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MEMORANDUM FROM THE CHAIRMAN 

To Members of the Senate Committee on Interior a,nd Imsular Affair8: 
I am transmitting for your information a report entitled "Mineral 

and Water Resources of Utah," prepared by the U.S. Geological Sur­
vey at the request of our colleague, Senator Frank E. Moss. 

This detailed survey will be particularly helpful to government and 
business leaders in Utah. It will also be valuable to the Congress 
and members of this committee as we consider legislation regarding 
mineral and water development. 

HENRY M. JACKSON, Ohairman. 

In 



FOREWORD 

This report was prepared at my request by the U.S. Geological 
Survey in cooperation with the Utah Geological and Mineralogical 
Survey and the Utah Water and Power Board. 

Its purpose is to make an significant data on Utah's important 
mineral and water resources available to interested citizens, to pro­
fessional personnel in mining and water development, and to govern­
ment, civic, and industrial leaders. I think that purpose has been 
well met. 

I wish to thank all of those both in Utah and Washington who have 
contributed to the making of this report. 

FRANK E. Moss. 
v 



MINERAL AND WATER RESOURCES 

OF UTAH 

REPORT 
OF THE 

UNITED STATES GEOLOGICAL SURVEY 

IN COOPERATION WITH 

UTAH GEOLOGIOAL AND MINERALOGIOAL SURVEY 
AND THE 

UTAH WATER AND POWER BOARD 

PREPARED AT THE REQUEST OF 

SENATOR FRANK E. MOSS 
OF UTAH 

VII 



LETTER OF TRANSMITTAL 

Hon. FRANK E. Moss, 

U.S. DEPARTMENT OF THE INTERIOR, 
GEOLOGICAL SURVEY, 

Washington, D.O., December 30,1963. 

U.S. Senate, Wa8hington, D.O. 
DEAR SENATOR Moss: In response to your letter of April 18, 1963, 

I am pleased to transmit herewith a summary report on the mineral 
and water resources of Utah which has been prepared by the Geologi­
cal Survey in cooperation with the Utah Geological and Mineralogical 
Survey and the Utah Water and Power Board. 

The report describes the mineral commodities known to occur in 
Utah, and it presents information on their manner of occurrence~ 
distribution, and relative importance to the mineral industry of the 
State. Surface and ground water resources are described in con­
siderable detail, as is water power. The narrative discussion on most 
commodities is supplemented by small scale maps and other illustra 
tions. _ 

It is hoped that data in the report will be adequate to supply tht' 
information you desire. 

Sincerely yours, 
THOMAS B. NOLAN, Director. 
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INTRODUCTION 

(By L. S. IIllpert, Salt Lake City, Utah) 

This report summarizes the mineral and water resources of {·tah by 
describing' their manner of occurrence, distribution, relati\'e impor­
tanee to the State and Xntion, and the outlook for their development 
and use. To provide a background to the resource enlluations, pro­
duction figures for the various mineral eommodities are given, if avail· 
able and pertinent, and their uses in industry are deseribed, tog~thel' 
wit h t he economic factors that affect the~r explornt ion and de\'elop­
ment. All mineral eonunodities are discussed that are known to occur 
in Vtah and that might. have economic significance within the foresee­
able future, whether or not they have been mined. In an introduetory 
S(>,ction, the geology of the State is outlined briefly and the dist ribution 
and relnt ion~ of the mineral r~sources to the regional geology are 
!,ltInmarized. 

This rel)ort was compil('d by members of the statT of tlu' "(l.S. 
Geologica Survey and was financed in part by the rtah Geological 
and ~linernlo("ical Survey and the rtah ""'ater and Power Board. 
The report is based on the published literature regardin~ th(' min~rnl 
and water resoure~s of rtah, supplemented by unpublished material 
in the files of the r.s. G('()]ogical Surv~y and the personal obsernltions 
and experience of the :n indiyiduH]s who lll\\'e ('ont ribut~d to t h~ 
nlrious ~dions. .\lthough treatment of the \'arious r~SO\ll'c(,s i~ 
brief, the report is planned to provide a conn'nient ref('ren('e for 
anyone seeking additIOnal infonnation. Specific references are cited 
in the text, nnd compr('hensive bibliographi('s are listed at the back of 
('neh prinCIpal seetion. 

l\{uch of the hasic hydrologic dat a used was eoll('cted as part of 
cooperative programs with Stnt(', F~deral, and ]oeal ageneies that 
have been continuous since I no!). The report "The Role of Ground 
"Tater in the Xational "Tnter Situation,~~ by C. L. ~IeG\linness, was 
used extensi\'ely in tho preparation of the section on water resources. 
Credit is extpnded to II. D. Goode for his contrihution to tIl(' S('('tion 
on ~round water and to ",V. V. Iorns for material on t.he S('dimpnt 
discharge and ehemical qunlity of strl'ams in the rpper Colorado 
River Bnsin. . 

The geologic lllap (fig. !) is based in part on "The Geologic ~Iap 
of {~tah;~ cOlllpil~d and edited by " ... r..p~ Stokes and others (1!l61, 
1!)():~, and ill press), and the southeast part of figllre !) is hased ill 
pnrt on the mup by Andrews and Hunt (I!l-tH). Speeial thanks are 
extended to Drs. A .• J. Eard]('y and ""'. Lee Stok('~, rnin·rsity of Utah, 
and to the rtah State Lund Board, for making available in adnlnc(' 
of publieation the plates of the southwest quadrant. The summary 
pa.pers ill "SUI'face, Structure, and Stratigraphy of Ctah," edited by 
A. L. Crnwford (H)6:l), w~rl' most ll('lpful in tIl(' prpparatioll of tlw 
spction on stratigraphy. Thanks also are ~xt('nded to Dr. Osmond 
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8 INTRODUCTION 

Harline and his associates in tlH' BUI'('au of Economies and Busines..c; 
Research, lJniversity of Vtnh, for their assistntw(' in eollpctinl! ann 
developing statistics on Utah's mirH'ral industry. 

Mineral production data gi\,pn in the text, unless otlwrwise cited. 
are from the U.S. Geological Sur'\'eis ~finl'ral Hesolll'ces of the rnit.eo 
States (l880-1H21), the U.S. Bureau of ~fines' ~Iinernls Yearbook 
(l922-()}), and snppl(,IlH.'ntpd by datn from tlu.' 1 ~.s. HUI'Pllu of ~Iim>s. 
Denyer and 'Vashinhrton, D.C. Thanks are extendeAl to 'V. II. l(erns~ 
Denver, for grant.ing a.c~ess to t,llC Bureau's microfilm records. Appro­
priate credits are listed on indh'idual figures and tabl£'.s. 



THE MINERAL INDUSTRY IN UTAH 

(By R. A. Weeks, Washington. D.C., and L. S. Hilpert, Salt Lake City, Utah) 

The year 1963 has been celebrated as the centennial of mining in 
lhah; so it is timely and appropr~ate to su~arize Utah's mineral 
industry as a prefaee to the discussIOn o! the mmeral resources. . 

In the _past century the mines, quarries, a~d .petroleum and. bnne 
wells of Utah have furnished more than $8 bIllIon worth of mIneral 
products, making rtah's mineral industry a vital faetor in each phase 
of the State's history and economic growth. Not only has the value 
of the mineral output excreded other ra~ materials, bu~ th~ devel~p­
rnent of the mineral wealth has estabhshed other maJor mdustnes 
that were required to transport, refine, and market the mineral prod­
ucts. Significant as the past production has been, the resources de­
scribed in the subsequent sections of this report are equal to or surpass 
those that have been extracted. 

lTnlike most. western states, lJt.ah~s earlipst. mining was not for gold, 
but for the more utilitarian resources such as salt, coal, sulfur, and lead 
that were needed by the isolated pioneer settlements. It was not until 
1863, 16 years after the arrival of the ~Iormon settlers, that the first 
ores containing gold were found in Bingham Canyon. Although the 
history of minmg in Ctah predat~$ this discovery, the real rise of the 
mining industry stemmp(l fr'om the 1863 discovery. By the 1870's 
the wave of prospecting following the discovery had located most of 
the State's metal mining districts, including Tintic, Park City, Ophir, 
San Francisco, Cottonwood, and MereuI'. Most of these districts, 
however, pro\'ed richer in silver and lead, and in combined copper and 
zine, than gold. This combination of metals in the or~~c; required 
special treatment for t heir recovery, which proved to be advantageous 
to the State in several ways. It r~uired the establishment of smelters, 
by the early 1870's, to rpcover the values in the ores. The smelters, in 
turn, stimulated the establishment of the railroads which were needed 
to transport the ores and earry the supplies for the burgeoning in­
dustry. Other important minpral developments followed in later 
years, including the mining of coal, iron, uranium, and petroleum. 
Coal and iron werp. among the earlipst commodities sought and found 
hy the I\Iormon rioneers, but both were produced only in modest 
amol1~ts until rai transportation, mechani~ation, and ultimately the 
estahlrshment of a s~eel plant at Provo durl!1g 'Vorld 'Val' II stimu­
!ated the output. Slllce th~n. both commodItIeS have assumed major 
Importanee. The dem~nd for u~nium, following 'Vorld 'Var II, 
bl'ouj!ht another metal mto prommence; and a more recent develop­
ment has bp,en the emergence of petroleum as a major commodity 
within the last 10 years. 

