hermosa formation; however, only the Ismay 
zones and portions of underlying and overlying units are illustrated. 

LOWER ISMAY ZONE 

The Lower Ismay zone is the second major producing horizon in the Blanding 
Basin. (The underlying Desert Creek zone has the greater re~erves.) Produc­
tion is primarily from vuggy, algal limestones which are present on the lime­
stone shelf areas of the Blanding Basin. 

Throughout mos t of the Paradox Basin, the Lower Ismay zone can be di vided into 
two phases. However, in several areas in the Paradox Basin, the presence of 
two phases within the Lower Ismay zone is either not indicated or cannot be 
differentiated. 

1. Consulting Geologist, Salt Lake City, Utah. 
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Figure 122 shows the distribution pattern of the various upper phase facies of the 
Lower Ismay zone. The deposits in the lower phase are similar in many areas 
to those in the upper phase. The main facies divergence between the two phases 
lies in the areas immediately adjacent to the main salt basin and within the long 
southeasterly extension of the salt basin. In these areas, all evaporites are 
present in the upper phase, and carbonates are present in the lower phase. 

Main Salt Basin Evaporites 

The main salt deposits of the Lower Ismay zone are normally separable into an 
upper and lower phase. The phases show local variations in salinity, but these 
variations are not consistent, and either phase may contain sulphates or chlor­
ides. The lower phase normally contains chlorides. 

The evaporitic interval of the entire Lower Ismay zone is 165 feet thick in the 
Cane Creek area (T-26 -S, R-20-E). According to present control, the deposi­
tional axis for Lower Ismay evaporites lies within the Cane Creek area and 
trends in a northwesterly southeasterly direction. The salt deposits form a 
prominent neck that trends into the southeastern extention of the Lower Ismay 
evaporites, indicating that the evaporitic trend is both an integra 1 part of the 
salt basin and an extension of it. 

Lower Phase-Shelf Areas 

The lower phase deposits of the "shelf areas," as denoted by Figures 122 and 
123, are sucrosic, dolomitic limestones, or limy dolomites. These deposits 
are differentiated from the overlying algal carbonates of the upper phase and 
their "off trend 10 equivalents of calcilutite and silts tones by textural, chemical, 
and environmental differences. 

The sucrosic carbonates of the lower phase are slightly argillaceous, and 
microscopic streaks of carbonaceous material are very common. In many areas, 
the magnesium content of the lower phase is discernible only through solu­
bility tests. Effective porosity seldom occurs in the lower phase when the mag­
nesium content can be substantiated only by the final stages of acid insolubility 
tests or when the dolomite bed is a few feet thick. 

The lower phase is present throughout the southwestern shelf area and varies 
locally from 5 to 35 feet in thickness. The greatest development is in T-40 and 
41-S, R-26-E, where the sucrosic carbonates flank and overlie the Desert 
Creek build -up. The sucrosic carbonates are also present throughout the Ismay 
field area in T-40-S, R-26-E, but are not as well developed as in the Aneth 
Complex area. Oil has been recovered from the pinpoint vugs and intercrystalline 
porosity of the lower phase in the Ismay field and east flank of the Aneth Complex. 

West of Comb Ridge, thin sucrosic, dolomite beds are locally present in the 
lower phase. However, no effective porosity has been encountered in the thin 
dolomite lenses. 

No evidence of a dolomitic phase has been found in the Lower Ismay limestones 
of the northeastern shelf area east of the anhydrite trend. In fact, the Lower 
Ismay zone is not readily divisible into phases by physical or chemical criteria 
on the northeastern shelf area. Some wells have several feet of recrystallized, 
earthy textured limes tone near the base of the Lower Ismay zone, but the earthy 
limestone is neither extensive nor is it sufficiently developed to be considered 
as a separate phase. Consequently, all the limestones of the northeastern shelf 
as a separate phase. Consequently, all the limestones of the northeastern shelf 
area will be discussed as one unit in the Upper Phase-Shelf Areas section of this 
paper. 
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Lower Phase-Evaporitic Areas 

Lower phase carbonates immediately underlie the upper phase anhydrites that 
are peripherial to the main salt basin and the evaporites of the "trough" area. 

The lower phase carbonates, underlying the upper phase evaporites, are very 
similar to those of the southwestern shelf area, and, in like manner, they 
vary considerably in thicknes s • In the Lis bon anticline area, 22 to 25 feet 
of calcareous dolomites are present in the lower phase, but the carbonates thin 
to the southeast and become more clacareous. Carbonate thicknesses in lower 
phase cores taken 35 to 50 miles southeast of Lisbon, ranged from 4 feet of 
limestone to 15 feet of limestone and dolomite. Control points along the eva­
poritic "trough" indicate that the carbonate deposits underlying the upper phase 
evaporites are best developed in the Lisbon Anticline-Church Rock area. 

LOWER ISMAY-UPPER PHASE DEPOSITS 

The facies change of upper phase deposits within the Paradox Basin is depiC­
ted by Figure 122. 

Upper Phase-Evaporitic Areas 

The upper phase deposits of the main salt basin area have been discussed under 
the heading "Main Salt Basin Evaporites." The anhydrite facies of the upper 
phase adjoins the salt deposits as lateral equivalents and forms a long, broad 
extension of the main restricted basin. The limb of evaporites averages 30 
miles in width and extends into southwestern Colorado and northwestern New 
Mexico. 

The Carter Aztec No.2 well, Sec. 9, T-39-S, R-26-E, is the only test to 
encounter salt in the upper phase of the Lower Ismay "trough" deposits. The 
occurrence of 9 feet of salt in the Carter test indicates that the restricted envir­
onment of the evaporitic "trough" was similar to that of the main salt basin, but 
the thickness of "trough" evaporites is considerably less. The average thick­
ness of all evaporites in the "trough" area is only 20 to 35 feet. 

The anhydrites of the upper phase arealso present as a band adjoining the main 
salt deposits. This anhydrite band may be present to the east of the salt depo­
sits--between the salt and the arkoses west of the Uncompahgre Uplift-- thus 
forming a halo around the salt; but subsurface control is lacking in this area 
and the depositional pattern can only be surmised. 

The anhydrite band west and south of the salt deposits ranges from 10 to 35 
miles in width, except in T-27 to 29-S, and R-12 to 15-E, where a pronounced 
westward extension is present in the Lower Ismay evaporites. In this area, 
the anhydrite facies of the upper phase extends some 18 miles west of its 
normal trend line. (An extension of evaporites in this area is present in many 
pre-Ismay zones, thus indicating the persistance of the salt basin configuration.) 
The entire Lower Ismay zone is absent west of the zero edge of the anhydrite 
in the area north of the Henry Mountains. 
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Upper Phase-Shelf Areas 

The upper phase of the limestone shelf areas is the main objective horizon of 
most Lower Ismay tests. The most widespread development of porosity in the 
upper phase of the Lower Ismay occurs on the southwest ern shelf. 

The porosity occurs in vuggy, algal carbonates and has been encountered in 
various tests on the Monument Uplift as well as in the Blanding Basin. Forma­
tional pressures wes t of Comb Ridge are very low, and no commercial accumu­
lation of hydro-carbons has been encountered to date. 

Reservoir rocks in Ismay zone fields of the Blanding Basin are trends of porous 
limestones that have undergone various degrees ofinfi11ing by secondary recry­
stallization. The effectiveness of the vuggy porosity is a function of the degree 
of secondary crystal growth in the vugs. The porous trends are related to the 
occurrence of an algal growth; therefore, the porous trends are coincidental 
with depositional environments and are predictable to a high degree. 

The algae responsible for the porous development has been identified as 
IvanoviaU The algae framework is a system of interlacing "blades." The 
edges of the blades appear to be laminar in cross section, but this appear­
ance is due to minute crystal growths on the external surfaces of the blades 
rather than laminarity . The porosity between the blades is primarily respon­
sible for hydrocarbon accumulation. When the vugs between the blades are 
infilled with secondary crystal growth, the porosity looses effectiveness in 
proportion to the degree of infilling. Since the upper-phase porosity i s pri­
marily related to an a lgal growth, the entire Lower Ismay zone thickens when 
a porous algal section is encountered. This is basicallya stratigraphic build­
up caused by lime-secreting algae. Nonalgal areas adjacent to porous algal 
accumulations are thinner, nonporous, and represented by thin argillaceous 
limestone and a relatively thick siltstone deposit. In areas of close control , 
a detailed stratigraphic examination of polished core chips show a sedimen­
tary change between we 11s with alga 1 porosity and off -trend wells. The foLlow­
ing comparison is based on core examinations of two wells drilled less than 
an 80-acre location apart. Of these two wells, Gulf No. 1 West Desert 
Creek represents a moderate algal development and Gulf No. 2 West Thsert 
Creek represent s an off-trend well that is near an alga l growth. Both well s 
are located in Sec. I, T-41-S, R-22-E, San Juan County, Utah. 

No . I West Desert Creek No.2 West Desert Creek 

Top of Lower Ismay Zone 

2 ft. Fossiliferous limestone 2 ft. Fossiliferous limestone 
I ft. Quartz siltstone II ft. Quartz siltstone 
---- - - - --- - -- -- --- -- ------- -- - - --- - Intrazona I Time Une - - - --- -- -- - - - - -- -- -- -- - - - - -- - - -- - --- - ------ -- - -- -

2 ft . Calcilutite 
4 ft. Dense alqal limestone 

23 ft. Alqal limestone (vuqqy porocity, partially 
dolomite filled) 

2 ft. Calcilutite 

(Upper Phase) 

4 ft. Calcilutite, calcarenite and pseudo-oolitic limestone 
1 ft. Dense alqal limestone 
2 ft, Calcisiltite, calcarenite and calcilutite 
1 ft. Alqal limestone and calcisiltite (paosity filled with 

secondary crystals) 
I ft . Calcislltite and Calcilutite 
3 ft. Alqal limestone with much calcislltite (porosity filled 

with crystals) 
4 ft. Mixed calcisilite and calcilutite 
5 ft. Argillaceous Quartz Siltstone 

- -- - --- - ----- - - - -- - - - -- -- - - - - -- - - - - Intrazona I Time Une - - - - - - - - - - -- - - -- -- -- - - - - -- -- - - -- -- -- - --- - - - - - - - --

15 ft. Lower Phase (sucrosic carbonates ) 12 ft. Lower Phase (aucrosic carbonates ) 
------- ----- - - - -------- ------------89se of Lower Ismay Zone---------------- ---,----- --------------------

1. Jour. Sed. PeL, March 1960, p. 59-84. 
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The significant points apparent in the above comparison are: 

1. Thirty-one feet of algal limestone and calcilutite in the No.1 well is equi­
valent to 21 feet of calcarenite, calcilutite, and quartz siltstone with small 
traces of algal limestone in the No.2 well. 

2. The clastic nature of the limestone in the No.2 well indicates an environ­
ment subjected to wave or current action, which would be the type of environ­
ment adjacent to a stratigraphic build-up that yields some barrier influence. 

3. The relatively thick deposit of quartz siltstone deposited near the end of 
Lower Ismay time in the No.2 well performed the function of a filler, leveling 
the thinner interval in the No.2 well to the height of the adjacent algal growth 
in the No. 1 well. 

4. The small amount of porosity present in the poorly developed algal interval 
of the No.2 well is almost totally filled with secondary crystals of anhydrite, 
dolomite, and calcite; thus, all effective porosity is lost. 

5. The porosity in the algal sequence of the No. 1 well is partially filled 
with secondary dolomite crystals, but infilling has not reached the point of 
blocking the intervugular connections. 

In tests farther removed from an algal development, all traces of algal lime­
stone are gone and the thickness of the entire Lower Ismay zone is thinner than 
the intervals within the algal trends or inunediately adjacent thereto. The 
overall thickness of the Lower Ismay zone ranges from 25 feet for some non­
algal areas to 75 feet for algal growth areas. Averages for nonalgal areas are 
35 feet and for algal growth areas, 60 feet. 

The permeability loss due toinfilling ofvugs by secondary crystals of anhydrite, 
dolomite, and calcite has caused a number of dry holes within porous algal 
trends. The occurrence of secondary crystal growth is predictable to some 
degree, within a porous trend, but very detailed core examinations of other 
tests within the algal trend are necessary to determine the relationship of ' 
crystal growth patterns to the configuration of the algal trend. 

The importance of structure cannot be overemphasized for entrapping hydro­
carbons in the Lower Ismay zone. There are numerous Lower Ismay failures in 
the Blanding Basin that are directly attributable to a low structural position or 
lack of a structural trap. The porous but structurally low wells normally 
recover salt water on drill-stem tests, indicating the effectiveness of the 
porosity. However, a closed structure is not essential for entrapment. The 
most prolific production from the Lower Ismay zone occurs in the Ismay field 
in T-40-S, R-25 and 26-E, of Utah and T-35-N, R-20-Wof Colorado, which is 
a stratigraphic trap on a large plunging structural nose. The entrapment in 
this field is related to a change of facies whereby the porous algal carbonates 
of the upper phase of the Lower Ismay zone are stratigraphically equivalent 
to dense updip evaporites. The flanks of the structural nose are sharp enough 
to prevent spll age of the hydrocarbons, and the updip barrier gives the effect 
of a closed structure. Structural contours based on close spacing will give 
minor amounts of closure within the field proper; however, this closure is dl,le 
to a stratigraphic build-up. 
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Recoveries from the upper phase carbonates of the Lower Ismay zone have been 
quite disappointing on the northeastern shelf. Although the well density in this 
area is considerably less than on the southwestern shelf, a number of tests in 
the Egnar unit area, San Miguel County , C olorado , have encountered porosity in 
the Lower Isma y zone. The porosity in two of the wells is related to a growth of 
Chaetetes colonial coral which was highly recrystallized, and the third well 
had a fiar development of vuggy porosity and open vertical fractures. 

The Carter Glade unit test in Dolores County , Colorado, encountered the most 
encouraging shows in the Lower Isma y zone on the northeastern shelf. The 
porosity occurred in vugs and vertical fractures. A drill stem test of the Lower 
Ismay zone in the Glade unit well yielded a gas flow at the rate of 8,170 
MCGFPD. The flow pressures were very good, and no water was recovered on 
the test. Attempts to complete this well were disappointing, as large volumes 
of salt water were recovered from all perforations and the accompanying gas 
yields were generally low or absent. The Glade unit well is located on a sur­
face axial trend that continues northward into the Egnar unit area. 

The principal difference of limestone types that are encountered in the two shelf 
areas is the common occurrence of algal carbonates on the southwestern shelf 
and their absence on the northeastern shelf. Also, the carbonates on the south­
western shelf are normally divisible into two sedimentary phases, whereas 
those on the northeas tern shelf are generally related to one sequence of sedimen ­
tation. 

AGE RELATIONSHIPS BETWEEN rr TROUGH" EVAPORITES 
AND SHELF CARBONATES 
At this time, no conclusive s tratigraphic proof has been found as to the time­
of-deposition relationship between the upper phase anhydrites of the "trough" 
and the stratigraphically equivalent carbonates adjacent to the "trough". The 
three possible depositional relationships that exist are: (1) the carbonates are 
younger than the phase equivalent anhydrites of the trough, (2) the carbonate.3 
and anhydrites were deposited concurrently, (3) the anhydrites of the "trough" 
are younger than stratigraphically equivalent carbonates of the shelf areas. 

A clastic deposit is continuous over both the anhydrite and limestone facies, 
and its base seems to be a time line. If the carbonates are younger, there 
would be some depOSitional evidence of freshening in t he "trough" area at the 
end of anhydrite precipitation and prior to the deposition of the overlying clas­
tic. Since there is P-O evidence of freshening, the carbonates are not believed 
to be younger than equivalent evaporites . 

To allow concurrent deposition of open marine and restricted environment sedi­
ments, a special set of conditions must have been present; e ither a barrier was 
present between the two environments , or special current, temperature, and 
density conditions must be empirically assumed. Since barrier c onditions are 
not even remotely suggested by detail well control in T-37, 38, and 39-S, 
either special conditions of current, temperature, and density control existed 
or the deposits are not time equivalents . 

It seems probable that the third possibility (the anhydrite is younger than the 
adjacent limestone deposits) is the most likely explanation for reasons given 
below: 
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1. The thin alternation of carbonates and shale interbeds underlying 
the anhydrite deposits of the "trough " area could be equivalent to 
the entire Lower Ismay limestone of adjacent areas. 

2. The anhydrite represents an environment of desiccation which 
would be more likely to occur when the seas withdrew at the end of 
a depositional period. 

3. No special barrier or other influences are required if the anhydrite 
is assumed to represent the final stages of deposition and to mark the 
recession of the Lower Ismay seas. 

(The above conditions of sedimentation and the possible explanations thereof 
apply equally to the "trough" area of the Upper Ismay zone.) 

UPPER ISMAY ZONE 

The Upper Ismay zone is compris ed of deposits from two environments of depo­
sition, which are divisible into phases. The two phases are well developed 
on the carbonate shelf areas and in the anhydrite extension areas only. The 
Upper Ismay zone will, therefore, be considered as a unit with respect , to 
the main salt basin area. 

Main Salt Basin Evaporites 

The Upper Ismay zone is represented by saline deposits in the area of generally 
thick Paradox Basin salt deposition, as shown in Figure 123. The strike of the 
zero salt line for the Upper Ismay zone is essentially northwest-southeast 
which coincides with the stratigraphic strike of older Pennsylvanian deposits 
and the Pennsylvanian structural grain. 

Present subsurface control indicates that the Upper Ismay salt deposition is 
near a maximum in the area of the Superior Salt Wash test, Sec. 34, T-22-S, 
R-17 -E, where 630 feet of Upper Ismay salt was encountered. During Upper 
Ismay time, salt deposition occurred in the northwestern reaches of the Para­
dox,Salt Basin, as evidenced by 140 feet of Upper Ismay salt in the Carter No. 
1 Sphinx in Sec. 35, T-19-S, R-14-E. 

Along the western edge of zero salt deposition, the Upper Ismay zone rapidly 
passes into an erosional rubble zone and is then absent to the west because of 
nondeposition or removal. 

The anhydrite facies of the Upper Ismay zone is restricted to a relatively narrow 
band, generally paralleling the Upper Ismay zero salt line, and a long narrow 
"trough-like" deposit of evaporites which extend into northwestern New Mexico 
from the Blanding, Utah area. The connection of this salient with the main 
evaporitic bvdy to the north is indicated by dashed lines in Figure 123. 

Upper Phase-NTrough" Area 

Two wells have encountered salt in the evaporitic "trough". The California 
Company test in Sec. 22, T-33-N, R-18-W, Montezuma County, Colorado, 
encountered 30 feet of salt in the upper phase of the Upper Ismay, and the 
Carter 011 Company test in Sec. 23, T-36-N, R-20-W of the same county, 
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enceuntered several feet .of upper phase salt. The tetal thickness .of evaperites, 
beth salt and anhydrite, is censiderably less than that .of the Upper Ismay pre­
cipitates in the Main Salt Basin, but these evaperites represent .only the upper 
phase depesits in the "treugh" area. The Main Salt Basin evaperites represent 
the entire Upper Ismay time. The maximum thickness .of evaperites penetrated 
in the "treugh" area was feund at the abeve mentiened Califernia Cempany well, 
where 76 feet .of salt and anhydrite were enceuntered. 

UPPER ISMAY CARBONATE PHASES 

The carbenate facies .of the Upper Ismay zene are present in beth the upper and 
lewer phases en the seuthwestern and nertheastern shelf areas and in the lewer 
phas e .of the "treugh" area. 

Lower Phase-rrTrough" Area 

The lewer phase underlying the evaperitic salient is a sequence .of thin argil­
laceeus sucrosic delemites with shale interbeds. The sucresic carbenates 
usually have seme indicated peresity en mechanical legs, but the permeabil­
ities are very lew. The carbenate phase is best develeped in the Lisben anti­
cline area. 

Carbonate Phase-Shelf Areas 

In the area west .of Cemb Ridge, the Upper Ismay depesits are very silty lime­
stenes which are net readily divisible inte phases. Lecally, the upper pertien 
.of the limestene is eelitic .or calcarenitic with pinpeint vugular .or eelicastic 
peresity. In T-37-S, R-18-E, the Meuntain Fuel Ne. 1 Mermen Flats test 
cered 13 feet .of geed eelicastic peresity near the tep .of the Upper Ismay lime­
stene. In the area .of Bluff, Utah (T-40-S, R-21-E) and nertheastward te the 
seuthwestern side .of the evaperitic "treugh," the Upper Ismay limestene has 
twe distinct phases. The upper phase is light celered, silty, and nermally 
capped by a clastic limestene which is either eelitic, calcarenitic, calcisiltitic, 
.or seme cembinatien thereef. The lewer phase is argillaceeus, dark, seme­
what cherty, and nermally deveid .of lime clastics. In the area .of Blanding, 
Utah, several .of the Jehnsen Creek unit tests enceuntered vuggy and eeli­
castic peresity in the Upper Ismay limestene. 

Aleng the nertheastern side .of the anhydrite treugh, the Upper Ismay lime­
stene is predeminantly twe phased, dS it is te the seuthwest. The upper, 
clean, lime clastic phase has yielded miner ameunts .of .oil frem pinpeint vugs 
and eelicasts in the Bighern-Hathaway tests in T-37-N, R-20-Wand the 
Nabors Ne. 2 Rewley well, in T-36-N, R-18-W, Mentezuma Ceunty, Celerade. 
In the Ne. 2 Rewley well, 35 feet .of fragmental limestene were cered and 
poresity was present in the upper 25 feet .of the cere. Detailed micrescepic 
examinatien .of the cere revealed the fragments te be primarily fessil sand, 
eelites .of sand size (with superficial eelites predeminating), calcarenite, and 
pseude-eelites. The well was initially petentialized fer 29 BOPD, 30 BWPD, 
and 328 MCFGPD frem the fragmental limestenes. 

In additien te the aferementiened wells that enceuntered clastic lime stene in 
the Upper Ismay zene, the fell ewing tests penetrated a similar fragmental 
sequence aleng the nertheastern side .of the evaperitic treugh: Three States 
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No.1 Dudley, Sec. 13, T-36-N, R-18-W; Nabors No.1 Rowley, Sec. 9, T-
36-N, R-'8-W; Pan Am. No.1 Fehr, Sec. 21, T-37-N, R-19-W; Texota IB, Sec. 
24, T-37-N, R-20-W. All of these tests are in Montezuma County, Colorado. 
In Utah, the Kingwood No.2 Montezuma test in Sec. 22; T-36-S, R-24-E 
penetrated a fragmental limestone section at the top of the Upper Ismay car­
bonate. The Kingwood test 'is also located on the northeastern flank of the eva­
poritic trough. In Montezuma CoUnty, Colorado, a test by Bighorn-Hathaway 
in Sec. 15, T-37-N, R-20-W, encountered a porous section in algal carbonates 
immediately adjacent to the anhydrite trough. Figure 120 shows the lithologies 
of the stratigraphic equivalents of the Upper Ismay zone. In the three center 
wells anhydrite, algal carbonates, and fragmental limestones are present from 
west to east. This change occurs within a distance of three miles. A drill­
stem test of the porosity in the algal carbonates recovered salt water, but the 
important factor in this test is the occurrence of an algal growth. The occur­
rence of vuggy porosity in the algal growth led to additional drilling immediately 
adjacent to the evaporiti·c trough. All subsequent tests tolocateanalgal trend 
adjacent to the anhydrite proved unsuccessful. Either the Bighorn- Hathaway 
test encountered a growth of very limited dimensions or the width of the growth 
area is so narrow that several tests perpendicular to the growth trend would 
be necessary to locate the algal carbonates if the trend does paralle the anhy­
dtite. 

UPPER ISMAY CROSS SECTION 

Figure 120 shows the stratigraphic change from anhydrite to algal carbonates, 
to fragmental limestone , and to dense precipitated limestone. One other notice­
able change is apparent on the cross section. To the northeast of the evapor­
itic trend, the A2 shale which underlies the Upper Ismay zone increases rapidly 
in thickness and the Upper Ismay zone thins correspondingly. The occurrence 
of an increase in the A2 shale thickness at t he expense of the overlying Upper 
Ismay zone is a true facies change, one in which the lower phase of the Upper 
Ismay limestone grades into a marine shale. This facies change occurs north­
east and eastward from and along the entire length of the evaporitic "trough". 

FLAGGY DEPOSITS AT END OF ISMAY TIME 

Throughout most of the Blanding Basin portion of the Paradox Basin, the main 
development of the Upper Ismay zone is separated from an overlying thin -bedded 
limestone or anhydrite interval by a dense siltstone or gray shale bed. The upper 
"flaggy" development represents deposition on a local scale, for the number of 
thin limestone beds present varies rapidly from one to two. The beds are nor­
mally 4 to 10 feet thick. The limestone beds are stratigraphically equivalent 
to one or two thin anhydrite beds that vary in number by local control and do 
not conform to the exact geographical limits of the underlying evaporitic salient; 
however, these beds do show a reasonably similar distribution. The thin 
anhydrite beds are normally 4 to 7 feet thick. The limestone beds of this inter­
val do not have sufficient development to consider them as capable of commer­
cial hydrocarbon accumulation. This sequence is not present in southern portions 
of the Blanding Basin, nor is it present in many places north of the Blanding 
Basin. The interval is apparently indicati ve of minor oscillations of the sea prior 
to the end of Ismay time. 
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Paper 37 GEOLOGY OF THE LISBON OIL 
AND GAS FIELD 
SAN-JUAN COUNTY, UTAH 
by Robert P. Kunkel! and Robert B. Schick2 

INTRODUCTION 

Oil and gas in the Lisbon field is trapped in a faulted anticline of probable pre­
Pennsylvanian origin, hidden beneath the southwest flank of the Lisbon Valley 
salt anticline (Figures 124 and 125). As of April 1962, 15 oil and gas wells had 
been completed in the field. Production is from the Paradox member of the 
Hermosa formation (Pennsylvanian age), limestone and dolomite of Mississippian 
age and two Devonian units, the Ouray limestone and the McCracken sandstone 
member of the Elbert formation. The principal reservoir is in porous fractured 
Mississippian carbonate rocks. This reservoir contains recoverable reserves -
of approximately 35 million barrels of oil and 250 billion cubic feet of gas, 
with an estimated gross value of $130 million, before royalties. 

This paper presents a summary of known information about the Lisbon field to 
aid in pointing out the possibilities offindiI1g oil and gas throughout the entire 
Salt anticline region. These possibilities can be brought into a sharper focus 
by a better understanding of the Lisbon field. 

The Lisbon Valley salt anticline is one of seyeral major northwest-trending 
surface folds caused by flowage of massive salt deposits in the Paradox mem­
ber. Salt accumulated in the Paradox baSin, a sharp asymmetrical downfold 
that formed in a deep trough on the southwest flank of the Uncompahgre moun­
tain range, early in the Pennsylvanian Period. The Lisbon Valley salt anti­
cline, Figure 125, is the most shelfward of these major anticlinal trends, 
which cover an area 100 miles long by 30 miles wide. Other smaller salt anti­
clines occur west and northwest of Lisbon. Some of the best-known uranium 
deposits in the nation have been found in the vicinity of the Lisbon Valley salt 
anticline (Lekas and Dahl, 1956). 

GEOLOGIC HISTOR Y OF THE REGION 

Soon after the close of Mississippian time, the area of the present Uncom­
pahgre uplift began to rise as part of the ancestral Rocky Mountain chain. A 
basin started to form west of the Uncompahgre uplift early in the Pennsylvanian 
period, and lower Hermosa limestones and shales were deposited. A series of 
evaporitic depositional cycles followed and the Paradox member accumulated in 
this ocean -filled trough paralleling the Uncompahgre uplift. Late in the period, 
salt began to shift into linear trends and intrude upward in response to ver­
tical forces along older lines of weakness and in response to the load of rapid­
ly accumulating overlying rocks. The position of these linear trends is thought 
to be controlled primarily by high-angle faulting or folding in rocks older than 
the salt which caused troughs to form approximately at the locations of the pre­
sent salt anticlines. 

1. Consulting Geologist, Salt Lake City, Utah. 
2. Consulting Geologist, Salt Lake City, Utah. 
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Maximum growth of the salt anticlines took place between Late Pennsylvanian 
and Late Trias sic time, during the deposition of the upper Hermosa, "Rico", 
Cutler, and Moenkopi formations. Upward growth continued at a more subdued 
rate until Jurassic-early Morrison time. Following deposition of the Cretaceous 
Mesaverde formation, folding, leaching, and erosion, accompanied by subsi­
dence faulting, further modified the sa It anticlines until they reached their pre­
sent state of development (Jones, 1959; Shoemaker I Case and Elston, 1958; 
Stokes, 1948,1956; and Ceter, 1955). Today these salt anticlines are the site 
of an intensive search for oil and gas as a direct result of the discovery of the 
Usbon field in T-30-S, R-24-E, S. L.M. 

STRATIGRAPHY 

Rocks cropping out at the surface of the Lisbon Valley salt anticline range from 
the Hermosa limestone of Pennsylvanian age (Honaker Trail - Wengerd, 1958) 
to the Cretaceous Dakota sandstone. The Hermosa limestones are exposed 
near the crest of the anticline and successively younger rocks crop out down 
dip to the southwest. Massive cliff-forming sandstones of the Triassic and 
Jurassic Glen Canyon series occur on the extreme southwest flank of the anti­
cline. To the northeast, Cretaceous strata of the Dakota sandstone and Burro 
Canyon formation and some portions of the Jurassic Morrison formation have 
been exposed by erosion associated with faulting parallel to the axis of the 
surface anticline. 

A representative section, typical of the rocks encountered in the Lis.bon field, 
follows: 

~ Formation Thickness Des cri Eti on 

Jurassic (?) Navajo 170-320' Cross-bedded and fine-grained 
eolian reddish -orange to reddish-
gray sandstone. 

Kayenta 230' Irregularly -bedded reddish-
brown sandstone and thin shales. 

Triassic Wingate 280-360' Massive eolian cross -bedded 
reddish-brown sandstone. 

Chinle 600' Irregularly-bedded poorly-sorted 
reddish-brown sandstone and silt-
stone and reddish-brown and 
greenish-gray shale; the red-
orange fine-grained sandstone 
near the base is probably equi-
valent to the Moss Back (Shina-
rump) member. 

Moenkopi 0-500' Interbedded reddish -brown sand-
stone and siltstone and reddish-
brown to gray-green shales; thins 
toward the top of the anticline 
where it is absent. 

Permian Cutler 1500' Irregularly -bedded pale-red, 
grayish-red and reddish-orange 
shales, reddish-brown sandy silt-
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Pennsylvanian "Rico" and 
upper Hermosa 

stone and fine to coarse arkosic 
sandstone; thickens in all direc­
tions from the crest of the surface 
anticline. 

1675-1700' Interbedded gray to brown dense 
finely-crystalline limestone, 
cherty argillaceous micaceous 
shale, siltstone and fine-grained 
sandstone; thickens toward the 
southeast. 

Upper Para- 350' Interbedded dark -gray to black 
calcareous shale, gray-brown 
dense limestone, gray to brown 
dense cherty dolomite and white 

dox member 
(includes 
Ismay zone) 

Paradox salt 2700-6000' 
member 

Lower 15-150' 
Hermosa 

Molas 20-165' 

very finely crystalline anhydrite. 
White coarsely-crystalline salt 
with interbedded shale,dolomite 
anhydrite, and gypsum; thins 
slightly over the oil field and 
thickens toward the surface anti­
cline. 
Interbedded gray-brown dense 
anhydritic partly argillaceous 
dolomite, gray-brown dense 
partly chalky limestone, orange­
brown and white opalescent chert, 
white very finely crystalline 
anhydrite and gray, greenish­
gray and purplish-gray soft shale 
some with limestone nodules. 
Varicolored shales (reddish­
brown, grayish-purple, light­
gray, pale-green) and greenish 
dense limestones. 

Mississippian Undifferen- 300-500' From MitcheH (1961) "D Member: 
(top Predominantly aphanitic lime­
stone of algal mat origin. Contains 
oolitic limestone beds usually 
near the base. Occasionally or 
in part dolomitized. 

tiated 
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Q Member: Predominantly crin­
oidal limestone and vuggy dolo­
mites derived from crinoidallime­
stone. Minor thin asphanitic and 
oolitic zones. Rare horn coral 
usually recognizable . 

.] Member: Predominantly vuggy 
dolomites derived from crinoidal 
limestones with white tripolitic 
chert. Contains variable fauna, 
bryozoa, brachiopods, and other 
fossil material usually poorly pre­
served due to high alteration. 



A Member: Predominantly dolo-
mite of usually finer grain size 
than C or B members. Generally 
recognizable oolite or algal (?) 
oolite beds of top and bottom of 
member. Contains asphaltic lime-
stone." (Bottom). 

Devonian Ouray 100-300' limestone, white, light-gray and 
light grayish-brown, dense to 
lithographic, finely -crys ta lline; 
a few thin laminations of green 
shale; some intercrystalline poro-
sity; thin beds of lig ht -gra y very 
finely crystalline dolomite near 
the bottom; thickes t in the center 
of the field. 

Upper 125-175' Interbedded grayish-brown,dense, 
Elbert medium to very finely crystalline 

dolomite, gray, medium to very 
finely crystalline limestone and 
green shale; upper part is mostly 
dolomite; becomes sandy toward 
base; thinnest in the southwest 
part of the- field; 

McCracken 75-125' Interbedded white to trown poorly 
Member sorted dolomitic sandstone (with 

grains sub-rounded); · some silty 
some friable, with fair porosity; 
brownish-gray dense very fine to 
medium crystalline dolomite with 
streaks and stringers of sand-
stone, green shale anddark-gray 
very sandy slightly argillaceous 
glauconitic siltstone near base; 
fractured; thickest in the south-
western part of the field . 

Aneth 400' Gray, brown and trownish-gray 
resinous dolomite with a few thin 
brown shale streaks. 

Cambrian 485' Upper half is interbedded shale, 
dolomite and siltstone with a trace 
of sandstone. Colors are green-
ish-gray and trownish-gray. 
Lower half is mostly sandstone 
and siltstone with colors grading 
to reddish-brown. 

Rocks penetrated in the lisbon field are typical of the sequence found throughout 
the Paradox Basin. Several rock units are unusually thin. The Moenkopi forma­
tion is not present over the crest ofthe salt anticline, but a thin section is pre­
sent at the lisbon field. The section between the base of the salt and the top of 
the Molas (Pennsylvanian) is extremely variable in thickness, as lsthe Molas. 
Rocks of Ordovician and Silurian age are missing from this Part of Utah, or at 
least they have not been identified. 
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STRUCTURE 

The oil and gas in Mississippian and Devonian rocks, the principal reservoirs in 
the Lisbon field, is trapped in a faulted anticline. The anticline is illustrated 
by structure contours on Figures 127 and 128 and by the cross sections of Figures 
129 and 130. 

As indicated by Figure 124, a structure map with contours drawn on top of the 
Ismay zone of the upper Paradox member, the anticline within Mississippian 
and Devonian rocks is not well reflected in younger rocks. Flowage within the 
Paradox salt has almost completely masked the presence of the older anticline. 
(The Ismay zone is a carbonate unit between the base of the upper part of the 
Hermosa formation and the top of the Paradox salt.) 

Slightly negative areas, formed by pre-salt faults and folds, are generally 
thought to be the primary factors controlling the locations of the salt anticlines. 
It is quite likely that uplift during Late Pennsylvanian time, along the fault 
that forms the north boundary of the Lisbon field, contributed somewhat to the 
movement of salt from the northeast and southwest into the Lisbon Valley salt 
anticline. The movement, or flowage, of the salt forced overlying sediments 
upward and formed a new anticline which is parallel to the original structure, 
but approximately two miles northeast of it. A syncline or trough, along the 
site of the present salt anticline must also have received greater thicknesses 
of salt than did adjacent areas. 

Isopach studies of rock units in the Lisbon field (Parker, 1961) illustrate that 
a northwest-trending structural influence controlled sedimentation there as 
early as Devonian time. However, the site of the field was quite low during 
the time of deposition of the McCracken sandstone, slightly higher during 
Elbert time, and low while Ouray and Mississippian rocks were being depo­
sited. 