As shown on fi~'1n'e 1/ the mineral output of Utah has grown pro-

1 Thf' value!! on fig. 1 are "conRtant dollars," ba8f'd on thf' 1957-59 dollar, 10 other 
words, nctual valueR havf' beeo adjuRted to reftect the changing value ot the dollar In 
tf'rms of I ts purchasing power. For the mo8t part. thereforf', the curve8 maTt the 
RlgnlftMlnt ('bftn~s In volume of material produced. 
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FIGURE I.-Mineral production in Utah, 1865 through 1961. 
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MINERAL AND WATER RESOURCES OF UTAH 11 

~ivell' during the first 100 years ~d each. segment of the mineral 
Industry has responded favorably to each period of increased demand, 
indicating a strong resource base. Major economic and historic events 
are marked by sharp changes in output of minerals, notably the peak 
output during wartime and the low output immediately after each 
World War and during the depression of the early 1930's. 

The metallic minerals have played the most notable part in the 
industry, followed by the mineral fuels, and the nonmetallIc minerals. 
The metals gold~ silver, copper, lead, and zinc have been the bulwark 
of the industry through the past 100 years having supplied two-thirds 
of the total value of the mineral output. Before abOut 1900, however, 
gold, silver, and lead were by far the most important. Zinc was not 
recovered until 1904, and copper did not become important until the 
advent of .open-pit mining at Bingham Canyon. The production of 
these metals is shown on figure 2. 
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FIGURE 2.-Production of copper, gold, lead, silver, and zinc in Utah, 1865 through 
1961. (Data from 1865 to 1917 from Butler and others (1920); and from 1918 
to 1961 from U.S. Bureau of Mines). 
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In more recent years, t.he production of three other metals has come 
to the forefront. Iron started an upswing in the 1920~s and attained 
a peak output of more than $.'30 minion in 1957; uranium climbed from 
less than a million dollars in annual output before 1951 to a peak of 
more than $:l8 million in 1958; and molybdenum out.put, which essen­
tially started with recovery from porphyry copper ore in the mid­
thirties, now has attained a total value near that of uranium. In all, 
the metallic minerals have yielded~ through 1961, more than thr(l'c­
fourths of Utah's mineral wealth (fig. 3). 

Of the mineral fuels, coal has been t.he most important commodity 
until recent years. It has now been supplanted by petroleum. Prior 
to 1956, petroleum output amounted to only a few million dollars a 
year, but by 1959 it. had attained a peak of about $117 million. The 
mineral fuels in 1961, largely through the increased output. of petro­
l~um, constituted about one-t.hird of Utah's mineral output for the 
year (fig. 1) and in total amounted to about 18 percent of Utah's total 
1865-1961 mineral output (fig. a). 

The nonmetallic minerals have contributed at a rather uniform and 
modest pace throughout the years. An upswing' started in mid-1955, 
however, that denotes an awakening interest by mdustry in these com­
modities. Through 1961, the value of the nonmetallics had contrib­
uted about 6 percent of the total mineral output. 

Utah's diversity of available mineral products in useful quantities 
is probably equaled by few other comparable-sized areus in the world. 
About 35 commodities or groups of commodities have been mined or 
may soon be exploited ano, of t.hese, 10 (copper, coal, lead, silver, gold, 
petroleum, zinc, iron, uranium, and molybdenum) each have total yields 
that exceed $200 million in value and 6 commodlt.ies (sand and gravel, 
solid hydrocarbons, stone, common salt, clay, and potash) each have 
total Yields that range bet.ween $25 million and $100 million in value 
(fig. 3). 

The importance of Utah's mineral industry can be portrayed in many 
ways. In 1961, Utah ranked 14th in the Nation in the value of min­
erals produced; provided 2.24 percent of the value of the mineral" 
produced in the Nation; and provided 11.9 percent of the value of the 
Nation's metals produced. Nat.ionally, the State ranks as follows in 
the production of each of the following commodities: second in cop­
per, gold, molybdenum, and asphalt; thIrd in lead, silver, and potash; 
and fourt.h in iron and uranium. It also is the Nation's only producer 
of gilsonite, and provides the only major amount of catalytic-grade 
halloysite. The State's mineral industry is unique in other respects. 
It has the support of one of the world's most productive mining dis­
t.ricts, with a record $4.5 billion total yield. In this district IS' the 
world's lar~est copper mining operation, centered around the Bingham 
Canyon mme, which has produced about 15 billion pounds of eop­
per-a world's record-and furnishes each year about 20 percent of 
the Nation's newly mined copper. 

The important part played by the mineral industry in lTtah~s 
economy is borne out by comparing it with other segments of the 
economy. Data used in these comparisons, which follow, were pro­
vided by the Bureau of Economics and Business Research, University 
of Utah (written communication: 1963). In 1961, for exa.mple, the 
value of the mineral products prodUced in the State a.mounted to more 
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FIGURE 3.-Values of the principal mineral commodities mined in Utah, 1865 through 1961. 
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than $400 million, of whieh the metallie minerals alone amounted to 
more than $229 million. In marked contrast, the value of the other 
raw materials produced-namely, the farm and forest products sold­
amounted to $154 million and $157,000, respecti,"ely. As another ex­
ample, in 1958, $412 million was added to the State's economy by manu­
facturin~. In this same year the mineral output amounted to ahout 
$366 million, or 89 peIT~nt of t he value a.dded to the economy by manu­
facturing. This comparison is most striking because a large per­
centage of the value added by manufact.uring' was directly concerned 
with mineral products proces..'ling. The indirect contribution of min­
eral produets to manufact uring is not (lJ\..c;ily measured, hut some ex­
amples can be given for 1958. -The value added by manufucturing of 
st.one, clay, and glaBS products was $33 million; the yalue added in 
primary metals manufueturing was $141 million; and the value added 
In manufacturing of conI and petroleum products was ahout $23 mil­
lion. These values alone amount to 45 percent of the total value of 
all manufacturing. 

In 1962, the industry directly employed 13,113 people, or 4.6 percent 
of the nonagricultural work foree. An additional lO,:~67 or a.6 per­
eent, were employed in the manufacturing of nlineral products. Em­
ployees in the mineral industry have been either the highest paid or 
the second highest paid group in the State for almost :~o ye.ars, and 
have been the highe.st paid group since 1946. This faet t however, has 
its somber side. Uising costs have forced the compallles to consoli­
date their properties, make technological improvements, and improve 
their I-,reneral efficiency to remain solvent. This has re~"l1lted in fewer 
operating companies, in more mechanizution and automation, and the 
attendant reduction in the work force. This trend toward lower em­
ployment in ench operation has been only partly offset by the incre.-'\s-
mg I?ineral out.put. .. .. . . . 

'FIgllreg Oil the total ('apltal mvestnwnt 11l mmmg- and dIrectly affilI-
ated ina,lln facturing in the Stat(', is anotlwr item of great importance, 
although such figlirps ar(' not anlilable. A measure of the ca.pital 
inY(l~stlllent is refledcd in the mining prop('rt.y tax paid to the State. In 
1962, t·his amonnted to $1·1.5 million, eomparpd to t,he total State prop­
(lrtv tax of $UG .• ) million for the same ye.ar.2 

ft has 'been estimated that each dollar's worth of new raw material 
tlmt becomes available contributes as much as $8 worth of busines~ 
activity in manufacturing, trade, service, eommunieation, and trans­
portation (based on the ratio of total value of raw materials to the 
remainder of the gross national product). If this rutio is applieable 
to minerals, the mineral industry in Utah may well generate as much 
as $3 billion worth of business activity in the State and Nation each 
year. 

The abundant and varied mineral resources in Utah are the key to 
the establishment and expansion of new industry. A trend of ex­
pansion appears favoraole in this respect. At Cane Creek the 
potash industry is currently developing large previously untapped 
potash deposits. Recent interest in development of the saline re­
sources in the brines of western Utah mny furt.her increase both potash 
and sa.lt production, as well as add two more commodities, magnesium 

• From "Utab Property Tn, 1962," Utab Fouodatlon Ileaearcb Report 208, Marcb 1968. 
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and lithium, to the growing number of Utah's mineral products. At 
Spor Mountain the recently discovered large 'beryllium deposits are 
being explored and, when developed, can provide. a dependable long­
term supply of beryllium for the Nation in quantities never before 
a.vailable. Other large but mostly unexploited resources such as oil 
shale, lightweight aggregate, and silica deposits remain a challenge 
for future development and utilization. These and other commodi­
ties can become important items in Utah's mineral economy. 

The following sections on the geology and occurrence of the re­
sources.point out that each mineral commodity has unique. qualities 
and habits. Understanding of the geologic features as well as the 
economic and technological factors are needed to evaluate the poten­
tial of each of these mineral commodities. In this' report the term 
"resources" applies to materials in the ground that are known to be 
minable now, plus materials that are likely to become minable at 
some time in the future. Reserves, on the other hand, are materials 
that mayor may not be completely explored but which may be quan­
titatively estimated and are considered to be economically exploitable 
at the time of the estimate. Ore is mineral material that may be mined 
at a profit, and the term "ore" reserves is applied to mineral deposits 
currently being mined, or to deposits known to be of such size and 
grade that they may be profitably mined. 

Mineral resources are fixed in quantity and quality and are not re­
newable. Reserves, on the other· hand, fluctuate in amount. They are 
a continually changing quantity, the estimates of which are dependent 
on economic conditions, technologic changes, and available informa­
tion. A low reserve figure for a commodity today, for example, doesn't 
necessarily mean the resource is near exhaustion. It may mean that a 
depressed market has lowered the value of the commodity to the point 
where the material no longer can be considered as.a reserve. The pro­
gressive annual drop in reserVes of uranium is a good example of how 
economic conditions can affect the reserve picture. In 1956, Utah had a 
reserve of 7.5 million tons; in January 1963, the reserve had been re­
duced to 3 million tons-a reduction brought about by depletion 
through mining, and curtailment of exploration and development 
caused by a saturated uranium market. 

In summary, Utah has a mineral industry that constitutes a vitally 
important part of the State's economy. It is founded on an unusually 
broad and varied resource base, and promises to continue to expand in 
the future. 



GEOLOGY 

INTRODUCTION 

(By L. S. Hilpert, Salt Lake City, Utah) 

::\Iincral resources are geologie materials that resnlt from ,-ariolls 
geologic processes and events that have been taking place throughout 
geologic history. It follows, therefore, that an understanding of the 
geology provides a background that is necessary for a better under­
standmg of the re.."ources. The following sect ions on topography, 
stratigraphy, and structure are intended to provide the reader with 
such a background, brief though it must be, and the section on economic 
geology summarizes the geologic occnrrences of the various mineral 
commodities within the State's f,reologic frnmework. 

TOPOGRAPHY 

(By 1<1. W. Tooker and J. H. Stewart, Menlo Park, Calif.) 

Utah includes parts of three physical provinces, the Basin and 
Range, Colorado Plateaus, and Rocky Mountains (fig. 4) . (Fenne­
mann,1931). These provinces, which converge on the junction of the 
\Vasatch and Uinta Alountains, differ in their surfac..e expres.."ion, in the 
areal distribution, composition, and structure of the sedimentary rocks, 
and in their history. The Basin and Range (or Great. Basin) in the 
western part of the State, is characterized by isolated narrow mountain 
ranges separated by desert. basins, and mu,rked by interior drainage. 
The shorelines of Pleistocene Lake Bonneville, of which Great Salt 
Lake is a remnant)..are marked by terraces on the flanks of the mountuin 
ranges (fig. 4) (hilbert,1890). The strata are simple to complexly 
folded and cut by faults; thrust. fa.u Its locally have modified t.he orig­
inal st.ratigraphlc relations. Igneous rocks, principally monzonitic 
and in the form of stocks, dikes, sills, and irregular masses, locally 
intrude the sedimentary rocks. 

The Colorado Plateaus J?rovince, in the eastern part of t.he State, is 
eharacterized by plateaus mcised by canyons that are tributary to the 
Colorado HiveI'. The L'inta Basin constitutes the northern part. The 
strata in the province are modified l?Y simple faults and flexures and 
intruded locally by monzonit ic and dlOritic laccolithic igneous bodies. 
These bodies constitute the eores of the La Sal, Abajo, and Henry 
Mountains. 

The Rocky Afountains province, in the northeastern corner of the 
State, consists of the east-trending Uinta Mountains and the north­
trending 'Vasatch Range. Both are characterized by broadly folded 
layers, cut by faults, and dissected by drainage that is tributary to the 
Great Basin and the Colorado River. Intrusive rocks are present in 
the vicinity of the intersection of the two ranges. 

17 
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EXPLANATION 

.J 

FIGURE 4.-Physiographic provinces and principal features of Utah, showing also 
the outline of Pleistocene Lake Bonneville. 

The western front of the Wasatch Range is a prom i nent topographic 
feature that separates the Basin and Range province to the west from 
the Rocky Mountains and Colorado Plateaus. This front is the pres­
ent expression of a part of a major geologic feature, the 'Vasatch line 
or hinge line, that has bounded different geologic provinces for a very 
longtime. . 



FIGURE 5.-Geologic map of Utah. 
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STRATIGRAPHY 

(By E. W. Tooker and J. H. Stewart, llenlo Park, CaUf.) 

SEDIMENTARY ROCKS 

Sedimentary rocks, as the name implies, arc lithified sediments, mix­
tura"! of det.rital materials, such as pebbles, sand, and mud; and chemi­
cal components, such as calcite, g"ypsum, and salt. that accumulate 
either in bodies of water, or suhaerIally on the land. Neflr-shore grav­
els, sand, and mud form deltas or layers of con~lomerate, sandstone, 
and shale. Farther from shore, carbonate deposits, such as banks of 
limy mud, reefs of organic remains, or accumulations of shells and 
corals, form layers of argillaceous or bioclastic limestone. On the con­
t.inents, coarse to fine clastics form alluvial funs, braided stream chan­
nel fills, and sheetwash nonmarine conglomerate, sandstone, and mud­
Htone. In barred basins or playa lakes and delta. swa.mps, a.t or ncar the 
junction of bUld and sea, evaporite and coal deposits may form. 

LaY(lred rocks pr<n·ide a record of changes through geologic t.ime, 
such as changes in topography, source of sediment, and environments 
of deposition, and often provide clues to subsequent. structural and 
chemical alterat ion. The character nnd dist rihut IOn of many mineral 
and wat~r resourees of Utah may be directly related to specific types 
of sedimentary rocks. Salt, coal, oil, unlniurn, ch~ys, sand and gravel, 
and pure soft water are but a few of the State's resources that owe 
their origin and locat.ion at least. in part to the va~aries of sedimentary 
rocks and rock structures. Intervals of geologiC time during which 
sediments al',curnulated in geosynclinal basins or on continental mar­
gins a.re separated by mountain building intervals-orogenies--often 
accompanied by int.rusion and extrusion of igneous rocks.' 

Beginning with the oldest, the sedimentary and associated igneous 
rocks, and the e,·ents that. affected them, are de"c;cribed briefly in the 
following pages. The exposures of the principal rock units are shown 
on the geologic map (fig. 5) and the principal formational units in 
the different parts of the State are shown on the stratigraphic correla­
tion chart (table 1). 1 

Precambrian Era 
Precambrian rocks, which are expose~l in scattered mountain ranges 

and canyons throughout the State, are subdivided here into structurally 
deformed and m('tamorphosed lower and middle Precambrian rocks, 
and less-deformed. virtually unmetamorphosed upper Precambrian 
rocks. 