One of the most interesting features of the Lisbon field is the lack of corre­
lation between the structure of the producing formations and that of the sur­
face formations. Devonian and Mississippian structures are relatively similar 
in shape but these older structures do not conform to the surface structure 
(Figures 127 and 128). This anticline in Mississippian and older rocks is 
masked by lateral variations in the thickness of the Paradox salt (Figure 126). 
The salt thins to 3,000 feet in the lisbon field, and thickens to at least 6,800 
feet in the area paralleling the crest of the surface anticline. Part of this 
increase in thickness is related to deposition and part is the result of flowage 
and faulting. The greatly thickened mas s of salt would logically flow when 
subsequent fault movements and the weight of overlying sediments exerted 
pressure upon it. Figure 130 illustrates the thickening of the salt toward the 
northeast. 

OIL AND GAS DEVELOPMENT 

Development drilling has proceeded rather slowly at Lisbon as a result of un­
solved problems relating to spacing and production procedures. The discovery 
well was completed in January, 1960. Temporary spacing of one well per 320 
acres was established in February, 1961, by the State of Utah Oil and Gas 
Conservation Commission. Half-section drilling units (El/2 and W 1/2) were 
set up with the wells to be drilled in the SE 1/4 and the NW 1/4 of each sec­
tion. All wells drilled prior to the temporary ruling were recognized as the per­
mitted well for the proposed drilling unit upon which it was located. 
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In all, 18 wells have been drilled in the lisbon field as of April 1, 1962. Of 
this total, three are dry holes, three are dual producers from the Mississippian 
and McCracken reservoirs, two produce from both Mis sissippian and Ouray rocks, 
one produces from the Pennsylvanian Paradox member, and nine produce from 
the Mississippian reservoir only. In addition, two new field discoveries, one 
drilled by Pubco in T-30-8, R-25 -E, and one drilled by Pure Oil Company in 
T-29 -8, R-24-E, have been made since the discovery of the lisbon field. These 
new fields appear to be separate from the lisbon field. A list of the Lisbon 
field wells and the discovery wells in the newly-discovered fields follows: 

PRODUCING WELLS - - LISBON FIELD 

~ Well Name Location f!:!2!!ysolng FQr!Il!!tiQ!l§ Ii lniti!!1 fQte!ltial 
Paradox Mississil2l2ian McCracken ~ 

Pure lA NE NE NW 179 BOPO 587 BOPO 
10-30S-24E 4376 MCFGPO 

Pure 2A SW NE SE 40 BOPO 308 BOPO 
10-308-24 E 1500 MCFGPO 149 MCFGPO 

Pure IB 8E NE NW 406 BOPO 287 BOPO 
14-30S-24E 6382 MCFGPO 

Pure 2B NE SE 351 BOPO 
14-308-24E 7000 MCFGPO 

Pure lC Nl/2 NE 8E 453 BOPO 
4-30S-24E 

Pure 2C N 1/2 NE NW 103 BOPD 
3-30S-24E 129 MCFGPO 

Pure 3C NW SW 8E 158 BOPO 
3-308-24E 3350 MCFGPO 

Pure 20 SWNE NW 319 BOPO 
13-30S-24E 1905 MCFGPO 

Pure IE SW NW SE 1044 BOPD 
15-308 -24E 1905 MCFGPO 

Pure IH NE 8E 2732 BOPO 
9 -30S-24E 

Belco 2 State C NE NE 461 BOPO 68 BOPO 
16 -308 -24E 

Belco 48tate NESW 468 BOPO 
16-30S-24E 

Calif. Oil 21-15 Arnold NE NE NW 432 BOPO 187 BOPO 
15-30S-24E 4BWPO 

Elliott lC 81/2 NE NW 272 BOPO 
9 -308-24E 686 MCFGPO 

Pubco 1 Federal 8W SE SW 1288 BOPO 
12-30S-24E 2863 MCFGPO 

DISCOVERY WELLS -- ADJOINING FIELD8 

Pure 1 USA 8E NE 7400 MCFGPO 
Biq Indian 33-29S-24E 

Pubco 2 -21-F SE NW 17400 MCFGPO 
Federal 21-308 -25E 

437 



T 
30 
S 

Apache 

~32e9-

J). Belco I 

Pure 

* 

.ll-G 
~6320 

Calvert 

( 

Bel co 4 ~-2000 I ~. 
8 *I-E 2 B 

I"\, Elliott,. 2500 I\.. ~ 
I "\. 1-22 .,.".... I"\" "" 

-A..,/" ~-D 
"""8eel5 ~e4e 

R 24E A' 

~834 

STRUCTURE CONTOUR MAP. TOP OF MISSISSIPPIAN ROCKS 

LISBON FIELD o I 2 Miles 
~I =C~~~k~~~L~E====~1 CONTOUR INTERVAL- 500 FEET 

AUnion 

~OIO 

R25E 



The oil and gas reservoir in Mississippian rocks is primarily fractured dolomite 
containing intercrystalline and vuggy porosity. It is thought to be an intercon­
nected unit serving as a common source of supply of trapped hydrocarbons. Net­
pay thickness is nearly 400 feet. 

A band of oil lies above the oil-water contact, which is approximately 2,570 
teet below sea level. This oil ring is in contact with water below and with a 
gas cap above. A gradation takes place throughout the hydrocarbon column, 
with the heavier hydrocarbons at the bottom and with decreasing amounts of 
liquid and an increasing amount of vapor toward the top. The volume of the 
gas zone is much larger than the volume of the oil zone. The gas is low in 
heating value (about 775 to 850 BTU per thousand cubic feet). In some parts 
of the reservoir it contains up to 40 per cent carbon dioxide and nitrogen, 1.2 
per cent helium, and three per cent hydrogen sulfide. Helium content ranges 
between.6 and 1.2 per cent and averages .7 per cent. An average of 43 per 
cent of the gas is inert. 

Soon after the field was discovered, tnere was some disagreement between 
operators as to the best method of producing the Mississippian reservoir to 
obtain the maximum amount of oil and gas at a minimum investment. One 
group held that a retrograde gas cap was present in which liquids would come 
out of solution and coat the reservoir surface as pressure decreased. As a 
result, a certain amount of oil would be lost to recovery. Repressuring should 
prevent this. This group did not believe that there was an active water drive 
in operation. They suggested recycling the gas to maintain original pressures. 
Another group contended that there is an active water drive, and that the water 
will flush the reservoir as it moves upward when hydrocarbons are removed and 
will aid in maintaining press ures. An engineering and geological committee has 
been established by the operators. This committee has drawn up a unit plan 
of operation and submitted it to the U. S. Geological Survey for approval. 
Approval is expected about May 1, 1962. Until the plan is approved, pro­
duction is limited to 150 barrels of stock-tank oil, per well per day, but the 
daily gas production per well may not exceed 300,000 cubic feet. A new well 
may be produced at a maximum daily average rate not exceeding either 500 
barrels of oil or 1,000,000 cubic feet of gas until it has produced a cumula­
tive total of either 30,000 barrels of oil or 60,000,000 cubic feet of gas, 
whichever occurs firs t. 

Under terms of the proposed unit, Pure Oil Company will operate the field. Oil 
and gas will be collected through a gathering system and be brought to a plant 
which is to be located just west of the center of Section 22. At the plant, all 
liquifiable hydrocarbons will be removed. The dry gas will be reinjected into 
the reservoir, eXQept for a small amount wQich will be used as fuel for the 
plant. 

Present plans call for operation of two injection wells in the beginning. More 
may be drilled, or other wells already drilled may be converted to injection wells 
if needed. Pure's No. A-I and A-2 wells, at the top of the anticline in the gas 
zone, have been selected. Both wells have been completed as dual producers 
from the Mississippian and McCracken reservoirs. The Mississippian section 
has been segregated by packers at the top and bottom. Gas will be injected 
through 2 -3/8 inch buttress thread tubing at a surface pressure of 2,500 pounds 
per square inch. The system will be designed to withstand pressures up to4,000 
pounds per square inch. Initially, 6,000,000cubicfeetper day will be injected. 
Eventually injection rates maybe increasedtoas muchas35,000,000cubicfeet 
per day. 
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Unitization plans include only the Mississippian reservoir. The McCracken 
sandstone reservoir is considered to be an entirely separate unit. 

HISTOR Y OF EXPLORATION AND DRILLING 

Drilling on the Usbon Valley salt anticline started in 1927 when a Paradox test 
was drilled by ,Union Oil Company in the NE 1/4 fJW 1/4 Sec. 16, T-30-S, 
R-25-E. Union reported oil shows in the Paradox salt and gas shows at sev­
eral points below the oil show. The well was abandoned at 5,010 feet in the 
salt. The next test was attempted by Pioneer Uranium during 1955 on the crest 
of the anticline in the NW 1/4 Sec. 6, T-30-S, R-25-E. This well was drilled 
to a total depth of 2, 700 feet and probably bottomed in the Trias sic Moenkopi 
formation. 

Pure Oil Company spudded the discovery well, No.1 NorthwestUsbon (renamed 
A-I), on August 14, 1959, in the NE 1/4 NE 1/4 NW 1/4 Sec. 10, T-30-S, 
R-24-E. The prospect was a subsurface "high" 2,000 feet structurally lower 
and 5 1/2 miles northwest of the surface crest of the Usbon Valley salt anti­
cline. Seismograph surveys were primarily responsible for delineating the 
structure beneath the prospect. Natural gas and condensate were discovered 
in carbonate rocks of Mississippian age and oil was discovered in the McCracken 
sandstone of Devonian age. This was the first Devonian production in the 
state. Gas flows ranging from 1,200,000 to 17,000,000 cubic feet per day 
were recorded from drill-stem tests within 450 feet of Mississippian section 
(Budd, 1960). The well was completed on January 4, 1960, flowing 587 barrels 
of 44 degree gravity oil from perforations in the McCracken sandstone between 
8,251 and 8,348 feet. At a later date, the well wasrecompleted in the Missis­
sippian section flowing 4,376,000 cubic feet of gas and 179 barrels of oil per day 
from a depth of 7,576 to 7,970 feet. Two additional pay zones have since been 
established in the field. In October 1960, Belco Petroleum Co. found oil in Ouray 
limestone (Devonian) in the No.2 Belco-StatewelldrilledintheNEl/4 NE 1/4 
of Section 16. In January 1961, Pure completed their No.2 Northwest Lisbon-C 
well flowing 103 barrels of oil and 129,000 cubic feet of gas from a faulted 
zone in the salt section of the Paradox member. The Paradox discovery was 
drilled in the N 1/2 NE 1/4 NW 1/4 of Section 3. 

In September 1961, Pure came up with another Mississippian discovery for 
Utah when they completed a wildcat three miles north of Usbon and separated 
from the field by a major fault. This discovery, No.1 U.S.A. Big Indian, in 
the SE 1/4 NE 1/4, Sec. 33, T-29-S, R-24-E, was drilled on the southwest side 
of the Usbon valley salt anticline surface fault. It flowed 7,400,000 cubic 
feet of gas per day with eleven barrels of condensate per million cubic feet of 
gas. 

As of April 1, 1962, 15 wells have been successfully completed in the Usbon 
field. In addition, dry holes have helped to outline the producing areas and 
furnish additional information (Figures 124, 126, 127, 128). 

ECONOMICS 

It has been reported that Mississippian porosity averages 10 per cent and per­
meability averages three millidarcies. The gravity of the oil is 50-70 degrees 
A.P .1. For Conservation Commission hearings to determine the nature of the 
reservoir, the following liquid analysis was made of a bottom hole gas sample 
@ 2,950 psia and 1440 F : 
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ComEonents ~ ComEonents Mol. % 

Nitrogen 4.75 Iso Pentane 1.77 
Methane 24.48 N Pentane 2.60 
Ethane 8.36 Hexane 2.98 
Propane 5.82 Heptane plus 18.56 
Iso Butane 1. 56 Carbon dioxide 23.82 
N Butane 4.48 Hydrogen sulfide .82 

(Belco Exhibit, analyzed by Wright Petroleum Laboratories, Tulsa, Oklahoma). 

As the result of joint efforts of the many operators in the Lisbon field, agree­
ment as to reserves, methods of operating, plant investment and life of the 
field has been reached. 

Ignoring the possibility of a water drive , assuming gas cap expansion, reinjecting 
a portion of the produced gas, and providing for gas treating facilities, it is 
assumed a capital investment over the life ofthe field of $6 million, in addition 
to drilling and completing the wells, will be required to produce all of the hydro­
carbons. This investment, plus over $1 million in intangible development costs 
will be required to produce a gross recoverable reserve of 35 million barrels of 
oil (STB) and 250 billion cubic feet of gas. These reserves will be produced 
over a period of thirty years and will probably yield a gross field revenue of at 
least $130 million during the life of the field, based on an average of$2.59 per 
barrel to be received at the well head. Accuracy of these figures is naturally 
limited by the accuracy with which such calculations can be made at this 
very early period in the development and production history of the field. 

At present, plans are being made by Pure Oil Company to build a crude oil line 
70 miles south of Aneth where it will connect with lines to Los Angeles and the 
Gulf Coast. Cost of the new line is estimated to be between $700,000 and 
$1,000,000. The line could transport up to 42,000 barrels of oil per day. 

No data is available to the writers from which to report reserves on the Devon­
ian Ouray and McCracken zones. 

Several of the first exploration wells rdnged in cost between $400,000.00 and 
$500,000.00, completed. Certain economics, together with more accurately 
defined drilling objectives, now allow a well completion cost of about 
$250,000.00. 

FUTURE POTENTIAL 

Pure Oil Company has completed a new Mississippian discovery (and a new 
field) in their Big Indian No.1 U.S.A. well, Sec. 33, T-29-S, R-24-E, 

Production is from a depth of 9,886 to 10,150 feet, an interval 264 feet in 
thickness. A one-mile north offset was plugged and abandoned. The offset 
is about 300 feet structurally lower than the discovery. Mississippian porosity 
contained water. The Big Indian discovery is 414 feet higher than Pure's No.1 
State A, a dry hole drilled just north of the fault which forms the north edge of 
the Lisbon field. 
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Pubco recently discovered a new field in Sec. 21, r-30-S, R-25-E. The well 
was gauged at 17,500,000 cubic feet of gas per day from perforations in the 
Mississippian section between 9,270 and 9,400 feet, an interval 130 feet in 
thickness . calculated absolute open flow is reported to be 66,000 MCFGPD, 
the largest in ~e area. This discovery is located almost at the top of the salt 
anticline, but ,Mississippian rocks are 1,500 feet structurally lower here than 
they are at tile highest point in the Lisbon field . Calvert drilled the first 
Mississippian dry hole in T-30-S, R-25-E in December 1961, which separates 
the two fields . A one-mile southeast step-out from the Pubco discovery has 
been temporarily abandoned. The top of the MissiSSippian is 453 feet lower 
there than at Pubco's discovery. 

What the Lisbon area lacks in known aerial extent is somewhat compensated 
for by the thick vertical extent, which is nearly 400 feet in the Mississippian 
section . However, the known aerial extent of Mississippian production in 
the region has recently been expanded by these new discoveries . 

The attention of the entire oil and gas industry in the Rocky Mountain region is 
focused on the salt anticline area as a result of the oil and gas discoveries at 
Usbon . There, porous carbonate rocks of Mississippian age are in contact 
withoil-f"!ch shales of the Pennsylvanian Paradox member along numerous faults . 
Also hydrocarbon source material is present within Mississippian rocks them­
selves . Tectonic forces, sufficiently active to force the Paradox salt into major 
anticlines have created fault and fold hydrocarbon traps. As a result, ideol 
source rocks and reservoir rocks are found together in a faulted and folded 
area to complete the formula for the accumulation of oil and gas . The major 
stumbling block between exploration and the successful discovery of these 
fields is the lack of correlation between the position of anticlines above the 
salt and below the salt. 

The secret of successful exploration in the salt anticline country seems to be 
a good understanding of the tectonic history of the region and a geophysical 
department which can accurately map the top of Mississippian rocks beneath 
several thousand feet of salt and several unconformities . 

The salt anticline region covers 3,000 square miles . Less than a dozen holes 
have been drilled into Mississippian rocks there, with the exception of those 
drilled in established fields on and along the Usbon Valley salt anticline . 
Consequently, lots of drilling can be expected in the coming years. The area 
of most exploratory interest today is a broad band of country with the approx­
imate center line extending from the Usbon Valley anticline , northward through 
Moab and on to the northwest, following the Moab Valley and Salt Valley anti­
clines . The west side of this area extends northwest approxima tely through the 
junction of the Green and Colorado Rivers. 

The principal incentive for prospecting in this region is the presence of geolo­
gic conditions similar to those at Usbon. More major fields are most likely 
to be present. As they are found, the Salt Anticline area of eastern Utah and 
western Colorado may well become a major 011 and gas producing region . 
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Paper 38 OIL AND GAS OCCURRENCES 
IN THE PROPOSED CANYON­
LANDS NATIONAL PARK AREA 
OF SOUTHERN UTAHl 
by Milan S. Papulak2 

INTRODUCTION AND LOCATION 

This paper discusses the area of the proposed Canyonlands National Park and 
the immediately adjacent, geologically similar terrain. The area achieved two­
fold significance during 1962. First, it was the site of three new oil dis­
coveries, and second, it was the locale chosen for the proposed Canyonlands 
National Park. The latter, because of political controversy, has achieved 
na tion -wide a tten tion . 

The proposed Canyonlands National Park is located about 12 -36 miles south­
west of Moab, with its center near the junction of the Green and Colorado 
Rivers. The area is characterized by deep, vertical-walled canyons, flat 
lying plateaus, and sparse desert-type vegetation. The two major rivers with 
their tributary streams have revealed a multiplicity of color in the rocks laid 
bare by erosion. Imposing geologic and geomorphic features offer points of 
distinctive scenic interest. Geologically, the proposed park area is located in 
the salt anticline region, roughly in the central portion of the Paradox Basin. 

Three separate bills have been presented to Congress concerning the proposed 
national park. Utah Senators Wallace F. Bennett (Rep.) and Frank E. Moss (Dem.) 
have each drafted a proposal, while Utah Representatives David S. King and 
M. B. Peterson (Dem.) co-sponsored the third bill. An additional pro­
posal has been made by Secretary of Interior Stewart Udall, calling for a 
332, OOO-acres park (Figure 132). The controversy resulting from these pro­
posals resolves into two issues - the size of the park, and the question of 
multiple use of the withdrawn lands. The outcome of the disagreement over these 
basic issues will bear heavily on future oil and gas exploration in this area. 

The search for oil in the scenic and rugged Canyonlands area had its start 
in the mid-twenties. Although numerous wells encountered good oil and gas 
shows during the intervening years , it was not until 1957 that MisSissippian 
oil production was finally established at the Big Flat field a few miles north of 
the proposed park. In 1962 the Pennsylvanian Paradox salt section proved to 
be commercially productive in three separate discoveries--north, south, and 
east of the Big Flat field. 

To date over60 wells have been completed in the area, and of these, almost one 
half have had oil and/or gas shows in the Pennsylvanian Honaker Trail, Para­
dox salt, or in the Mississippian (Table XX). With all of these good shows, why 
only 4 discoveries? An individual closely involved in the area for many years 
offers a partial answer by referring to past completion efforts as the "Comedy 
of Errors". Several of the early wells with apparent commercial production in 
the Paradox salt were lost by improper completion, or upon deepening the hole. 
Many possible producing horizons in the salt were probably by-passed with the 
use of heavy drilling muds, Another problem, prevalent not only in the Canyon­
lands area but in the entire salt anticline region, is that of interpreting structure 
underlying the Paradox salt. Since the salt section varies in thicknes s (Figure 
136), it effectively masks the underlying structure. Thus, a hole drilled on a 
surface high may bottom in a Mississippian low. 

1. Adapted from PETROGRAM, July, 1962. 
2. Associate Editor, P ETROG RAM , Salt Lake City, Utah 
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Essentially, the scope of this paper is to present a compilation of known oil 
and gas shows in the Canyonlands area, placing emphasis on the occurrences 
in the salt section of the Pennsylvanic;ln Paradox formation. Al~ho~gh many of 
the wells discussed are not in the proposed Canyonlands National Park proper, 
the results of these tests influence oil and gas exploration within the park 
boundary. 

STRATIGRAPHY 

Sedimentary rocks ranging in age from the Jurassic to the Pennsylvanian outcrop 
in the general area. In addition, sections of pre-Pennsylvanian rocks down to 
the Cambrian have been encountered in several wells. A brief description of 
these rocks follows: 

TRIASS IC - JURASS IC 
Glen Canyon Group (includes Navajo, Kayenta, and Wingate formations) 

Navajo formation - about 600' of massive highly cross-bedded Ted to 

TRIASSIC 

buff sandstone. . 
Kayenta formation - 250' of continental, red, gray to purple sandstone 

sha Ie and siltstone. 
Wingate sandstone - about 350' of massive red and reddish-brown 

aeolian sandstone. 

Chinle formation - about 300' of sandstone, variegated shale, and silt­
stone, with some calcareous sandstone beds near the base, and 
underlain py the Shinarump member - 0-50' of continental sandstone 
and conglomeratic channel deposits. Figure 133 shows a structure 
contour map on top of the Chinle. 

Moenkopi formation - about 500' of red to brown continental shale and 
siltstone, with some interbedded sandstone. 

PERMIAN 
Cutler formation - approximately 750' of continental sandstone and shale. 

At the top there is 70-80' of White Rim sandstone, and near the base 
the Cutler grades into marine limestones and sandstones of the under ­
lying Rico formation. 

Rico formation - about 600' of marine limestone and sandstone. 

PENNSYLVANIAN 
Hermosa Group (includes the Honaker Trail, Paradox, and Pinkerton Trail 
formations) 

Honaker Trail formation (upper Hermosa) -1100-1600' of light to dark gray 
limestone with interbedded sandstone, siltstone, shale and sandstone 
with only thin limestone beds. 

Paradox formation - has been divided by Robert J. Hite (1960) into 3 dis­
tinct units on the basis of lithology and described as follows: 
Upper unit - a penesaline facies, 150 - 500' thick and consisting of 

interbedded limestone, dolomite, anhydrite, :plack shale,. , and 
siltstone. The unit grades laterally intonormal limesf on'es' on the 
southern and western margins of the salt basin. 

Middle unit - referred to py Hite as the "saline fades, " consists of 
29 known beds of halite separated by clastic and penesaline inter­
beds of dark gray to black carbonaceous sha Ie, siltstone, anhydrite, 
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dolomite and minor amounts of sandstone. Two of these clastic 
interbeds, locally referred to as the Black Oil zone and the Cane 
Creek zone, are shown as marker beds in the cross sections A 
through D. The depositional thickness of the salt unit, absent at 
the margins of the salt basin, is an estimated 7000' in the basin 
deep. However, as much as 13,000' of salt is known to occur in 
the structurally thickened salt anticlines. In the proposed park 
area, drilling has penetrated as little as 1131' of salt at the Pan 
American No.1 Murphy Range Ulit (NE NW Sec. 12, T-28-S, 
R-lS-E), where the saltthins out over a Mississippian high, to as 
much as 7020' of salt at the Delhi Taylor No.2 Utah (NW SW 
Sec. IS, T-25-S, R-21-E) well, which was used by Hite for the 
classification of a type salt section. Mapping of the individual 
beds indicates that they vary in thickness from IS' toalmost 1000'. 
The thinning or absence of individual beds indicates the presence 
of pre-salt highs, some of which were present throughout the 
entire period of salt deposition, and some only during certain 
intervals. (Figure 135 is a structure contour map on top of the 
salt; Figure 136 is a salt isopach map; Figure 141 is a corre­
lation of the saline facies with the normal limestone sequence in 
the Greater Aneth area.) 

Lower unit - is similar to the upper unit, and consists of intercalated 
beds of anhydrite or gypsum, dolomite, siltstone, and radioactive 
black shale. 

Pinkerton Trail formation (lower Hermosa) - a fossiliferous limestone with 
interbedded gray sha Ie. 

Molas formation - 0 to 100' of vari-colored shale, with thin limestone and 
sandstone beds, wedges out locally over Mississippian highs. 

MISSISSIPPIAN 
Leadville formation - about 200' of light to dark gray limestone, containing 

thin discontinuous bands of porosity (Figure 134). 
Madison formation - about 250' of dark gray limestone and dolomite with 

more "massive" porosity. 

DEVONIAN 
Ouray formation - about 100' of massive limestone. 
Elbert formation - about 125' of interbedded dolomite, quartzite, and shale. 
Aneth formation - a bout 175' of dark gra y dolomite, with interbedded gray, 

brown, and black sha Ie . 

CAMBRIAN 
Lynch formation - light to dark gray dolomite. 

STRUCTURE 

The regional dip of the surface beds is north at the rate of 100-150' per mile. 
The axial trend of most of the local structural features is northwest, paralleling 
the major salt anticlines and the Uncompahgre Uplift. 

At least one well has been drilled on the surface crests of most of the known 
anticlines -- a notable exception is Upheaval Dome. These surface structures 
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seem to carry through to the top of the Paradox salt; below the salt section a 
surface high is often underlain by a Mis sis sippian · low. According to Robert 
Hite (1960), mapping of individual salt beds has shown that the surface salt 
anticlines were actually sedimentary troughs during most of salt deposition 
time. In addition, drilling has revealed Mississippian highs that are not re­
flected at the surface (Figures 133, 134, and 135). 

Usted below are surface structures that have had at least one significant drill 
test: 

The Big Flat anticline is abroad domalshapedstructurewith at most ISO' of sur­
face closure. The Mississippian high is near the Pure No.1 discovery, at least 
1 mile south of the surface high (Figure 139). 

The Cane Creek anticline, an elongate feature with more than 400' of surface 
closure, is readily observed where the Colorado River cuts across the axis. 
Drilling has encountered over 5000' of Paradox salt, with the Mississippian at 
a relatively low position (Figure 140). 

Shafer Dome, the only anticlinal feature trending east-west, has over 400' of 
surface closure. A test to the Mississippian .Leadville formation encountered 
no reported shows. 

To the south, the Lockhart anticline, and Rustler and Gibson Domes each have 
over 100' of surface closure. Only Rustler Dome retains a prominent high below 
the salt section (Figure 138). 

DRILLING HIGHLIGHTS 

Between the years 1924 and 1929, cable tools were floated down the Colorado 
River from Moab, and three wells were drilled in the Cane Creek area by Utah 
Southern Oil Company and Midwest Refining Company. The most Significant 
well was probably Midwest's No.1 F. Shafer (Sec. 31, T-26-S, R-21-E). 
While drilling at 2028' in the Paradox salt, the well blew out and flowed gas 
and green oil (36 0 gravity) which caught fire and demolished the rig. After 
the fire was brought under control, the zone was cased off and drilling con­
tinued to 3628' in the salt where a second test recovered 800' of oil. This 
zone was also cased off and the well was drilled to a depth of 5000'. In 1927, 
after unsuccessful attempts to complete these zones, the well was finally 
abandoned (Carlton, 1958). 

The next period of drilling began in 1948 and has continued somewhat spor­
adically to the present time. In October 1949, Tidewater Oil completed the 
No. 74-11 Big Flat (SE NW Sec. 11, T-26-S, R-19-E) near the surface crest 
of the Big Flat anticline. Slight oil and gas shows were recovered from the 
Honaker Trail, the Black Oil and Cane Creek zones in the Paradox salt, and 
from the Upper Mississippian limestone. The well was abandoned at 8389' in 
the Devonian (?). To follow up these encouraging shows Glen Ruby, a Salt 
Lake independent, drilled a 40 acre offset which was abandoned in May 1953. 
The well, No. I-A Big Flat (NW NW Sec. 11, T-26-S, R-19-E), had oil shows 
with a good gas blow in the Black Oil zone, and traces of oil were swabbed 
from the upper Mississippian. 

In January 1955, Delhi-Taylor completed a significant, but disheartening deep 
test a few miles northwest of Moab. The well, No. 2 Utah (NW SW Sec. 18, 
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T-25-S, R-21-E) drilled through more than 7000' of Paradox salt section and 
was bottomed at 9424' in the lower Paradox. Over 1000' of oil was recovered 
from the Cane Creek zone, and on subsequent tests the operator swabbed 27 
BOPD with a flow of 171 MCFGPD from 7646 to 7672'. As did its predecessors, 
the well encountered completion problems, and when the casing finally collapsed 
the operator abandoned the venture. 

In the same year another "near miss" was scored on the Cane Creek anticline by 
Modco, Inc. The well, No. 2 Govt. (NE SE Sec. 36, T-26-S, R-20-E) was drilled 
to a total depth of 7355', possibly in the upper Mississippian. Reports indicate 
that 780 BOPD was recovered from the Cane Creek zone (6666-6721'). After 
several months of delay, completion was attempted--but the well was dead. 
With prompt completion, the Modco failure might have been the first discovery 
in the area. 

Two additional Mississippian tests were drilled and abandoned during 1955. King 
Oil drilled the No.2 Ruby (SW SE Sec. 11, T-26-S, R-19-E) in the Big Flat area 
about 1/2 mile southeast of the Tidewater failure. A gas blow with up to 80 
BOPH was encountered in the Black Oil zone, and a pump test of the upper 
Mississippian limestone (7778-7840') recovered 15 BOPD. After extensive 
testing, the well was abandoned at 7860' . Later, Pure Oil deepened the well 
to 8061' to test the lower Mississippian, but recovered only slight oil shows 
and water. Reynolds Mining drilled the No.1 Gibson Dome (SE NE Sec. 35, 
T-29-1/2-S, R-20-E), and recovered 100' of green gassy oil from the Paradox 
salt section (3486-3537', between salt No. 13 and 14). 

In November 1957, Pure Oil Company made the first successful wildcat com­
pletion at the Big Flat field. The discovery, No.1 Big Flat (SW SE Sec. 14, 
T-26 -S, R-19 -E) flowed 319 BOPD from the Mississippian (7694 -7728'), 
climaxing the 30 and some odd years of drilling and repeated disappointment. 
The producing interval, a light to dark gray dolomite with zones of vugular 
and fractured porosity, is probably upper Madison in age. The oil is 43 0 

gravity, with a paraffin base and a high sulfur content (Parker, 1960). A drill 
stem test of the Leadville recovered non-flammable nitrogen gas at an esti­
mated rate of 7000 MCFGPD. Oil and gas were also recovered from two sep­
ara te interva Is in the Paradox sa It section. The well blew out in the Black 
Oil zone (5970-5980') and flowed an estimated 5000 MCFGPD and 10-30 BOPH. 
A second DST within salt No. 18 (6266-6273') resulted in 500' of gas and oil 
cut water, and 580' of gas cut water. These zones were cemented to permit 
deepening of the well, and were never retested. Structurally, Pure's dis­
covery was lower on the surface than any of the previo;.ls wells drilled on the 
anticline, but was about 200' higher in the Mississippian. The well is pre­
sently not producing due to waxing problems and a low pumping potential. 
Production in the well was down to 23.5 BOPD in December 1959 before the 
well was shut in. 

The following year Pure Oil completed the No. 2 Big Flat (SW NE Sec. 14, 
T-26-S, R-19-E) a 1/2 mile north offset, with a flow of 85 BOPDfrom lime­
stone beds in the Mississippian Leadville. Although the top of the Mississippian 
was almost 200' structurally lower than in the No.1 well, the producing inter­
vals were at about the same elevation. This well was shut down in November 
1959, after pumping-potential decreased to less than 10 BOPD. In October, 
1962, an attempt to recomplete in the Paradox salt proved to be unsuccessful. 

Four other wells, with significant shows were completed in 1958, but none were 
successful. Cabeen Exploration drilled to the Mississippian at the No. 1 
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Big Flat-Govt. (NW NW Sec. 31, T-26-S, R-20-E) and recovered slight gas 
shows in the Black Oil zone, and pleeding oil from Mississippian cores. Fed­
eral 011 abandoned the No." 1 Fed-Bowknot (NESE Sec. 30, T-25-S, R-18-E) 
after swabbing non-commercial amounts of oil from the Mississippian. Pure 
Oil drilled the third Mississippian failure at No.1 USA-Mineral Point (NE SE 
Sec. 7, T-26-S, R-18-E) and recovered shows in the Paradox salt and in the 
Mis sis sippian. 

The fourth, a 1/4 mile offset to Modco's 780 BOPD linear miss", was the No. I-X 
Federal (NE SE Sec. 36, T-26-S, R-20-E) which Texas-Gulf Producing drilled 
on the Cane Creek structure, and abandoned at 8010' in the Devonian after 
recovering oil and gas shows from the Paradox salt. The Cane Creek ·zone, which 
was only slightly lower structurally than in the Modco well, had only slight 
gas shows. The absence of oil in this 1/4 mile offset gives some indication 
of the elusive nature of the Cane Creek zone as a productive reservoir. 

In 1960 Pure Oil completed the third successful well at the Big Flat field. The 
well, No.3 Big Flat (NE NE Sec. 23, T-26-S, R-19-E) had an initial pump 
potential of 98 BO, 81 MCFG, and 96 BWPD from the Mississippian (7714-
7726'). Oil and gas shows were also recovered from three separate intervals 
in the Paradox salt section, and a cumulative total of nearly 6,000 barrels of 
oil was recovered from the Black 011 zone before the well was deepened. An 
offset, No.4 Big Flat (NW NE Sec. 23, T-26-S, R-19-E) was drilled to evaluate 
these shows but was dry. At the present time the No. 3 is the only producing 
well in the field, pumping 40-50 BOPD. 

Also in 1960) Murphy Corp. completed a dry 8600' Devonian test at the No.1 
Uttle Valley (NWSW Sec. 29, T-26-S, R-20-E) a few miles southeast of Big 
Flat. Oil shows were recovered from the Paradox saH and the Mississippian. 

In 1961, two more wildcats with shows were abandoned. Superior Oil drilled 
No 43-20 Bowknot Unit (NE SE Sec. 20, T-25-S, R-17 1/2 E) to a depth of 
7225' in the Cambrian, recovering only slight shows in the Mississippian. About 
13 miles southwest of Big Flat, Shell Oil drilled the No.1 Murphy Range Unit 
(SW SE Sec. 18, T-28-S, R-19-E) on a seismic Mississippian high. Thewell 
was abandoned in the Devonian after encountering slight oil shows in the Para­
dox salt and in the Mississippian. 

During the first nine months of 1962, six additional significant wells were 
completed -- three as discoveries and three as dry holes. In January of this 
year, Pure Oil made the first successful Paradox salt completion in the area, 
a few miles north of Big Flat. The well No.5 Big Flat unit (NW SE, Sec. 27, 
T-25-S, R-19-E) had an initial flowing potential of 453 BO and 282 MCFGPD 
from the Cane Creek zone (7202-7228') . at the base of the salt. The only 
other salt production in Utah at the time was atthe Usbon field in northeastern 
San Juan County. The new-pay discovery, No.2 NW Usbon-C (NE NW Sec. 3, 
T-30-S, R-24-E) completed by Pure Oil in January 1961 had an initial potential 
of 103 BO and 129 MCFGPD (46.50 gravity)from the Paradox salt. The producing 
interval corresponds roughly to the Black Oil zone in the Canyonlands area (Rite 
personal communication, 1962). Towardthe end of April, production at the No. 
5 well was killed due to collapsed casing. Prior to this time the well flowed 
200-260 BOPD (43.2 to 43.80 gravity). The operator whipstocked and drilled 
deeper to the Mississippian where up to 102 BO and 3000 MCFGPD (inert gas) 
was recovered. Because of the increasing ratio between inert gas and .oil, com­
pletion attempts in the Mississippian were abandoned and the well was plugged 
back to the Paradox where Pure reQo~pleted in the Cane Creek zone fo! 450 BOPD, 
(7210 -725 0). 
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In February 1962, Southern NaturalGas made the second Cane Creekzone dis­
covery a few miles south of Big Flat. The well, No.1 USA (SE NW Sec. 6, 
T-27-S, R-20-E) was completed flowing 280 BOPOfrom the 5808-5860' interval. 
Total depth was 6003' in the lower Paradox. The average production for the 
month of May was 102.2 BOPO. Southern Natural's confirmation to the dis­
covery was abandoned at 7134' in the Camlrian. The 1/4 mile offset, No.2 
USA(NE SWSec. 6, T-27-S, R-20-E) recovered only slight oil shows in the Cane 
Creek zone, although structurally the interval was slightly higher than in the 
discovery. 

The two other dry holes drilled in 1962 were Richfield Oil's No.1 Hatch Mesa 
(NW SW Sec. 22, T-28-S, R-21-E) which had slight oil staining in the Missis­
sippian, and Pan American's No.1 Murphy Range (NE NW Sec. 12, T-28-S, 
R-18-E) which recovered only slight gas shows in the Honaker Trail formation 
and in the Paradox salt. The Pan American well, located about two miles north­
west of Shell's failure, was about 500' structurally higher in the Mississippian. 
The Pennsylvanian Molas was absent in this well. 

The third Cane Creek zone discovery, located on the Long Canyon Unit about 4 
miles east of the Big Flat field, was completed in September, 1962. The well, 
No.1 unit (SE NW Sec. 9, T-26-S, R-20-E) flowed 660 BOPO (42 0 gravity) 
from the Cane Creek zone (7050-7075'). 

SUMMAR Y AND CONCLUSIONS 

Although the success ratio in the Canyonlands area is relatively poor, a review 
of the past drilling activity shows that a better knowledge of salt completion 
techniques might have resulted in additional discoveries. A tabulation of the 
shows in all of the wells drilled in the area indicates that there are at least 
13 separate intervals with oil and gas occurrences; 2 are in the Pennsylvanian 
Honaker Trail formation, 9 in the Pennsylvanian Paradox salt section, and 2 
in the Mississippian (Figure 141). 

The Mississippian, including both the Leadville and Madison formations, has 
produced oil at the Big Flat field just north of the proposed Canyonlands National 
Park. Although numerous wells have been drilled to the Missis sippian since the 
field's discovery in 1957, and have recovered shows from this interval -- no 
additional Mississippian discoveries have been made by mid 1962. Much of the 
problem thus far has been in interpreting Mississippian structure. A better 
understanding of the seismic results would help greatly. In addition, waxing 
has become a problem at Big Flat field, and of the three successfully completed 
wells, two have been shut down because of decreasing pumping potential and 
the third is pumping at a reduced rate. This situation, however, is not evident 
in the Mississippian production at the Usbon field, about 38 miles to the south­
east, and at the Salt Wash field, about 24 miles to the northwest. 

High pres sure "blowouts" occurring in both salt beds and in the intervening 
clastics of the Paradox salt section were encountered as early as the mid­
twenties. The salt section consists of 29 known beds of halite separated by 
clastic and penesaline interbeds of dark gray to black carbonaceous shale, light 
to dark gray siltstone, anhydrite, dolomite and minor amounts of sands tone. 
Mapping of the Paradox salt towards the margins of the salt basin, shows that the 
oil producing limes tones in the Greater Aneth area to the southeast, are peripheral 
facies of specific salt beds (Figure 141). 
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The presence of the carbonaceous interbeds in the Paradox salt indicates a 
highly favorable environment during sa It deposition for preserving organic matter. 
That most of this organic debris has been converted to hydrocarbons is well 
illustrated by the drilling results -- almost half of the wells drilled in the 
area had some shows in the salt section. 

Of the 9 intervals having oil and gas shows in .the Paradox salt, two clastic 
interbeds are of notable interest -- they are the Black Oil zone and the Cane 
Creek zone. The Black Oil zone occurs between salt No. 15 and 16, roughly 
in the middle of the salt section. Although no sustained commercial production 
has been attained from this zone in the Canyonlands area, wells have flowed 
as high as 80 BOPH from the interval. The Black Oil zone is also believed to 
be the producing interval at Utah's first Paradox salt discovery in the Usbon 
field. The Cane Creek zone, thickest clastic interbed in the salt section, is 
the producing interval in three discoveries in the Canyonlands area completed 
in 1962. The wells Pure No. 5, and Southern Natural No.1 USA and No.1 Long 
Canyon Unit had initial potential flows of453, 280, and 660 BOPD. The Cane 
Creek bed lies between salt No. 21 and 22, and occurs anywhere from at the base 
of the salt to 1800' or more above the base, depending on the number of under­
lying salt beds. 

Recent study of these clastic interbeds, which are usually very tight reservoir 
rocks, indicates that fracturing is necessary in developing a favorable environ­
ment for oil and gas accumulation. According to Robert Rite (personal communi­
cation, 1962) t he producing interval in each of the Paradox salt discoveries 
in Utah is believed to be fractured and/or faulted. 

It is quite possible that future dril-ling in this area will eventually establish 
sizeable reserves within the Paradox salt, however, past experience indicates 
that accumulation will likely be erratic and high potential wells will be offset 
by dry ho les - - as ha s occurred south of Big Flat and in the Cane Creek area. 
This type of erratic distribution of oil accumulation is characteristic of fracture 
reservoirs. 

Thus far the Mississippian seems to offer the best potential for the devel­
opment of any large oil reserves in the Canyonlands area. These reserves, 
however, will never be realized unless forthcoming legislation on the proposed 
Canyonlan9s National Park makes definite provision for future oil and gas 
explora tion. 
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Paper 39 MEXICAN HAT OIL FIELD 
Relation to the Paradox Basin and 
an Estimate of Future Possibilities 
by Sherman A. WengercP 

INTRODUCTION 

Geography 

The Mexican Hat oil-field is located north of the San Juan River in T-40, 41 , 
and 42-S, R-18 and 19-E, San Juan County, Utah (Figures 142 and 145). 
Mesas, arroyos, buttes, dry washes, and steep canyons tributary to the 
master canyon of the San Juan River dominate the topography. Elevations 
range from 3,900 to 6,200 feet. Rainfall averages about seven inches, and 
the master stream is snow-fed from the high San Juan Mountains of south"" 
western Colorado. Uranium roads and air strips have made much of the country 
available to the geologist, and easy access is provided by Utah State High­
way 47. 

Regional Geology 

Except for Ordovician-Silurian strata, Cambrian to Mississippian sediments 
originated on the highly irregular, eastern shelf of the Cordilleran geosyn­
cline. Pennsylvanian shelf strata genetically related to the northwest­
trending Paradox geosyncline grade upward into the Uncompahgre continental 
detrital facies of Permian age, with sources far northeast of the Mexican 
Hat area. Supai deltaic beds were deposited from southerly and westerly 
directions and interfinger with Pennsylvanian marine carbonates, as well 
as medium-grained quartzose clastics, distal equivalents of coarse, Cutler 
arkosic clastics. Erosional scarps of Triassic and Jurassic ages flank 
the Monument upwarp. Upper Cretaceous marine, and perhaps Tertiary 
non -marine, sediments close to 4,500 feet thick may have once covered 
this region. Erosion of the San Juan River acros s the Upwarp has exposed 
rocks of Pennsylvanian-Desmoinesian-Cherokee age athwart the axes of the 
Cedar Mesa anticline (Figures 143 and 144). 

The dominant structure of the Mexican Hat area is the north-trending Monument 
upwarp (Figure 142) first named by Gregory (1917, p. 113). It is about 110 
miles long and 50 miles wide, extending northward from the Black Mesa 
Basin in northeastern Arizona, obliquely across the northwest-trending shelf 
of the Paradox Basin to the vicinity of Beef Basin in southeastern Utah. The 
Upwarp is bounded by the Paradox Salt Basin on the north and northeast, the 
Blanding structural basin on the east, the Defiance uplift and Black Mesa 
structural basin on the south and southwest, and the Circle Cliffs upwarp, 
and the Kaiparowits structural basin on the west and n-orthwest. The steeply­
dipping Navajo and Wingate sandstones of Comb Ridge are near the eastern 
boundary of the Monument upwarp. 

The Mexican Hat oil-field lies on the west flank of the Mexican Hat syncline 
between the Cedar Mesa anticline on the west and the Raplee anticline on the 
east, in the southeast central part of the Monument upwarp (Figure 142). 

1. Professor of Geology, University of New Mexico 
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INDEX MAP 

Figure 142. Index map showing Four Comers region with its uplift and basins, generalized extent of 
Paradox salt, and outline of Mexican Hat area. 
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STRATIGRAPHY 

The Rico facies, highest of the better oil-bearing beds in the Mexican Hat oil 
field, is conformably overlain by and interfingers with Halgaito red calcareous 
siltstone and shale. The lower two-thirds (about 235 feet) of the Rico facies, 
considered to be a transgressive -regressive cyclic upper transition member of 
the Honaker Trail formation, contains marine lentils close ly related genetically 
with the Honaker Trail formation (Figure 144). The name "Goodridge" formation 
was applied to Rico and Hermosa strata of the southern Monument Upwarp by 
earlier geologists --Woodruff, Miser, Bailey. 

Regional correlations from type localities indicate that, in the area of Mexican 
Hat field and Honaker Trail type locality, the upper one-third of the Rico facies, 
mapped as a lower unit of the Halgaito, is of Pennsylvanian (Virgilian) age, 
with the lower two-thirds being of Missourian age (Figure 144). 

The Rico facies of the Mexican Hat area ranges from 310 to 370 feet. The 
upper 106 feet (above the Shafer limestone lentil) is placed into the Halgaito 
shale of the Cutler group, and the lower portion is part of the Honaker Trail 
formation. The Rico facies comprises red to brown siltstone, red-brown cal­
careous sandstone which grade laterally and vertically into arenaceous lime­
stones which have been described in detail by Bailey (1955). These calcareous 
sandstones produced such oil as has been found in quantity in the Mexican Hat 
oil field. 

The canyon of the San Juan River does not expose the entire Pennsylvanian 
Hermosa group in the Raplee, Goosenecks, or Honaker Trail areas; hence, 
no direct surface measurement of its thickness is possible (ngure 143). 

The middle part of the Honaker Trail formation exposed on Honaker Trail is 
predominantly brown to gray, calcareous siltstone and shale, interbedded with 
gray, massive, cherty, lithographic to fine-grained limestone. The lower part 
of the Honaker Trail section is predominantly carbonate, or gray, medium­
bedded to very massive, fine to coarse grained limestone with interbedded 
gray calcareous siltstone. 

Three biohermal zones, several biostromal layers, two thin jet-black to green­
black lentils, several massive dolomite lentils, and several sedimentary 
limestone breccias characterize the Paradox formation below Hom Point at the 
Honaker Trail locality (Figure 143). Several lentils of black shale, l:rown to 
gray, medium bedded, fine to medium grained dolomite, and several thin gypsum 
lentils of the Paradox formation correlative with similar but thinner lentils at 
Honaker Trai I, are present in the subsurface of the Mexican Hat o~l field area. 
Following the published work of Wengerd, Strickland, and Matheny, the Rico 
and Hermosa formations as originally defined by Gregory for the Mexican Hat 
area can be resubdivided into the Honaker Trail formation above, the Paradox 
formation in the middle, and the Pinkerton Trail formation at the base, above the 
Molas shale (Figure 144). 

The Hermosa group is around 2, 000 feet thick on the southern third of the Monu­
ment Upwarp, increasing in thickness northeasterly by the presence of more 
Paradox lentils toward the axis of the Paradox Basin. 

Only four "oil sands" can be recognized on modern logs of the Honaker Trail 
section. Other "sands" reported to bear oil in the field cannot be identified 
with certainty in the exposed strata of the San Juan Canyon. 
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CROSS SECTION-MEXICAN HAT AREA, SAN JUAN COUNTY, UTAH 
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Figure 143. Cross section, Mexican Hat area, San Juan County, Utah. A semi-schematic diagram in 
great part scalar-controlled to show location of the older Mexican Hat" anticline", now a structural 
terrace on the west flank of Mexican Hat syncline and east flank of Cedar Mesa anticline. Diagram 
also shows stratal position of productive oil sands. The canyon at left side of oil field is an aban­
doned tributary to an older higher-level abandoned San Juan Canyon. 
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STRUCTURE 

Regional Structure 

The Monument Upwarp is a vast regional anticlinorium 110 miles long, north­
south, and 50 miles wide. Regional structural relief above the Blanding Basin 
to the east is more than 5,000 feet, and the Upwarp is over 6,900 feet struc­
turally higher than parts of the Kaiparowits Basin far to the west. The Upwarp 
is furrowed by synclines and anticlines of great length, high relief, and low 
flank dips (Figure 142). Only along the east side of the Upwarp, where Comb 
Ridge has easterly dips ranging from 180 to 58 0 , do the flanks of anticlines such 
as the Raplee and time Ridge have flank and plunge dips greater than 6 0 • 

Good stratigraphic evidence indicates that the Monument Upwarp was the locale 
of a north or northwest-trending tectonic submarine irregularity or welt in the 
early Pennsylvanian seas (Figure 143) (Jordan, 1957, and Hinds, 1960). The 
Mexican Hat area was probably alternately covered by marine waters during 
parts of Missouri and Virgil time and open to slight subaerial erosion; however, 
most of the reddish-I:rown clastic strata are very likely marine deposits. Based 
on dips in later Mesozoic rocks at some distance, Gregory (1938, p. 85) con­
cluded that the general tectonic pattern of the Upwarp could be attributed to pre­
Tertiary regional crustal movement. 

Rocks younger than the Wingate sands tone are stripped from the Upwarp, but it 
appears that the maj or orogeny of the area began in Laramide and continued into 
mid-Tertiary time, causing localized folding into anticlines and synclines 
(Kelley, 1958), and regional uplift to elevations from 8,000 to 15,000 feet 
accelerating denudation which has continued to the present time. 

Local Structure of the Mexican Hat Oil Field 

The oil field lies on the west flank of the Mexican Hat syncline between the 
Raplee anticline on the east, and the Cedar Mesa anticline on the west (Figure 
143). The Raplee anticline is the southwesternmost of three prominent anti­
clines which line en echelon along the east flank of the Monument Upwarp (Fig­
ure 142). The San Juan River has trenched 1,325 feet into the Hermosa group 
of Raplee anticline, exposing black shale and gypsum clearly correlative with 
the Paradox formation (Figure 143) (Borden, 1952, p. 27) (Wengerd and Matheny, 
1958, p. 2060-2061). This anticline is 15 miles long, 4 to 6 miles wide; the 
Rico facies on its crest stand about 1,400 feet above the Rico at river level 
on both flanks. The top of the Rico facies lies at depths from 200 to 400 feet 
in the deeper parts of the Mexican Hat syncline so the total structural relief 
is at least 1,600 feet (Figure 143). 

The Mexican Hat syncline is approximately 16 miles long and 5 miles wide, with 
a steeply west-dipping east limb (240 -480 ) and a gently east-dipping west limb 
(3 0 -6 0 ). A large area of Halgaito red beds and some Cedar Mesa sandstone 
equivalents are preserved along the axis of the syncline. Most of the west 
flank of the syncline is underlain by the thin McKim limestone (Wengerd, 1950, 
p. 778), the mappable top of the Rico facies. The rim of some of the deeper 
canyons on the east flank of the Cedar Mesa anticline is upheld by the Shafer 
limestone, which forms the rim at Honaker Trail, is the mappable top of the 
Honaker Trail formation, and is found 106 feet below the Rico facies top. The 
mappable top of the Paradox formation in the inner gorges of the San Juan Canyon 
is the Hornpoint limestone (Figure 143). 
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Close examination of the surface structure of the oil-field reveals the presence 
of a sharp increase in Rico dips from 30 to 60 and SO on the east flank of the 
Cedar Mesaanticline. This structural terrace may have existed as a closed anti­
cline with a suggested northeasterly trend prior to the folding which created the 
prominent north -trending Cedar Mesa - Mexican Hat -Raplee structures. 

The crest of the Cedar Mesa anticline is a north-trending six-mile segment of 
one of the longest anticlinal trends in the Colorado Plateau with "highs" which 
have been named Halgaito, West, Cedar Mesa, Bullet Springs, Bears Ears, and 
Elk Ridge. 

The strongest folds show diverse-trending noses, terraces, and sinuous axes. 
Based on the lack of Virgil strata in many locales, and the existence of notable 
disconformities and peculiar variations of thickness in the upper Hermosa group 
and Cutler strata of the region (Wengerd-Matheny, 1958), the writer suggests that 
minor, though diverse-trend, critical, low-closure tectonic (non-drape) folding 
took place in the Monument Upwarp-Blanding Basin area as early as late Penn­
sylvanian-Missouri timewhen the Uncompahgre positive element began its rise 
on the northeast flank of the presently defined Paradox Salt basin. 

If the above is a correct appraisal of the structural history of the Mexican Hat 
area, the oil field is not a synclinal one in the genetic sense, and the later 
synclinal structure had little control on the original oil accumulation. 

OIL DEVELOPMENT 

History 

The history of drilling for oil in the Mexican Hat area maybe divided into three 
parts; 1907 to 1912, 1920 to 1930, 1947 to 1960. 

The maximum drilling development was from 1907 to 1912, and, according to 
A. L. Raplee, twenty-seven drilling rigs were actively drilling in the field on 
February 1, 1911. Early discovery history of the field was recounted by Wood­
ruff (1910, p. 98-99). 

The formerly active area of the oil field is shown in Figure 142; however, as 
pointed out by Gregory: 

"The only notable production has been obtained from a few wells of 
small individual capacity, near Mexican Hat and Goodridge. These 
wells, which are named below, are all inTo 42 S., R. 19 E., within 
a radius of 1 1/4 miles of the common corner of Sections 5, 6, 7, and 
8: 

Huds on we 11, Section 5 
Bryce No.1 well, Section 6 
Bryce No. 2 well, Section 6 
Mexican Hat well, Section 6 
Arcola well, Section 6 
Crossing No.1 well, Section 7 
Monticello well, Section 7 

Other wells within the same radius have bailed small quantities of oil 
or furnished showings of oil and north of that locality, showings of 
oil have been reported at various depths from scattered wells in 
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T-40-S, R-18-E; T-41-S, R-18 and 19-E. Showings of oil are also 
reported from wells as far west as Johns Canyon and the mouth of 
Slickhorn Gulch. 

The production of the field has all been consumed locally. No reli­
able estimate of the output of the field in the period of activity is 
available, though records of sales from the Bryce No.2 well show 
that some 5,000 barrels of oil were disposed of for field use in 1910 
and 1911, in addition to many barre Is of oil either wasted or consumed 
in drilling by the owners of the well." (Gregory, 1938, p. 112-113) 
(Miser, 1924, p. 142-143). 

No wells drilled after the early period found commercial quantities of oil or 
gas, although significant shows are reported in virtually all of the wells 
which penetrated to the Molas shale or as deep as the Precambrian schist. 

Oil Production 

At leastl3 wells produced commercial quantities of oil; of these, the break­
down shown in the following tabulation is believed approximately correct. 

1F0rma tiona 1 
Position of 

Strata 

.... 

Tabulation of Production 

Oil 
"Sands" 

"Baby" 
"Goodridge" 

"Third" 
" Mendenhall" * 

Thickness 

2'-12' 

12'-53'? 

5L 6' 
24' -40' 

Number 
of 

Producers 

o 
3 

1 
5 

Estimate of 
Cumulative Oil 
Production 

10,000 bbls. 

500 bbls. 
25,000bbls. 

~ _ ~ ____ L-______________________________________________________ ~ 

to ..... 

§~ 
::r: 

I X 
~ 0 
to '0 
0.. 

"tittle Loop"** 
"Goosenecks" 

"Blue Shale" 
"Honaker"*** 

(upper bioherm?) 

3 1/2' 
35' ? 

2' 
73' 

TOTALS 

3 
o 

o 
1 

13 

*also believed to be the "Arcola II and "Amber" sands. 

18,000 bbls. 

500 bbls. 

54,000 bbls. 

**mainly from the Mexican Hat No.1 well in Sec. 6, T-41-S, R-19-E, which 
may have found oil in fractures. 

***not the "Honaker" sand as originally defined (Figure 146). 

Several barrels of oil were found in all of the eight "sands" named in the 
field. Figures 143 and 146 show the known and inferred stratigraphic corre­
lations of the "Arcola", "Amber", and "Goosenecks" oil zones. 

An analysis of depths in relation to the measured Honaker Trail section reveals 
some difficulty concerning the "Honaker" oil sand which is said to " ..• occur 
just below water level at the foot of Honaker Trail" (Miser, 1924, p. 145). 
The Anderson, Hudson No.1, in Sec. 5, T-42-S, R-19-E, was originally 
thought to be productive from the "Honaker" sand, (Mrs. Ellis Neville, per­
sonal communication, June, 1951) yet the depth of the Hudson well indicates 
that this production may have been obtained from the upper Bioherm (Figure 146) 
as recorded from Honaker Trail section measured by Wengerd and Strickland for 
the Continental Oil Company in June, 1951. If suchis the case, the "Honaker" 
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Figure 146. Columnar section, Mexican Hat field, San Juan County, Utah; shows the excellent drillers 
log of the Anderson Hudson No.1 compared with a generalized log of the Honaker Trail section. 
Names in quotes are, or were, productive of oil in Mexican Hat field. Note that top of the Rico 
marine facies is higher stratigraphically in Mexican Hatfield than in outcrops at Honaker Trail. For 
mapping purposes the top of the Honaker Trail formation, Hermosa group, is chosen at top of Shafer 
limestone, a local name used by early surface geologists who worked in southeastern Utah. 
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oil sand was defined from Honaker Trail where it was never seen but where it 
was inferred from an oil seep discov~red in sand bars of the San Juan River 1 1/2 
miles southeast of the head of Honaker Trail (Miser, 1924, p. 140). Data 
available indicate that the "Honaker" oil sand was not tested by any well 
drilled in the main productive part of the Mexican Hat oil field. 

Cumulative oil production seems not to have exceeded 60, 000 barrels, although 
the statements ascribed to "old-timers" placed the total oil production to 1950 
at "over 75,000 barrels of oil." The field could not be considered an economi­
cal producer. As late as 1950, two shallowwells were being drilled, and a few 
barrels of oil were being produced from three other shallow wells. 

Below is a tabulation of the gravities of oil obtained from the oil field: 

Well Formation Gravit:r: Be Source of Data 

Not given Not given 29.90 Gregory, 1909, p. 24. 
Oil City "Baby" 38.00 

*Bryce 2 "Mendenha 11 " 35.50 p. 25. 
Goodridge 4 "Goodridge" 39.40 Woodruff, 1910, p. 94. 
Jackson 5 "Little Loop" 38.40 

Hudson 1 "Goodridge" 40.7 0 

*Bryce 2 "Mendenha 11" 36.9 0 

Mexican Hat 1 "Little Loop" 47.00 

*appear to be two different measurements of oi I from the same well. 

The first entry in the above tabulation probably represents "weathered" oil 
analyzed some time after its collection. Variations in gravity among the var­
ious "sands" are not great, and could be expected to represent differences in 
reservoir conditions. The differences between the oils from the "Little Loop" 
oil sand in the Jackson 5 (38.40 Be) and the Mexican Hat (47.0 0 Be) are not 
easily explained. Correlations prove that the "Little Loop" oil sand lies in a 
sandy phase directly below the top of a massive limestone in the upper part 
of the Honaker Trail formation. The productive history of these two wells, 
located only one and one-half miles apart, is greatly dissimilar. The Mexican 
Hat No. 1 accounts for 90% or more of all commercial oil produced from the 
"Little Loop". This very thin, discontinuous reservoir is a porosity-variation 
trap; however, both the gravity and production differences suggest a possible 
increase of porosity by fracturing at the "crest" of the terrace-flexure on 
which the Mexican Hat No. 1 was drilled. Further conjecture might suggest 
vertical migration of oil into the "Little Loop" fracture-reservoir from deeper 
Honaker Trail sandstones, Paradox dolomite, or biohermal-biostromal lentils. 

Character of Reservoir Strata 

The porosities and permeabilities of the calcareous sandstones vary greatly. 
Oil distribution is "patchy," ranging from oil in fractures to intergranular oil 
whose distribution is controlled by differences in the calcite-cement distri­
bution. The reservoirs in the Rico facies are predominantly buff to brown and 
brownish-gray calcareous sandstones, whereas the reservoirs below the Rico 
facies are arenaceous limestones, and calcarenite or sedimentary reef breccias. 
The "Mendenhall" sandstone is the best oil producer in the Rico section, where­
as the anomalous "Little Loop" sandy limestone is the best reservoir in the 
Honaker Trail formation of the Mexican Hat field. Although the productive layers, 
despite lithologic variation, can be correlated over a rather wide area from the 
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Honaker Trail exposures on Cedar Mesa anticline to the subsurface section in 
the Lime Ridge anticline, the production from these strata vary from well to well. 
Obviously, all of the reservoirs vary greatly in porosities and permeabilities. It 
appears that the greatest single factor in oil entrapment is a series of discon­
tinuous, variable porosity traps, unrelated to present structural disposition, 
but possibly genetically related to marine winnowing of sediments of an old 
late Pennsylvanian fold (Figure 143). . 

Origin of Mexican Hat Oil 

Fossil content and the discontinuity of porous sections in these upper Penn­
sylvanian sandstone and limestone lentils suggest an in -place origin of the 
oil, with some possibility of vertical migration of oil through fractures related 
to the pre-Laramide Mexican Hat anticline. Original depositional anddia­
genetic variations related to westward wedging of the Rico Facies sandstones, 
whose sources lay in the Uncompahgre and Defiance uplifts, are responsible 
for entrapment of the oil seemingly unrelated to the prominent Laramide and 
Tertiary structures of the region. That some relief of original compactional 
and hydrostatic pressures in these oil accumulations occurred as a result of 
breaching of later Laramide and Tertiary anticlines by the entrenching San Juan 
River and its tributaries, cannot be doubted. This factor was first mentioned 
by Gregory (1909, p. 23), elucidated by Woodruff (1910, p. 96-97), mentioned 
by Miser (1924, p. 146), further detailed by Gregory (1938, p. 113), and 
finally analyzed by Storm (1949, p. 62), as a regional control inall above-river­
level oil accumulation in the region of southeast Utah. 

Despite the fact that the numerous extinct oil seeps in the San Juan Canyon 
virtually prove that an entrenching river will release oil from a reservoir by 
direct breaching, or by crossing minor faults which cut a reservoir, the rela­
tively discontinuous nature of effective porosity in these high-shelf reservoir 
strata militate against a regional draining of all reservoirs which stand above 
the present level of the San Juan River. There can be little doubt that intake 
of meteoric and river water on the west limb of Raplee anticline and the east 
limb of Cedar Mesa anticline resulted in holding some oil in hydrodynamic 
balance on a structural terrace west of the deepest part of the Mexican Hat 
syncline (Figure 143). 

~uture l)evelojJntents 

In 1910 Woodruff stated that: 

" ... all the wells containing more than a good I showing I of oil are in 
the syncline, (hence) it is believed that the basin structure probably 
contains most of the oil." (p. 103). 

He noted that very little gas was present with the oil, and other reports state 
that only the first well, CrOSSing No. I, was a "gusher". Woodruff (1910, 
p. 104) suggested that the following area had the mostfavorablecond1tions for 
developing added reserves: 
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T-42-S, R-18-E, Secs. 23*, 23*,l.§*, 26, 35, 36* 
T-41-S, R-19-E, Secs. 19*,20*,21,28,29,30*,31*,32 
T-42-S, R-18-E, Secs. 1*, 2, 11, 12, 13, 14,24 
T-42-S, R-19-E, Secs. §..*, 2..*,1*, 8*, 17, 18, 19, 20 



The sections marked with an asterisk have been partly or wholly tested since 
1909 in one or more of the oil sands, and the underlined sections have been 
found productive of some additional oil. 

According to Miser (1924, p. 147): 

" ... (because of) the extensive prospecting, the small production and 
the deep trenching of the oil field by San Juan Canyon, only small 
flowing wells, or perhaps fairly good pumping wells may be expected 
in the prospected sands within the limits of the present field. No 
large producing wells may be expected in the field unless they are 
discovered by drilling deeper into the Goodridge (Rico and Hermosa), 
whose entire thickness is not known, or by drilling in adjoining areas. " 

A southernmost part of the Mexican Hat oil field was sold to Ellis and Conway 
interests in 1953. Several additional shallow wells were drilled in 1954, one 
of which, the Ellis No.2, was completed for two barrels of oil per day from 
the "Goodridge" . Completion data on this well, and behavior of allother 
wells on which data could be assembled, leave no doubt that the present 
reservoir pressures are a combination of gravity drainage and some hydro­
dynamic pressure. 

If this analysis of the structural history is correct, small oil producers might 
be economically and successfully completed in Sections 7, 8, 18, and 19, 
T-42-S, R-19-E, and possibly in Sections 13 and 14, T-42-S, R-18-E, south 
of the San Juan River. 

With new completion techniques involving sand-oil-frac or acid-frac, any 
one or all of the Mexican Hat "oil sands" in the sections listed above might 
yield commercial quantities of oil south of the San Juan River. Additional 
engineering studies are necessary before conclusions can be reached along 
these lines. 

Also, possibilities favor encountering deeper reef zones correlative with the 
Paradox bioherms exposed in the San Juan Canyon to the west of the oil field 
(Wengerd, 1951). Shows in pre-Pennsylvanian strata in the deep well drilled 
in the heart of Raplee anticline ("Soda Basin") just north of San Juran River 
suggest oil and gas possibilities in those strata within the Mexican Hat field. 

CONCLUSIONS 

The Mexican Hat oil fieldhas produced small quantities of oil, under low pres­
sure, without appreciable quantities of gas, in at least eight lentils within the 
upper Pennsylvanian section. 

The structure of the oil field is a north-trending terrace-steepening on the gentle 
west flank of the sharply folded asymmetric Mexican Hat syncline. Reservoirs 
of variable porosities within calcareous sandstone, biostromal and biohermal 
limestone, and dolomite may lie athwart a pre-Laramide Mexican Hat anticline, 
later tilted into a steepened structural terrace. This terrace was breached by the 
San Juan Canyon during Tertiary time which releas ed some of the original res ervoir 
pressure and allowed some gravity drainage (eastward shift) of oil from the 
reservoir beds. Oil within these beds is thought to have originated in place. 
Hydrodynamic pressures from the outcrops in the west flank of Raplee anticline 
probably aided in holding the oil on the east flank of the Cedar Mesa anticline. 
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Drilling south of the San Juan River may result in the discovery of small com­
mercial quantities of oil if the wells a re carefull y located, drilled, and brought 
in with modern completion techniques. 
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Paper 40 OIL AND GAS OBJECTIVES 
WORTHY OF EXPLORATION 
IN SAN JUAN COUNTY 
(not covered by previous papers 
in this volume) 
by Dorsey Hager 

East of the Colorado River and south of T-30-S, SLB & M, there lies a consi­
derable area beyond the limits of the Lisbon Dome, the Greater Aneth area, 
and the Old Mexican Hat oil field, discussed in the papers of this volume by 
Kunkel (Paper 37), Carter (Paper 35, Hafeman (Paper 36), Wengerd (Paper 39) , 
Welsh (Paper 41), and Quigley (Paper 34). Carter has confined his discussion 
largely to the Desert Creek zone of the six townships square in the southeast 
corner of Utah. Hafeman, while covering the entire Paradox Basin, treats 
only the Ismay zone of the Penns ylvanian . Welsh focuses attention on the 
character, extent, and significance in oil finding of the salt disconformities 
in the Paradox. Kunkel discusses the Lisbon -Big Flat trend, and Wengerd dis­
cusses the Mexican Hat area. Quigley discusses the broad features developed 
through geophysics and geology. Also, Quigley's paper should be carefully 
studied for its implications of unconformities in the Pre -Pennsyl vanian beds. 
It is a fruitful paper, deserving much consideration. Beyond these areas and 
below the Post-Mississippian zones discussed by others in detail, are other 
objectives worthy of consideration. This paper is designed to give a general 
summary of some of these objectives in San Juan County that have thus far not 
been discussed in this symposium. 

A hundred or more test holes have been drilled in the area under discussion into 
and through the Mississippian beds. Some thirty of these tests have pene­
trated the Devonian beds (Figure 147) and a number have penetrated Cambrian 
and Precambrian rocks. Some of these tests were situated on surface struc­
tural features, others on seismic highs. In the main, most of the holes could 
be classed as combinations of structural and stratigraphic tests. 

Aside from the Lisbon-Big Flat fields, the only production from the MisSissip­
pian beds occurs far to the south in Texaco's A.E. Navajo in Sec. 19, T-43-S, 
R-21-E, San Juan County. This well produces from the Leadville limestone at 
6,910-6,922 feet. Initial production was given as 47 bbls. of oil, 105 bbls. 
water per day, A. P. 1. gravity 39.3. The hole penetrated the Elbert formation 
(Devonian), but no McCracken sandstone production was found. This test is 
well down the southwest flank of the Chinle Wash Field. 

Texaco Inc. also dri lled a deep test on a high in the producing area in the Aneth 
field, No. D-30Navajo, inSec. 20, T-40-S, R-24-E. This test penetrated the 
Mississippian, the Devonian, and the Cambrian, and ended in Precambrian rocks , 
but found no oil b.elow the Pennsylvanian beds, although non-inflammable gas 
was encountered in the Leadville at 6,666 -6,840 feet, also some water deeper 
in the Leadville, and water in the Devonian 7,204-7,428. The Aneth was topped 
at 7,455, the Tapeats sandstone at 7,616, and the Precambrian 7,870-7,885. 
This test is an especially interesting one, and at once raises the question of 
whether the structural high in Pennsylvanian beds is reflected in the Pre-Penn­
sylvanian beds, or whether there is a marked discordance. Additional tests will, 
no doubt, he made, or old holes deepened later as the Pennsylvanian production 
declines. 

1. Consultant, Salt Lake City, Utah. 
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PERIOD SERIES 

Table XXI. Stratigraphic Table. 

CHARACTER THICKNESS REMARKS 

PENNSYL- Des Moines Unconformity 
'VANIAN 

White to tan l .s.l oolitic 375-450' 
cherty 

MISSIS­
SIPIAN 

DEVONIAN 

Meramec 

Upper 

SILURIAN 
AND 

ORDOVICIAN 

PRE­
CAMBRIAN 

Upper 

Middle 

Lover 

Leadville 
(Redvall 
Madison) 

Ouray 1.s. 

Finely crystalline 1 .s., 
dolomite, gray and brovn 
bright green, sandy, 
vaxy shale 

Gray and brown argilla­
ceous 1.s. some glauco­
nitic, green, waxy sh. 

370-500' 

0-250' 

Correlates vith Red­
vall of Grand Canyon 
which carries oil in 
Garfield Co., Big 
Flat, and Lisbon, and 
good shows in San 
Juan County 

\ rT--------r------------------+------~--~~-------·--

Upper mem­ Dol. gray-green shale 
red shale 

0-300' 

~ ber 
;;:rzt-----t-----------f----I--------., .. -.-. .... _.-.-

~McCracken S.s. 

Ignacio 

Massive dol. glauc . some 
siltstone and dk. shale 
glauco s.s. 

0-500' Sandstone productive 
at Lisbon 

t-t---------i-------------+----~----.- .. -.. 
Aneth Limestone, dol. shale 

Absent? 

MAJOR UNCONFORMITY 

Lynch Dol. Mass . do1., dns. suc., 
glauc., sm. xln., minoi 
thin micac . sh.; small 
siltst. and s .s. locally 

0-300' 

0-1500' might carry porous 
pay streaKs 

'- 'r- ------------+-----I----------·----.. -

Bovman 
Hartman l.s. 

(undiff) 
Mass. 1s., gr. dense, 
arg., locally glauc., 
w/minor stks. micac., 
glauc o sh. and dol . 

........... ~ - - - - - - --

Ophir FM Bedded sh., gr-grn. red 
micac., commonly sdy. 
w/stks. dol., Is., and 
s.s. 

0-800' 

0-375' 

might carry porous 
pay streaks 

" ''t--------------r----~~-----------
Tintic s . s. 

(Tapeats) 

I 

Mass. s.s., wh., grn. 0-550' 
mar., red, fn., dn. tovy. 
crs., sm. glauc. locally 
basal 50-70', feldspathic ! 

MAJOR UNCONFORMITY 

Schists, shales, S.S. 
and granitics 

Possible resevoir 

Poss i ble but not 
likely 
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Cambrian beds cannot be ruled out. First, oil might be indigenous to them at 
places, and, second, they could act as reservoirs for migratory gas or oil from 
Mississippian and Devonian beds. Porosity and permeability are known to be 
present in the dolomites and sandstones of Cambrian age, which necessarily 
forces the conclusion that, given proper structural or stratigraphic traps, gas 
and oil could be found. The Cambrian shales and limestones interfinger towards 
the east with the Tapeats sandstone, which latter is a transition zone from 
Lower Cambrian through the Upper Cambrian, and is even correlated by some 
stratigraphers as equivalent to the Ignacio quartzitic sand of Colorado. This 
interfingering forms a good channel for lateral migration from west to east. 