L01l'er a.nd rniddle Prera.mbr;an rock8.-Strongly folded and meta­
morphosed l'!'),stalline limestone, sehist, ~TJ1eiss, and associated granit­
oid and p(lgmatite bodies are us much as ~,OOO feet. thick loeally. The 
main exposures of the.se rocks are in northern rtah in the Raft River 
~follntains, GrouS{'. Cr(>.(·k l\fQuntains, and Vipont Mountnins~ in the 
W(lst-cent ral 'Vasnteh l\fountains nort h of SaIto Lake City; in the 
southenl part. of the Deep Creek l\fountains; in the southwestern cor­
ner of the Stat(' near Rt. George: and alon!! the Colorado River and 
in the Fint a ~rol1ntains in el1stern Utah. The leltd-nlpha age of zir-

1 'I'IH' stratigraphic nomen<,lntllr(' nnd age designations \ls(>(1 In this chart do not 
ne<'f'sRllrlly follow the uSllge of tht· V.H. GeoJogienJ Sun·,,) .. bllt follow the u!!age of 
author!! who haYe deS('ribed stratigraphy In tht' sen'rlll parts of the States. 
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Table 1.-- Generalized stratigraphic 
By E. W. Tooker 

[Horizontal terms refer to formal1y named rock stratigraphic units of formation rank. Vertical terms in boxes refer to for 
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cons from granite gneiss in Ogden Canyon is about 1,600 million 
years (Odekirk, 1962). In contrast, folded and reerystallized rocks 
along the Green River in northeast Utah are 2,:300 million years (Han­
sen, 1963). 

Upper Precambrian rocks.-Little-metamorphoscd sequences of 
qua11zite, sandstone, argillite, dolomite, conglomerate, and glacial 
tillite, which may aggregate more than 20,000 feet in thickness lo­
cally, re..')t unconformn,bly on a smooth erosion surface (Crittenden, 
in press). These sediments were deposited in a la,rge geosyncline­
a slowly subsiding depression that covered most of the Great Basin 
and extended as an amI eastward along the present site of the Uinta 
Mountains. The range of ages of these rocks is somewhere between 
1,500 and 600 million years. Subsequent tilting, elevation, and 
erosion to a relath·ely smooth surface oecurred in the ar£'1\, peripheral 
to the Great Basin prior to the deposition of {1'.Iartzites of Cambrian 
age, while deposition in the centrnl p~\l1 continued uninterrupted into 
the Paleozoic (Christiansen, 1963, p. 49) . 
Paleozoic gra 

Rocks of the Pa.1eozoic Era (from 600 to 181 million years ago, 
Kulp, 1961, p. 1111) are divided on the geologic map (fig. 5) into 
the Cambrian through Devonian and ~Iisslssippian through Pennian 
'rOck sequences. They were deposited generally in the northeast­
trending Cordilleran ~eosync1ine that extended northerly across 
western rtah, and was hounded on the east by a stable platform or 
shelf. At. time..'), however, the seas extended eastward acros..') the 
shelf area . 
. (Yambrian through /)e1)onian rod·.~.-Most deposition, which con­

sisted largely of slllld und carbonate rock, occurred west of the 'Va­
satch line, or hinge line, and was thickest in the western part of the 
Great Bn~in; sedimentary rocks of this a1!e exist in the subsurface but 
are not exposed at the surface in the plateau area. In Cambrian time 
(100 million years duration), the geosyncline subsided in the west, and 
as the shore mo,oed eastward across 1:tah, sands and muds were suc­
ceeded in deeper water by thick sequences of limestone, shale, and 
dolomite. About 12,000 feet of these sedimentary rock~ were deposited 
in wes. t£'rn lTtah ,comr.)ared witl.1 ~.i300 to ~QOO feet in <:entral ~nd.e~~st­
ern lTtah. Dllrlllg t11e OrdOVl<'Ian and Nllurlan PerIods (9D milhon 
years duration), about 5,800 feet of limestones, shal(·s, quartzites, and 
dolomites were deposited in western 17tah, but only 1,GOO feet in the 
Rast Tintic ~Iountains area, and none in and east of tIl(' 'Vnsatch area. 
1 n Devonian time (60 million years duration), uplift of the einta 
area and a western area, now roughly outli.ned by the Stansbury ~Ioun­
tains, provided coarse conglomerate and sund to near-shore deposit~, 
whereas farther from shore, shale, dolomite, and limestone were de­
posited. Devonian rocks are 5,400 feet thick in western rtah and thin 
eastward to les~ than 100 feet in the 'Vusatch area, and about GOO feet 
in the plateau area. 

Jlt88is8ipPlan th7'(r1lyh P(,l'lnian l'ock8.-In Early Mississippian time 
the pattt'l'l of sedimentation was little r:hanged from earlier pattern~ 
ill the Paleozoic; (·herh' carbonate units 100 to 1,000 feet thick were 
depositNI oyer the St~tt'e. In ll1iddl(' ~Iississippian tim£', thick lime­
stone$ were laid down in western and eent.ral Ctah, but in Late ~Iis.c:;is-
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sippian time the pattern changed owing to uplift in northeastern Ne­
vada. Coarse sands w(>re deposited in northwestern rtah that grade 
southeastward into shales containing thin sandy and pebbly beds. 
These deposits ranrre from (iOO to (),OOO feet thick across the Great Ba­
sin and llYCrage LOOO fect. thick east of the hinge line, where marine 
and shore deposits interfing('r. 

The Oquirrh and Paradox basins in central and eastern Utah were 
eenters of abundant yet contrasting sedimentation during Pennsyl­
nl.nian time (ao millIon years duration) ; moderately thick deposits 
OCCllr also in the western \)art of the State. rp to 3,000 feet of thin­
be,dded limestone and sha e of Early Pennsylvanian age occur in the 
Oquirrh basin, and up to 200 feet of clay and fine elasties are in the 
Paradox basin, hut sediments of this ag-e are few or absent in the 
northeastern part of the State. }Iiddle Pennsylvanian rocks, up to 
8,000 feet thick in the Oquirrh basin, primarly are marine sandstone 
lime:;tone, and shale. The~ rocks thin to the east and grade upward 
into marine sands and interbedded limestone. On the plateau, re­
stricted marine sediments in excess of 4,000 feet accumulated in the 
Parndox basin and consist of interfing-ering silts, sand, gypsum, and 
saline enlporites, dolomite, and dolomItic limestone. rpper PE:'llllsyl­
vnnian deposits in the Oquirrh hnsin are primarily sandstone and 
quartzite with interhedded limestone and dolomite up to 11,000 feet 
thick: no comparahle sE:'diments were preserved in the Rocky :Moun­
tains area. Red-g-ray eherty marine limestone and siltstone are transi­
tional wit h nonmarine coarse clast.ic deposits in the Paradox basin, es­
pecially eastward toward the Cn('ompah~'Te highland which was 
emerging in western Colorado during the Pennsylvanian. Deposition 
of moderate amounts of limestone and other rocks, may have been 
c.ontinuQl.ls throughout most of Pennsylvanian time in western "Ctah. 

During Early and )Iiddle Permian time deposition continued in 
previously established areas of sedimentation: marine calcareous, 
locally erossbedded sandstone, ('herty limestone, and dolomite up to 
12,000 feet thick occur in the ('enter of the Oquirrh basin; shore and 
near-shore eolian sandstone and oolitic limestone form deposits locally 
as much as 2,;)00 feet t hick along t he hinge line; marine sandstone, dolo­
mite, and limestone, terrestrial red heds, and local restricted marine 
eva,\)()rite sequences are as lIlueh as (),500 feet. thick in the western part 
of t lC State; and arkosic' red beds and eolian sandstone depOS'its are as 
much as 5,000 feet thick in the Paradox basin area. Late Permian 
deposits are primarily marine limestone, dolomite, shale, and phos­
phorite in the Oquirrh basin, in the 'Vasatch-Uinta shelf area, and 
111 western rtah, but are absent in the uplifted Paradox basin area ad­
ju('ent to the Uneompahg-re hi/Zhland. 

The 0<I.uirrh basin and shelf fncies of ~{ississippian, Pennsylvanian, 
and ~enlllnn ages are juxtaposed by later thrust faulting along tlie east 
ma.q!lll of tlw Great Basin (Baker, 1947; Tooker and Hoberts, 1962) . 
.11 (?8()zoic Era 

The gradua.1 demise of the Cordilleran (J'eosyncline durino- the 
~Iesozoi(~ Era. resulted in a ehange, <luring tl~ Trias..,;ic a.nd ,T u~assic 
(95 millio~l yea.rs durat ion) and Cretac('..ous (72 million years dura­
tIOl!) PerIOds, from predominantly ma.rine to nonmarine sedimen­
tatIOn. 