Tests on the Nequoia arch in the northwest part of the area shown on Figure 
147 penetrated Precambrian beds. Quigley's paper deals with several of these 
penetrations where soft shales and porous sandstones were surprisinglyen­
countered in the stratigraphic section. Drilling time in those rocks was little 
different from rocks higher in the geologic column. (See Table XXI) However, 
tests to Precambrian or other metamorphosed rocks should not be undertaken 
unless a favorable geological section that has a gas or oil producing history 
overlies the lower rocks. It is also possible, but not likely, that oil could 
originate from organic matter in Precambrian beds, especially those of the 
Belt Series (Upper Precambrian) if they are not metamorphosed. Such rocks 
in places do contain fossil algae and other simple forms of past life, although 
so far, little fossil evidence of such nature has been found in the Belt Series 
in Utah. 

Testing to Precambrian rocks it not at all revolutionary, as some large oil 
companies, at present, consider such tests routine procedure. In eastern 
Kansas, a number of oil fields have been found in Precambrian beds, and 
in California in Jurassic schists. 

In conclusion, possibilities for gas and oil for three series and the Precambrian 
rocks are clas sed in order of importance as follows: 

Series 

1. Mis sis sippian 

2. Devonian 

3. Cambrian 
4. Precambrian 

Chances of 
Production 

Good 

Fair 

Slight 
Very slight 

Remarks 

Lisbon-Big Flat, Sou~hern San Juan 
County. 
Only Utah production so far at Lis­
bon 
None so far 
None so far 

This is an artibrary evaluation. However, all four classific,ations are within the 
range of possibilities, although the third and fourth are given little weight. It 
is sufficient to state that the area discussed in this brief paper justifies far 
more testing below the Pennsy lvanian beds, and that numerous new gas and oil 
fields Bhould be found in those deeper Paleozoic rocks. 
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Paper 41 PARADOX BASIN SALT 
DISCO NFO RMITIES 
(AND THEIR RELATIONSHIP 
TO OIL PRODUCTION) 
by fohn E. Welsh! 

THEORIES OF SALT DEPOSITION 

Several mechanisms and physical situations have been suggested by different 
writers to explain the occurrence of evaporites in the Paradox Basin. This 
paper reviews two widely held concepts and, in the light of detailed strati­
graphic data accumulated by the writer, proposes a new concept to explain 
the Paradox evaporites. 

Lateral Facies Concept 

Herman and Barkell (1957, p. 868) state, "The individual evaporite sequences 
extend not only vertically through time, but horizontally at anyone time. Hence, 
it may be expected that halite will grade toward less restricted conditions 
near entrance or entrances to the basin, into anhydrite, dolomite, and finally 
limestone." This relationship is shown diagramatically in Figure 148. Car­
bonates around the Paradox Basin margin were shown by these writers to grade 
laterally into evaporites toward the center of the basin. Using their lateral 
facies concept, Herman and Barkell correlated the Desert Creek and Ismay 
intervals at the southern end of the basin with salt beds in the center of the 
basin. 

Reef Barrier Concept , 

Clair (1958, p. 44) discusses the presence of a barrier reef along the margin 
of the Paradox Basin: "This (reef) continued to grow and finally reached such 
proportions that it created a barrier, causing interruption of normal marine 
circulation. This caused the basin behind the reef to become evaporitic, thus 
triggering the formation of the Paradox evaporite basin." Clair proposes the 
existence of two reef trends with a maximum thicknes s of over one hundred 
feet in the Four Corners area. To this writer's knowledge, no such formibl~ 
reef structure (Figure 148) has ever been encountered in the subsurface of this 
area. The few reefs that are known are only a few feet thick and at most a 
few tens -of -feet long. 

Both of these concepts rely on considerable imaginative interpretation. If 
either concept is tested by faunal, lithologic, and radioactive correlative data, 
immediate problems are encountered. The lateral facies concept requires a 
mechanism by which calcium carbonate, calcium magnesium carbonate, cal­
cium sulphate, and sodium chloride may be extracted from the same body of sea 
water at differing positions within the confined basin. This proces s neces sitates 
density stratification of the sea water and assumes the existence of a deep 
basin. None of the sediments in the basin, however, suggest deep water. The 
euxinic black shales interbedded with the salt beds contain phosphatic brachio­
pods, conodonts, fish remains, plant imprints, and coal, which are not indi­
cative of deep water. The writer's interpretation of the salt basin is one of 
shallow water in which the concentrationre~:lChedand remained at saturation for 
the particular salt until the observed thickness of the individual evaporite unit 
was deposited 

1. Ph. D., Colorado State University, Fort Collins, Colorado. 
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Figure 148. Three concepts used by various authors to explain the occurence of the evaporites of the 
Paradox basin. 
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Faunal correlation of fusulinid zones in the limestones across the supposed 
reef barrier of Clair (l958) does not show appreciable variation in stratigraphic 
thicknesses from well towell. The separate zones show remarkable parallelism, 
and the variation in stratigraphic intervals that occurs does not seem to warrant 
an interpretation of reef growth. Certainly reef -building organisms are encoun­
tered in the subsurface limestones, butnotinsuchproportionstosuggesta reef 
barrier rimming the basin. 

Salt Unconfonnity Subsidence Concept 

Figure 148 illustrates a dis conformity which the writer believes exists above 
each salt bed in the Paradox basin. According to this interpretation, there is 
no major lateral facies change. The sequence of limestone, dolomite, anhy­
drite, and salt exists only in the vertical dimension. Of the sequence, salt 
has the smallest aerial extent and is represented on the margins of the basin 
by a hiatus or a minor dis conformity . Each salt bed then represents a period of 
minimum contraction of the area receiving sediments. The only Uthologic type 
that interfingers with the salt is clastic arkose and silt from the eastern margin 
that was eroded from the Uncompahgre uplift. 

Subsidence of the area along the axis of the basin and parallel to the Uncom­
pahgre is paramount in allowing the thick salt beds to accumulate. Subsidence 
along this linear trend draws in sea water to replenish the salt which is pre­
cipitating from the saturated solution. The only possible direction from which 
this sea water could come is the southeast. A barrier does not have to be 
imagined, since the basin is a linear trough surrounded by an essentially hori­
zontal plane along the southwest and west and by the land mass of the Uncom­
pahgre to the northeast. 

Through the use of fusulinidzones, it is possible to sub-divide the lower Des­
Moinesian rocks into those sediments deposited before and those deposited 
immediately after the evaporite deposition (Welsh, 1958). Figure 149 shows this 
correlation from near the center of the basin at the Reynolds Gibson Dome well, 
Sec. 35, T-Z9 l/Z-S, R-ZO-E, to the Paradox Production well, Sec. 34, T-30-S, 
R-13-E, then to the Amerada Blue Mesa well, Sec. 8, T-Z9-S, R-I0-E. This 
cross section is approximately perpendicular to the lithofacies boundaries and 
should show lateral interfingering if it exists. As the faunal correlation shows, 
the entire evaporite sequence, which reaches over 4,000 feet in the center of 
the basin, is represented by less than 100 feet of section in the Amerada Blue 
Mesa well. Within this 100 feet of section, the salt disconformities exist. 
Most of the western shelf margin from the Paradox basin to the Wasatch hinge 
line must have lain exposed while salt precipitated in the subsiding trough. If 
isopachous maps are used to define highs, it is easy to understand why Herman 
and Sharps (1956) postulated the "Emery Uplift" at the site of the present San 
Rafael uplift. The writer believes the "Emery Uplift" to be part of the non­
depositional area of the western shelf of the Paradox basin and not a high during 
Des Moinesian time. 

These salt disconformities are more than subsurface interpretation. At Honaker 
Trail the salt disconformities may be observed in the outcrops of the canyon 
walls. To observe these minor disconformities, it is important to correlate the 
surface section at Honaker Trail with the subsurface oil-producing intervals. 
The top of the Desert Creek interval is located at the top of "Hom Point" lime­
stone (Welsh, p. 155). Below the black shale and argillaceous limestone that 
lie immediately beneath the Desert Creek interval, there are many conspicuous 
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sedimentary structures which suggest disconformities. Channeling, truncated 
bedding, slump and controled bedding ·, and intraformational breccia are common 
in thes e limestones. Nodular-weathered limestone intervals suggest possible 
"B" horizons of soil profiles which formed on the emergent limestone beds while 
salt was being deposited nearer the center of the basin. 

Of the three idealized concepts illustrated in Figure 148, the salt unconformity 
subsidence concept appears to be the sequence which most nearly fits the Para­
dox basin salt deposition. 

.l)ESIv10INESIAN­
A TOKAN ROCKS 

EVAPOHI rES 

l( 

)( l( 

z 

SAN RAFAEL 
AREA> IiTAN 

90 

CLAS TICS so CARBONATES 

Figure 151. Evaporite-Clastic-Carbonate Triangle, showing statistical trends of the Atokan-Desmoinesian 
rocks in Emery, and Wayne Counties, Utah. 

LITHOFACIES INTERPRETATION 

Figure 150 illustrates the area of the Paradox basin adjacent to the present 
San Rafael uplift. By using the evaporite-clastic-carbonate triangle, definite 
statistical trends may be mapped for the Atokan-DesMoinesian rocks in Emery 
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and Wayne Counties, Utah. However, the use of this large stratigraphic inter­
val ignores the detailed relationship which the salt disconformities play in 
selecting areas for potential oil production. 

This area shows an embayment or east-west evaporite arm of the main basin 
in the Hanksville-Caineville area. According to the lateral facies concept, 
area 3 would appear to be most attractive for oil exploration; however, accor­
ding to the salt disconformity concept, both the pre-Paradox carbonates and 
the Desert Creek-Ismay intervals have widespread shallow shelf or shoal 
lithology and do not undergo rapid lateral facies changes. These limestones 
are generally very fine grained, sandy, and lithographic, with low porosities 
and permeabilities. Bioclastic limestones are in the minority and occur in 
thin beds, usually less than ten feet thick. Oolitic limestones are usually 
well cemented. Chaetetes coral mounds found in the Tennessee Gas Poison 
Springs unit No. 1 have been mistaken for reef trends. The Desert Creek and 
Ismay limestones do not show the prolific organic fossil development in this 
area that they do in the vicinity of the Four Corners area, located on the south­
east accessway into the basin. 

A more satisfactory analysis could be made by dealing with only one interval, 
such as the Desert Creek, and studying the aerial distribution of these lime­
stone components. The widespread uniform thickness of the Desert Creek and 
Ismay intervals above the evaporite sequence is attributed to uniform sedimen­
tation. This uniformity of tight dense limestones is not and has not been 
encouraging. 

DIRECTIONS FOR EXPLORATION 

The area under the High Plateaus of Utah in Kane, Garfield, Piute, Sevier and 
San Pete Counties should still have shelf-type Pennsylvanian rocks in the sub­
surface, but these may be thin to locally missing as a result of erosion. 

Shell Oil Company, ih 1960, drilled the Sunset CanyonUnit No.1, Sec. 21, 
T-22-S, R-4-W, which is located east of Meadow, Utah, on the westernmost edge 
of the High Plateaus. This well penetrated a very thin section of Pennsylvanian 
rocks. The thin Pennsylvanian sequence in this well and thin outcrop sections 
of Pennsylvanian rocks west of the High Plateaus are evidence against the exis­
tence of the Fremont acces sway during middle Penns yl vanian time. In the 
Pavant, Mineral, and Star ranges the Pennsylvanian rocks are thin, usually 
less than three hundred feet. This evidence suggests that Pennsylvanian rocks 
are also thin unde:- the High Plateaus and that the units of middle Pennsylvanian 
age, of greatest thickness· in the Paradox basin, are scarcely represented. 

The trnasitional hinge line area from Nevada to central Utah, an area of shelf­
type Pennsylvanian rocks to the east and miogeosynclinal-type rocks to the 
west in the Great Basin Province, is the intriguing area of future exploration 
in Pennsylvanian rocks. Unfortunately, erosion during the Mesozoic removed 
these rocks over a large area in the eastern Great Basin. This eroded area 
is known as the Sevier Arch. 

In conclusion, the limestones along the western margin and north of the Four 
Corners area in the Paradox basin are shallow shelf-type limestones with low 
porosities and permeabilities. The carbonates do not undergo rapid facies 
changes as previously proposed by Herman and Barkell (1957). Areas of 
varied biofacies changes or truncation by unconformities must be explored by 
drilling if further important discoveries are to be made in the Pennsylvanian 
rocks of Utah. 

493 



CITED REFERENCES 

Clair, J. R., 1958, Pennsylvanian rocks of Colorado and adJacent areas: Rocky Mountain Assoc. Geologists, Colorado 
Symposium of Pennsylvanian rocks. 

Herman, George , and Barkell, Clifford, 1957 , Pennsylvanian stratigraphy and productive zones, Paradox salt basin: 
Am. Assoc. Petroleutf, Geologists Bull., v. 41, p . 861-881. 

Herman, George , and Sharps, Seymour, 1956, Pennsylvanian and Permian stratigraphy of the Paradox salt embayment: 
Intermountain Assoc. Petroleum Geologists Guidebook, 7th Ann . Field Conf., p . 77 - 84. 

Welsh, J. E., 1958, Faunizones of the Pennsylvanian and Permian rocks in the Paradox Basin: Intermountain Assoc. 
Petroleum Geologists GUidebook, 9th Ann. Field Conf . , p. 153-162. 

494 



PART · 1 V 

PAPERS OF GENERAL CONCER 'N 

TOT HE 

PETROLEUM INDUSTRY 



INDEX 

42 CHARACTERISTICS OF CRUDE OILS FROM UTAH, 
by W. J. Wenger and J. S. Ball _________ _ 

Introduction ___________________ _ 

Characteristics of Petroleums ____________ _ 
Correlation Index _________________ _ 
Utilization ____________________ _ 
Future ~ospects _____________________ _ 
Add end um _________________________ _ 
Cited References ___________________ _ 

497 
497 
499 
503 
504 
510 
510 
510 

43 OIL AND GAS LEASING IN UTAH, by N. G. Morgan, Sr. , 
and Virgil V. Peterson 511 

Government-Owned Lands 511 
State-Owned Lands 516 
Oil Shale, Asphalt, Bitumen and Bituminous Rock Leases__ 518 

44 PROBLEMS OF JOINT DEVELOPMENT OF POTASH AND 
OIL AND GAS IN THE PARADOX BASIN, by R. J. Hite__ 519 

Introduction and History of Development 519 
Geology of the Potash Deposits 521 
~oblems in Simultaneous Development of Deposits of 

Potash and Oil and Gas 524 
Summary _____________________________ _ 

Cited References~ _____________________ _ 
525 
525 



Paper 42 CHARACTERISTICS OF CRUDE 
OILS FROM UTAH 
by W. J. Wenger and J. S. BalP 

INTRODUCTION 

Considerable attention has been drawn to the oil possibilities of Utah in recent 
years. Although Utah is not yet a major producing state, annual output has 
climbed from 638,885 barrels in 1949 to 33,072,000 barrels in 1961. 

The Federal Bureau of Mines Experiment Station at Laramie, Wyoming, has 
studied oils from fifteen Utah fields (Figure 1)1/. For about 40 years the Bureau 
has analyzed crude petroleum by a standardized method (Smith, et al., 1950). 
This permits analyses of new oils to be compared with more than 8, 000 analy­
ses already on file. Table XXII, an unabridged report of the analysis for Weber 
sandstone oil from Ashley Creek, illustrates the data obtained by the Bureau's 
method of analysis. Through correlations, conclusions can be drawn regarding 
the refining characteristics of the oils. Geological correlations also have 
been developed for predicting the character of an oil from a particular forma­
tion. This paper presents the abridged analyses of 18 oilsi/from Utah and 
suggests the t ypes of petroleum likely to be found in future exploration. 

In addition to petroleum, Utah has numerous deposits of hydrocarbons related 
to, but not generally classified as petroleum. A variety of asphaltite known 
as gilsonite or uintaite occurs in large veins in the Uinta Basin. It is being 
mined on a commercial scale for processing into metallurgical-grade coke and 
liquid fuels. Other natural asphalts have been exploited for many years on a 
small scale and are being considered for large-scale exploitation. Two of the 
larger deposits that have been studied (Shea, et al., 1952) are the bituminous 
sandstones at Vernal and Sunnyside. Recently, discovery of a deposit of bit­
uminous rock of unknown extent in southern Emery CountyYwas reported. 
Detailed discussion of these materials is beyond the scope ofthis report. They 
will have more future significance with the increasing demand for fuels and 
special products. 

1. This report results from work done under a cooperative agreement between 
the Bureau of Mines and the Uni versity of Wyoming. Samples and field data for 
the study were obtained by H. J. Hyden, U. S . Geological Survey, and J. Fry, 
R. F. Zaffarano, Paul Biggs, and C. Q. Cupps of the Bureau of Mines. The 
work was conducted under the general supervision of H. P. Rue, Chief, Division 
of Petroleum Technology , Region III. 
2. Petrol eum chemist, Bureau of Mines, Region III, Laramie, Wyoming. 
3. Chief, Branch of Petroleum, Region III, Laramie, Wyoming. 
4. Plus others represented by the 20 samples discussed in the Addendum. 
5. A brief examina tion by the Bureau of Mines showed it to consist of a sand­
stone breccia with asphaltite and selenite (g yps um) crystals between sand­
stone fragments. Yield of asphaltite was 5.7 per cent. Properties of the asphal­
tite were as follows: Color, black; streak, brown; fracture, conchoidal; fusion 
point, about 2500 C. with decomposition; sulfur, 5.21 per cent; nitrogen, 
0.64 per cent; ash, 0.86 per cent; carbon residue, 40.1 per cent; and speci­
fic gravity, 1.111 at 60/60 0 F . 
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Table XXII. Routine analysis of crude oil from Weber Sandstone, 
Ashley Creek Field, Uintah County, Utah 

Identification 
Sample PC-50-341 
Ashley Creek field 
Weber sandstone, Pennsylvanian 
4181-4308 feet 

General characteristics 
Specific gravity. 0.872 
API gravity •••••••••. - , 30.8° 
Sulfur, percent. . • • • • • • •• .83 
Pour point, ° F ..••••••••• 15 

Ulntah County, Utah Color ••.•••••••••••• Brownish.black 
Viscosity, S. U. S. at 10oeF .•• 61 

Distillation, Bureau of Mines routine method 
Stage 1 - Distillation at standard pressure, 7tIJ mm. Hg absolute. First drop, 2<fOC. (84°F.) 

Specific API Aniline Viscosity 
Froc. Cut at Per- Sum, gravity, gravity, point, 1000 F. 
no. °C. OF. cent percent 60/(ffF. WOF. C. I. °C. S. U. sec. 

1 50 122 0.7 0.7 0.651 85.9 
2 75 167 1.6 2.3 .661 82.6 3.2 
3 100 212 3.2 5.5 .710 67.8 17 57.8 
4 125 257 4.5 lO.O .735 61.0 19 58.2 
5 150 302 4.2 14.2 .753 56.4 20 59.6 
6 175 347 4.1 18.3 .773 5l.5 23 60.2 
7 200 392 4.0 22.3 .791 47.4 25 61.8 
8 225 437 4.8 27.1 .808 43.6 28 64. ~ 
9 250 482 5.5 32.6 .824 40.2 30 66.7 

10 275 527 6.8 39.4 .839 37.1 32 69.3 

Stage 2 - Distillation continued at 40 mm. Hg absolute 
II 200 392 2. 6 42.0 .8tIJ 33.0 38 72.4 41 
12 225 437 7.4 49.4 .866 32.1 37 74.7 46 
13 250 482 5.7 55.1 .878 29.7 40 78.6 58 
14 275 527 5.2 tIJ.3 .895 26.6 45 80.9 84 
15 300 572 7.4 67.7 .907 24.5 47 84.6 155 
Residuum 31.3 99.0 .983 12.4 too dark 
Carbon residue of residuum, 12.9% - carbon residue of crude, 4.5% 

Approximate summary 

Percent Specific gravity API gravity 

Light gasoline .. 5.5 0 . 688 74.2 
Total gasol i ne and naph tho 22.3 .744 58.7 
Kerosene distillate. 10.3 .817 41.7 
Gas oil. .. 15.3 .851 34.8 
Nonviscous lubricating oil 11.2 .863-.898 32. 5-26.1 
Medium lubricating oil 8.6 .898-.9'14 26.1-23 .3 
Viscous lubricating oil 0.0 
Residuum. 3l.3 .983 1204 
Distillation loss . .. l.0 
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CHARACTERISTICS OF PETROLEUMS 

Tables XXIII, XXIV, and XXV show selected data from analyses of 18 oils. 
These oils originate from formations of six geological time periods -- Tertiary, 
Cretaceous, Jurassic, Triassic, Permian, and Penns ylvanian. Oil is being 
produced at present from two major structural basins -- the Uinta and the Para­
dox in the eastern part of the state. The Tertiary and Cretaceous samples were 
obtained from fields in the Uinta Basin of northeastern Utah. Oils from older 
formations having a more widespread distribution were obtained from fields in 
the Uinta Basin, the Paradox Basin in southeastern Utah, and Virgin field in the 
southwestern part of the state. 

In most areas of the Rocky Mountain region, low-sulfur oils (less than 0.5 
per centlare found in the Tertiary and Cretaceous formations, whereas the high­
sulfur oils are in olderformations (Ball, et al., 1950; Wenger and Lanum, 1952a, 
1952b, and 1954; Wenger, et al., 1957). Oils from the Uinta Basin conform 
to this general pattern with the exception of Jurassic oil at Ashley Creek, which 
has a sulfur content of 0.12 per cent. All Tertiary and Cretaceous oils listed 
in tables XXIII and XXV, XXIV have low-sulfur contents and are waxy. Seiber 
Nose oil from the Jurassic formation and oils from Triassic, Permian, and 
Pennsylvanian formations, both in the Virgin field and in the Uinta Basin, 
have high-sulfur contents and are asphaltic, with corresponding dark color. 
Oils from the Paradox Basin do not conform to this pattern. These Permian and 
Pennsylvanian oils have low-sulfur content, light color, and most of them are 
waxy. When samples from CaneCreek , Boundary Butte, and Dove Creek, Colo. 
were studied some years ago, they were assumed to be exceptions, as they were 
not the high-sulfur oils expected from Permian and Pennsylvanian formations of 
the Rocky Mountain area. Since then, additional samples from recent discoveries 
in the Paradox Basin have established that oils from that Basin may be expected 
to have low-sulfur contents. 

Most Utah oils are waxy, but only those from the Tertiary formations in the 
Uinta Basin have abnormally high wax contents. This is illustrated by the 
pourpoint data, which serve as a relative measure of wax content. The sam­
ple from Duchesne (item I, Table XXIV) heads the list with a value of 1300 P., 
the highest value ever observed at the Bureau of Mines Laramie laboratories. 
Next is the oil from Gusher, with a value of 95 0 P. , followed by Roosevelt with 
850 P. Other Utah oils have values ranging from 450 p to less than SOp. 

The yield of 100-penetration asphalt that may be obtained from an oil can be 
estimated by multiplying percentage of Conradson carbon residue by 4.9 (Smith, 
et al., 1950). Normally, waxy oils tend to have low carbon-residue values; 
thus, the oil from Duchesne has only a trace of asphalt. Oil from the Gusher 
field is exceptional, containing both wax and asphalt. Carbon-residue values 
for the Utah oils indicate a range from less than 1 per cent 100-penetration 
asphalt to as much as 34 per cent (item 8, Table XXIV). 

API gravities usually reflect the amount of gasoline or "light ends" present. 
The highest value of 54.00 API (item 4, Table XXIV) is for oil from the Chapita 
Wells field, which has a total gasoline and naphtha content of 63.3 volume­
per cent. The lowest value of 21. 80 API (item 8) is for one of the oils from the 
Virgin field which has a total gasoline and naphtha content of only 5.9 volume­
per cent. 
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01 Table XXIII. Summary of data showing sources of Utah oil samples I arranged according to geological time periods. 
0 
0 

Structural PrOductive Discovery Depth, 
Item Field County basin formation date feet 

Tertia~ ~rlod 
1 Duchesne Duchesne Uinta Wasa tch 5S 195) 7,518 
2 Gusher Uintah do . Basal Green River sh 1950 8,711 
3 Roosevelt do . do. do 1949 9,350 

Cretaceous E!riod 
4 Chapita Wells do . do. Mesaverde ss 1952 8,'05 

Jurassic ~riod 
5 Ashley Creek do . do. Entrada ss 1948 2,003 
6 Seiber Nose Grand do. Morrison 55 1955 1,430 

Triassic ~riod 
7 Virgin Washington * tv\oenkopi ss 1907 557 
8 Virgin do. * do. 1907 550 

Permian ~riod 
9 Ashley Creek Uintah Uinta Phosphoria Is 1948 4,212 

10 Boundary Butte San Juan Paradox Coconino 55 1948 1,498 

Pennsllvanian ~riod 
II Aneth do. do. Paradox I~ 1956 5,828 . 
12 Ashley Creek Uintah Uinta Weber ss 1948 4, 181 
13 Bluff San Juan Paradox U. Hermosa Is 1956 5,470 
14 Cane Creek Grand do. Paradox Is 1926 2,025 
15 Desert Creek San Juan do. do. 1954 5,244 
16 Ismay do. do. do. 1956 5,585 
17 Rcitherford do. do. do. )956 5,578 
18 Reca~ture Creek do . do. U. Hermosa Is 1956 5,354 

* Virgin field is on the Kaibab Upworp in southwestern Utah . 



Table XXIV. Summary of da ta -- some characteri stics of Utah oils. 

Viscosity Pour- Sulfur, Nitrogen, Carbon residue, Ratio, 
Gravity, Color * at lOO°F. point, weight- weight- weight- nitrogen to 

Item Field °API S .U. sees. of . percent percent percent ** carbon residue 
Tertia2 ~riod 

*** 1 Duchesne 36.0 Br. gr. 125 130 0.0'1 0.002 0.2 0.010 
2 Gusher 2 ... . 2 Sr. b lk. 330 95 .08 .25 4.1 .061 
3 Roosevelt 30.0 Gr . blk. 145 85 .07 .l69 2.7 .063 

Cretaceous ~riod 
4 Chapita Wells 54.0 NPA 1-l/2 <32 40 .02 .005 .0 

Jurassic ~riod 
5 Ashley Creek 31.5 Gr. blk . 52 45 .l2 .012 2.0 .006 
6 Seiber Nose 34.8 Br. blk . 44 30 .96 .055 3.7 .015 

Triassic ~riod 
7 Virgin 31.7 do. 57 40 .82 .085 4.2 .020 
8 Virgin 2),8 Black 270 30 2.2', • )58 7.0 .023 

Permian eeriod 
9 Ashley Creek 30.0 Br. blk . 66 15 .89 .13 4.8 .027 

10 8ou.ndary Butte 42.5 Br. gr. 36 15 .n .00 l.0 .00 

Pennsllvanian ~riod 
n Aneth 41.3 do. 37 lO .n .042 .8 .052 
12 Ashley Creek 30.8 Sr . blk . 61 15 .83 . 134 " 4.5 .030 
13 Bluff 39.8 Green 40 30 .08 .052 .8 .065 
14 Cane Creek 38 . 4 NPA 5 46 .(5 ( . lO .4 
15 Desert Creek 39.4 Green 40 50 .n .037 .8 .046 
16 Ismay 44 . 1 Sr. gr. 33 10 .05 .022 .5 .044 
17 Ratherford 39.8 Green 38 35 .15 .047 .8 .059 
18 Recapture Creek 4),9 do . 35 20 . 10 .031 .4 .078 

C1t *Colors of crude oils in this table are designated as follows: Brownish green, br. gr.; greenish black, gr. blk.; brownish black, 
0 .... br. blk.; green; black; and NPA numbers • 

**Carbon residue values are equivalent to those obtained by the Conradson method, ASTM Designation 0189-46. 
**""Valuedetermlned by .~trapolatlon from viscosities at temperatures above the pour point of 1 JOG F. 



Table XX V. Summa ry of da ta -- di s tilla tion y ie l ds o f Utah oil s . 

Distillation l'ield, vo I ume-percen t 
Fractions Fractions Fractions Fractions 

(1-3) (8- '12) (13- 15) 
(I ight (4-7) (keroyne (I ub.-i ca ti ng 

Item Field gasol ine) (naphtha) and gas oil) oil) R ___ sid 'Ju ,n 

Tartia2: periOd 
Duchesne 0.0 10.2 26.0 23 , 7 40 , 2 

2 Gusher '1.5 9 , 'I 13. ) 21.5 50.2 
3 Roosevelt 2,7 n.9 18.7 21.4 44.6 

Cretaceous eeriod 
4 Chapita Wells 2'1,6 41,7 26.0 5.8 3.4 

Jurassic eeriod 
5 Ashley Creek 4.1 14.6 34.5 23.2 2.3.6 
6 S·:; iber Nose 5 ., 

.-J 21.8 29.S 17.8 25,4 

Triassic period 
7 Virgin 4.6 18.9 25.2 18 ,5 32.4 
8 do. .5 5.4 27,7 23.8 4l.7 

Permian eeriod 
9 Ashley Creek 5.2 16, 1 24.8 18 , 5 34 'J , 0,) 

10 Boundary Butte 12.2 26 , 5 27.4 15.8 16.3 

Penns~lvanian perio~ 
11 Aneth n ,o 22 , 5 29 ,8 19.0 15.2 
12 Ashley Creek 5.5 16 ,8 27 , ! 13 , 3 31.3 
13 Bluff 12.8 16.3 29.8 17.3 19.4 
14 Cane Creek 6,5 22.5 26, 8 '18 , 9 25.1 
15 Desert Creek 10,0 21 , 2 28 , 3 18 , 2 22 .0 
16 Ismay 15 , 3 26.9 25 ,8 14 ,8 14,0 
17 Ratherford 12,8 21.1 2B , 3 15,7 21. 'I 

18 Reca?ture Creek 14 , 2 23.6 34.2 11.0 15.1 
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High percentages of nitrogen are associated with the higher percentages of 
carbon residue or asphalt content. Nitrogen ranges from 0.002 per cent in the 
Duchesne oil to 0.25 per centinthe Gusher oil. The ratio of nitrogen to carbon 
residue seems to have some geological and geographical significance. Oils 
from younger formations normally have higher ratios than those from older forma­
tions. The ratios for Gusher and Roosevelt, 0.061 and 0.063, are normal for 
oils from younger formations. The lower values for Jurassic, Triassic, Permian, 
and the Penns ylvanian oil in the Uinta Basin and at Virgin field are also normal. 
However, most Permian and Penns ylvanian oils from the Paradox Basin have 
considerably higher ratios than normal, in line with their other unusual quali­
ties. 

CORRELATION INDEX 

The correlation index (C . l.) (Smith, 1940), a function of specific gravity and 
boiling range, indicates the structure of the hydrocarbons contained in the 
analysis fraction. The C.l. scale is arranged so that straight-chain paraffins 
have values of 0 and benzene has a value of 100. Branched paraffins, cyclo­
paraffins (naphthenes), and monocyclic aromatics other than benzene have 
intermediate values. Distillation fractions that are mixtures of these hydro­
carbon types have, therefore, C. I. values in the range of 0 to 100. 

A correlation-index curve can be obtained for each crude oil by plotting C.I. 
values against fraction numbers. Such curves for each of the Utah oils are 
plotted in Figures 156, 157, and 158, in which the numbers of the curves 
correspond to item numbers in Tables XXIII, XXIV, and XXV. These curves 
indicate differences among the oils based on composition and can be used to 
show geological and geographical relationships. 

Curves for the Tertiary and Cretaceous oils from Utah are generally horizontal 
over the central portion of the curve (Figure 156). The oils from Permian and 
Pennsylvanian formations can be divided into two groups on the basis of their 
C.l. curves. One group consists of oils with C. l. curves having a decided 
positive slope; the other g!'oup more closely resembles the younger oils. 
The first group contains oils that have high-sulfur contents, while the second 
contains oils with low-sulfur contents. The latter are shown as a "band" 
(Figure 158) where the individual curves have essentially the shape of the 
band and are contained in it. The oils from Jurassic and Triassic formations 
(Figure 157) show both the low-sulfur pattern (item 5) and the high-sulfur 
pattern (items 6, 7, and 8). Thus the curves for Utah oils appear to group 
according to the sulfur content of the oil. Although sulfur compounds have 
high specific gravities and, thus, could contribute to raising the correlation 
index, the major effect probably is due to high-specific-gravity naphthenic 
and aromatic hydrocarbons in the high-sulfur oils. 

The Utah oils are, in general, of two types: low-sulfur oil, having a horizontal 
C.I. curve, and high-sulfur oil, having an upward sloping C.l. curve. The 
first type, except those from the Paradox BaSin, flre found in younger forma­
tions, whereas those of the latter type are found in older formations. 
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Figure 152. Correlation-Index Curves, of Utah Oils from 
Tertiary and Cretaceous Formations 

Suitability of oils as a source of specific products can be predicted by a study 
oftheC . I . curves (Smith , 1940). For example, high values in the gasoline range 
(analysi s fractions 1-7) indicate sources of high - octane motor fuel or blending 
stock . For oils to have much interest for this purpose , the key fraction (number 
4) should ha ve a C. I. value of at least 28 . A curve with a high value , 30 or 
more for fraction 4 or 5 followed by a decline , indicates a source of toluene 
(Smith, et al. , 1950). Thus, oil from the Entrada sandstone at Ashley Creek 
(item 5 , Figure 157) with a C.r. value of 34 at fraction 4 , should be a suit­
a ble source of high -octane motor fuel . As there is no decline between fractions 
5 and 7 , toluene is not specifically indicated in that region of the distilllation . 
Oil from the Duchesne field (item I, Figure 156 ) has a very low C . I. value of 
7. 1 at fraction 4 , as well as low values over almost the i!ntire distillation 
range . This curve illustrates a very paraffinic oil . 

504 



Saturated hydrocarbons are desirable in products such as cleaning solvents, 
kerosene , diesel fuels , and lubricants. Oils from the Paradox Basin (band of 
curves, Figure 158) would be especially suitable for manufacturing these pro­
ducts. A large yield of paraffin wax could be obtained from the oil at Duchesne. 
Although a number of such products could be obtained with a minimum of pro­
cessing, full utilization of Utah oils generally will require such processing as 
cracking and reforming, especially if reasonable yields of high-quality gasoline 
are desired. 
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FUTURE PROSPECTS 

Oils from the Uinta Basin and the southwestern portion of Utah are similar to 
those produced from corresponding formations in the Rocky Mountain region. 
Oils from the Paradox Basin are of better quality than is usual from Permian and 
Pennsylvanian formations in the ·Rocky Mountain region. Based on past exper­
ience, future fields in the Uinta Basin and southwestern Utah generally will 
produce low-sulfur, paraffinic oil from formations above the Jurassic and high­
sulfur asphaltic oil from formations below Cretaceous. Only high-quality, low­
sulfur oil is expected to occur in the Paradox Basin. 

ADDENDUM 

Many additional oil fields have been discovered in Utah since January 1958. 
This addendum gives properties of the 20 crude oils analyzed by the Bureau of 
Mines since that time. Selected properties of these oils are presented in 
supplementary tables numbered XXIIIa, XXIVa, and XXVa. 

Both Mississippian and Devonian formations in the Paradox Basin have been 
found to be oil productive. Two samples from MiSSissippian formations and 
one from a Devonian formation were analyzed. Although the data are sketchy, 
they indicate that the pre-Pennsylvanian oils in the Paradox Basin are similar 
to the Pennsylvanian oils. Seventeen other oil samples from both the Paradox 
and Uinta Basins were analyzed. They are similar to the oils that were studied 
previously. 
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Table XXIIIa *. Summary of data showing sources of Utah 011 samples 
arranged according to geological time periods. 

Structural Productive Discovery Depth, 
Item Field Count;t basin formation dote feet 

19 Brennan Bottom Uintah Uinta 
Tertiar~ period 
Wasatc ss. and 1954 6,635 
Green River sh. 

20 Red Wash Uintah Uinta Green River sh. 1951 5,550 
21 Walker Hollow Uintah Uinta Green River sh. 1952 5,520 
22 Wells Draw Duchesne Uinta Basal Green River ss. 1962 5,204 
23 Wonsits Unit Uintah Uinta Green River sh. 1959 5,820 

Jurassic period 
24 Bar-X Grand Uinta Morrison fm. 1948 2,714 
25 Cisco Towns i te Grand Uinta Morr i son ss. 1954 565 
26 Agate Grand Uinta Brushy Bas in ss., sh. 1961 1,562 

Triassic period 
27 Grassy Trail Emery Uinta Moenkopi ss. 1961 3,872 

Penns;tlvan ian period 
28 Akah Son Juan Paradox Paradox Is. 1955 4,688 
29 Big Flat Grand Paradox Paradox sal t 1955 5,730 
30 Gothic Mesa Son Juan Paradox Desert Creek Is. 1956 5,768 
31 Hatch Slln Juan Paradox Paradox Is. 1957 5,967 
32 Usbon, N. W. Son Juan Paradox Paradox salt 1960 5,934 
33 Mc Elmo Creek Son Juan Paradox Paradox Is. 1957 5,350 
34 Tohonadla Son Juan Paradox Paradox Is. 1957 5,050 
35 White Meso Son Juan Paradox Paradox Is. 1957 5,445 

Mississippian period 
36 Cone Creek Grand Paradox Mississippian Is. 1959 6,605 
37 Lisbon, N. W. Son Juan Paradox Mississippian Is. 1960 8,738 

Devonian period 
38 Lisbon, N. W. Son Juan Paradox McCracken ss. 1960 8~905 

* Oils studied since 1958 are listed in tables XXllIa, XXNa, and XXVa. 
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Table XXIVa. Summary of data showing some characteristics of Utah o11s. 

Carbon 
residue, Ratio, 

Item Field Gravity, Color Viscosity Pour Sulfur, Nitrogen, weight- nitrogen -
°API .!I at 1000 F., point, weight- weight- percent to <:arbon 

S.U. sees. ° F. ~ercent ~rcent 2/ residue 
T erti~ ~eriod 

19 Brennan Bottom 27.1 br. gr. 200 95 0.13 0.146 3.6 0.041 
20 Red Wash 22.6 br. blk. 700 30 .15 .303 5.2 .058 
21 Walker Hollow 24.2 br. blk. 360 60 .11 .255 4.8 .053 
22 Wells Draw 32.7 br. gr. 105 95 .03 .063 .5 .126 
23 Wonsits Unit 25.2 br. blk. 400 85 .19 .291 4.0 .073 

Jurassic ~eriod 
24 Bar-X 40.9 br. gr. 40 55 .12 .013 1.0 .013 
25 Cisco Townsite 33.8 br. blk. 48 ":5 1.07 .070 5.7 .012 
26 Agate 40.4 gr. blk. 38 < 5 .61 .034 3.0 .011 

T ri ass i c ~riod 
27 Grassy Trail 40.4 NPA 7-112 38 < 5 .18 .012 .5 .024 

Penns~lvanian ~eriod 
28 Akah 39.0 br. gr. 36 5 .16 .062 1.6 .039 
29 Big Flat 32.8 br. gr. 79 < 5 • 16 .069 3. 1 .022 
30 Gothic Mesa 40.4 green 37 25 .05 .034 .8 .043 
31 Hatch 40.4 NPA8 37 < 5 .09 .023 .7 .033 
32 Lisbon, N. W. 45.2 NPA 2 37 < 5 .01 .002 .3 .007 
33 McElmo Creek 40.0 d. green 37 20 . 09 .041 .8 .051 
34 Tohonodla 38.8 br. gr. 40 20 .09 .069 1.4 .049 
35 White Mesa 41.1 green 36 15 .10 .039 .7 .056 

Mlssissi~~ian ~eriod 
36 Cane Creek 40.9 NPA6 37 20 .09 .011 .3 .037 
37 Lisbon, N. W. 62.6 NPA 2 32 < 5 .21 .001 .0 

Devonian ~r1od 
38 Llsbolj, N. W. 46.7 NPA5 34 40 . 03 . 003 . 0 

11 Colors of crude oils in this table are designated as follows: Brownish areen, bra gr . ; greenish black, 
gr. blk.; brownish black, br. blk.; dark green, d. green; green; and NPA numbers. 

2/ Carbon residue values are equivalent to those obtained by the Conrodson method, ASTM 
Designation D 189-46. 
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Table XXVa. Summary of da ta showing dis t illation yi elds of Utah oils. 

Distillation lield! volume ~ercent 
Fractions Fractions Fractions Fractions 

Item Field (1-3) (4-7) (8-12) (13-15) Residuum 
(light (naphtha) {kerosene (lubricating 

gasoline) aid gas oil} oil) 
Tertiarl ~eriod 

19 Brennan Bottom 0.9 9.6 18.7 18.9 48.4 
20 Red Wash .5 7.1 14.1 16.0 62.3 
21 Walker Hollow .0 7.8 15. 5 16 .8 59.7 
22 Wells Draw 1.6 8.3 20.5 17.3 51.8 
23 Wonsits Unit .8 7.7 13.8 18.0 59. 1 

Jurassic ~eriod 
24 Bar-X 6.8 19.8 32.5 19.7 19.8 
25 Cisco Townsite 5.3 20.7 26.5 16.9 29.9 
26 Aga te 8.9 23.6 27.8 14.8 23.3 

Triassic ~eriod 
27 Grassy T rai I 5.0 20.9 34 . 7 17.5 20.4 

Pennsllvanian ~eriod 
28 Akah 9.9 25.9 24 .9 16.6 22.0 
29 Big Flat 3.2 12.7 25.8 18.2 39.3 
30 Gothic Mesa 8.9 24.2 27. 3 16.4 21 .4 
31 Hatch 7.6 24.4 26.0 16. 5 24. 2 
32 Lisbon, N. W. 12.8 23.7 24.7 16. 1 22.5 
33 McElmo Creek 11 . 3 25 . 9 22. 7 15.0 24 . 0 
34 Tohonadla 8.7 22. 0 25 . 2 17.5 25.1 
35 White Mesa 12.7 22.5 25 .5 15.5 21 .5 

Mississi~~ian ~eriod 
36 Cane Creek 6. 5 16.2 27.9 13.6 33.8 
37 lisbon, N. W. 41.5 37.7 14.7 2.3 1.8 

Devonian ~eriod 
38 lisbon, N . W. 13.8 23.3 25.7 17.6 19. 1 
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Paper 43 OIL AN D (;AS LEASING 
IN l J'I'AH 

GO VERNMENTO WNED LANDS 
Evidence of the tremendous activity in the leasing of Federal lands in Utah is 
found in the records of the Land Office of the Bureau of Land Management, 
Department of Interior, which office is located in the Darling Building, Salt 
Lake City, Utah. The Land office manager reports that during the period July 
I, 1951, to June 30, 1961 , there were 74,350 offers for oil and gas leases 
received by that office, fromwhich more than30,OOOleases issued . He further 
reports that the income for oil and gas leases for that same period was 
$46,924,770 . 00 . The fiscal year ending June 30,1961, exceeded all other 
like periods, showing a total income of $7,392 , 536. 00. On that date there were 
29 , 500 oil and gas leases in effect, covering 17,526, 000 acres of public 
domain. There are in the State of Utah , about 32 , 000, 000 acres of public land 
which are subject to oil and gas leasing . 

The accomplishment of this tremendous task has been made possible by the 
Bureau of Land Management ' s decentralization program which has eliminated 
much of the departmental red tape in evidence when leases were is sued out of 
the Bureau of Land Mangement in · Washington , D . C. 

With all this additional work, the Land Office has operated on a very conser ­
vative budget , the ratio of increase between budget and business handled for 
the years 1944 and 1961 being about ten to one . 

Under present regulations, 37 1/2 per cent of all rentals and royalties paid by 
lessees and oil and gas operators on Federal lands in Utah goes to the Utah 
State Treasury . Since July 1951 the amount paid the State would aggregate 
about $17,596,864.00. This division of rentals and royalties derived from 
oil and gas leases was made effective under the Mineral Leasing Act of Feb . 
1920 . That law also provides that 52 1/ 2 per cent of all rentals and royalties 
derived from oil and gas leases and production be paid to the U . S. Bureau of 
Reclamation, t o be spent by that Bureau in accordance with its own discre ­
tionary powers . 

Under the Enabling Act , which empowered the people of Utah to form a Con­
stitution and State Government and to be admitted into the Union on an equal 
basis with the original states , it is provided: 

The people inhabiting said proposed States do agree that they forever 
disclaim all right and title to the unappropriated public lands lying 
within the boundaries hereof; and to all lands lying within said limits 
owned or held by an Indian or Indian Tribes; and that, until the title 
thereto shall have been extinguished by the Unites States , the same 
shall be and remain subject to the disposition of the United States, and 
said Indian lands shall remain under the absolute jurisdiction and con­
trol of Congress of the United States .. . 

1. Morgan-Peterson Enterprises , Inc ., Salt Lake City , Utah 
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Prior to i914, practically all land patents granted by the government to paten­
tees included everything of mineral value in the lands involved, including all 
oil, gas, and other hydrocarbons. Subsequent to 1914, however, on public 
lands which the Secretary of the Interior considered as having oil, gas, or 
other hydrocarbon possibilities, there was inserted in the patent granted a pro­
vision reserving to the government the oil, gas, and other hydrocarbons that 
might therein be found. 

Prior to February 25,1920, in order for a qualified citizen of the United States 
to acquire patent to government-owned lands having oil, gas, or other hydro­
carbon possibilities, it was necessary for a locator to file an oil placer loca­
tion in accordance with the rules and regulations of the Department of the 
Interior. If a discovery of oil was made as a result of drilling, the applicant 
could then take the placer claim to patent and acquire the fee simple title to 
the lands covered in his filing. 

On February 25, 1920, legis lation previous ly enacted by Congres s became a 
law, which, since that time, has been known as the Act of February 25, 1920 
(41 Stat. 437), as amended .. Oil and gas and other mineral leases under the 
Mineral Leasing Act until recently stood as a barrier to entry, under the 
mining laws of the United States, to the same land. This condition has been 
largely corrected in the Act of August 13, 1954 (68 Stat. 70B), which amends 
the mining laws and the mineral leasing laws to the extent that multiple min -
eral development can be carried on simultaneously on public lands. 

All Federal oil and gas leases, competitive and non-competitive, are issued 
in accordance with the aforementioned Act of February 25, 1920, and subse­
quent amendatory acts relating thereto. The Federal Code of Regulations as 
pertaining to oil and gas leasing mades the following provisions: 

1. Acreage limitations on leases - The maximum leasable acreage, as pro­
vided by law, for anyone individual is 246,080 acres in each state of which 
not more than 200,000 may be held by option. All interests in leases, whether 
by royalties on producing leases, by options, by undivided interests in record 
titles of leases, or through associations or corporations, directly or indirectly, 
are accountable. Each application must not exceed 2,560 acres nor be less 
than 640 acres, except where the lands are in an approved unit or isolated 
land parcels constitute less than the stipulated 640 acres. There is no limit 
on the number of applications filed by anyone individual, except as controlled 
by the maximum acreage limitation. Should it be shown that any party has 
exceeded his limit, the leases, offers, or interests creating his excess holdings 
will be cancelled in their entirely although only a part of the lease or interest 
may constitute the overage, "unless it can be shown to the satisfaction of the 
Director of the Bureau of Land Management that the holding or control of excess 
acreage is not the result of negligence of willful intent." In the event a lessee's 
holdings are increased by the termination or contraction of a unit creating an 
excess, he is given 90 days in which to comply with the prescribed limitation. 

2. Acreage limitations on options - No individual, corporation, or association 
may hold options on oil and gas leases in excess of 200,000 acres in anyone 
state, except as provided by the Act of August 8, 1946. Options shall not exceed 
three years, except by the prior approval of the Secretary of the Interior. 
Optioned acreage is chargeable both to optionor and optionee. Optionees are 
required to file under oath at the local land office the extent of their holdings 
by option within ninety days after June 30 and December 31 of each year. 

512 



3. Leases on lands in reserves, parks, refuges, etc. - Leases may issue on: 

a. Naval oil shale and helium reserves only as authorized by the Sec­
retary of the Interior and then on a basis of competitive bidding. 
(Helium reserves in Utah have lease authorization). 

b. Indian lands on a competitive bid basis as approved by the Indian 
Agency and the Tribal Council concerned. (Some Indian lands do not 
carry reservation of minerals). 

c. Wildlife refuge lands in accordance with specifiC regulations of 
the Secretary of the Interior which are designed to protect the wild­
life. 

d. National parks and monument areas only if the economic value is 
considered more important than the aesthetic value and in accordance 
with Department of the Interior directives. 

e. Acquired lands through the loca I offices of the Bureau of Land 
Management. 

4. Noncompetitive leases - Application for noncompetitive leases must be sub­
mittedin quintuplicate on form No. 4-1158 Offer to Lease and Lease for Oil and 
Gas, or a facsimilie reproduction thereof. A filing fee of $10.00, which is con­
sideredearned andnot returnable as soon as the application is filed, andrental 
for the first year at fifty cents per acre must accompany the application. All 
leases which expire by law or are terminated otherwise become subject to 
simultaneous filing. Each offer or application must be filled out in ink or type­
written, and the applicant must furnish all information requested. Description 
of lands should be given by legal subdivision, as far as practical to do so. 
All unsurveyed lands must be described by section, township and range as 
indicated on approved protracted surveys. 

An applicant may file by power-of-attorney, provided evidence of such power 
is filed with the offer. Partnerships, associations, or corporations must show 
evidence of authority to do business under the name of a given entity in order 
to qualify as an offeror. An applicant is required to show citizenship and to 
show that oil and gas lease holdings are within the prescribed limitations. 
Within 15 days after filing the lease offer, the applicant must file a signed 
statement indicating that he is the sole party in interest in the offer, and if he 
is not, he must set forth the names of the other interested parties who in turn 
are required to file a statement signed by all interested parties including the 
offer or indicating the nature and extent of the interest of each party. A copy 
of any written agreement between parties must be included. All parties must 
present evidence of qualification to hold a lease interest. 

If errors are made in application or if regulations are not compiled with, the 
offer is returned to the applicant, or he is notified of any insufficiency which 
he may cure. Priority to the land involved under these conditions is not guar­
anteed. 

5. Leases on patented or entered lands - Preferenceright to oil and gas leases 
on patented lands is allowed the patentee as provided by Interior Department 
regulations. To quote from circular 2037 dated Jan. 28,1960, "An entryman or 
patentee who made entry prior to February 25, 1920, or an assignee of such 
entryman, or a vendee of such patentee if the assignment or conveyance was 
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made prior to January 1 , 1918 , for lands not withdrawn or classified or known 
to be valuable for oil and gas at date · of entry, shall be entitled , if the entry 
or patent is impressed with a reservation of the oil or gas, to a preference 
right to a lease for the land. A settler whose settlement was made prior to 
February 25, 1920, on land in the same status , but which has since been with­
drawn, classified, or is known to contain oil or gas, alsohassucha preference 
right . 

"Any offeror for a lease to lands owned, entered, or settled upon as stated above 
must notify the person entitled to a preference right of the filing of the offer and 
of the latter's preference right for 30 days after notice to apply for a lease. If 
the party entitled to a preference right files a proper offer within the 30-day 
period, he will be awarded a lease; however , if he fails to do so, his rights 
will be considered to have terminated. " 

A bond of $1,000 . 00 to protect the surface owner's rights is required from oil 
and gas lessees on lands patented under the Act of Jul y 17 , 1914, with reser ­
vation of oil and gas to the United States. 

6. Rentals and royalties - All rentals on non-competitive leases are due in 
advance, and, if wholly outside a known geologic structure or producing oil or 
gas field , the rate is fifty cents per acre of fraction thereof per year . When a 
lease or any part thereof is declared to be within a known geologic structure, 
the entire lease at its next anniversary will carry a rental of $1. 00 per acres 
per year until offset by royalties through production . On all leases issued 
subsequent to September 2, 1960, the rental is $2.00 per acre per year . Leases 
in known geologic structures require the posting of a corporate surety bond in 
a sum equal to double the amount of the annual rental with a minimum of $1 , 000 
and a maximum o f $5,000. 

Rentals are pa yable on or before the anniversar y of the lease. Failure to pay 
rentals will cause the lease, unless it is producing, to terminate automatically 
by opera tion of la w . 

Standard royalties under noncompetitive leases are 12 1/2%of production. If 
production is limited, a minimum royalty of $1 . 00 per acre ($2 . 00 on leases 
issued after September 2, 1960) ma y be applied, and, if royalty from actual 
production does not equa 1 this amount, the difference must be paid by the lessee. 
Special royalty provisions are applicable where warranted by conditions . The 
total maximum allowable overriding royalty on a noncompetitive lease is five per 
cent, unless production exceeds 15 barrels of oil per day . 

7 . Term of lease -The primary term of a non-competitive lease isten years, or 
as long thereafter as oil and/or gas are being produced in commercial quantities. 
A lease in its tenth year may be extended an additional two years by making an 
assignment of a divided interest, except on leases carrying a date of is s ue sub­
sequent to September 2, 1960. 

8 . Availability of lands to further lease - Lands which are covered by leases that 
have terminated by operation of law or that have been cancelled or relinquished 
shall be subject to lease offers again only on the basis of simultaneous filing . 
On the third Monda y of each month a description of the lands embraced in all 
leases which have expired or otherwise terminated is posted in the Land Office . 
Such lands are immediately thereafter subject to leasing. All offers filed on said 
lands within the succeeding five-day period are considered simultaneously filed. 
If more than one offer i13 filed on dny given acreage, priority is established by 
public drawing . 
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Every offer to lease must be accompanied by separate checks, covering the 
$10.00 filing fee and the advance rental payment. The rental check must be 
certified or any other guaranteed form of remittance may be used. 

9. Assignment ofleases - Subjectto the approval of the Bureau of Land Manage­
ment, leases may be assigned wholly, or in part, as to divided or undivided 
interest to any qualified person. Qualifications are the same as for an oil and 
gas lease applicant. A transfer affecting the record title of a lease may be 
filed on form 4-1175, Assignment Affecting Record Title of Oil and Gas Lease 
or any other acceptable assignment form and accompanied by a filing fee of 
$10.00. Assignee must show citizenship and extent of lease holdings and 
file transfer in triplicate. 

Transfer of record title of each oil and gas lease requires separate instru­
ments. If a new lease is created by partial assignment, the assigned part 
becomes a new lease and carries an "a", "b", or "c" designation following 
the original lease number. Under such conditions the assignee becomes a 
lessee of the assigned portion and is bound by the terms of the lease. Lease­
hold assignments must be filed within 90 days after date of execution. 

Assignment of royalty interests should be filed for the record, but are not acted 
upon for approval. If royalty interests assigned are identical in a number of 
leases, multiple assignments are permissible in one document. The filing 
fee is $10.00. 

10. Termination of leases - Leases may be terminated by filing in triplicate 
an instrument of relinquishment. Evidence of freedom from obligation per­
taining to lease operations and rentals must be shown. When leases are ter­
minated by relinquishment or cancellation, or by operation of law, the lands 
affected thereby are considered available for leasing when notation of tennin­
ation is made on the tract book and when monthly descriptions of land are 
posted in the Land Office preparatory to simultaneous filing. Such notation 
is not necessary if a lease expires at the end of its five-year period or at the 
end of any extension thereof. 

Leases are cancellable for default of lease terms. 

11. Competitive Leases - Open lands in a known geologic structure of a pro­
ducing oil and/or gas field are subject to competitive bidding. Notice of 
offer of lands to lease will be by publication in a newspaper of general cir­
culation in the county in which the lands are located. The notice specifying 
the rental and royalty required must be published once per week for five con­
secutive weeks. The Land Office may circulate notice by other means also. 

LeaSing blocks are divided into compact units not exceeding 640 acres each 
which are available to the qualified person offering the highest bonus in com­
petitive bidding either by sealed bid or public auction. Any or all bids are 
subject to right of rejection. 

All sealed bids must be accompanied by a certified check, money order, or 
cash in the amount of one-fifth of the bonus bid and a statement declaring 
citizenship and other oil and gas interests held. If bidding is by public 
auction, the same requirements are exacted of the successful bidder. When 
the lease is awarded, three copies of the lease will be sent to the succes­
sful bidder, allOwing 30 days during which time the bidder must submit the 
balance of his bonus bid and the rental of $2.00 per acre for the first year. 
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A bond in the amount of double the annual rental, for not less than $1,000 nor 
more than $5,000 must also be filed . . 

12. Drilling bonds - Prior to beginning drilling operations an operator must fur­
nish surety or personal bonds in the amount of $10,000 on each lease drilled. If 
the operator does not hold record title of the lease he must show evidence of 
an operating agreement approved by the Land Office. This bond obligation is 
fully satisfied by an operator's nation-wide bond in the amount of $150,000 or 
in anyone state by a state-wide bond in the amount of $25,000. 

STATE-OWNED LANDS 

The State. of Utah owns the fee simple title to Sections 2, 16, 32, and 36 in 
each township where public lands have been surveyed, the revenue from which 
is applied to the support of schools. Title to these school sections vest in 
the state upon approval of survey by the Department of the Interior, unless some 
previous disposition by the United States prevents title from vesting such 
as creation or expansion of National Forests, Power Sites, Indian Reserva­
tions, National Parks or Monuments, and Reclamation Projects. To compen­

sate the State in such instances, the federal government permits lieu lands 
to be selected by the State in exchange for the school sections, often resulting 
in the State owning lands other than the four sections specified. In the past 
special land grants, totaling approximately 1,750,000 acres, have also been 
made to State institutions. The State also owns the beds of navigable rivers 
and lakes. 

Minerals have been reserved to the State by law, since May 12, 1919, although 
surface rights to State lands may have been conveyed. Previous to this date 
minerals were sold with the surface rights on nearly all tracts. The State does 
not warrant its title to any land, but the Land-\Board will not knowingly issue 
an oil and gas lease on lands the State does not own. 

All State lands are under the direction of the Utah State Land Board, which has 
its offices in the Capitol Building, Salt Lake City, Utah. Oil and gas leases 
are issued under and pursuant to Title 65, Chap. 1, Utah Code Annotated 1953, 
as amended. Records of the Land Office are open to public inspection during 
regular office hours. 

By law, any qualified United States citizen may acquire oil and gas leases on 
State-owned lands with no acreage limitation or chargeability. An application 
may contain 640 acres or one section, which ever is the larger. Where lands 
are non-contiguous, separate leases are issued for each parcel. A filing fee 
of $2.00 is charged for each lease issued . Leases run for a primary term of 
five years and shall continue as long thereafter as oil and/or gas are produced 
in commercial quantities from lands leased. 

If at the end of the primary term drilling operations are being prosecuted on the 
leased premises, the entire lease shall be extended automatically on applica­
tion for a period of two years. The Land Board is empowered to grantan exten­
sion of five years on any oil and gas leas e upon payment of a sixth year rental, 
assuming that the lease has no encumbrances and provided that the lands em­
braced therein do not lie within four sections in any direction from a section 
having commercial production, which production was discovered subsequent to 
the date. of issue of the lease to be extended. 
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The rental on State lands is $1 .00 per acre per year, payable in advance. Indi­
vidual leases issued on a fiscal basis and rentals for.the second and subsequent 
years are due and payable on or before the annual anniversary of the effective 
date of the lease. 

Lease applications are considered in the order filed. If simultaneously filed, 
the applicant willing to pay the highestrental is awarded a lease. When lands 
become available for leasing through new acquisition by the State, or through 
cancellation or termination of a previous lease, the Land Board will within 60 
days following such acquisition, cancellation, or termination post a notice of 
availability for lease of such lands. All applications filed within a IS-day 
period following such notice will be considered simultaneously filed. Sub­
mittals must be made in sealed envelopes which will be opened the day follow­
ing the last day bids are receivable. Leases are awarded to the qualified 
bidder who offers the highest bonus in addition to the rental for the first year. 
In the event of identical bids the successful bidder will be determined by 
public drawing. 

Und~r Chapter 27, Laws -.2! Utah, 1945, the State of Utah may consent to 
lessees holding oil and gas leases on State lands joining federal government 
unit plans or agreements for the development of said lands. 

In the event other valuable minerals not encompassed in the oil and gas lease 
are discovered in the course of the drilling for oil and gas, the Utah State 
Land Board, on application, will grant to lessee priority for a lease on other 
minerals of value so encountered. 

The lessor's royalty is 12 1/2% on the value of all oil and gas production at 
the well head, except (1) where the leased premises lie within four sections 
in any direction from a section in which is located a commercially productive 
well discovered prior to the issuance of the lease, and (2) when lands under 
lease "lie within four sections in any direction from the section in which a 
commercially productive well is first discovered after the lease is issued, 
and the lessee from the State has less than a twenty-five per cent (25%) 
working interest in such first discovered well at the time of discovery." When 
these exceptions obtain, the royalty on gas shall be 16 2/3% if the average 
production per well per day exceeds 5,000,OOOcubic feet for a calendar month. 
Under those same exceptions the royalty on oil operates on a sliding scale. 
When the average daily prodUction per well for a calendar month does not exceed 
100 barrels, the royalty is 12 1/2%. As this average production increases, 
the royalty increases; the maximum being 25% when 400 barrels per day is ' 
reached. A further provision decreases the royalty rate by "one-half of one 
per cent for each I, 000 feet or fraction thereof that the lowest point of pro­
duction from a pay zone is below 5,000 feet; provided further that no royalty 
rate shall be reduced below 12 1/2 per cent." 

There are approximately 5,000,000 acres of State land in Utah subject to oil 
and gas leasing, inclusive of navigable streams and water bodies. As of 
June 30, 1961, there were 1,672,795 acres of State land under oil and gas 
lease. Rental income to the state on oil and gas leases for the fiscal year 
ending June 30, 1961, was approximately $1,110, 000 as compared with about 
$1,000,000, a year earlier. Income from royalties for the same period totaled 
$290,774. The increased rental income, however, does not necessarily indicate 
increased activity in leaSing. In May 1960, basic rentals increased from$.50 
to $1.00 per acre and competitive bidding was introduced. 
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The 1955 State Legislature enacted a regulation to conserve the oil and gas 
resources of the State. Designed to prevent wasteful practices and protect the 
rights of the producers and owners, it is the first such legislative act in the 
State. It became operative July I, 1955. 

OIL SHALE, ASPHALT, BITUMEN AND BITUMINOUS 
ROCK LEASES 
On April IS, 1930 all oil sha le deposits on federal lands were withdrawn for 
study and evaluation by Executive Order 5327. These oil shale deposits have 
not been restored to mineral leasing, but in August 1962 a regulation became 
effective providing for the leasing of deposits of bituminous rock, native 
asphalt, and solid and semisolid bitumen inclusive of gilsonite and oil impreg­
na ted sands and rock. 

No specific form is provided for an application for lease, but name, address 
and citizenship qualifications are required of the applicant. Description of 
lands is the same as for oil and gas leaSing. No applicant, (person, corpor­
ation or association) may acquire or hold more than 7,680 acres in anyone 
state. A $10.00 filing fee must be filed with each application which is con­
sidered earned when paid. Leases are issued only by competitive bidding in 
the same manner provided for oil and gas lease competitive bidding. 

Royalty rates are determined on an individual lease basis and are set out in 
the publication inviting bids. The annual rental is fifty cents per acre. Term 
of the lease is 10 years and as long thereafter as the terms and conditions of 
the lease are observed. 

Leases are issued on a modified form of 47LD which is the oil shale lease form 
in use prior to the oil shale withdrawal. A corporate surety bond is required 

.as stipulated in the bid invitation. The principle of multiple use of public 
lands is operative. 

Leases for oil shale or any asphaltic or bituminous deposits on State of Utah 
lands may be issued to any qualified United States citizen. Leases may not 
be larger than 640 acres and lands must be contiguous in a given lease. There 
is no total acreage limitation. Term of the lease is determined by the Utah 
State Land Board, but in no instance is it for less than 10 years. Royalties are 
also specified by the Board. The rental is $.50 per acre per year. Bonds may 
be required. Multiple use is operative. 
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Paper 44 PROBLEMS OF JOINT 
DEVELOPMENT OF POTASH 
AND OIL AND GAS IN THE 
PARADOX BASINl 
by Robert J. Hite'2 

INTRODUCTION AND HISTORY OF DEVELOPMENT 

The juxtaposition of potash deposits and oil and gas in the Paradox basin of 
southeast Utah and southwest Colorado leads to serious problems in any anti­
cipated development, or exploration and development, of these commodities. 
To avoid serious conflict of interest and los's of mineral resources, the Depart­
ment of the Interior temporarily withdrew from oil and gas leasing two areas of 
public lands known to contain valuable deposits of potash in the Paradox Basin. 
This withdrawal was made for the purpose of preservation and development of 
the potash deposits. As the withdrawals have led to s'ome misunderstanding, 
the purpose of this paper is to discuss the geologic significance of the pro­
blems tha t led to this action, and it is hoped thereby to create a better under­
standing between the potash and petroleum producers. 

Uke many mineral deposits of sedimentary type, the potash in the Paradox Basin 
was discovered by accident through petroleum exploration. Several of the early 
oil and gas wells drilled in the basin recorded the presence of potassium and 
magnesium in brines and cuttings from the Paradox member of the Hermosa for­
mation. Since that time many discoveries have been made through interpreta­
tion of radioactivity logs which are run in nearly all oil and gas tests drilled in 
the basin. 

The first discoveries of potassium and magnesium salts were made in 1924 at 
the northern end of the Paradox Basin by wells drilled for oil and gas in the 
Crescent Junction area on the northern terminus of the Salt Valley anticline 
(Figure 155). Shortly ' afterward additional indications of potash were repor­
ted from wells drilled on the Paradox Valley, Moab Valley, and Cane Creek anti­
clines and on Shafer dome (Figure 155). A later period of oil and gas explor­
ation, starting in the 1940's, verified the presence of sylvite deposits in both 
the Cane Creek and Sevan Mile anticlines. On the basis of favorable indica­
tions of potash found in the Delhi -Taylor Oil Corporation Utah well 2, locdted 
on the Seven Mile anticline in Grand County, Utah, the Delhi-Taylor Oil Corpor­
ation initiated a potash exploration program on the anticline which resulted in 
outlining the potash deposit. In 1956, the same company, acting on the inter­
pretation of information from oil and gas tests drilled on the Cane Creek anti­
cline, began a second exploration program which confirmed the occurrence of 
two rich sylvite deposits in this area. Both of these mineral properties were 
subsequently assigned to Texas Gulf Sulphur Company which has begun instal­
lation of plant facilities and sinking a shaft at Cane Creek. It is interesting 
to note that the Usbon Valley anticline (Figure 155) potash deposits are the 
only deposits in the Paradox basin not discovered indirectly through exploration 
for petroleum. Although the Usbon Valley anticline was drilled in 1929 by the 
Union Oil Company, whose well penetrated 3,390 feet of saline deposits, there 
was no information available indicating the presence of potash until Superior Oil 
Company began a series of potash test holes in 1958. The latter company's 
exploration program subsequently established the presence of potash deposits 

1. Publication authorized by the Director, U. S. Geological Survey. 
2. Geologist, U.S. Geological Survey, Salt Lake City, Utah. 
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in this area. In 1949 considerable attention was drawn to this same locality by 
the discovery of oil and gas in the Mississippian rocks beneath the potash depo­
sits on the southwest flank of the surface anticline (Figure 155). Development 
drilling in this oil and gas field has greatly augmented knowledge concerning the 
potash deposits in this area. 

The most recent development in potash exploration is presently under way on the 
Salt Valley anticline (Figure 155) where three test holes have been drilled by 
the San Jacinto Oil and Gas Company. Continental Oil Company has also 
recently completed a combination oil and gas and potash test hole on this same 
structure. 

Realizing that problems concerning simultaneous production of both oil and gas 
and potash from anyone area could lead to serious conflict and los s, the Depart­
ment of the Interior, by Secretarial Order, withdrew public lands encompassing 
9,445 acres on the Cane Creek anticline from future oil and gas leaSing on 
August 29, 1960 (Figure 156). The withdrawal was made to protect the valuable 
deposits of potash known to be present, and to allow mining operations to pro­
ceed without hazard from future oil and gas test holes which might be drilled in 
this area. Following the Cane Creek withdrawal, the Department also with­
drew 4,918.21 acres of public lands on the Seven Mile anticline for the same 
reason on May 13, 1961 (Figure 157). Both withdrawals will terminate aftera 
period of ten years from the date of withdrawal unless extended by appropriate 
order. After restoration the lands will again be subject to leasing for oil and 
gas exploration and development purposes. 

GEOLOGY OF THE POTASH DEPOSITS 

A detailed discussion of the Paradox basin potash deposits is beyond the scope 
of this paper; however, to enable the reader to better understand the problems 
of exploitation to be discussed in the next section, a brief outline of the geology 
is necessary. 

The potash deposits of the Paradox Basin occur in the Paradox member of the 
Hermosa formation of Pennsylvanian (Des Moines) age. The Paradox member 
includes a "saline facies" conSisting of a series of partial and complete eva­
porite cycles and intervening clastics consisting of dark organic-rich shales, 
mudstones, and siltstones. At the present time, 29 of these cycles have been 
recognized (Hite, 1960). Deposits of sylvite and carnallite of varying degrees 
of concentration are found in many of these cycles. At the present time, explor­
ation is centered on two separate sylvite deposits which are found in the upper 
one-third of the "saline facies." The greatest concentration of potash deposits 
occurs in that part of the Paradox Basin commonly referred to as the Paradox 
fault and fold belt (Kelley, 1958). This area is characterized by a series of 
elongate northwest-trending salt anticlines. These salt anticlines, with their 
tremendously thick cores of salt and correspondingly higher concentrations of 
potash, are the only localities within the basin where the "saline facies" has 
been elevated to relatively shallow depths. Beneath the evaporite sequence lies 
a complex system of faults and folds which, although related, is disharmonious 
with the effect of salt tectonics seen at the surface. This masked structure forms 
favorable oil and gas traps in Mississippian and Devonian rocks. As a rule, 
the most favorable of these buried structures occurs on the southwest flank of 
the surface anticlines, although they may extend under part of the salt anti­
clines. Hydrocarbon accumulation within the "saline facies", which is 
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controlled largely by salt tectonism (Hite and Herman, 1962), is commonplace 
in most of the salt anticlines. Locally, these accumulations have shown some 
promise of commercial importance. It is this close association of oil and gas 
and potash deposits in the salt anticline region that creates the problems dis­
cussed in the ensuing section. 
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Figure 156. Cane Creek Anticline area showing lands withdrawn from oil and gas leasing. 
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PROBLEMS IN SIMULTANEOUS DEVELOPMENT OF 
DEPOSITS OF POTASH AND OIL AND GAS 

The coincidental overlap of the Paradox Basin potash deposits and a structural 
environment favoring the entrapment of oil and gas in the underlying Mississippian 
and Devonian strata, which have already proven productive in more than one 
area, poses many problems concerning the simultaneous exploitation of both 
commodities. Any underground mining operation involving large scale extraction 
of material will bring on varying degrees of subsidence of the overlying rock. 
If producing oil and gas wells are located within a subsidence block, it can be 
expected that damage to some wells will result and that casings and tubing will 
be sheared off or collapsed in certain wells. In addition to the extensive damage 
of petroleum production facilities, mine workings in the area would then be en­
dangered by possible entry of gas or fluids under high pressures. This problem 
of subsidence has been studied in detail in the potash mines of the Ci(.rlsbad 
district where the removal of pillars results in 95 to 98 per cent extraction of 
the ore bed. In the United States Potash Company mine at Carlsbad the potash 
deposit is about 1,000 feet below the surface. Studies in this mine (Miller and 
Pierson, 1958) have shown that the major amount of underground movement is 
estimated to be about 12 feet, while the major subsidence at the surface involves 
a much larger area than the actual underground mined area. Miller and Pierson 
calculated the "limiting angle" (measured from a line drawn vertically up from 
the edge of advance and a second line drawn upward from the edge of advance to 
the outermost point where SUbsidence was observed on the surface) to be between 
30 and 51 degrees. The following factors which contribute to the degree of the 
"limiting angle" are quoted directly from Miller and Pierson (1958, p. 2): 

"I. The overlying strata through which subsidence takes place, this 
angle being relatively small for strong rocks and relatively large for 
weaker members, the total limiting angle, of course, being the sum 
of the various limiting angles up through the different strata. 