T1·ia.<.;8ic and tfura.c;.~e 'I'ocJ(.c;.-During Early Triassic t.ime marine 
waters again invaded from the west and gradually covered a.ln~ost two-
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thirds of the State, and calenreous shales and limestone interfinger 
with nonmarine red beds from the uplifted nreas in the e.ast. By 
Late Triassic time the sea had withdrawn leaving a ,'nst, ~ently 
sloping subaerial plain on which sa.nd, silt, vokanic ash, and shah' 
were deposited. Trias.c;;ic strata thin northeastward across the plateau 
from more t.han 4.000 fp~t thick in the southern part to llround 2,500 
feet thick in the 'Va~atch area. Semiarid conditions on the plain in 
the Early ,Jurassic produced eolinn dune sands, fludal deposits and 
thick terrestrial sandstones. ~farine illvasion from tIlt' north in :Mid­
dIe and Late ,Jurassic time produced interfing-ering marine and nOll­

marine facies across the area, and pla:ya lake deposits were common. 
Near the close of the .Jurassic, the Sevier ar(,h (Harris, 1959, p. 26~n) 
in west-central Utah, altered the physiography and climate, and new 
eastward flowing rivers from the uplifteA:llands laid clown ntsi, shoots 
of sands, muds, and volcanic ash. 

Cretace(YU8 rocks.-Intermittent. or'Ogenic activity in the uplifted 
areas in western Utah supplied the vast amounts of rlebris t hat ac­
cumulated as coarse conglomerntes up to 15,000 fe,et thick west of 
and along the hinO'e line. To the past in the platpau and monntain 
areas, these interfinger with continental, fluvial, and marine sand, 
siltstone, mudstone, fresh-water limestone, shale, find coal be,ds. East­
ward-moving, often imbricate, thrust fault blocks composed of sea­
ward ro('ks impinged on the hinge line area (fig.£», antflocal1y O\·er­
rode and were overla.pped hy coarse Cretaceolls sediments. 

Cenozoic Era 
Cenozoic de{,osits consist of thick continental deposits of the Ter­

tiary (62 millIon year duration), and the thin superficial morainal, 
alluvial, eolian, and lacustrine sediments of the Quaternary (1 
million year duration) Period. In central Utah deposition contin­
ued virtually uninterrupted across the Cretaceous-Tertiary boundary.l 

Tertiary rocks.-Uplift and folding characterized the Laramide 
revolution, and coarse sediments and volcanie debris continued to be 
supplied from the northwest. During .much of the Tertiary the Uintn 
basm was occupied by a lake, and up to 1::l,000 feet of sediments were 
deposited in the central part as the basin suhsided. In northern and 
western Utah conglomerate, sandstone, and tuff, of mostly terrestrial 
origin, interfinger in the east and sout heast areas with limestone, 
shale, and silt deposits of fluvial-marine origin. Volcanic sediments 
and welded tuft's are common in the upper parts of the Tertiary 
sequence. 

Block faulting (and tilting) during the lIiocene and Pliocene and 
perhaps earlier, west l!f the hinge line in lTt.ah, largely produced the 
present-day Great BaSIn structure. 

Quaternary rocks.-By the close of the Tertiary. the present physio­
graphic character of lTtah was established. The Quaternary de.posits 
are mostly surficial and comprise al1uvium, talus, lake beds, fanglom­
erates, tuffs, flood-plain deposits. terrace gravels, alluvial fans, land­
slide blocks, and local lant and basalt. flows. Perhaps the most spec­
ta('ular feature was a seril's of gla{'ier-fed lakes, most. prominent of 

I The ~orth Horn I'·orllllltioll. whkh SpllllS this Intervlll. has hN'1l Inchldl'(i with tht' 
('rl'tnc~ollS nud Tf>rtlary rocks on till' g('()logie mall. f\~. rio 
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which was Lake Bonneville (fig. 4). ShorelIne deposits and wave­
cut terraces developed a.t several different lake levels and are a con­
spicuous part of the modern physiography. In addition, finer 
grained lake-bottom sediments floor many of Utah's broad valleys. 

IGNF.oU8 ROCKS 

int1'U8i1)e rock~.-Intrusive igneous rocks are scattered throughout 
the Basin and Range prOyiIlCC, un the western part of the Rocky 
lfountains province, and in the southern part of the Colorado Pla­
teaus province. These intrusives are composed of porphyritic to 
Irranitoid rocks that occur in stocks, laccoliths, and dikes and sills; 
the laccolit.hs are principally in the plateau area and generally are 
dioritic; the intrusives in the southwest part of the Great Rasin 
are Illostly qua.rtz monzonite porphyripsi and in the nort.hern Great 
Basin range from granit.e, quartz monzonIte, granodiorite, and quartz 
diorite to syenite and diorite. The best dated intrusive igneous rocks 
are of Eocene throllg'h Pleistocene age and intrude rocks of all ages 
from the Preeamhrian through the Tertiary. Intrusive rocks related 
to metal1ization in t he major mining districts are mostly of Eocene 
age; howe\Oer, some, as at ~Iarysvale and Iron Springs, are of Oligo­
cene and :Uiocene age (Proctor and Bullock, 1963, p. 165). Some 
granitoid bodies occur in Precambrian terranes (not shown on map) . 
• \ t least some of these were deformed during t.he Preca.mbrian Era and 
thus are Precan~bria.n il~ ahYe. 

Extrmd'ne rorks.-Volcanie roeks are most abundant in the central 
and southwest part of the State. Outcrops in the northern part of the 
Great Basin and the east margin of the mountains are scattered and 
less extensi,'e. ~o significant volcanic rocks occur in the plateau. A 
general distrihution of hands of Tertiary volcanic rocks occurs in the 
sout hern part of the Grpat Basin in association with the intrusive 
porphyri(>B. In addition, in t.he southel,unost part of the Great Ba..c;in 
there are Quatl·rnary basalts and lavas. Volcanie eruptions, fissure 
flows, or eomhinations of these, produ('ed rhyolite, trachyte, phonolite, 
quartz latite, latite, ducite, andesite, ba..c;alt, nepheline basalt, volcanic 
glass, t.uff, andesite-lat.itl~, pyroeln.stic ryholite- to lntite-welded tuft's, 
and Quaternary basaltAc;;. 

STRUCTURE 

(By M. D. Crlttend€'n, .Jr., Menlo Park, Caut.) 

The structure of ·Utah (fig. G), like it-R surface, exhibits strong 
('ont ra~t s from one physiog-ra phie pro,-ince to another. For present 
purposes, the State may he di,-ided into two major sulxlivisions: 
western Ftah, whie-h will be taken to include the Basin and Hange 
prmojnce. aJl{! eastern rtah, which will inelude the Rocky ~{ountains 
and the Colorado Plateaus provinces. The separation between these 
two divisions was discerniblp, in the pattern of deposition of youIl:ger 
Precambrian rO<'ks as long as a billion years ago. It was clearly 
defined throughout most. of the Pa.leozoic Era-western Utah ~il~ 
occupied by tEe Cordilleran geosyne1ine and eastern Utah by a slowly 
subSIding shelf. The boundary between the two-th~ Wasatch line-­
follows closely the edge of the Basin and Range provmce. 

~6 803 () 69· .~ 
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WESTERN UTAH 

The western half of the State is an area of complex structures, in 
which the effects of the early episodes of earth defonnation are partl)' 
destroyed by later structures and extensively covered by younger 
rocks. Yet each of these periods of deformation has had a part in 
shaping the present landscape, and in some degree has influenced the 
natural resourC(l-S with which we are concerned. 

The most clearly defined structures of western Utah are the young­
est-fault blocks formed mainly within the last 10 million years­
which have given rise to the present ranges and valleys. Rut dis­
cernible within these faulted blocks, locally crossing them at high 
angles, and traceable from one range to another, are older struc­
tures-faults and folds-that were produced during earlier episodes 
of deformation or "orogeny." The most significant such orogeny was 
t.he Laramide which took place in Late Cretaceous and early Terti­
ary time. The following paragraphs will describe some of these 
structures, beginning with the older ones. 

One of the oldest structures in western Ut.ah was a peninsulalike 
uplift, the Tooele arch, that extended from the present site of the 
lJinta Mountains at least as fa.r west. as the Stansbury ~fountains. 
It rose above the sea in Late Devonian time and may have attained 
a height of 5,000 feet. How far this structure continued to the west 
is obscured by younger rocks and later structures. 

Th,,, most extensive structures, and those involving the larg(l$ dis­
placements of the earth's ernst, evolved during t.he LaramIde (fig. 
7 A). These structUf('S consist mainly of arcuate belts of folds made 
up of the rocks deposited earlier in "the rapidly subsiding Paleozolc 
basins and of thrust sheets that were moved eastward. The front of 
these stnlCtures, or thrust belt, generally lies along the 'Vasatch line. 
the fonner boundary hetwpen the geosynclinal basins and the shelf. 
Between Ogden and Logan, howeyer, and between American Fork and 
Nephi, are lobes of basin rocks that. have moved eastward across the 
edge of the shelf. From the vieinity of Nephi, the belt of thrusts can 
be traced southward to the Pavant Range, and thence southwe..c;tward 
diagonally across the State through isolated exposures in the Mineral 
Mountains the San Francisco Mountains, and the 'Vah Wah Moun­
t.ains. Stih farther southwest, the thrust belt. probably connects be­
neath later cover, as similar thrust.s are. exposed near Las Vegas, Nev. 
Thrust faults exposed in the Deep Cr(>('k and Confusion Ranges, and 
in the Raft River Mountains indicate that this episode of orogeny 
aft'ected all of we.stern Utah. 