2. H has been observed that the limiting angle is greater in areas where 
final mining operations are bordered by first mining operations. Strictly 
speaking, this is not a true limiting angle because extraction outside the 
area effects an increase of the angle. However, from the practical point 
of view, it is quite necessary to take this influence under consideration. 
We have observed in some cases a limiting angle as large as 51 to 30 
degrees. It may be when the ground completely stabilizes this angle 
will be somewhat greater. " 

Although the results of the Carlsbad studies can be applied as a tentative yard­
stock to the Paradox Basin deposits, there are still many factors affecting the 
latter which leave the "limiting angle" in a stage of guesswork. For example, 
the Paradox Basin deposits are much deeper. The bottom of the Texas Gulf 
Sulphur I1'ine shaft at Cane Creek will be approximately 2,800 feet below the 
surface while at Carlsbad the greatest shaft depth is about 1,800 feet. Because 
the rocks of the Cane Creek deposits dip as great as 15 degrees, unlike the 
Carlsbad deposits, the support pillars will be subjected to forces tending to 
cause them to override in the direction of dip. The" saline facies", being a 
sandwich of thick salt beds and thinner penesaline beds and clastics, may have 
more strength than is commonly realized and consequently act with less plas­
ticity than a single unbroken thickness of halite. Another factor, the effect of 
which is hard to predict, is the tremendous thicknesses of salt below the potash 
deposits. For example, at Cane Creek a thickness of 4,530 feet of the "saline 
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facies" underlies the uppermost potash deposit. Also, it is difficult to esti­
mate the effects that will be caused by the great differentials in overburden in 
the Paradox Basin deposits. Most of this area is canyon country where it is 
pos sible in less than one -half mile on the surface to achieve 1,500 feet of relief. 

SUMMARY 

Petroleum exploration in the salt anticline area of southeast Utah and southwest 
Colorado is expected to gain in impetus and scope. This area still has a very 
low density of drill holes testing pre-salt formations and there will probably be 
extensive exploration in the near future. Future drillings for oil and gas will in­
directly supply valuable information concerning the potash deposits but will no 
doubt create new areas for conflict between oil and gas production and possible 
potash exploitation. As more is learned about the salt anticlines, it may be 
found tohat favorable hydrocarbon traps exist beneath the great masses of salt 
themselves. Until such time, the area of greatest conflict will be along the 
flanks of the salt anticlines, although production from the "saline facies" with­
in the anticlines may also present a problem. Mine development by Texas 
Gulf Sulphur Company at the Cane Creek anticline will provide much needed 
information regarding subsidence at such depths and conditions. Then more 
precise estimates can be made of the size of pillars necessary for the protec­
tion of well casings present in the area affected by subsidence. This mayor 
may not allow closer spacing of petroleum production facilities and underground 
mining operations. 
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Castlegate Formation, 369 
Castlegate Sandstone Member (Price River Fm.). 135, 

202, 334, 345 
Castle Peak Gilsonite Vein, 219 
Castle Valley, 334 
Cataract Canyon, 97 
Cedar Breaks, 141 
Cedar City, Utah, 111, 141, 144, 150, 158, 159, 

323, 326 
-area, 321 

Cedar Hills, 23, 144, 331 
Cedar Mesa Anticline, 469, 473, 475, 480 
Cedar Mesa Member (Cutlerformation), 100, 101, 361, 

382, 473 
Cedar Mountains, 158 
Cedar Mountain Formation, 123,125,128,129, 130, 

131, 133, 134, 135, 201,334,355,369,371,375, 
377, 396 

Cedar Pocket Canyon Fault, 315 
Cement Plant, 118 
Cenozoic, 141, 291-296, 300 

-011 and gas possib1l1ties of, 291-296 
Central Intrusive, 155 
Chaetetes Colonial Coral, 423, 493 
Chainman Shale, 93, 290 
Chalk Creek Thrust, 191 
Chapita Sandstone Member, 201 
Chapita (g1\sonite) Vein, 218 
Chapita Wells Area, 225 
Chapita Wells Bituminous Sandstones, 244 
Chapita Wells Gas Field, 7, 201,499 
Chapita Wells 011 Field, 6,202,500,501, 502 
Charleston Thrust, 185, 327 
Chazyan Age, 53 
Chemical Sediments, 45, 123, 148 
Cherry Creek Region (Montana). 41 
Ches terian Time, 89, 93 
Chimney Rock Tongue, 126 
Chinle Formation (group). 109, 110, Ill, 112, 118, 

177,305,324,325,330,335,337,338,361,363, 



368, 370, 375, 378, 382, 431, 450, 451 
Chinle Wash Gas Field, 7, 483 

-area, 410 
Chlorite, 41, 42 
Chokecherry Canyon, 197 
Chromatography, 266 - 267 
Church Rock Area, 417 
Circle Cliffs, 17, 102, 110, 112, 338 

-uplift, 19, 381 
-upwarp, 383, 469 

Cisco Anticline , 378 
Cisco Dome Gas Field, 7, 376 
Cisco Dome Oil Field, 6 
Cisco Springs Gas Field, 7 , 376 
Cisco Townsite Gas Field, 7, 363, 375 
Cities Service 4tl Gov't. Well, 362 
City Creek Canyon, 40 
Claron Formation , 138, 157, 159, 162, 163, 303, 

306,307 , 309,311 
Clay, 82 
Clay Basin, 125, 126, 127, 177 
Clay Basin Anticline, 177, 180, 186 
Clay Basin Fault, 180 
Clay Basin Gas Field, 7, 177 - 182, 183 
Cla ystone , 110 
Clayton Peak Intrusive , 155, 160 , 167 
Clear Creek Gas Field, 7, 10, 327, 341 , 343, 344, 

345, 349, 352, 369 
Cloverly Formation, 125, 126 
Coal, 4, 23 , 24, 132, 134 , 135, 136, 137, 264 

-anthracite, 264 
-bituminous, 264 

Coal Creek Canyon, 144 
Coalbank Pass, 393 
Coalbed Canyon Gas Field, 7 
Coalpits Wash, 309 
Coalville Anticline , 187, 190, 191 
Coalville, Utah, 127 , 128, 141, 185, 190 
Coconino Sandstone, 100, 101, 102,305,330, 334, 

341, 345, 352, 361, 365 , 369 , 370, 371, 372 , 
373, 382, 398 , 500 

Coking Process, 236 - 237 
Collinston Conglomerate, 141, 143 
Coloradan AtJe, 24, 137, 138 
Colorado, 47 , 49, 51, 57, 89,90 , 93,96,98, 100, 

104,127,128 , 129,130,135, 136, 175, 181, 183, 
207, 221, 223, 394, 413 , 421 

- central, 395 
-southwestern , 405 , 417 
-western, 445 

Colorado Plateaus (Province). 13-17, 18,27,51,97, 
103, 109, 110 , 112 , 113"116,117 , 118, 125 , 129, 
133, 134 , 141 , 152,158,159,166,168, 291, 306, 
334, 353, 355, 359 , 373 , 475 

-craton, 358 
-uplift of, 28, 49 

Colorado River, 13, 16, 17, 97 , 98, 102, 110 , 112, 
116,117 , 133,134 , 363,376,378,381 , 383,445, 
447, 455, 483 

Colorado Time, 126 , 303 , 306 
Colorado Trough, 96 
Colton Formation, 144, 201, 330, 334 
Colton, Utah, 144 , 255 
Columbia Plateaus Province, 13' 
Columbia River Basalt, 159 
Comb Ridge, 416, 420, 425 ', 469, 473 
Comb Wash, 101 
Completion Procedures, 205, 206 
Composition of Bitumens, 249-273 
Compressor Plant, 181 
Conchidium 67 - 71 
Condensate, 181, 205 
Confusion Basin, 113,287,290 
Confusion Range, 66, 67, 71, 72,79,81,86,287, 

291, 299 
-geologic section of, 290 

Conodont, 53 
Conradson Carbon, 499, 501 

Conservation, 4 
Coral, 53 
Cordilleran Geosyncline, 19, 89, 102, 287, 325, 

353, 355, 357, 373, 381, 394, 469 
-region, 131 , 280 

Cosco Oil Co . 4H Shorty, Wildcat , 335 
Cottonwood Anticline, 376 
Cottonwood District, 90, 91 
Cottonwood Gilsonite Vein , 219 
Cottonwood Uplift, 329, 330 
Country Gentlemen (bitumen) Vein, 257 , 282 
County Pit , 228, 235 
County Pit Fault, 225, 228 
Court House Syncline, 378 
Cowboy (gilsonite) Vein , 217 , 218, 221, 267 
Cowboy-Bonanza (gilsonite) Vein System, 217 
Crab Creek Formation, 330 
Craton, 51, 53, 57 
Crawford Mountains, 104, 185 
Crazy Hollow Formation, 144 
Crescent Junction Area, 519 
Crescent Wash Syncline , 378 
Cretaceous, 17, 20, 21, 123-138, 143, 144, 150 , 

199 , 200, 224, 291, 296, 331 , 363, 382, 383, 
395, 396, 399, 431 , 499, 500, 501, 502, 503 , 
507 

- early, 127, 128, 133, 136, 167, 190, 313 
-late , 127 , 135 , 138, 141 , 183 , 186, 190, 

200, 201, 204, 303, 375 
-lower, 115 , 116, 125, 126, 129, 131 , 133 , 

134 , 306 
-upper, 177, 180, 306, 309, 316 

Cross -bedding, 42 
Crossing of the Fathers , 116 
Crystal Peak Intrusive, 155, 157, 160 
Culbert BreCCia, 162, 306 
Cupola, 155, 157 
Currant Creek, 130 
Currant Creek Formation, 123, 128 , 130, 245 
Currant Peak, 128 
Current Creek, 83 
Curtis Formation, 116, 117, 118, 119, 120 , 121 , 128 , 

129,136,177 , 239,305,324, 325, 330 , 334, 337, 
371, 382 

Cutler Facies , 102 
Cutler Formation, 98, 100 , 101 , 359 , 361, 399, 400 , 

431, 451 , 469, 471, 475 
Cyathophyllum, 63 

o 

D. Feldman #1 Diamond, 331 
- #2 , Sun, Diamond Fork , 331 

Daggett County, 4, 177, 183, 186 
Dail y Production of Crude, 4 
Dakota Formation (Sandstone, 123, 125 , 126, 128 , 

129,130,131,132 , 133 , 134, 135 , 136, 177 , 180, 
181,200, 201,204,224,306, 3'24, 334, 341, 142, 
344,355,359,369,375 , 376,377,378,382,396, 
431 

Dakota (?) Formation, 115, 123, 306 
Dakota Group , 123 
Danish Wash Gas Field, 7, 376 
Davis County, 152, 183 
Decathon Dolomite, 67 
De Chelly Member (Cutler Fm . ), 100 
Deep Creek, 149,225 
Deer Creek Ranoe, 95, 157, 287 

-geologic section, 290 
Defiance Uplift, 113, 394, 397, 469, 480 
Dehydration Plant, 181 
Delhi Taylor No.2 Utah-State , 453, 455 
Deliverabil1ty, 205, 206 
Department of Interior , 512, 513, 516 
Depletion, 202 
DepOSition, 25 
DepOSits (see individual types, alluvial, lake, etc.) 
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Depth of Wells, 205 
Deseret Limestone, 90, 91, 330, 357, 398 
Desert Basins, 150 
Desert Creek Limes tone , 493 
Desert Creek Oil Field, 6,411,416, 500, 501, 502 
Desert Creek Zone (of Paradox), 360,417, 487, 489 

-of southeast San Juan Co., 405 - 411 
Desert Mountain Stock, 155, 160 
Desmoinesian Time, 93, 94, 96, 98, 99, 100, 357, 

359, 395, 413 
Detrital Deposits (alluvium), 149 
Devils Slide, 118 
Devonian , 19 , 66, 75-88, 175, 290,305,358, 377, 

382,387, 394, 429, 433, 435, 440, 441, 443 , 
453, 455, 462, 507 

Dia mond Creek Sands tone, 102 , 330 
Diamond Oil #1 Fee, Diamond Fork , 331 

-#2 Fee, Diamond Fork, 331 
-#3 Fee, Diamond Fork, 331 
- #1 Unit, Diamond Fork, 331 

Diamond Peak Formation, 93 
Diamond Ridge, 377 
Diatomite, 148 
Dike, 155, 157 
Dinosaur Canyon Sandstone Member (Moenave Fm.) 

111, 305 
Dinwoody Sha le, 113 
Diorite Porphyry , 158 
Dolomite, 43, 52, 53 , 56 , 57, 67, 71, 76, 77,82, 

85, 90, 9 1 , 99, 102 
Dome Limestone, 290 
Doug las Creek Arch, 195 
Douglas Creek Gas Field , 135, 175 
Doughnut Formation , 91, 93 
Dove Creek , Colorado , 499 
Dragon - Asphalt Wash Asphaltic Sandstones, 244 
Dragon, Utah, 223 
Drilling Costs, 205 , 206 
Drum Mountain , 158 
Drum Stock, 155, 160 
Dry Hollow Latite, 161, 163 
Dry Lake Section, 91, 92 
Dry Mountain , 41, 79, 83 
Dry Valley Quadrangle, 104 
Duchesne Area, 211, 213 
Duchesne County , 1, 4, 211, 219, 225, 500 
Duchesne Fa ult Zone, 19 S 
Duchesne Oil Field, 6, 2S1, 499, SOO, SOL 502, 

S03, 504, SOS 
Duchesne River , 130, 194 
Duchesne River Formation , 26, 143 , 17S , 194, 22S, 

229 , 235 , 237 , 244 
Duchesne, Utah , 19S, 197, 255 
Dudley Well No. 1 , 427 
Dugwa y Range, 79, 81 
Dunes, 149 
Durst Mountain, 79, 85 

E. L. K. Oil Company, 186 
E. R. Bardwell #1 Venton Well, 312 , 313 
Eagle Springs Oil Field , 293 
Earl N. Ramey Fee. R- l , Wildcat, 335 
East Canyon , 27, 377 
East Tintic Mountains , 79, 91, 92 
Echo Canyon, 141 
Echo Canyon Conglomera te, 24, 26, 123, 125, 127, 

128, 130 , 14 1 , 150 
Egan Range, 292 
Egnar Unit Area , 423 
Eight Mile Dacite, 162 
Elbert Formation, 358, 382, 429, 433, 435, 453 
El Capitan #1 James , 299 
El Paso -Colorado Interstate, California, 203 
Elbert Formation, 85, 483, 485 
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Elemental Ana lyses (bitumen), 281 
Elevation 

-Basin and Range Province, 17 
- Canyon Lands , 16 
-High Plateaus Subprovince, 16 
-Utah, 13 
-Wasatch Mounta ins, 18 

Elliott l - C, 437 
El Paso Na t. Gas #1 Pack Saddle , 362, 390 

-#1- Salina Canyon, 335 
Ely Limes tone, 290 
Emery County , 1,4, S7, 98, 157, 160,334,353, 

373, 497 
Emery Sandstone, '130, 133, 135, 201, 334 
Emery Uplift, 19, 357, 370 , 395 , 489 
Enabling Act, 511 
Enterpri se, Utah, 138 
Entrada Formation, 113, 116, 117, 118, 119, 120, 

121, 138, 177, 180, 181 , 206,208, 30S, 306, 
324 , 325, 330 , 334, 337,363,369,371,375, 
376,377,382, SOO , 504 

Eocene, 2S , 26, 27, 128, 130,141, 143, 144,161, 
165, 167, 168 , 176, 183, 190, 200, 208, 244, 
281 , 292, 296, 382, 383 

-oil and gas poss i bilities of , 292 
Eolus, 393 
Epeirogeni c Movement , 49 
Equity Oil Government #1, 80 
Ericson Formation, 125, 127 
Escalante Desert , 158 
Eugeosynclinal, 51 
Eureka Area, 163 
Eureka Quartzite , 56 , 290 
Evacuation Creek Member (Green River Fm) , 209 
Evanston Formation, 2 S, 26 
Evaporite, 21, 102, 148 
Exploration , 1 

-costs, 207 
Extraction Techniques, 213 
Extrusive Igneous Rocks, 27 , 28 , 158-167 

Fanglomerates, 148, 150, 151, 152 
Farmington Gas Field, 295, 297, 300 
Farmington, Utah, 295 , 296 
Farmington Wasatch , 26 , 41 
Farnham Dome Area, 357, 362, 36.9 , 37 1-372 , 373 
Farnham Dome Gas Field , 7 , 369, 37 1-372 
Faults and Faulting, 27 , 28 
Fault Scarp', 150 
Faunal Zones, S4 - 55, 57, 
Fa vosites, 63, 67, 72 
Fayalite, 168 
Federal Bureau of Mines Experiment Station, 497 
Federal Code of Regulations, 512 
Federa l Oil #1 Bow knot, 462 
Feldspar , 168 
Fence Canyon , 377 
Fernow Quartz-Latite, 163, 165 
Ferron Anticline, 375 
Ferron Gas Field, 7, 307, 343, 345, 349 
Ferron Sandstone, 130, 131,133, 13S, 334 , 341, 343, 

344, 349, 352, 369 
Field Price (gas), 205 
Fillmore, Utah, 148, 159, 299 
Fish Haven Dolomite, 51 , 53,59,63,66,67 , 290 
Fish Lake Plateaus, 149, 331, 333, 335 
Fish Springs Range, 158 
Fis her Valley , 98 
Fitchville Dolomite (formati on), 85 , 90 
Fixed Car bon Content (bitumens), 257 
Flagstaff Limes tone (formation), 26, 27, 143, 144, 

201, 330, 334, 337 
Flat Canyon Gas Fie ld, 7, 327, 34 1 , 343, 349,352, 

369 



Flat Top Mountain Suite, 306 
For3terite, 168 
Fort Duchesne (Gilsonite) System, 219 
Fort Union Formation, 186 
Fossils, Silurian, 67 
Four Corners Area, 93, 99 , 117,394,402 
Fowkes Formation, 141, 143, 147, 293 
Fowkes Tuff (SWWyo.) , 27 
Fox Hills Formation, 127 
Frac Fluid, 205 

-oil-base frac, 205 
-water - base frac, 205 

Fractionation of Sulfur Isotopes, 276, 278 
Franson Tongue (Park City Formation), 104 
Fremont Sag, 96 
Fresco Intrusive, 155 
Frisco Area, 158, 167 
Front Range Highlands, 95 
Frontier Formation, 24 , 123 ,125,127,128,129, 177, 

180, 187, 190, 191, 279 
Funk Valley Formation, 130 
Fuson (?) Shale, 177 

G 

Galle Muley Creek #1, 80 
Gannett Formation (Wyoming), 190 
Gannett Group (SE Idaho), 23 
Garden City Formation, 51, 52-53, 58 
Gardison Limestone, 90 
Gardner Limestone, 330 
Farfield County , 4 , 16 0, 32 1 
Garnet, 41 
Garrison, Utah, 66,67,299 
Gartra, 110 
Gas, 180, 224 

-natural gas, 180 
-reserves, 180, 181 
-storage, 187, 19 1 
-sweet gas, 180 

Gas Fields in Utah, general, 7 
Gas Hills District, Wyoming , 279, 280 
Gas and Oil pos sibilities (see oil and gas possibilities) 
Gastroliths, 134 
Gateway, Colorado, 388, 389 
Gathering Facilities, 1 
Geanticline, Cordilleran, 19, 20 
Geophysical Exploration, 5 

- surveys, 181 
Geosyncline, 53 
Geotronic Development #1 Jacketta, 297 
Gerster Formation, 104, 290 
Gibson Dome, 407, 455 
Gilsonite, 4, 26 1, 264, 265, 267, 268 , 271, 273, 

195,215-224,249 , 251,253 ,255, 257 , 258,259 
-map, 216 
- mining and markets, 221 
-uses, 215 
-vein systems, 217 - 219 

Gilson Range, 79 
Glacial, 149, 148, 
Glade Unit Well, 423 
Glauconite, 118, 121 
Glen Canyon Group, 116, 118, 119, 305, 363, 369, 

370 , 375, 431, 451 
Gneiss, 39 

- hornblende, 41 
-inj ection, 41 

Gold , 111 
Gold Hill IntrUSion, 160 
Gold Hill Mining District, 53,66 , 71, 77, 81, 82, 

91, 92, 104 , 113, 158, 166, 167, 292 , 293 
Gold Hill Stock, 155 
"Goodridge" Formation, 471,481 
Goose Creek, 166, 167 
Goose Creek Area, 293 
Gordon Creek Gas Fi e ld (C02) 7, 341, 342, 343, 345, 

349, 356 
Gordon Gra y Co. #1 Emery, 335 
Goshute Lake , 193 
Gothic Mesa Oil Field, 6, 411 
Graben, 27 
Grafton, 309 

- fo ld, 315 
Grand Canyon, 100, 101, 103, 361, 383 
Grand Canyon System , 43, 393 
Grand County, 1,4,5 ,6,97, 98, 117, 160 , 353 , 

363, 389, 500 
Grand Valley, Colorado, 209, 375, 379 
Granite Mountain Intrusive (laccolith). 155, 157 , 

160, 311 
Granite Range Stock, 155, 157, 158, 160 
Granitic, 41 
Grantsville, Utah , 298 
Granulite, 41 
Graptolites, 53,60 
Grass Valley, 16, 335, 337 
Grass Valley Formation, 162 
Gras sy Trail Unit (Moenkopi?) , 368, 372 
Gravels, flood plain, 15 2 

-river terrace , 152 
Gra vel Surfaces, 149 
Great BaSin, 28,56, 110, 113, 149, 150,152, 159, 

168,287,290,291 , 316 
Great Basin Petroleum Chase #24 -1 0 Wildcat, 335 
Great Blue Limestone, 91, 92, 330 
"Grea t"Fa ult , 190 
Great Salt Lake, 13,45,49, 148, 152, 185 , 300 
Great Salt Lake Desert, 56, 158, 167 
Great Sta ircase, 16 
Greater Aneth Area, 463, 483 
Green Lakes, 150 
Green River, 18,97, 102, 110, 113, 126 ,198, 219 , 

222, 445, 447 
Green River Time, 197, 161, 239 
Gre5n River, Utah, 117 , 135, 141, 209, 365, 378 
Green River BaSin, 125, 183, 186, 213, 281 
Green Ri ver Des ert. 101 
Green River Formation, 26, 143 , 144, 161, 176, 201 , 

208,217,22 1,222,224,225 , 237, 238 , 239,244, 
247,249,251 - 253,255,271,281,284,292,334, 
364, 369 

-basal member , 500 
-facies of , 195 - 197 
-index map of, 223 
-oil possibilities, 19 1-198 
-oil shale zones, 222 
-potential , 207-213 
- stratigraphy, 193, 198 

Gree n River Oil and Gas Field,213 
Green River Tongue , 201 
Green River-Wasatch Transition Zone , 200, 204 
Greenhorn Limestone, 134 
Greenhorn Time, 135 
Greenschist, 41 
Grouse Creek Mountains stock, 155, 160 
Grouse Creek Range, 40, 42 
Grouse Creek Valley, 143 
Gryphea newberryi zone, 135 
Guadalupian Time, 103, 104 
Guilmette Limestone, 77, 80, 82, 290 
Gulf Oil Co . , Aztec Lockhart Fed. 1, 80 

-Bi shop Springs, 299 
-Coalbed Canyon, 80 
-Gronning No.1, 293, 299 
- No.1 Wes t Desert Creek, 420, 421 
- No.2 West Desert Creek, 420, 421 

Gulf of Mexico Embayment, 120 
Gunlock Fault, 309 
CUnnison Utah, 116, 144 
Gunnison Oil Co . #1, Gunnison Wildcat, 335 
Gunnison Plateau, 23, 24, 125 , 131, 141, 143, 144, 

331 
Gusher, Utah, 219 
Gusher Oil Field, 6, 201, 499, 500, 501, 502,503 
Gypsum, 98, 102, 109, 116, 121, 373 
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H 

Halgalto Member (Cutler), 100 , 101 , 471 , 477 
- High, 475 

Halysites, 63, 67 , 72 
Hansen Creek Formation, 63 
Happy Jack (copper) Deposit, 279 
Hardscrabble Hollow Intrusive, ISS, 157, 160 
Harley Dome Ga s Field, 7, 377 
Harmony Hi lls Tuff, 163 
Harrington Formation, 113 
Harrisburg Dome , 309, 314, 317 
Hartman Umestone, 485 
Hatch 011 Field, 6 
Hatha way Test, 425, 427 
Heaps Mountain, 157 
Heaps Mountain Intrusiol1 , 157, 160 
"Heated Ball" Retorting Method, 209 
Henry Mountain s , 16 , 17, 117-132-133 , IS S, 157, 

160 ,381,382 ,383,388,397,4 17 
Henrys Fork Group, 132 
Henrys Fork Thrust Fault , 183 , 186 
Hermit Shale , 382 
Hermosa Formation, 93 , 97, 98 , 100 ,338,359,382 , 

383, 400, 407, 411, 413, 429, 431, 432, 435, 
451 ,453,471,48 1,5 00 , 519 , 521 

-group, 99 , 371, 473 , 475 
Hickey 011 Corp, #1 Cassity , 298 
High Plateaus, 13, 16, 28, 105,110,117,138,149, 

287 , 291 , 323, 327 , 329 , 493 
Hill, Et Al., State I, 80 
Hi lliard Shale , 125 , 128 
Histogram, 269, 271 
Hite , Utah, 116 
Hogback , 144 
Hogup Mountains, 104 , 291 
Hole -in-the-Rock , 116 
Hole -in-the -Wall Member (Iron Fm.). 163 
Homestake Formation, 119 
Honaker Trail Formation, 97,98,359 , 360 ,361 , 365, 

431,447,451,455,46 3 ,47 1, 473 ,477,479,489 
Hornblend e , 41 
Horn Point Limesto ne , 473 
Horse Point, 377 
Horse Spring Formation, 292 
Horsts , 27 
Hoskinnini Member (Cutler Formation, 100, 101 
House Range, 45, 287 

-geologic section of , 290 
Humbl e Oil and Refining Co. Rosemary Lloyd #1, 251 

-Ruth Nelson #1,251 
Humboldt Formation, 292, 293 
Humbug Formation, 91, 330, 359 
Hunt Governmen t I, 80 
Huntington Dome , 371 
Hurricane Cliffs, 136 , 307, 323, 324 
Hurricane Fault , 16 , 138 , 303, 306, 307, 309, 315, 

316, 321, 323, 337 
Hurricane Ledge, 307 
Hurricane Producing and Refining No . 3-A, 313 
Hurricane , Utah, 158 
Hydrocarbons , 268, 28 1, 283 
Hydrog ena tion, 210 
Hyrum Dolomite, 76 

Ibapah Stock , ISS, 157, 158, 160 
Ibex Basin, 51, 56-57 
Ibex Hills, 71 
Idaho , 41 , 42, 45, 76,95 , 100, 102,103, 104, Ill , 

113 
Idaho -Wyoming Thrust Belt, 183, 185-186 
IgnaCio, 392, 393, 485, 486 
Igneous Rocks, 27, 28, 155-168 
Ignimbrites, 27, 159, 316 
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Ignimbrite SubprOVince, 27 
Ues Formation, 128 , 130 
"In Situ" Retort Methods, 210, 211 
Indian Ag ency, 513 
Indian Canyon, 264 , 282 
Indian Canyon - Lake Canyon, 225, 247 
Indianola Group , 23 , 123 , 130 , 131, 291, 329 , 
Ingramite , 215 , 251 , 252 , 257, 258 , 259 ,26 1,264, 

269 
Inoceramus 128 
Intrusive Arch, ISS , 157 
Intrusive Igneous Rocks , 24,41,155-158,167 

- compOSition of. 160 
-distribution of , 155 
- structure relations, ISS, 157, 158 

Iron , 4 
Iron County, 138, ISS, 157, 160, 321 
Iron Mountain Intrusive (laccolith). ISS, 157, 160, 

311 
Iron Springs District , 119, 138, 157, 159 , 163 , 166 , 

168, 303 , 309, 311, 317 
Iron Springs Formation, 23 , 138, 15 7 
Iron Springs Ga s Anticline, 309 
Iron Town Member (Page Ranch Formation). 163 
Iron Wash, 368 
Island Gas Field, 7, 201 
Ismay Umestone, 493 
Ismay Oil Field , 6, SOl, 502 
Ismay Zone , 360, 405, 430, 432, 435 

-oil and gas possibilities of. 413 -427 
Isom Formation, 161, 163 
Isopachs, 58 , 59 , 85 , 435, 436 
Isotopes , 275 
Ivanovia Species , 410, 420 

J. Ray McDermott State No . I, 324 
Jack Canyon Anticline, 195 , 364 
Jack Valley Formation , 67, 71 
Jefferson Dolomite, 76, 77, 81, 85 
Jensen, Utah, 129 
Joana Limestone , 89, 90, 290 
Joes Valley Gas Field, 7 , 327, 341, 343 , 345, 349, 

352 
-graben, 344, 345 
-rift, 344 

John Starr Flat , 225 , 245 
Johnson Creek Unit , 425 
Jordan Narrows, 149, 293 
Jordan Va lley, 300 
Juab County, 160 , 291 
Juncti on Creek Formation, 121 
Jurassic, 17,20,21, 24 , 112 , 115-121, 128. 130 , 

131, 136, 138, 143 , 144, 16 7, 177,201,237 , 291 , 
296 , 303, 305 , 363, 382, 395,396,431,451, 499, 
500, SOl, 502, 503 , 507 

-earl y, 120 
- late , 120, 303 
-lower, 120 
-middle , 116 , 117 , 120 
-upper, 116, 117 , 118, 375 

Juras sic -Cretaceous Boundary, 115 -116 

K. P. Owen #1 Sevier, 335 
Kaibab Limestone, 102 , 103 ,1 04 , 290,305,307, 312, 

315 , 317, 324, 334, 337, 361, 365, 37 0 , 382,383 
Kaibab Pla teau , 136 
Kaibab Sea, 100 , 103 
Kai ba b Uplift, (Upwarp). 381, 500 
Kaiparowits Formation , 90, 100 , 101 , 102, 123, 136, 

137 , 303, 306, 324, 382 
Kaiparowits Pla teau, 133 ,137,38 1-384 

-BaSin, 469, 473 



Kaliophilite, 168 
Kanab, Utah, III 
Kanarra Fold, 307, 309, 324 
Kanarraville, 307 
Kane County, 137, 321, 324, 381 
Kane Creek, 399 
Kane Point Tuff, 161, 163 
Kanosh Shale, 53 
Karmis -Gold Zone il Brown, 298 
Kayenta Formation, 109, 111, 112, 116, 118, 119, 

305,324,334,337,431,451 
Keewatin AJ:je, 389 
Kelvin Formation, 23, 123, 127 , 129, 190 
Kerr-McGee T. P . Utah 27, No. I, 398 
Kinderhookian Time, 89 
Kings Oil No. 2 Ruby, 457 
Kings Canyon Dolomite, 67 
Kingwood No.2, 427 
Kirkman Limestone, 102, 330 
Knight Formation, 25, 26 , 27, 128, 141, 190 
Kolob Plateau, ISO 

-oil and gas possibilities of, 321-328 
Kolob Terrace, 136 
Kyanite, 41, 42 

Laccolith, ISS, 157, 303 
Laccolithic groups, 27 

-mountains I 28 
Lake Bonneville, 148, lSI, 152, 167, 196 
Lake Chalk, 148 
Lake Q ays, 148 
Lake Deposits, 152 
Lake Fork-Yellowstone River Area, 225 

-bituminous Sandstones of, 245 
Lake Mountains, 165 
Lake Provo , 148 
Lake Uinta, 193, 194, 283 
Lakeside Mountains, 53, 77,79, 95 
Laketown Canyon, 96 
Laketown Delomite, 63, 66, 71, 290 
Laketown, Utah, 185 
Lakota (?) Sandstone, 177, 280 
"Lamb Point" Tongue (of Navajo Fm . ). III 
Lance Formation, 127 
Lance (?) Formation, 125 
Landslide Debris, 148, 150 
Land Slides, 149, 150 
Laramide Anticline, 306 
Laramide Kanarra Fold, 307, 331 
Laramide Orogeny, 176, 185 , 190, 296, 303,306, 

333, 334, 393, 394, 396, 398, 399 
Laramide Thrust, 331 
Laramide Zone, 329 
La Sal Mountains, 16, 149, ISS, 157,160,167,388, 

397 
Last Chance Anticline, 375 
Last Chance Gas Field, 327 
Latite Volcanic Series, 165 
La Verkin Creek, 307 
Leach Canyon Tuff, 161 , 163,309 
Lead-Alpha Age Determinations, 161, 164, 167 
Leadville Limestone, 89, 90, 98,359,453,455,457, 

463, 483, 485 
Leatham Formation, 90, 91 
Lee's Ferry, 116 
Leonardian Time, 100, 101, 102, 104, 359 
Leonora il Saboda Well, 298 
Leucocrate Base Group, 168 
Lewis Shale, 125, 126, 127, 128 
Lime-Ridge Anticline, 480 
Linwood Anticline, 186 
Linwood, Utah, 126, 127, 177 
LiqUid Asphalt il Eller Well, 298 
Liquid Hydrocarbons, 181 

Lisbon Anticline, 377, 399, 417, 425 
Lisbon Deme, 483 
Lisbon Oil Field, 6,10,358,359,365 , 379,387,400, 

407, 463 
-geology of, 429-446 

Lisbon Salt Anticline , 429, 519 
Lisbon Valley, 112,402 
"Limiting Angle" , 525 
Little Bonanza (gils onite ) Vein, 218 
Little Chap1ta (gils onite) Vein, 218 
Little C ottonwood Canyon, 40 
Little Cottonwood District, 79 
Little Cottonwood Intrusive Body, 155, 157, 168, 160, 

167 
Littl e Flattop Anticline , 373 
Little Grand Fault, 378 
"Little Loop" Oil Sand, 479 
Little Mountain , 40, 42 
Little Willow Series, 41 
"lIverlte ," 255 
Lockhart, 399, 455 
Lodgepole Limestone, 90 
Logan Canyon, 63 
Logan Peak , 141 
Logan Quadrangle, 51, 76, 91 
Logan, Utah, 79, 90, 143, 295 , 296, 298 
Lone Mountain Formation, 63 
Long Ridge, 79, 144, 292, 331 
Long Trail Shale, 91, 330 
Longwall Sandstone, 190 
Lower Red Member (Moenkopi ), 112 
Lower Volcanic Group, 293, 299 
Lucin, 104 
Lynch Formation (Dolomite) , 453, 485 

Me 

McCook Ridg e, 22 1 
McCracken Sandstone, 458, 429, 433, 435, 439, 441, 

443, 485 
McElmo Creek Oil Field, 6, 407 

M 

Macentire Red Beds (Woodside Fm), 104 
Madison Age, 457 
Madison Group, 90 
Madison Limestone , 89, 90, 177, 305, 359, 453, 463, 

485 
Mahogany Ledge, 209, 253, 271 
Main Salt BaSin, 425 
Malthenes, 257 
Mancos Group, 130, 133 
Mancos Sea, 126, 137, 396 
Mancos Shale, 23,123,125 , 126,128,129,130,131, 

132, 133, 134, 135,136, 177, 180,186,201,244, 
306,334,355,363,375,377,378 

-"B" zone, 135 
Manila, Utah, 125, 126, 127 
Manitou Formation, 57 
Manning Canyon Shale, 89, 92, 93, 96, 333, 341 , 

359, 365 
Mantua, 63, 79 
Mantua Uplift, 77, 85 
Mantua Valley, 76 
Map of Utah, physiographic, 14 
Marble, 39, 41 
Marjum Limestone, 290 
Markagunt Fault, 16 
Markagunt Plateau, 13 