The ~ks within the thrust helt a~e sheetlike and are flat or gently 
folded 111 places (as near Logan) ~ 111 stich plac(ls they seem to have 
moved forward without strong intenlal d('formation: in other places 
(as in the Oquirrh ~Iountains and tIl(' Confnsion Rangp,) the rocks 
are thrown into ar('.uate folds overturned to the east like the wrinkles 
in a sheet 6f tar poured 9.ut of a harrel. Such stnletllres.long assumed 
to have been caused by compr(,Ssive stresses within the earth~ are now 
seriously suspect('dto he the r('sult of sliding or rolling of the upper 
layery; of the ernst down gentle slope5 largely under t.he influence of 
graVIty. 
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The Laramide deforrnat ion ('ontinued in int('rmit tent pulses for some 
40 million years, from Cretaceolls time until early ill the Tertiary. 
Near the end of t his episode of ('art h moyellwnts, igneous act ivity be­
came widespread throughout western I" tah. Surface outbreaks led 
to the formation of thick a('('lllllulations of yolcanie rocks locally, and 
similar igneous material, cooling at dept h8 of a few thousand feet, 
formed stocks of g-ranitoid or porphyritH' rock. Dpposits of base and 
precious metals art> widely assocIated with tlwsp hodips throughout 
,,,"estern Utnh. 

Basin and Rangestrudures (fig. 7B), though not directly responsi­
ble for the formation of ore deposits, are nevertheless of e--eonomic 
significance because most of the ore deposits now known are exposed in 
the uplifted blocks. 'Vithout this uplift, and the accompanyin~ 
erosion which stripped off thousands of feet of rocks, both the dis­
covery and exploitation of the ore deposits of western Vtah would 
have been more difficult. Conversely. olle of the ollt~tallding prob­
lems is to find means of locating- and mining the deposits concealed 
in the downthrown blocks. 

EA8TJo:RN 'l"I' A H 

In the Rocky J.fountains which occuPy the north('ustern corner of 
Utah, the Laramide (>poch of d('format IOn wa~ t lw principn lone. In 
this area, the Laramide structures have not been obscured by later 
events, and are still dominant ill shaping' the topogranhy. B1lt lwre. 
the direction of folds as reyealed in the l"inta arch (fi~. 6 and 7 A) 
and the adjoining Parleys Canyon syncline, are almost at right angles 
to those of the thrust sheets to the west. 

In strong contrast to the history of mobility reeounted above, the 
greater part of eastern rtah-the Colorado Plat('all-was a stable el('­
ment of the earth's crust. This is a broad platform. which ('xcept for 
localized downwarps like th(, Paradox Rasin that formed during' th(' 
Permian and the Uinta Basin that formed during the Tertiary, has 
remained as a stable she1f for Illueh of the lnst fiOO million years. This 
stability is r('flected in vast areas of flat-lying strata. I~i]ll'ar mono­
elinal flexures and a few broad gentle doinelike structnr('s, as in tll(' 
San Rafael Swell, record l()('al but limited mO\·ements. 

Igneous rocks have pundwd through or formed luccoliths in the 
Hcnry, La SaL and Aha.jo ~roulltains. hut base.-nlPtal dcposits like 
t ho&~ of the Ba.sin and Rang'e prO\-ince are <.'onspie.nollsly absent. 

ECONOMIC GEOLOGY 

(By L. R_ Hilpt'rt. ~a1t Lakl' Cit~·. nah. and R .. J. Uoht'rts. ;\I('nlo Park. Callf.) 

The formatioll of l-tah\; Illilleral dpposits was the result of a num­
her of gpologic cn'nts t hat Ita n' hl'en r('\-iewed in I)J'ecl'<ling' sect ions 
a.nd ShOWll 011 figures +, fi, 6, and 7. The resources in all physiographic 
pro\'iIl<.'('s of th~ Sta.te are summarized lH're as to general geologic 
relations, distribution, and economic importallcc. 
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RF..80{"RCF"S ()t' TilE HA8I!IJ AND RANGE PROVINCE 

Deposits in th~ Basin and Range province and the western margins 
of the Colorado PIat~aus and Rocky ~ronntains pro\"inc~s have yielded 
nearly all of Ftah's nwtallie mint"ral outpnt, with the exr,eption of 
uranium and \"Ilna<liulll. and have yieldpd sub:-:tnntial amounts of non­
metallic. min(>rals. Tlw principa'l deposits consist of replacement 
bodies in Palpozoic and l\{(>sozoic carbonate rocks; contact meta­
morphic. or tactite ZOlles in carbonate rocks; veins, stockworks, and 
bre('C'ia pipps in roC'ks of \"Ilrious types and ages: nnd some bedded 
deposits in ~rpsozoi(' and Trrtiary ro('ks . .All these d~posits, except 
the b(>ddNI OlH'S, slHm" a ('lose simt ia 1 relat ion to intrnsive igneous 
rocks, principally mOllzonitiC' and granitic stO<'ks. 

The clrpo~its and thr intrusive iglwons rocks show a strong tendency 
to be arrangpd in elongate ZOll(>S or llPlts. This has bt-..(·n noted by 
many g(>ologists (But l(>r and ot hers. Hl20, pp. 100-105: Calkins and 
Blltl('r~ HH!l, p. !):~: ""ilson, I9!)9, p. IH!l: and ~forris and Lo,"ering, 
19(H, p. HI). Blltlpr r('f~rrpd to tlwse aliJwm('nts as uplifts, but as 
uplift is only important. locally, it se.ems preferable to refer to them 
as minrra 1 lwlts. The t hrer prinC'ipa I belts arc shown in fibTUre 8. 
InC'ludrd in thr figllr(> arp the ontC'rops of the intrnsi,"e ign~ous rocks 
and the prillcipal n)(>tal-Jllinin~ districts in the Stat(', ~x('('pting ura­
niulll and vanadium. Eaeh o{ fhe districts shown -has a total output 
of more than ~1 million. Thr mineral belts are r('ferred to as the 
Oquirrh-l"int a helt in t h~ nort h, the Deep Cr(>ek-TintiC' belt in the 
('('ntpr, and tllP ""ah ""ah-Tnshar hrlt in the south. Thpse belts mark 
zones of wpakll(>ss that (>xtend d(>(>p into the ('arth's ernst and served 
as ('hamwlways for thr ip.-llrOllS ro('ks and r(>lated ore-forming solu­
tioll':. Eaeh of tllPSP h(>lts is descrihed hrirfiv. 

The Oquirrh-Uinta bp.lt. follows the axis 'of the rinhL ar(,h (fig. ()). 
'Vest of tlw ,rasateh line the belt is less obvious, but it can be t.raced 
into western Pta.h by alinclllent of intrusives, alinement of various 
nH'tal deposits, and other g(.~ologie featuf('s. The belt has undergone de­
formation dllrillg tIl(' Pr(>camhl'ian, PaleozoiC' (~forris and Lm"ering, 
1961, pp. 78--RI), :Mesozoic and Tertiary (Eardley, 1951, pp. 325-331 : 
and IIunt, 19!)(), pp. 59-61,73). It is also reflected by regIOnal gravity 
and H(·l'omag-llptH.' anomalil's all(l is tlwrefoN> a major struC'turallinea­
me-ni.. Thr ('Otll'S(, of tIl{> hl'lt west of th(> Stanshnrv l\lo11ntains is un­
('('.rt a in, hut it Illay ill t (,I-sel't the D(>('}> Crp(lk-Tint ie "ll(' It llt-ar the Clif­
ton district. The Oqllirrh-rinta helt ('ontains the Ophir-Rush Val­
ley, Camp Flovd (Mercnr), Hingham, American Fork, Little and Big 
Cottonwood. ">ark City, and otlwr smaller districts tlu\t have an ag­
~gate metal output of about $4,8 hil1ion. 