-oil and gas possibilities of, 321-328 
Market, 203 
Marketing Facilities, I 
Marlstone, 96 
Maroon Formation, 96 
Martin Limes tone, 81, 382 
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Marysvale, Utah, 144, 158, 159, 280, 281, 337, 16 0 
Mass Spectrometry, 276, 284 
Masuk Sandstone , 133 
Masuk Shale , 130, 334 
Meade Park Phosphatic Sha Ie Member (Phosphoria FIn) 

103, 104 
Medicine Bow Range (S Wyo.). 41 
Meerkoceras , 112, 113 
"Mendenhall" Sandstone, 479 
Meramecian Time, 89, 90, 93 
Mercur Intrusive (body), ISS, 160 
Mesaverde Group , 123, 125, 126 , 128,129 , 130,132, 

133, 135, 136,177,180, 324,355, 369, 431, 500 
Mesaverde Sandstone Formation, 134, 143, 177, 186, 

200 , 201,202,204,205 , 224,225 , 229,235 , 237 , 
245, 334, 378, 396 

Mesocordilleran Geanticline, 176 
Mesozoic Era, 144, 175, 176, 186, 237 

-oil and gas possibilities of systems, 291 
- strata , 307 

Metamorphic Complex (Precambrian), 39, 4)-42 
Metamorphosed, 41 
Metaquartzite, 41, 42 
Mexican Hat, 97, 101,313,469 
Mexican Hat Oil Field , 469-482 
Middle Mountain, 126 
Middle Red Member (Moenkopi), 112 
Middle Rocky Mountain Province, 13, 17-18 
Midwest Hughes, I, 80 

-Elk Ridge, No . I, 391 
-No . 1 F. Shafer , 455 

Migmatite, 41 
Milford Valley, 295 
Millard County, 56, 68-69 , ISS, 160, 293 
Millard Umestone, 290 
Miller Mine, 264 
Mineral Fork Tillite, ,42 
Mineral LeaSing Act, 511, 512 
Mineral Mountain, 291 
Mineral Mountain Intrusive, 155 , 160 
Mineral Range Intrusive, ISS, 157 
Minersville Tuff, 163 
Mining, 210, 235, 241 
Mink Creek Conglomerate, 143 
Minnie Maude Creek, 247 
Miocene, 27,161,167,183 , 190,292,293,295 

-oil and gas possibilities of, 293, 295 
Miogeosyncline, 19, 25, 51, 56, 183 
Mississippian, 19 , 83, 85, 86, 98, lOS, 176, 287, 

290, 296, 305, 313 , 325,359,373, 377, 382, 383, 
387,394,396,397 , 398,399,400,403,413,429, 
432,435,437,438,439,441,443,445,447,451, 
456,457,462,507 

- corre la tion chart, 92 
- system, 507 

Missourian Time , 97, 99, 177, 357, 359, 395 
Moab Anticline, 379, 445 
Moab Tongue (Entrada Fm), 117, 118, 121 
Moab Utah, 98, 134 ,36 1,373,445,447,455 

-area, 401 
-valley, 519 

ModcoInc. No . 2 Gov't, 457 
Moenave Formation, 109, 111, 305, 324 
Moenkopi Formation , 110, 112, 177, 305, 307, 312, 

315,325,334,337,361,362,368,369,370,372, 
375, 382, 383, 389, 431, 433,441. 451, 500 

-middle red shale member, 312, 313 
Moffit Pass, 125 
Molas Formation, 359, 382, 394,432, 433,453, 463, 

477, 497, 498 
Mola s Sea, 94 
Montan Wax, 253 
Montana, 90, 104 
Montana Age, 24 , 130, 132, 137, 190 , 303, 306 
Monte Cristo L1mestone, 305 
Montezuma County, Colorado, 424, 425, 427 
Monument Upwarp, 373, 391 , 392, 396,397, 399, 

469, 471, 473 
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Monument Valley, 100, 101 
Monument Valley Uplift, 17,97,98,99 ,420 
Monzonite Hill Intrusive, 155 
Moonshine Wash, 365 
Moraines , 148, 149 
Morehouse Quartzite, 66 
Morgan County, 183, 185 
Morgan Valley, 27, 141, 143, 185 
Morgan-Weber Facies , 95 -96 
Morgan Formation, 95, 96, 177 
Moroni, 31 
Moroni Formation, 144 
Morrison Formation, liS, 117, 119, 121, 126 , 128, 

129 , 132 , 133 , 134 , 135, 177, 181, 201, 278, 
329, 330, 334, 355, 363, 365, 369, 375, 376, 
377, 396, 500 

Morrison Time, 176 , 395, 431 
Morrowan Time, 94, 95, 96, 100, 359 
Moss Back Member (Chinle). 110, 112,363, 431 
Mt. Belknap Series , 161, 163 
Mounds Structures, 372, 373 
Mount Carmel, 116 
Mount Nebo, 24 , 83 
Mount Nebo Oil Co. #1 Juab, 335 
Mount Timpanogos, 18 
Mountain Fuel Supply, 177 , 180,187,190,191,205 

-Accord Lakes #1, Accord Lakes Unit, 335 
-Last Chance I -A, 80 
-Government Well No . I , 190, 191 
-Government Well No . 2, 191 
-Government Well No.3, 191 
-Government Well No.4, 191 
-Morrison Flat No. 1,425 
-Wells Draw Unit No . I, 197, 201 

Mountain View Crest, 393 
Mowitza Shale, 81 
Mowry Shale, 125 
Muav Umestone, 382 
Muddy Mount", ns, 93 
Muddy Peak Limestone, 81 , 305, 306 
Mudrock Deposits, 148 , 151 
Mudrock Flows, 150 
Muddy Hills, Nevada, 23 
Murchisonia 67 
Mud Cracks, 42 
Mud -rock Flows, 42 
Mudstone, 101, 104 
Murphy, R. D., Well #1, 180 

-Uttle Valley , 462 
-Well #2, 180 
-Well #6, 181 

Muscovite, 41 
Mutual Formation, 42, 43 
Myton, Utah, 219 

N 

Nabors No.2 Rowley Well, 425 
-No . I , 427 

Naheolite, 253 
Nak, J. A., #1 Fee, 297 
Naphthenes, 258, 261, 267, 268 
Natural Gas Lines, 10 
Navajo Formation (Sandstone). 109 , Ill, 116, 117, 

119, 157, 237, 391, 305, 315, 324, 330, 333, 
334, 337, 369 , 371, 382, 431, 451, 469 

Navajo Lake, 323 
Navajo Mountain, 16, 17, 155 
Nebo Thrust, 327 
Needle Creek, 393 
Needle Range Formation, 161, 163 
Neffs Canyon, 151 
Nephi, 13, 16 ,24, 158,327,330 , 331 
Nepheline, 168 
Nequoia Arch, 365 , 371, 373-374, 388, 391, 394, 

394, 396, 397, 398, 486 
Nevada, 19, 23 , 49, 51,64, 89, 93 , 100, 102 , 103 , 



Nevadan Orogeny, 23 
Newcastle, Utah, 138 
Newfoundland Mountains, 77, 79 
Newfoundland Mountains Stock ISS , 160 
New Harmony, Utah, 138,307 
New Mexico,S, 89, 119, 413 

-northwestern, 405,417,424 
Niagaran, 63, 71 
Nigrite, 257 
Niobrara, 24, 130, 137 
NccthCreek, 312, 313 
North Horn Formation, 123,128 , 130, 132, 135, 143 , 

201, 334 
North Uly Stock, 167 
North Tabiona Area, 225 

-bituminous sandstones of, 245 
Northeast Nevada Uplift, 287 
Northeastern Utah Basi n, 76, 77, 85 
Northern Utah Shelf, 85 -86 
Northwest Salt Anticline Region, 377 
Northwestern Utah Basi n, 77, 81, 85 
Northwestern Utah Highland, 185 
Norwood Tuff , 27 , 141, 147, 293 
Notch Peak, 160 
Notch Peak Intrusive , ISS 
Notch Peak Umestone, 290 
Nuclide, 275 
Nuee ardente Eruptions, 159 
Nugget Formation, 109, 116, 118, 177, 186, 240, 

329, 330 
Number of Gas Wells 1961, 7 
Number of 011 Wells, 1961, 1,6 

o 

Ochre Mountain Umestone, 91 
Ogden, 85 
Ogden Canyon, 79,85 
Ogden Thrust , 25 
Ohio Oil Co., 186, 190 

-Government 111, 191 
-Na vaj o 1 , 80 

011, 224 , 277 
-characteristics of 497-510 
-high pour-point ol1s, 224 
-low pour-point oils, 224 

Oil and Gas Leasing in Utah, 511-518 
011 and/or gas possibilities (see table of contents) 
011 and Gas Value, I , 4 
011 Fields, 2, 6, 
011 Shale, 207-213, 217, ·218, 221, 223,224, 249, 

251 -252, 253, 269 
-distribution, 223 
-environment, 208 

Oil Springs Gas Field, 7 
Olly Medium, 268 
Olefins, 261 
Oligocene, 27, 141, 143,165,167, 175, 176, 225, 

292, 293, 296, 382, 383 
-011 and gas possibil1t1es of, 293 

Ool1te, 91, 103 
OoI1t1c Umestone, 148 
Ophir Formation, 49, 485 
Oquirrh BaSin, 19,89, 91, 93, 96, 100, lOS, 287, 

357, 359, 373 
Oquirrh Formation, 93, 95, 100, 102, 150,330,337, 

360 
-facies , 95 

Oquirrh Mountains, 79, 83, 85, 91, 92, 149, 165 
OrdOVician, 19, 51-60,63, 131,175, 290, 305,358, 

394, 433 
-index map, 52 
-of eastern Utah craton, 57 
-regional relations, 51 

Orem, Utah, 343 
Organ Rock Member (Cutler Formation). 100, 101, 102 
Organic Structures of Asphalts, 261 

Orogeny, 19, 21, 23 , 26, 127 
Orr Formation, 290 
Orthoclase, 168 
Osagean Time, 89 
Ostracods, 53 
Otter Creek, 16 
Ouray and Bitter Creek Gas Field, 7 
Ouray Formation (limestone). 85, 88,358,393, 429, 

435,437,441,443,453,485 
Ouray (gilsonite vein) System, 219 
Ouray, Utah, 255 
Outwash, 149 
Overton Fanglomerate, 23 
Oyster Ridge Sandstone, 190 
Ozocerite, 215 , 224, 249, 255, 257,258,259,261, 

264,266,267,268,271,273,282 
-at Soldier Summit, 251 
-origin of , 251 

Pachyteuthis densis 118 
Pacific Natural Gas Exploration Co., 186 
Pacific Seaways, 120 
Pacific Western 011 Corp. Gordon Creek ii, 341 

-Teasdale ii, 80 
-Thompson il Well, 378 

Packard Quartz-Latlte, 163,165 
Pack Creek, 134 
Page Ranch Formation, 161, 162, 163 
Painted Desert, 3 OS 
Pakoon Umestone, 305, 313, 315, 382, 383 
Paleocene, 25, 123, 128, 130, 135, 138, 143,144, 

176, 183, 193, 291 -29 2, 382 
Pa leogeography, 45, 46 
Paleotectonic History, 49 
Paleozoic , 120, 141, 144, 175, 177,185,237,287, 

290,297,298,299,377,383,387,392,393,396, 
398 

-marine sediments of, 17 
-middle, 77 
-oil and gas possibil1ties of 287 , 290 
-prOvinces of , 19, 20 
-upper, 21 

Pan American No.1 U.S . A. Cullen, 398 
-No .1 Fehr, 405 
-No.1 Murphy Range, 453, 463 

Panguitch, 323, 325,326 
Panguitch Lake, 326 
Parachute Creek Member (Green River fm.). 209 , 210, 

281 
Paradise Fault Zone , 337 
Paradox Basin,S, 10, 19, 85, 90, 93, 96-99, 100, 

101, 102, lOS, 353, 355, 357-358, 359, 360,361, 
365, 371, 373, 375, 378, 381, 391,392,393,394, 
395, 396,397,400, 402, 403, 405,413,417,424, 
427 , 429,433, ,\47,469,489,491,493,499,500, 
503 , 505,507,519 

-basement rocks of, 387-403 
-potash and oil and gas possibilities 519-526 
-oil and gas, 519 -526 

Paradox Formation, 96, 375, 358,359,360,365,373, 
375,378,387,401,407,429,430,432,435,437, 
441, 495, 451, 463, 471, 473, 500, 519 

Paradox Salt, 377, 378, 424, 432, 435, 436, 441, 
445,447,454,455,456,457,462,463,467 

Paradox Salt Embayment, 361 
Paradox Salt Valley, 519 
Paradox Sea, 357 
Paraffins, 258, 259 , 261, 267 , 271 
Pariette Bench, 245 
Pariette System (gl1s onite). 219, 222 
Park City District, 103, 157, 158, 165, 166,327 
Park City Formation, 96, 102, 103 -104, 112, 177, 

22,4, 330 
Park City Intrusive (body). ISS , 160 
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Park City-Phosphoria Sea, 100 
Park City Volcanic Field, 27 
Park Valley, 293 
Parowan , 321, 323 
Parry all Co . Fed #1, Teasdale, 338 
Parunuweap (?) Formation, 162 
Paunsaugunt Fault, 16, 383 
Paunsaugunt Plateaus , 381 
Pavant Plateau , 141, 143, 144 
Pavant Range, 13, 16, 132, 291, 299, 331 
Pavant Thrust , 327 
Payson Canyon, 79 
Peat, 148, 295, 300 
Peg rna tite Dikes , 41 
Penesaline Rocks, 98 
Pennsylvanian, 19, 24,89, 93-100 , 103, 105 , 150 , 

176 , 177, 186, 224 , 238, 287 , 290, 296, 298, 
299, 305, 359, 382, 394, 395, 396, 398, 401, 
403, 405, 413, 424, 429, 431 , 432 , 435, 437, 
445, 447, 451 , 498, 499, SOD, 501, 502, 503 , 
507 

-correlation chart, 99, 373 
-la te, 100 
-pa leogeographic maps, 94 , 97 
-post, 387, 392 
- pre, 392, 394 

Pentamerus, 63, 66 
Peor Springs (bituminous s a ndstones)' 225, 244 
Permeability, 210 
Permian, 19, 24, 95, 96 , 97, 100-105, 109, 112, 

176, 177, 224 , 287, 290 , 305, 307, 315, 359, 
382, 384, 395 , 398, 399, 401, 431, 451, 499, 
500 , 501,502 , 503,507 

- correlation chart , 105 
-lower, 89 

Permil (variation), 276, 282 
Permo-Pennsylvanian, 201 
Permo - Triassic Strata, 307 
Peters Point Gas Field, 7, 364 
Peters Point Jack Canyon Field, 201 
Petrified Forest, 305 
Petroleum Possibilities, 86, 275 - 284 
Phillips Petroleum No.2 Escalante Antlcline , 383 
Phosphate, 103, 104 
Phosphatic Shale, 19 
Phosphoria Formation , 103 , 177 , 201 , 500 
Physiographic Map, 14, 15 
Physiography, 13 
Piceance (Creek), Basin, 175, 193 , 207,213,253,281, 

369 
Piedmont, 150 
Pilot Mountains, 158, 293 
Pilot Range Intrusion, 160 
Pilot Shale , 77, 81, 290 
Pilot Stock, 155 
Pilot Range Intrusion, 160 
Pine Valley Area , 159, 166 
Pine Valley Igneous Mass, 155, 157 
Pine Valley Laccolith, 307, 309 - 3lJ 
Pine Valley Latite, 162 
Pine Va Iley Monzonite Porphyry, 311 
Pine Valley Mountains , 138, 157, 159, 16 0 , 303, 

305 , 306,307 , 309 
-generalized voicanic rock sequence , 162 

Pink Cliffs , 144 
Pinkerton Trail Formation, 98, 359, 372, 451, 453, 

471 
Pinto Peak, intrusive , 311 

- dome , 3lJ 
Pinto Sandstone,13 8 
Pintura Dome , 307, 315 
Pinyon Peak Umestone, 81, 82,83,85,90 , 91 
Pioche Shale, 290 , 305 
Pipelines, 13 , 15 , 100, 181, 199 

-Mountain Fuel Supply EI Pa so Nat. Gas, 199 
-Pacific Northwest - El Paso Nat. Gas, 199 
- Rangeley-Salt Lake, 199 

PiuteCounty, 160, 327, 337 
Piute Valley, 335 
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Plateau Province, 4 , 28 , 167 , 168, 329 
Playa Bed , 148 
Playa Lake Facies, 120 
Pleasant Valley Rift. 344 
Pleistocene , 17 , 18,27,28, 147, 151 , 168, 176, 

205 
Pliocene, 28,143 ,147,16 1 , 167 ,168,176,293, 

295 , 306,383 
-late , 161 
- oil and gas possibilities of, 293, 295 

Plug Dome , 157 
Pl ympton Formation, 290 
Pogonip, 53, 56 , 58, 290 
Potash, 319-3 26 
Powtin Vein (bitumen), 257 
Precambrian, 39-44 , 45, 49 , 591, 150, 177, 11l0, 

185 , 297, 303, 305, 375, 382, 387, 388,389, 
390, 391, 392, 393, 394, 396 , 398, 401 , 402 , 
403 

- genera I, 39 
-location of , 40 

Precious Metals, 45 
Pressure Decline, 202 
Preuss Sandstone Formation, 117, 118 
Price, Crude Oil , 10 
Price River Conglomerate, 24 
Price River Formation, 24, 25, 128, 130 , 132, 135, 

137 , 143, 175, 334 
Price , Utah, 135 , 136, 141 
Pride-of-the - West Segment (Rainbow Gilsonite Vein), 

219 
Pride-of -Utah gilsonite vein , 219 
Producers Oil Co . #1 Ephraim, 335 
Producing Gas Wells, 180, 181 
Producing Zones, 201 
Production, gas, 7, 180, 181 -1 82 , 220 
Production Retort Plant , 209 
Productive Zones, 201 
Products Unes, 10 
Promontory POint , 40, 42 
Promontory Range, 43, 77, 79, 91, 92, 95 
Prospect Mountain Quartzites, 45 , 290, 299, 305 
Proterozoic Era, 393 
Provo, 91, 92 
Provo Canyon, 95 
Provo Lake Beds, 152 
Provo River , 13, 18 
Provo Rock Canyon , 79 
Pubco #1 Federal 2-21 - F, 335 
Punch Bowl Dome, 309 , 315 
Pure Oil Co . #1 -A, 437, 439, 441, 443 

#2A, 437, 439, 441 
#lB, 437 
-#2 B, 437 
- #1 Big Flat, 457 
-#2 Big Flat, 457 
- #3 Big Flat , 462 
- #4 Big Flat, 462 
-#5 Big Flat , 379 , 462 
-#1 Big Indian, U.S. A., 437 , 441, 443 
-#lC , 437 
-#2C, 437 
-#3C, 437 
-#2D , 437 
-#1 H, 437 
-#1 Desert Lake , 390, 398 
-#2 NW Lisbon-C, 462 
- #1 USA Min eral POint , 462 

Pyrobitumens, 252, 255, 258, 259, 261 
Pyroclastics , 159 

Q 

QLM Values, 168 
Quartz, 41, 168 
Quartz La tite , 27 
Quartz Monzonite Porphyry, 158 



Quaternary, 125, 147-153,295-296,297,298, 299, 
300, 307 , 363 , 383 

-oil and gas possibilities of. 295 -296 
Queantoweap Sandstone, 305 
Quichapa Group, 162, 307 

Rabbit Valley, 335 
Radioactive, 107 
Raft River, 166 
Raft River Mountains, 40, 42, 49, 95, 158, 167 
Raft River Mountain Stock, ISS , 160 
Raft River Uplift, 287, 296 
Railroad Valley, Nevada, 292 , 293 
Rainbow Natural Bridge, 116 
Rainbow Unit, 201 
Rainbow (gilsonite) Vein System, 217, 219, 222, 264 
Rainfall in Utah 

-average, 13 
-Canyonlands Subprovince, 16 
-highest , 13 
-lowest, 13 

Randolph Quadrangle , 51 , 76, 79 
Randolph, Utah , 185 
Rangely Oil Field, 175 
Raplee Anticline, 473 , 481 
Rat Hole Canyon, 267 
Ratherford Oil Field, 6, 407, 500 , SOl , 502 
Raven Gilsonite Vein, 219 
Raven Park Fold, 175 
Raven Ridge, 223 , 225, 253 

-asphaltic sandstone , 247 
Recapture Creek Oil Field, 6 , 500, SOl, 502 
Recapture Member (Morrison Fm), 117 
Recent , 147, 306 
Recent Flows, 159 
Recharqe Areas, 149 
Recovery Programs, 10 
Red Beds, 96 , 98 , 100 , 102, 103 , 109 , 110 
Red Creek, 129, 130, 264 
Red Creek Canyon, 43 
Red Creek Quartzite, 177 , 180 
Red Creek Series , 41 
Red Creek Syncline, 180 
Redwall Limestone, 89, 305, 313, 315, 382 , 485 
Red Warrior Limes tone, 81 
Red Wash Oil Field , 6, 10 , 196, 197, 198 , 213,224 
Red Wash-Walker Hollow Oil Field , 200, 201 
Redwash Formation, 112 
Red Wash-Roosevelt Trend, 195 
Refineries, I 
Refractive Index (bitumens). 258,259 
Re fridgeration Plant, 181 
Rencher Formation, 162, 163 
Reserves , asphalt, 225, 229, 237 , 239 

-bituminous sandstone, 223, 225 
-gas, 180, 181, 204 
-oil shale, 211, 221 

Reservoir Beds , 56 , 168 
Reservoir , Gas, 181, 213 
Retorting, 210 
Rex Chert Member (Phosphoria Fm) , 104 
Reynolds Mining Corp . Hat1tl, 80 

-1H Glbon Dome, 457 
- #1 Sinbad Unit , 80, 390 

Rheem Manufacturing Company, 186 
Rhine Petroleum Industries #1 , E. igham City, 298 
Rich County, 76, 95 , 104 , 183 , 185 
Richfield Oil Co. #1 Hatch Mesa, 463 

-#1 Onion Creek , 358 
Richfield, Utah , 116, 141, 327, 331 
Richmond Stage , 60 
Rico-Facies-Cutler Formation , 99 , 361 , 471, 475, 

361,477, 479 
Rico Formation, 93 , 97,98 , 100,395 , 401,431, 

432, 451, 481 

Rico Mountains , Colorado, 98 
Rifle , Colorado, 209, 210 
Rim Rock Sandstone, 130 , 225, 229, 236 
Ripple Marks , 42 
Roan Cliffs , 135, 355, 357, 363 , 364 
Roberts Mountain Formation, 63, 67, 71 
Roberts Mountains, Nevada, 67 
Rock Canyon, 91 
Rock House Gas Field , 7, 201 
Rock Springs Formation , 125, 126, 127 
Rock Springs , Wyoming, 177 
Rockport, Utah , 127, 128, 129 
Rocky Intrusive , ISS 
Rocky Mountain Geosyncline, 120, 287, 396 
Rocky Mountain Chain, 183 
Rocky Mountain Region, 176, 395, 429, 455 , 499,503 
Rocky Mountain Sea , 93 
Rocky Range IntrUSion, 160 
Rogers Springs Limestone, 88,90, 305 , 315 
Roosevelt Oil Field, 6 , 197,201, 224, 251, 499,500, 

SOl , 502, 503 
Roosevelt, Utah, 195 
Round Va lley Lirre stone , 93, 96 
Royalties,S 
Rozel Hills, 166, 167 
Rozel Point Oil Field, 4, 297-298, 300 
Rozel Point, 143 , 158, 293, 295, 300 
Rozel Point Asphalt, 284 
Rustler , 455 

Sagers Wash Syncline, 378 
Saint George, 110,309, 313, 315 
Salina Canyon, 131, 143, 144, 333, 341 
Salina, Utah, 144 
Sa It, 116 , 373 
'alt Anticline , 377, 379, 429, 430, 434, 448 
Salt Creek, 330 
Salt Creek Formation, 151 
Salt Lake City , 79,85,90,91, 149, 177, 185,295, 

296 
Salt Lake City Refinery Center, 10 
Salt Lake County, lSI, 160, 183 
Salt Lake Formation, 141, 143, 147, 167 
Salt Lake Group, 141, 143,147 , 153,167,293,295, 

297, 298 , 299, 300 
Salt Lake Valley, 300 
Salt Valley Anticline, 362, 378, 445, 449, 521 

-graben, 378 
Salt Wash MissisSippian Structure , 399 
Salt Wash Member (Morrison Formation), 117, 278, 

279, 334, 402 
Salt Wash Oil Field , 6 , 359, 365 , 378-379 , 401 , 463 
San Arroyo Gas Field, 7, 369, 377 
San FranciSCO District , Utah, 80, 113 
San Francisco Mountain Range, 81, 160 
San Juan County, 1,4,6 , 85,97,98 , 99 , 117, 160, 

353,407,408 , 411 , 420 , 429,500 
- oil and gas objectives in , 483 

San Juan Mountains, 387, 393, 394, 469 
San Juan River , 97, 101 , 469 , 471 , 480 , 481 
San Pete County , 335 
San Pitch-Sevier Area , 331-335 
Sanpete Oil Co . #1 Redmond , 335 

-#2 Redmond Anticline, 335 
San Pitch Valley, 327, 329, 333 , 334 
San Rafael Field, 57 
San Rafael Group, 116, 118, 119,363 
San Rafael Highlands, 193, 197 
San Rafael Swell, 17 , 57 , 91, 97,101 , 102,110, 

111, 112 , 116, 117, 118 , 119, 131, ISS, 334 , 
345, 353 , 357, 358, 359, 360 , 361 , 362, 363, 
365, 368, 369, 370-371, 373, 375, 388 , 390, 
394,395,396,397,398,402,491 

San Pete County, 4 
Sanpete Formation, 130, 131 
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San Pete Valley, 23 , 24, 119, 144 
Santaquin, Utah, 39 
Sappington Sands tone, 90 
Scaphites hippocreppis 135 
Scipio, 79 
Scofield, 341 
Seiber Nose Oil Field, 6, 363, 376-377, 499, 500, 

501, 502 
Seven Mile Anticline, 379, 519, 521 
Sevier Arch, 291, 292, 296 
Sevi-er County, 160, 291, 327 
Sevier Desert, 300 
Sevier Fault, 16,321 , 324,337,383 
Sevier Lake, 13 
Sevier Plateau, 333, 335 
Sevier Plateau Intrusive, 155 
Sevier River, 13 
Sevier River Formation, 161, 323, 337 
Sevier Valley , 16,24,116,119, 144,323,327,329, 

333, 334 
-graben, 337 

Sevy Dolomite, 66, 67, 77, 81, 82, 83, 290 
Shafer Dome, 455, 519 
Shafer Umestone, 471 
Shamrock Oil Unit it4, 201 
Shebit (Shivwits) Anticline, 317 

-Fault, 309, 315 
Shebit Indian Reservation, 315 
Sheep Pass Formation, 292 
Sheeprock Mountains, 40, 42, 43, 79, 82, 167 

-Intrusion, 160 
Sheep Rock Series, 42 
Sheeprock Stock, 155 
Shelf, 19, 57, 85, 176, 183 
Shell Oil Co. Baker Creek itl, 299 

-Bluff itl, 80, 392 
-Desert Creek itl, 80 
-Eagle Spring itl, 292 
-Eagle Springs it2, 292 
-itl North Springs Unit, 343, 365 
-itl Salduro, 295 , 299 
-Sunset Canyon, 299 
-West Portal Unit, 331 

Shinarump Formation (conglomerate), 110 , 111, 112, 
177,305,307,312,324,325,334,337,363,382, 
431, 451 

Shivwits (Shebit) Fault, 309, 315 
Shnabkaib Member (Moenkopi Fm.), 112, 305 
Shore gravels, 148 
ShorelInes, 152 
Shumway Oil, Gov't itl-23, Thousand Lakes, 338 
Shurtz Canyon, 326 
Shurtz Sandstone (Na va jo Fm.), 111 
Sierra Madre (S. Wyo.), 41 
Sierra-Nevada Revolution, 121 
Sill, 156 
Silurian, 53, 175,290, 299, 358, 394, 433 

-distribution by outcrops , 66 
-regional distribution, 63--67 
-stratigraphic column, 68--69 
-stratigraphy of, 67, 71-72 
-terms, 64 

Silver, 111 
Silver City 9:ock, 55, 160, 161, 167 
Silver Island Range Stock, ISS, 160 
"Silver Reef" Bed, Ill, 305 
Simonson I:blomite, 66, 77,81,82,83,290 
Simpson Mountains Intrusion, 160 
"Sin bad Urnes tone" (member of Moenkopi Fm), 112, 

341, 343, 345, 352, 362, 368 
Sinclair Fehr-Federal itl, 80 
Sixmile Canyon Formation, 130, 143 
Skelly Oil Nokai, I-A, 80 

-it2 Il'yner, 343, 352 
-itl Emery Fed. Wildcat, 335 

Snake Range, 49, 72 
Soldier Summit, 13, 16, 209, 249, 257, 264, 267, 

327, 431 

540 

Soldier Summit Mine, 251 
Sorrel Butte, 368 
South Flank Fault, 175 
South Flat Formation, 125, 130, 131, 132 
South Last Chance Field, 57 
Southeastern Utah Shelf, 83-84 
Southern Natural Gas, itl USA, 463 
Southern Pacific Railroad itl Lemay, 29 7 
Southman Canyon Gas Field, 7, 201, 202 
South Myton Bench Area, 225 

-bituminous Sandstones, 245-247 
South Wash, 309 
Southwestern Utah BaSin, 81 
South Whiterocks Tertiary Bituminous Sandstones, 245 
Spanish Fork Oil Co. itl Unit, 331 
Split Mountain, 229, 237 
Spring Creek Anticline, 186 
Spring Holllow Fault, 190 
Springdale Sandstone Member (of Moenave fm), 111, 

305 
Springeran Time, 94, 95 
Spring -Terrace Deposits, 148 
Stanaker Formation, 11 0, 111 
Standard Oil of CallL itl Burbank, 299 

-itl Levan, 291, 299 
-itl Moonshine Wash, 335 
-itl Sigurd, 291, 335 

Stansbury Anticline, 19 
Stansbury Formation, 83 
Stansbury Island, 79 
Stansbury Mountains, 53 , 76, 77, 79, 83, 91, 95, 

149 , 291 
Stansbury Uplift, 85, 86 
Starpoint Sandstone, 130, 135, 334, 345 
Starr Fla t Fie ld, 196 
Starr Intrusive, 155, 160 
Starva tion Creek, 338 
Starvation Peak, 157 
Starvation Point, 160 
Statellne Gas Field, 7 
Staurollte, 41 
Stock, igneous, 155, 157 

-intrusives, 27 
Stockton -Fairfield Area, 165, 166 
Stoddard Mountain, 155, 157, 160, 311 

-laccollth, 309, 311 
Stone Cabin Gas Field, 7 
Straight Canyon Syncllne, 344 
Straight Cllff, 136, 137 
Straight Cllff Sandstone, 136, 137, 306, 324, 382 
Stratigraphic Column, Silurian, 68-69 
Strawberry QJadrangle, 129 
Strawberry Reservoir, 128, 130 
Strawberry River, 194 
Strawberry Valley Anticline, 185 

-area, 331 
Strophomenid trachiopods, 67, 71, 72 
Structural Evolution, 19 
Stump Sands tone, 118 
Sublett Range, 104 
Success Ratio of Wells, 1 
Sultan Umestone, 81 
Summerv1lle Formation, 116,117,118,119,120,121, 

334 
Summit County, 4, 85, 125, 183, 186, 190 
Sun Oil Co. 1-1 Diamond Fork, 331 

-i2 Diamond Fork, 331 
-Ouray Well, 209 

Sunnyside, Utah, 197, 223, 244, 364, 497 
-bituminous sandstones, 239,241 
-deposits, 225 

Sunrise Peak Stock, 155, 160 
Supai Formation, 100, 103,305 
Superia- Salt Wash Test, 424 

-i43-20 Bowknot, 462 



Supervised United, 5 
Supervising Agency, 4, 5 
Swan Peak Formation, 51, 53, 56, 290 
Swasey Limestone, 290 
Sweetwater Creek Area, 201, 373 
Swet t Tuff, 163 
Syndicate Oil & Ming. #1 Fee, 331 

Tabor (gilsonite) Vein, 218 
Tabby Canyon, 255, 264 
Tabbyite, 215, 255, 264, 269 
Talus, 148, 150 
Tapeats Sandstone, 324, 382, 392, 393, 483, 485, 

386 
Tar Sands, 215, 223 
Ta r Seeps, 225, 236 
Taylor Thrust, 25 
Tectonic Structures, 306 
Temple Mountains, 397 
Temple Springs, 391 
Tennessee Gas Transmission No. I Irons, 31 

-#I-A, Poison Springs, 383 
Tenn y Canyon Tongue (Kayenta). 111 
Tensleep Formation, 96 
Tertiary, 16, 17, 18, 125 , 128, 141-144, ISO, 158 , 

161, 175, 176, 199, 215, 221, 224, 238, 244, 
251, 296, 297, 298, 299, 300, 306, 363, 393, 
395, 396,409, 500, SOl, 502, 503 

-early, 137,161, 180, 185, 190, 200, 204, 
222, 283, 386 

-folding, 307 
-lower, 201 
-middle, 20, 161 

Texaco Nequoia No.6, 335 
-Thousand Lake #1, 338 
-Temple Springs No . I, 391 
-Temple Springs No.2, 391 
-#I-B, 427 

Texas, 5 
Texas Gulf Prod. No . I-A Federal, 462 

-Unit 1. 80 , 207 
Texota Oil Co. Fed. "L" Well #1, 191 
Thaynes Formation (limestonel. 20, 110 , 112, 239 , 

290, 291, 330 
ThermopoliS Formation, 125 
Thistie, Utah, 13, 118, 141 , 144 
Thisle Well, 331 
Thomas Mountains, 158., 166 
Thompson Anticline, 378 
Thompson, Utah, 135 
Thousand Lake Mountain, 335, 337, 338 
Three Forks Shale Formation, 76, 85 
Three Mile Canyon, 223 
Three Peaks Intrusive, ISS , 157 , 160, 161, 167,311 
Thrust Faults , Thrusts, and Thrusting, 23, 25, 26 
Tidewater Big Flat 74-11, 80,455 
Tillite, 42 
Timiskaming Age, 389 
Timpoweap Member (Moenkopi). 112, 305, 312, 313, 

315, 324, 325, 383 
Tintic Mining District, 45, 49,53,66,79,82, 83, 

85, 90, 91, 157 , 158, 161, 163, 165, 166, 168, 
390, 391, 392 

Tintic Mountains, 291, 293 
Tintic Quartzite, 45, 49, 305 
Todilto Formation, 119 
Tohonadia Oi I Fie Id , 6 
Tooe.e Arch, 19, 51,53 
Tooele County, 77, 81, 160 , 296 
Tooele Valley, 300 
Topache Mountains, 291 
Toroweap Formation, 102, 104,305,337 , 361, 382 
Toroweap Kaibab Sea, 103 

Total Oil Content Map, 211 , 212 
Toquerville ·, 307, 309 
Trans-Basin Arch, 394, 396 
Transcend Time, 49 
Transcontinental Arch, 19,75,76,77,85, 86,394 

-Uplift, 83, 85, 86 
Transition Zone, 306 

-belt, 373 
-oil and gas possibiI1ties of, 327 -389 

Traverse Mountains, 158, 165 
Traverse Volcanics, 293 
Triassic, 20, 103, 109-115, 116, 120, 177, 185, 

186, 290, 291, 305, 307, 361, 363, 382, 389, 
395, 396, 431, 441, 451, 489, 500, 501, 502, 
503 

-early, 113 
-late, 111 
-lower, 112, 113 
-middle, 110, 112 
-nomenclature of, 114 
-upper, 110, Ill, 112 