The Drpp Cr(·(>.k-Tint ie b('1t exf(mds from the Ctah-Xevada line east­
ward into c('nt ral rtah. It is eharaderized hv east-wpst alinement of 
severnl intrllsin' bodies and hoth metallic ana a~sociated nonmetallic 
deposits. Thp, most product i\"e area in the l)('lt. is the Tintic district 
which has yit-Ided ahont $4:~2 million in silver, Ie-ad, ~old, copper, 
and zinc. Ot lwr dist ricts incIudp thr Clifton, Fish Sprmgs, Detroit, 
and Erickson (most 1)" mangan(>M), Thomas Range (fluorspar), and 
Spor ~Iountain (beryllium). 

The ",Yah "\Vah-TlIshar bpIt (>xtpnds from t he Nevada line eastward 
along an alinement of igneous intrusives into the south-central part 
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0 -2. 
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Bingham $ 4.25 billion 0- 9. Gold Mountain $ 3.8 million 
Park City 470.0 million o 10. Lucin 3.7 million 
Tintic 432.0 million o 11. Clifton (Gold Hill) 2.9 million 

o 4. o 5. 

8 6. 
7. 

o 8. 

Ophir-Rush Valley 92.6 million o 12. Tutsagubet 2 .. 8 millior. 
San Francisco 41.6 million 0--13. Fish Springs 2.6 million 
Cottonwood 37.2 million ~14~ Iron Springs 282.0 million 
Camp Floyd (MercurI 26.0 million <:::>,15. Silver Reef 9.8 million 
American Fork 6.4 million 

FIGURE B.-Mineral belts, principal base- and precious-metal and iron mining 
districts, and outcrops of the intrusive igneous rocks in Utah. 
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of the State. The belt includes the San Francisco, Gold Mountain, 
Mount Baldy, Gold Springs, Stateline, Marysvale (alunite and urani­
um), Indian Peak and Pine Grove (fluorspar), Cove Creek-Sulphur­
dale (native sulfur) , and several other districts. The greatest yield in 
the belt has come from the San Francisco district, which has pro­
duced ·about $41.6 million in lead, silver, copper, zinc, and gold. 

The importance of these three belts is reflected in their mineral out­
put. They account for 95 percent of the copper, lead, silver, gold, and 
zinc, largely from the districts listed on figure 8. They also account 
for all the molybdenum, largely from porohyry copper ores in the 
Bingham.district; all the mercury, principally from veins in the Mer­
cur and Mount Baldy districts, and from the Deep Creek Range; two­
thirds of the manganese, principally from replacement deposits of 
manganese carbonate ores in the Detroit, Erickson, and Tlntic dis­
tricts; about three-fourths of the tungsten, principally from tiwtites 
in the Clifton and San Francisco districts and in the Mineral Range, 
and from a tactite zone and from narrow veins in a pendant of lime­
stone in monzonite in the West Tintic district; important amounts of 
uranium, mostly from veins in monzonite in the Marysvale district; 
almost all of the minor metals that have been recovered as smelter by­
products, including antimony, arsenic, bismuth, cadmium, selenium, 
and tellurium; all of the alunite from vein and replacement deposits 
in Tertiary volcanic rocks in the Marysvale dist.rict ; nearly all of the 
barite, mostly from vein deposits in western Juab County and the San 
Francisco district; all of the halloysite, mostly from replacement de­
posits in the Tintic district ~ nearly all of the fluorspar, principally 
from breccia pipes in the Thomas Range district and in part from 
fault breccias in the Indian Peak and Pine Grove districts, various lZem 
materials; and nearly all the native sulfur, almost entirely in tuffa­
ceous material in the Cove Creek-Sulphurdale area. In addition to the 
productive deposits in these belts, very large deposits of low-grade 
beryllium also occur in rhyolite tuff in the Spor Mountain area and 
in quartz veins in monzonite in the Clifton district. 

In the Basin and Range province, but outside the three principal 
mineral belts, are some other important metallic mineral deposits. 
Foremost of these are the iron deposits of the Iron Springs district 
(fig. 8). These are hematite and magnet.ite replacements in Jurassic 
limestone. They have supplied nearly all of Utah's iron ore and con­
stitute most of Utah's iron resources. The other principal oc'currences 
of metall1c minerals are in the Lucin, Tutsagubet, and Silver Reef dis­
tricts. The deposits in the first two are similar to those in the other 
base- and precious-metal· producing districts. The Silver Reef dis­
trict, however, is unique, Most of its output has been silver and cop­
per, from tabular impregnations of sulfides, chlorides, and carbonates 
in Triassic sandstone. These deposits are not directly associated with 
igneous rocks and are similar to the uranium -vanadium-copper de­
posits in the Colorado Plateau. 

RESOURCES OF THE COLORADO PLA.TEA.US PROVINCE 

In contrast to the complex geologic structures present in the Basin 
and Range province, much of the Colorado Plateaus province is char­
acterized by neady flat-lying strata that have been regionally warped 
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into broad arches and basins. The mineral resources of this region, 
therefore, are primarily those that are associated with varied sequences 
of sedimentary roeks. Geologic proces..<:;eS t.hat have resulted in the ac­
curllulation of such commoditw,s as mineral fuels and saline r~.sources 
are associated with the alternate advances and ret.reats of the seas 
across this area, as marked by the preservat.ion of organic debris in 
the sediments and elsewhere by deposits of snIts pr~('ipitnted from iso­
lated marine incursions. Intermittent uplift brought gradual emer­
gence of t.he region into a continental environment. Some volcanic 
activity is indicated by the volcanie debris in some of the continental 
sandstone.') and mudstones. Uranium and vanadium now are concen­
trated in hlbular deposits in these ten'estrial rocks, principally in the 
Chinle and ~'1orrison Formations of Mesozoic a~, In linear zones or 
l)(~lts in San (T uan, Grand, Emery, and Garfield ('olInties. 

A fter the emergence of the region, a large lake occupied much of the 
northeastern part of the St.ate and reeei,-ed thi('k accumulations of 
organic-rich debris. Thi~ dehris is now r{'vrt'&mtcd by the extensin~ 
oil ~hale deposits of the Green River Formation in the Uinta Basin. 

Coal-bearmg strata are widely dist.ributed, but the largest and more 
import ant deposits ar~ in rocks of Cretaceolls age in Carbon and Emery 
Countie.~, especially in the Book Cliffs coalfield where some of the 
coal has good coking properties. 

Oil accumulations have been found in a number of formations, hut 
principal produet ion has come fronl Pennsyh-anian carbonate rocks in 
the Grea.ter Anet h area of the Paradox Hasin, and in Tertiary terres­
tria.l beds in t.he rintu Basin. The major reserves of gas are asso­
ciated with oil in the Paradox Basin and in separate gasfields in the 
ljinta Basin, 'Vasatch Plateau, and Green River Basin. 

Several types of solid hydrocarbons, other than eoal and oil shale 
occur in the [Tinta Basin. Gilsonite .• ozokerite, and wUI1zilite occur 
nlOstly in veins in Tertiary sediments. Rock asphalt occurs princi­
pally in the Sunnyside area, Carbon County, and near Vernal, Du­
ch~Bne County, in Te11.iary and Cretaceous sandstone beds. 

A numher of mineral commodit ies arc widely distributed in the 
State such as clays, building stone, sand and gravel, phosphate rock, 
and saline deposits. .A l'plat i,-ely limited. amOllllt. of t lwsc widely dis­
tributed m:\t~ria.1s has been· developed because of superior qualitie.", 
ease of mining, favorable location, or a combination of such factors. 
Other mine.-nl (,Ollllllo<iities snch as thorium and rare ea11 h minerals, 
are rather sparsely distributed, but han~ hirrh unit. ntlucs. Still other 
mineral commodities, of interest. to the pnlJic because they are easy to 
identi fy and have high unit values, include sueh materials as gpm 
stones, and l)(>~"llat ite minerals. Finally, a llumber of mineral COlll­

modities are briefly discussed that have limited potential or are not 
known to OCCllr in 1 Ytah. 

Abundant reSO\llTeS ::-'llitnble for ('onstrudion materials ('an he found 
in Illo::-;t p:u1s of t hp ~tate. Building stoup and days suitable for 
man,)' Plll'POS{'S al'P found in a \'llriety of rock st rat a. Special purpose 
days, such as halloysite, used as a. catalyst in petroleum rcfinmg, are 
much more limit{>(l. Tlw halloysite deposits are ma.inly located in the 
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Tint ic mining' dist rid, where they were formed by solutions related to 
tIll' format ion of the Illeta I1ic milll'ral deposits. Phosphate resources 
al'(' present in t.wo upper Paleozoic formations in many places 'in 
northenl Ctah. Certain beds of phosphate rock in Hich and Cintah 
Count ies ~1l'(' fa \"(>rabll' b('ca use of t hl<'kness and phosphate content 
at. suitable mining- sitl's. A v!triptv of saline resources are available 
t hroughollt Etah, including' hedded deposits of common s.'l.lt, potash, 
gypsum, anhydrite, and sodium carbonate, as well as modern and 
fossil brine l'PSOlllTes a:-,sociated wit h Great Salt Lake and ea.rlier lakes, 
and crllsts of COllllllon salt 011 the surface of Great Salt. Lake De..';ert. 
Additional de\"elopIllPnt of all of these resources can be expected, as 
demand for each eont inm's to inerease. 