Triassic-Jurassic Boundary, 112, 115 
Tribal Council, 513 
Triba I Lands, 5 
Trilobite , 52" 53, 57 
Troilite Ratio, 276 
Tropic Formation, 136-'37,306,311,324,382 
Trough, 19,20 , 21 , 23, 45 
Tununk Sandstone , 133 
Tununk Shale , 130, 131, 133,334 
Turner Bluff Oil Field, 6 
Tushar IntrUSive, 155 
Tushar Fault, 331 
Tushar Mountains, 13, 16, 160 , 334, 337 
Tuscher Formation, 135, 201 
Twel ve Mile Canyon Member (Arapien FIn .). 116 
Twin Creek Umestone, 116, 118, 121 
Twist Gulch Formation, 116 , 117, 118 

u 

U.S . Biological Survey #2 Water Well, 298 
U . S . Bureau of Reclamation, 511 
Uinta Arch, 96 
Uinta BaSin, 5,10,17,75, 86,95, 141, 143, 175-

176 , 183 , 193-198,199-206,207,208, 211, 215, 
221,225,244 , 245,247,249-273,281,291,327, 
329,341,353 ,363,369,36 5,497,499,500,503, 
507 

-stratigraphy, 175-176 
-structure, 175, 194 

Uinta Basin Pipeline, 203, 205, 213 
Uinta Fault, 180, 183 
Uinta Fold, 330 
Uinta Formation, 130, 143 , 144, 194, 200, 201, 213 , 

217, 244 , 249, 255, 271 
-Formation(?), 26, 38 

Uinta Mountains, 13, 16, 17, 24, 25 ,26, 39, 40, 
42,43,45,49,79,85,89, 90, 91, 92, 93, 95, 96, 
103,104,109,111,112,113, 116, 117, 118, 119, 
121,125,127,128, 141, 143, 148, 149, 175, 177, 
180,193,194, 195, 196,208,237,281,387 

Uinta Uplift, 329 
Ulntah and Bitter Creek Gas Field, 7 
Uintah County, 1,41, 5, 6, 211, 215-224 , 225 ,498 , 

500 
Uintah Gas Field, 201 
Unaweep Canyon, 388, 389 
Uncompahqre Basement Fault, 378 
Uncompahgre Fault, 358 
Uncompahgre Uplift, 19,85, 100,195,287,353,355, 

361,394,395,401,417,429,453,480,489 
-highlands, 95, 193, 197, 355, 357, 358, 359, 

360, 361, 365,375, 377, 378, 379 
-plateau, 175,361,387,388,389,390,393, 

394, 397, 401 
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Uncompahgre System, 43 
Uncompahgran Mountains Range, 429 
Union 011 Company, 209 

-Cottonwood Springs Well, 409 
Unit Agreements , 8, 9 
U . S. Dept. of Interior, 5 
Upheaval Dome, 453 
Uranium, 4, llO, 111, 117 , 275-284 
Uravan , Colorado, 401 
U.S. Geological Su vey, 401, 439 
Utah , central , S, 24, 26, 109, 123, 125, 129, 130, 

143, 144,287, 383, 421 
Utah Drllling and Development Co. Buskirk #1, Dia­

mond Fork, 331 
Utah, east-central, 90 

-oil and gas possibilities of, 353-380 
Utah, eastern, 1 , 5, 37, 109, 118 , 123, 296,445 

-northcentral, 23, 47, 141,292 
-northeastern, 51, 76-77, 102, 113, 205,224,499 
-northern, 19, 26, 45 , 41-53 , 75 , 89,96,109,141, 

147,149,183-191,293,295,298,300,325 
-northwestern , 4, 39, 42, 77, 80, 89, 95, 104, 

105, 141, 287,295, 296 
-south central, 26, 102, 103, 149, 382, 383 , 384 
-southeastern, 10, 75,95,98, 105,112,133-134, 

149, 316, 387, 391, 405, 413, 449, 499 
-southern, 26, 109, 135-137, 143,287 
-southwestern, 4, 27, 39, 51, 90,93, 100,105, 

109, 111, 116, 117, 118, 119 , 123, 138 ,291, 
305, 306, 311, 396, 499, SOD, 507 

- west central, 45, 93, 100, 102 
-western, 1,26,45,56-57,64,66,71,75,86, 

123, 149, 167, 193, 287, 291, 293 , 296, 300 
Utah County, 152, 160 
Utah-Idaho Basin, 287 
Utah Lake, 148, 152 
Utah Va lley, 300 
Utah Natural Gas Co. 205 
Utah 011 and Gas Conservation Commission, 5 
Utah Oi I Refining Co. *1 Fitzhugh, 371 
Utah Southern Oil Co. Cedar Mesa No.1, 392 

-Noble #1, 80 
-Wells, 298 

Utah Wax, 255 
Ute Mountains, 397 
Ute Royalty Corp, #1 Government Well , 377 
Ute Trail Gas Field, 201 
Ute Trail Unit Oil Field, 6 

-area, 211, 213 
Ute Tribal, #1, 267 

-Tribal #2, 267 
Uteland Butte Gas Field, 201 
Ute land Butte Member, 201 

v 

Valley Field, 150 
Va lley Mountains, 331 
Vanadium , III 
Vermilion Creek, 126 , 135 
Vermillion Cliffs, III 
Vernal, Utah, 129, 130,223, 225,497 
Veyo Utah, 138, 161 
Veyo Fault, 309 
Victoria Quartzite (formation) , 82, 83 
Virgilian Time, 97, 357, 359, 361 
Virgin Anticline, 30g, 314 
Virgin Limestone Member (Moenkopi). 112 ,3 05, 313, 

337 
Virgin Mountains, 80 
Virgin River, 307, 312 
Virgin Oil Field, 4, 6,291,311-313,315,316,317, 

324, 499, 500, 501, 502, 503 
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Virgin - Kanarra Anticline, 303 
Vishnu Schist, 305 
Volcanic Activity, 27, 355 
Volcanic Rocks, 163 , 168 

w 

Wagonhound (gilsonite) Vein, 218 
Wahwah Springs Tuff, 162 
Wahweap Creek, 137 
Wahweap Sandstone , 136, 137,306,324,382 
Walter Nelson Finlayson #1 , S Diamond Fork, 331 
Wanship Formation, 24, 123, 125, 127, 128,190 
Warm Springs Mountain, 83 
Wasatch Age, 239, 244 
Wasatch BaSin, 281 
"Wasatch" Coal , 190 
Wasatch County, 4 , 160 
Wasatch Fault, 18 
Wasatch Front, 196 
Wasatch Formation, 137, 138 , 143, 144, 180, 185, 

193, 200, 201 , 204 , 205, 208, 218, 224, 225, 
241, 244, 249, 251, 271, 306, 323, 325, 334, 
364, 382 

Wasatch Group, 369 
Wasatch Line, 19, 75, 81, 86, 327 
Wasatch Mountains, 13, 18, 24, 26, 28, 39, 42 , 

45, 49,63, 83, 90, 91 , 95, 102, 103,104,109, 
112, 113, 116, 117, ll8, 121, 127, 141,144, 
147, 148, 149, 183 , 185, 287, 291,293,295, 
300, 327,329, 330 - 331, 355, 357 

-geosyncline, 176 
-monocline, 331 

Wasatch Oil and Gas Field, 213 
Wasatch Plateau, 23, 24, 27, 130-132, 135, 141, 

143, 144 , 149, 291, 325, 331, 333, 334, 337, 
353, 355, 363, 364, 369, 375 

Wasatch Sands, 197 
Wasatch Zone, 28 
Washington County, 4, 5, Ill, 138, 155, 157, 160 

324, 500 
-geology of, 303-317 
-oil and gas possibilities of , 303-317 
-stratigraphy of, 304 

Washington Dome, 309 
Water Canyon Formation, 76, 77, 81 
Water Encroachment, 202 
Waterpocket Monocline , 338 
Wats on, Utah, 221 
Wax, 251, 255, 257 
Wa yan Formation, 23 
Wayne Formation, 23 
Wayne County , 4, 327, 353, 381 
Weaver-Colorado (gilsonite) Vein, 217, 218 
Weber Canyon, 40, 41 
Weber County, 183 
Weber Sandstone, 93, 95, 96, 150, 170 , 181, 186, 

201 ,224,238-239,497,498 ,500 
Weber Quartzite , 103 
Weber River, 13, 18, 95 
Weeks Formation, 290 
WellS, Artesian, 152 
Wells Formation, 95, 102, 103, 104 
Wellsville Mountains, 90, 95, 141 
Wendover, Utah, 56, 77, 79 
Wendover Arch, 296 
West Canyon Limestone, 94 
West Mountain, 83 
West Tintlc Mountains, 293 
West Tintic Stock, ISS , 160 
Westwater Anticline, 377 
Westwater Field, 369 
West Water Canyon Member (Morrison), 117 
Western Natural Redd #1, 80 

-Byrd Frost Navajo No.1, 405 



Western Petroleum Syndicate ltl Nebeker, 296 -297 
Westwater gas field, 7, 10 
Wheeler formation, 290 
Whirlpool Canyon, 96 
White Butte Dome, 309, 315 
White Canyon, 101, 110 
White Mesa oil field, 6, 407 
White Rim Member (Cutler fm.). 100, 102, 361, 

383, 451 
White River, 194,217,218,221,224 
White River gas field, 7 
Whiterocks Canyon, 225, 237-239, 240, 241 
Whiterocks River, 75, 241 
White Sage formation, 292 
Whitlock, L. E., ltl Morton Salt, 297 
Widdop Peak area, 186 
Wildcats, 6, 198, 199 
Wild Horse Bench, 219 
Willard Thrust, 25 
Williams Fork formation, 128, 130 
Willow Creek (gilsonlte) system, 219, 222 
Wilson-Walker IXilling ltl Cassity, 299 
Windblown deposits, 116 
Wind River formation, 279 
Wingate formation (sandstone), 109, 111,112,113, 

116,118,119,305,330,333,337,382,401,431, 
451, 469, 473 

WinsorformaUon, 136,305,306,324,387,392 
Wolfcampian, 95, 99,100,101,102,355,357, 359, 

361 
Wood River formation, 95 
Wood Shale, 111 
Woodman formation, 91 
Woodside Anticline, 371 
Woodside formation (shale) 109, 112, 113, 330 
Wurtzlllte, 215, 249 , 255,257,258,259,261,264, 

267,268-269,271,273,282 
Wygaret Terrace, 321 
Wyoming, 41,51,57,95,100,104, 113, 119, 125, 

127, 129, 183, 193,207,221,223,279 
Wyoming Shelf, 93, 95, 96, 100 
Wyoming, University of, 497 

y 

Yellow Cat Dome, 378 

z 

Zion National Park, 112, 116, 305, 312, 324 
Zuni Uplift, 19, 387, 394, 395, 397 
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Publications may be purchased from the Utah Geolo­
gical and Mineralogical Survey, Room 103, Civil 
Engineering Building, University of Utah, Salt Lake 
City 12, Utah. Out-of-print material may be con­
sulted in public or college libraries. 

Payment by check, cash, or money order (stamps will 
not be accepted) should accompany all requests. 

The Survey assumes that orders have been filled un­
less notification of non-receipt is given within one 
month. 



NEW PUBLICATIONS 
of the 

UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

IN PRESS 

Special Studies 3 -- A RECONNAISSANCE SURVEY OF THE 
COAL RESOURCES OF SOUTHWESTERN UTAH, by Dr. 
Richard A. Robison, 40 p., 2 figs., 1 table. 

Expected Publication: Feb., 1963 Price ••...• $1. 00 

A concise summary of all available data, together with the 
information gained from reconnaissance field trips and 
additional sampling. 

Bulletin 49 -- KANAB, GATEWAY TO SOUTHERN UTAH, by 
Dr. Herbert E. Gregory, 24 p., 10 figs. 

Expected Publication: Feb., 1963 Price •...•.• $.75 

Written by Doctor Gregory for the layman , this volume , 
published posthumously, describes the cultural geology 
and physiography of the Kanab region. 
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PUBLICATIONS OF THE UTAH GEOLOGICAL SURVEY 

Bulletins 

24 - Tungsten Reserves Discovered in the Cottonwood­
American Fork Mining District, Utah, by Arthur L. 
Crawford and AlfredM. Buranek, 1944,56 p., 6 figs. 
(formerly RS-55) _______________ _ 

25 - Tungsten Deposits of the Mineral Range, Beaver Co., 
Utah, by Arthur L. C~awford and Alfred M. Buranek, 
1945, 48 p., 5 figs. (formerly RS-56) ______ _ 

35 - Halloysite of Agalmatolite Type , Bull Valley District, 
Washington C ounty , Utah, by Arthur 1. Crawford and 
Alfred M. Buranek, 1948, 12 p. _________ _ 

36 - Directory of Utah Mineral Resources and C onsumers 
Guide, by Alfred M. Buranek and C. E. Needham, 
1949,95 p., 1 pl. ______________ _ 

37 - The Geology of Eastern Iron County, Utah, by Herbert 
E. Gregory, 1950, 153 p., 53 plates and photographs, 
1 map ___________________________________ ___ 

38 - Stratigraphy of the Burbank Hills, Western Millard 
County, Utah, by Richard W. Rush, 1951, 24 p . , 
6 figs. ________________________ _ 

39 - Lower Ordovician Detailed Stratigraphic Sections for 
Western Utah, by Lehi F . Hintze, 1951, 99 p., 4 
maps, 7 illus tra tions _____________________ _ 

40 - Bibliography of Utah Geology to December 31, 1950, 
by Walter R. Buss, 1951, 219 p. ___________ _ 

41 - Geology of Lake Mountain, Utah, by Kenneth C. 
Bullock, ,1951, 46 p., 7 pls., 3 tables ______ _ 

42 - Geology of Dinosaur National Monument and Vicin­
ity, Utah-Colorado, by G. E. and B. R. Untermann, 

$ .50 

$ .5 0 

$ . 10 

$1. 00 

$1. 50 

$1. 00 

$1. 50 

$4.00 

$1. 00 

1954,225 p., 3 pls., 10 figs., 51 photographs ___ $2.50 

43 - Eastern Sevier Vall ey , Sevier and San Pete Counties , 
Utah--With Reference> to ForroatlOl1S of Jurassic Ag e, 
by Cl yde T. Hardy , 1952 , 95p., 9pls ., 4 figs., 
1 table _____________________________ __ 

44 - Geology a nd Ore Depos its of the Silver Reef (Harris­
burg) Mining DIStrict, Washington County, Utah, by 
Paul Dean Proctor, 1953, 169 p., 11 pls ., 13 figs . , 
8 tables 

$1. 00 

$ 2 .00 
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45 - Geol ogy of the Selma Hills, Utah County, Utah, by 
J. Keith Rigby, 1952, 107p., 6 pis., 21 figs., 3 
tables ______________ . ________________________ $1.50 

46 - Uranium -Vanadium Deposi ts of the Thompsons ltrea 
Grand County, Utah -- With Emphasis on the Ori~in 
of Carnotite Ores, byW. L. Stokes, 1952, SIp., 
2 pis., 12 figs., 1 table ______________ $l. 50 

47 - Microfossils of the Upper Cretaceous of Northeastern 
Utah and Southwestern Wyoming, by Daniel Jones, 
David Gauger, Reed H. Peterson, and Robert R. 
Lankford, 1953, 158p., 16pls., 8figs.,4tables_$2.00 

48 - Lower Ordovician Trilobites from Wes tern Utah and 
Eastern Nevada, by Lehi F. Hintze, 1952,249 p., 
28 pis. ______________________________ ~$4.00 

50 - Drilling Records for Oil and Gas in Utah, by George 
H. Hansen and H. C. Scoville, 1955, 110 p., 30 
illustrations, 1 table. _________________ $5. 00 

51 - The Rocks and Scenery of Camp Steiner, Summit and 
Wasatch Counties, Utah, by Daniel Jones, 1955, 
30 p., 13 pls. _________________ $ .25 

52 - Geologic Atlas of Utah, Emery County, by Wm. 1. 
Stokes and Robert E. Cohenour, 1956, 92 p., 38 
colored geologic map plates _________________ $5.00 

53 - Silurian Rocks of Western Millard County, by Richard 
W. Rush, 1956,6,6 p., 12 figs. __________ $1.50 

54 - Oil and Gas Possibilities of Utah, Re-evaluated, 
compiled and edited by Arthur 1. Crawford, 1963, 
540 p., 158 figs., 25 tables 

54a- Surface, Structure, and Stratigrappy of Utah, Parts 
I and II of Bulletin 54, compiled and edited by Arthur 

$6.50 

1. Crawford, 1963, 170 p., 50 figs., 12 tables ___ $4.00 

55 - Clays of Utah C ounty, Utah, by Edmond P. Hyatt, 
1956, 83 p. 22 figs., 4 tables ________________ $2.00 

56 - G eology of the Southern Lakeside Mountains, Utah, 
by John C. Young, 1955, 108 p., 3 pis., 2 figs._$1.50 



57 - Middle Ordovician Detailed Stratigraphic Sections 
for Western Utah and Eastern Nevada, by Gregory 
W. Webb, 1956,77 p., 12 figs 

58 - Geology of the Pine Valley Mountains, Utah, by Eari 
F. Cook, 1957, III p., 52 figs. 

59 - Phosphate in Utah, by Thomas Cheney, 1957, 54 p . , 
3 pIs., 12 figs., 3 tables 

60 - The Rocks and Scenery of Camp Hunt, Rich County, 

$1. 50 

$2.00 

$1. 50 

Utah, by Clyde T. Hardy, 1957,26 p. _______ $ .25 

61 - The Oquirrh Formation, Stra tigraphy of the Lower Por­
tion in the Type Area and near Logan, Utah, by Paul 
W. Nygreen, 1958,67 p., 4 pls., 5 figs., 3 tables_$2.00 

62 - Notch Peak Intrusive, Millard County, Utah, by Harry 
M. Gehman, Jr., 1958, 50 p., 4 pIs., 12 figs., 3 
tables _____________________ $1. 50 

63 - Geology of the Sheeprock Mountains, Tooele County, 
Utah, byRobertE. Cohenour, 1959, 200p.,15pls., 
6 figs., 3 tables _________________ $5.00 

64 - Geologic Atlas of Utah, Cache County, by J. Stewart 
Williams, 1958,98 p., 13 pls., 2 figs . , 13 colored 
geologic map plates ________________ $5.00 

65 - Geology of the Stansbury Range, by John S. Teichert, 
1959, 75 p., 2 pls., 12 figs. ___________ $1.50 

66 - Geologic Atlas of Utah, Daggett County, by Howard 
R. Ritzma, 1959, III p., 4 pIs., 10 figs., 8 colored 
geologic map plates_---------------$5.00 

67 - The Rocks and Scenery of Camp Maple Dell, Utah 
County, Utah, by J. Keith Rigby, 1959,55 p., 5 pIs., 
16 figs. ____________________ $ .25 

68 - Beaver Lake Mountains, Beaver County, Utah, by 
Patrick J. Barosh, 1960, 88 p., 5 pls., 17 figs . ___ $2.00 

70 - Geologic Atlas of Utah, Washington County, by Earl 
F. Cook, 1960, 119 p., 16 pls., 8 figs, 19 photo-
graphs, 8 colored geologic map plates ________ $5.00 

71 - The Minera 1 Resources of Uintah County, Utah, by 
Robert G. Pruitt, 1961, 101 p., 11 pls., 19 figs. __ $2.00 
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WATER RESOURCE BULLETINS 

1 - Water Production from Oil Wells of the Uinta Basin, 
Uintah and Duchesne Counties, Utah, by Harry D. 
Goode and Richard D. Fettis, 1962,32 p., 3 pis., 
4 figs., 2 tables . ________________ $1.00 

S P E CI A L STU DIE S 

552 

1 - Glauber's Salt Bed, West of Promontory Point, Great 
Salt Lake, by ArmandJ. Eardley, 1962, 16 p., 3 figs._$ .50 

2 - Gypsum Dunes and Evaporite History of the Great Salt 
Lake Desert, byArmandJ. Eardley, 1962, 32p.,6 figs., 
2 plates $ .75 

DISCOUNTS ON SURVEY PUBLICATIONS 

ORDERS OF THE SAME PUBLICATIONS 

1-4 
5-9 
10 ·or more 
$39.99, thereafter 

No discount 
10% discount 
25% discount 
30% discount 

MIXED ORDERS OF VARIOUS SURVEY PUBLICATIONS 

$10-$19.99 
$20 to $39.99 
$40 and over 

10% discount 
20% discount 
30% discount 



MAPS --

MAPS OF THE UTAH GEOLOGICAL SURVEY: 

1 - Reconnaissance Geologic Map of Eastern Iron Co., Utah, by 
Herbert E. Gregory (formerly RS-37; plate II from Bull. 37) $ .50 

3 - Colored Relief Map of Utah (formerly RS-22) $ .50 

4 - A Correlation Chart of Formations in Utah (formerly RS-25) $.50 

5 - Geology of the Egnar-Gypsum Valley area, San Miguel and Mont-
rose Counties, Colorado (formerly RS-27) $ .50 

6 - Geology of the West-Central part of theG~nnison Plateau, Utah, 
by Clyde T. Hardy and Howard D. Zeller (formerly RS-33a) $.25 

7 - Index to Unpublished Geologic Thesis Mapping in Utah (formerly 
RS-5S) $ .25 

S - Colored GeOlogic Map of Utah, from Guidebook to Annual Brigham 
Young University geology field trip (see reprint 57, formerly RS-57a) _$ .15 

9 - Physiographic !'1ap of Utah (formerly RS-7S), __________ $ .15 

12 - Colored Geologic Map of Cache County , Utah, by J. Stewart 
Williams (formerly RS-64) $ 1.00 

13 - Colored Geologic Map of Daggett County, Utah, by Howard R. 
Ritzma (formerly RS-76). $ 1.00 

14 - Colored Geologic Map of Washington County , by Earl F. Cook 
(formerly RS-S4" $ 1. 00 

15 - Colored Geologic Map of Salt Lake County (formerly RS-S5) ___ $ 1.00 

16 - Colored Geologic Map of Uintah County, Utah, in two halves 
(formerl y RS-90). $ 1 . 50 

17 - Mineral Resources Map of Uintah County, by Robert G. Pruitt _$ .35 

IS - Earthquake Fault Map of a Portion of Salt Lake County, Utah Free 

MAPS AVAILABLE THROUGH THE SURVEY 

The Great Salt Lake, Utah, by Armand J. Eardley (formerly RS-SS) _$ .50 

Wildcat Map of Utah (42" X 50"), by Utah Oil Report--keptup 
to date _________________________ $10.00 

Geologic Map of Utah, Northeast Quarter 

Northwest Quarter 
(available Winter '62-'63) 

$3.50 (by mail $4.00) 

Various plates from Utah Geological Society and Intermountain 
Association of Petroleum Geologists Guidebooks. 
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INDEX MAP TO PUBLICATIONS OF 
THE UTAH GEOLOGICAL AND MINERALOGICAL SURVEY 

~ COLORED MAP 

f:··:·:·:·::-.:j BLACK 8 WHITE MAP 

o 40 80MILES 
I , , 
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Reprints 

6 - The Precambrian Rocks of Utah, by Eliot Blackwelder, 
1949 , 6 p ., 1 fig. (reprinted from the Oil and Gas 
Possibilities of Utah) ______________ _ 

7 - The Cambrian Stratigraphy of Utah, by Hyrum M. 
Schneider , 1949, 7 p ., 3 figs . (reprinted from the 
Oil and Gas Possibilities of Utah), ________ _ 

16 - Grand-San Juan Area, 1949, 26 p. , 8 figs. (reprinted 
from the Oil and Gas Possibilities of Utah) ____ _ 

17 - Uinta Basin Area, 1949 , 22p . , 3 charts, 3 figs ., 

$ .25 

$ .35 

$ .75 

(reprinted from the Oil and Gas Possibilities of Utah) _ $ .75 

18 - Gilsonite and Related Hydrocarbons of the Uinta 
Basin, by Arthur L. Crawford , 1949 , 17 p o, 1 fig ., 
4 tables (reprinted from the Oil and Gas Possibilities 
of Utah) ___________________ _ 

19 - The Clay Basin Gas Field , by M . M. Fidlar, 1949 , 
7 p ., 3 fig s . (re printed from the Oil and Gas Pas si-
bilities of Utah) ________________ _ 

20 - Utah Plateaus Area, 1949 ,22 p ., 8 figs ., (reprinted 
from the Oil and Gas Possibilities of Utah) ____ _ 

21 - Basin and Range Area, by Arthur E. Granger, Carroll 
Wege mann , and C. Max Bauer , 1949, 134 p . , 9 figs. 

$ . 75 

$ .35 

$ .75 

(reprinted from the Oil and Gas Possibilities of Ytah)_ $1.00 

33 - Geology of the Wes t -Cen tra 1 Part of the Gunnison 
Plateau, Utah, by Clyde T. Hardy and Howard D. 
Zeller, 1953,20 p., 2 pis ., 2 figs ., 1 geologic map 
(reprinted fro m Geol . Soc . America Bull., v . 64, 
p. 1261-1278) _______________ _ 

39 - Tertiary Well Logs in the Salt Lake Desert, by Joseph 
F. Schreibe r, 1954, 14 p ", 1 fig . (reprinted from records 

$ .75 

made available b y the Southern Pacific Railroad) ___ $ .50 

43 - The Uinta Mo untains and Vicinity, a Field Guide to 
the Geolog y , byG . E. andB . R. Untermann, 1954, 
10 p . (re printed from Paper No . 1 of the Utah Field 
House of Natural His tory), ____________ _ 

50 - The Riddl e of Mo untain Building, by Armand J . Eard­
ley, 1955 , 31p., 21 figs. (reprinted,from Bulletin 

$ .25 

No.1 of the University of Utah, v. 46, no . 11) __ $ .25 
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52 - A Legal Guide for the Uranium Prospector, with an 
Analysis of the Impact of the "Uranium Boom" on 
Mining Law, by J. Thomas Greene, 1954, 31 p. 
(reprinted from Utah Law Review, v. 4, no. 2) ___ _ 

59 ! - Hydrology of Lake Bonneville and Sediments and 
Soils of its Basin, by A. J. Eardley, Vasyl Gvos­
detsky, andR. E. Marsell, 1957, 60p., 4 pIs., 
24 figs., 16 tables (reprinted from Geol. Soc. Amer-
ica Bulletin 68, p . 1141-1202) _________ _ 

60 - A Catalogue of Utah Minerals and Localities, by 
Maynard Bixby, 1959, 34 p. (reprinted from a pam­
phlet published by R. H . Office and Company and 
Maynard Bixby) ________________________________ ___ 

65 - Crater Hill Lava Flow, Zion National Park, Utah, 
by Richard 1. Threet, 1958, 6 p., 3 figs. (reprinted 

$1. 00 

$ , 50 

$ . 50 

from Geol. Soc. America' Bull . , v . 69, pp . 1065-1070) ___ $ .25 

66 - Paleozoic Stratigraphy and Oil Pos sibili ties of the 
Kaiparowits Region in Utah, by Edgar B. Heylmun , 
1958, 30 p., 6 figs. (reprinted from Am. Assoc. 
Petroleum Geologists Bull. 42, no . 8) ______________ _ 

68 - Middle Ordovician Stratigraphy in Eastern Nevada 
and Western Utah, by Gregory W. Webb, 1958, 42 
P o, 13 figs. (reprinted from Am. Assoc. Petroleum 
Geologi s ts Bull. 42, no. 10) ______________________ _ 

71 - Sulphur Isotope Abundance in Hydrocarbons and Source 
Rocks of the Uinta Basin, Utah, byA . G. Harrison 
and H. G. Thode, 1958,7 p., 3 figs. (reprinted from 

$ .5 0 

$ .75 

Am. Assoc. Petroleum Geologists Bull . 70, p . 207-2H~_ $ . 75 

75 - Upper Devonian Unconformity in Central Utah, by 
J. Keith Rigby , 1959, 12 p., 5 figs , (reprinted from 
Geol. Soc. America Bull. 70, p. 207-218) ______ _ 

89 - Analysis of Pleistocene Core from Great Salt Lake, 
Utah, by A. J. Eardley and Vas yl Gvosdetsky , 1960 , 
21 p., 1 pi., 2 figs 0, 4 tables (reprinted from Geol. 
Soc. America Bull., v. 71, p. 1323-1344)'---____ _ 

$ , 25 

$ .50 



GUIDEBOOKS OF THE UTAH GEOLOGICAL SOCIETY 

3 - Geology of the Utah-Colorado Salt Dome Region, with emphasis 
on Gypsum Valley, Colorado, 1948 $2.50 

4 - The Transition between the Colorado Plateaus and the Great 
Basin in Central Utah, 1949 $3.00 

6 - Geology of the Canyon, House, and Confusion Ranges, Millard 
County, Utah, 1951 $4.00 

8 - Geology of the Central Wasatch Mountains, Utah, 1952 $3.50 

9 - Uranium Deposits and General Geology of Southeastern Utah, 1954_ $3.00 

10 - Tertiary and Quaternary Geology of the Eastern Bonneville 
Basin, 1955 ____________________________________________ __ $4.00 

11 - Geology of Parts of Northwestern Utah, 1956 _________ $4.00 

12 - Geology of the East Tintic Mountains and Ore. Deposits of the 
Tintic Mining Districts, 1957 ______________ $4.00 

13 - Geology of the Stansbury Mountains, Tooele County, Utah, 1958 _ $4.00 

14 - Geology of the Southern Oquirrh Mountains and Five Mile Pass-­
Northern Boulter Mountains Area, Tooele and Utah Counties, 
Utah, 1959 $4.00 

15 - Geology of the Silver Island and Adjacent Areas in the Great 
Salt Lake Desert Northeast of Wendover, Utah, 19~0 $4.00 

16 - Geology of the Bingham Mining District and Northern Oquirrh 
Mountains, 1961 $6.00 

UTAH GEOLOGICAL SOCI'ETY DISCOUNTS 

Orders of 
5-9 Guidebooks ___________ 20% discount 
10 or more 25% discount 

25% discount on all Guidebooks to students. 
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INDEX MAP SHOWING AREAS TREATED 
BY THE GUIDEBOOKS OF THE 

UTAH GEOLOGICAL SOCIETY AND 
BY THE INTERMOUNTAIN ASSOC. 

OF PETROLEUM GEOLOGISTS 

tJ;~).: ::I UGS GUIDEBOOKS (NO.) 

.~~~ ~ IAPG OUIDEBOOKS(YEAR) 

o 40 80MILES 
• , I 



GUIDEBOOKS OF THE 

INTERMOUNTAIN ASSOC. PETROLEUM GEOLOGISTS 

1951 - Geology of the Canyon, House, and Confusion Ranges, Millard 
County, Utah __________________________________________ _ 

1952 - Cedar City, Utah to Las Vegas, Nevada ____________________ _ 

1953 - Geology of Northern Utah and Southeastern Idaho _________ _ 

1954 - Geology of the High Plateaus, Central and South Central Utah __ _ 

1955 - Geology of Northwest Colorado __________________________ _ 

1956 - Geology and Economic Deposits of East-Central Utah ____ _ 

1957 - Guidebook to the Geology of the Uinta Basin ______________ _ 

1958 - Guidebook to the Geology of the Paradox Basin _______ _ 

1959 - Guidebook to the Geology of the Wasatch and Uinta Mountains 
Transition Area _____________________________ _ 

1960 - Guidebook to the Geology of East Central Nevada _____ _ 

1961 - Oil and Gas Fields of Utah--Symposium _______________ _ 

$ 4.00 

$ 4.00 

$ 7.50 

$ 7 •. 50 

$ 7.50 

$ 7.50 

$ 7.50 

$11. 00 

$12.00 

$12.00 

$10.00 
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MISCELLANEOUS PLATES FROM GUIDEBOOKS 

UTAH GEOLOGICAL SOCIETY GUIDEBOOK PLATES 

8 - Plate I. Geologic Map of Central Wasatch Mountains East of 
Salt Lake Valley, Utah, with roadlogs from Guidebook No.8 

12 - Plate I. Generalized Geologic Map and Section of the East 
Tintic Mountains, Utah _________________ _ 

Plate III. Index Map of Mines and Mining Districts of the 
East Tintic Mountains, Utah 

Plate XVII. Mines and Prospects of the Tintic Mining District 

13 - Geologic Cross Sections of the Stansbury Mountains ____ _ 

16 - Plate I. Generalized Geology of the Northern and Central Oquirrh 
Mountains, Salt Lake and Tooele Counties, Utah ______ _ 

Plate II. Surface Geology Map of the Bingham District ___ _ 

Plate III. Section A-A'; B-B'. To accompany surface geologic 

$ .50 

$ .50 

$ .50 

$ .50 

$ .30 

$ .50 

$ .50 

map of Bingham District $ .50 

Plate IV. Section C-C'; D-D'. To accompany surface geologic 
map of Bingham District _____ ~~ ______________ __ 

Plate V. Stratigraphic Correlation Chart. Bingham Mining District 
and Adjacent Areas ______________________ __ 

Pia te VII. Map showing loca tion of Field Trip Road Log, Bingham 
Mining District and Central Oquirrh Mountains, Utah. ____ _ 

INTERMOUNTAIN ASSOCIATION OF PETROLEUM GEOLOGISTS 

1953 - Geologic Map of NorthernWasatch Mountains, Utah and Idaho, 
by Clyde T. Hardy and J. Stewart Williams, (formerly RS-40) 

Idaho, Wyoming Thrus t Belt (formerly RS -41) 

1954 - Geologic Map of Portions of the High Plateaus and Adjacent 
Canyon Lands, Central and South Central Utah. 
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$ .50 

$ .50 

$ .50 

$ .75 

$ .. 75 

$4.00 



MIS C EL LANEOU S 

The Great Basin, with Emphasis on Glacial and Postglacial Times_$2. 00 

Low-Temperature Carbonization of Utah Coals $5.00 

Glossary of Selected Geologic Terms, with special reference to their 
use in engineering, by W. L. Stokes $2.75 

Uranium, Where It Is and How To Find It, by Paul D. Proctor. ___ $2. 50 

Uranium, the World's Expanding Frontier, by A. J. Eardley ____ $2. 00 

The Special Uranium No., Economic Geology, v. 50, no. 2 ____ $1.00 

CONSIGNMENT (Survey Discounts Not Applicable) 

Utah Geological Society (see following pages) 

Intermountain Assoc. Petroleum Geologists (see following pages) 

Gazetteer of Utah Localities and Altitudes ___________ $1.50 

Outline of the Geologic History and Stratigraphy of Utah, by 
Wm. L. Stokes and E. B. Heylmun ______________ $ .75 

Geologic Map of Utah -- Northeast Quarter 
. Northwest Quarter (Winter '6 2.163) $3.50 

by mail - $ 4.00 
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The following publications are out of print. Copies of these 
may be obtained from local cr university libraries. 

Bulletins 1-34 were published by the Utah Publicity 
and Industrial Development and are no longer avail­
able, with the exception of Bulletins 24 and 25. 

Guidebooks I, 2, 5, and 7 

Maps 2, 10, and 11 

Bulletins 49 and 69 are still pending. 



FREE CIRCULARS AND REPRINTS OF THE SURVEY 

CIRCULARS: 

24 - Utah Iron Deposits Other Than Those of Iron and Washington 
Counties, Utah, by Arthur L. Crawford and Alfred M. Buranek 

25 - The Occurrence of Celestite on the San Rafael Swell, Emery 
County, Utah, by Arthur L. Crawford and Alfred M. Buranek. 

28 - The Molybdenum Deposits of White Pine Canyon, near Alta, 
Sal t Lake County, Utah, by Alfred M. Buranek. 

38 - Diatomaceous Earth near Bryce Canyon National Park, Utah, 
by Arthur L. Crawfcrd 

39 - The Ubrary of Samp les for Geologic Research, Mines Building, 
University of Utah -- Facilities and Potentialities, by Arthur 
L. Crawford 

41 - Oil Shale on Chris I s Creek, Juab County, Utah--The Mystery 
of the Legendary First Retort, by Arthur L. Crawford. 

42 - Ust of Publications 

REPRINTS 

28 - Geologic Index Map of Utah 

30 - Utah Raw Materials of Interest to the Chemical Engineer 
(reprin ted from Chemica 1 and Eng ineering News, v. 27, p. 
3017, 1949). 

The Mineral Industry of Utah, 1955 through 1960. 
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Have you used the Utah Geological Survey's 

Library of Samples for Geologic Research? 

Housed in the basement of the School of Mines, at the 

University of Utah 
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Information is as near as the telephone­

OA 8-90/~ Ext. 2384 