Among the most interesting mineral resources of the State are some 
of the gem materials .... \lthough the total commercial value of these 
materials has not lW(l1l great, the individual satisfact ion from dis­
covery of attractive milwrals insures cont inned exploitation. ~Iost 
noteworthy of the gl'm materials are petrified wood, agate, and dino­
saur hone from .Mpsozoic formations in southeastern Ctah, obsidian 
in Millard County, yarise-ite in Box Eldel' and Tooele Count ies, and 
topaz and mOl'ganite from Tertiary rhyolite in the Thomas Ran~e, 
Juab County. Known n'SOlll'CPS of high-tempernture refraetory mIn­
erals in Ftah are limit('d; kyanite and andalusite oeeur in a few places 
in areas of Precambrian met amorphic rocks, but for the rrlOst part 
deposits of these minerals have not been intensively sought. A small 
amount of magnesite has been produced, but large deposits ha\·e not 
yet been found. Environments suitable for the formation of magne­
site deposits exist in Ftab, where dolomitie rocks have been intruded 
by igneous rocks. 

A number of mineral commodities are recovered current 1;r as ~y­
products in the processing of other millPral materials, ineludlllg antl­
nlOllY arspnic, hismuth, cadmium, cohalt, (luorilH.', niekpl, plat.inum, 
sulfur, and selenium. Other potential hyproducts sue.ll as chromium, 
fluorine, molybdenum, nickel, selenium, silver, vanadium, uranium, 
zinc, zirconium, and some rare earths are present only in minor amonnts 
in phosphate rock, but they constitute a large reSOllrce that. might. be re­
covered in the future. Similarly, lithium, magnesium, boron, and 
possibly hromine might he commercially recoverable from proces..c;ing 
of saline brines. Se,"eral eh.'ments ineluding rhenium, thallium, and 
tellurium are known to be present in small amounts in sulfide ores 
but are not now recm·ered. 

~finor OCCUl'l'enCeS of a number of less abundant but useful minerals 
ha'"e been repOliNl, including' asl)('stos, epl('st itl', graphite, and venllic­
ulite. ~rost of t}lPSP O('(,UI'rt'Il<'es are only of aeadpmic interest, how­
e"er, as the amount of material repr(lsented is too small for com mer· 
cial development. Rl'sotlrees of till, bauxite, and diamonds are not 
apt. to be fOllnd in t'tuh becanse of the unfavorable geologic 
enVIronments. 

I n summary, t.he west€.rn part of t.he State. is geologically eomplex 
a.nd is eharneterized by a g-reat. variety of faulted and folded meta­
morphie, sedimentary. and igneous ro<'ks. It contains the principal 
metalliferolls provinces ~Uld most of Utah's metallic minerals resources. 
Thm;e resources and many associated nonmetallie resources are largely 
in three easterly trending mineral belts. A combined estimat~ of" the 
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known re.'rerves and potential resourc.cs of the ()rincipal base and pre­
cious metals in westenl Ctah indieate that remaming- re..~urces of gold, 
silver, copper, and lead are as gn',at as have hc('n mined to date and 
t he remaining re.~>ur(',e of zinc is about. tIll'pe t.imes as ~)Teat as has been 
mined to date. At ellrrent priees, these meta.1s would he worth $10 
billion. This estimate is based on a.vailable mine resen'e data, pro­
duction reeords, and geologie inference. In addit.ion, the we~'itern part 
of the State oontn.ins abunda.nt nonmetallic resources sHeh as clays, 
lightweight aggregate, cement roek, salinps, sand a.nd gravel, and 
stone. 

The eastern part of the State is l\.')..-;entially :t s('dimentary province 
characterized by flat-lying sc(limentary ro('.ks, few int rusive igneous 
rocks, and relatively simple fault. and fold stnlct·ures. It eontains 
nearly all of the State's mineral fuels, prineipally eoat petroleum, and 
oil shale; large nonmetallic milwrals resourcc-'i, principally salines and 
phosphate; and most of the State's uranium and vanadium. 

Utah has a g-re.at variety and abundanee of minera.ll"('som'c.es. :Much 
of this plentiful supply, however, is far from potential markets and 
many te<-hnologie and ('('onomic problems must. be solved before some 
of the materials can he mined and ma.rketed. Even before the..,;;e prob­
lems ean be faeed, however. much geologic effort. will he. required t.o 
e,raluate the known r('\sourcps and find those tha.t are hidden. Depos­
it.s are becoming hardp.r to find. Those near or at the surfa.c.e have 
la.rgely been found and, as mining continues, exploration will be forced 
t.o seek for hidden deposits and to sear('.h for those at· g-l"eater depths. 
To find sueh depo..<:;itg will require a bett('l' understanding of t.he geol­
ogy, and the development of more effcctive explorat.ion techniques. 
Rocent discovprie-,;; ill the Tintie dist rid demonst rate the value of in­
crea...c;ed effort using modern met.hods of explorat.ion (T..()vering and 
~Iorris, In60; and Bush a.nd Cook, 1 nGO). 

Geologic mapping is fundamental to developing a better under­
standing of mIlleral and wMer resources, and modern-scale topo­
graphic maps are fundanwntal to geologie mapping as well as for 
other lISPS in the minerals industry and for other segments of the 
State's economy. As shown on figure !), modern topographic maps 
are a.Yailable for only a part of the State. Similarly, as shown on 
figurc 10, much detailed g('ologic mapping" remains to be done, mapping 
1.hat is Iweded to hetter evalunte the resourees of Ptah (fig. 10)1 

The cxpected continued growth in the eeonomy of the State and 
X a.t ion Will demand nn e,·er-in('.reaRing mineral output. rtah haR the 
potent ial resourccs to }wlp satisfy the many needs, but much effort. will 
he rcquircd to find, dcn~lop, and win the variolls commodities, which 
are summarized in ensuing sections of this report. 
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MINERAL FUELS AND ASSOCIATED RESOURCES 

INTRODUCTION 

(By L. S. Hilpert, Salt Lake City, Utah) 

Utah's mineral fuel resources are almost entirely in the eastern 
part of the State and, through 1961, have produced about 18 percent 
of the value of the State"s total mineral yield. In 1961 the value of 
all mineral fuels produced in utah totaled about $139 million, approxi­
mately one-third of the State's total mineral output. For many years, 
coal provided almost. the entire fuels output and, through 1H61, had 
contributed $H14 million in total value, ranking second to copper in 
the State's mineral commodities. In recent years petroleum has come 
to the forefront and supplanted coal in value of annual yield. In 
1959, petroleum output was valued at $117 mil1ion. Oil shale con­
stitutes a great potential petroleum resource, but it has not yet been 
exploited. Other bituminous substances, principally gilsonite and 
lesser amounts of rock asphalt and other bitumens, have been produced 
in modest amounts for many years. Since t.he late 1950's, the output 
of gilsonite has increased substantially. The production of mineral 
fuels in Utah will probably increase in the near future. Hecent interest 
in the development of steam power from coal may stimulate coal out­
put; oil output may continue near present levels; gas output will 
probably continue to rise with the expanding market demands for 
the fuel; and gilsonite and other bitumens may continue near present 
levels. Utilization of the oil shale resource"'s is dependent on the 
solution to many technologic and economic problems and the time 
when the shales will be developed cannot be predicted. Until such 
development they will remain as an important resource that can be 
used in case of national emergency. Production of fluid hydrocarbon 
fuels from coal is technical1y feasible, ,and can he initIated when 
necessary or economically feasible. The mineral fuels coal, oil and gas, 
oil shale, and ot her bituminous substance..c;; will be discus..c;;ed in that 
order in the following sections. 

COAL 

(By Paul Averitt, Denver, Colo.) 

Coal is widespread und abundant in Vtah. The vast coal field areas 
shown in figure 11 ('over 15,000 square miles, or about 18 percent of 
the total area of the State. C{)al Is present, in 17 out. of lJtah's 29 
counties, but resources and most of the mining activity are concen­
trated in Carbon and Emery Counties in the central part of the State. 

Most of the coal in lTtah oecurs in rocks of Cretaceous ap:e, and the 
largest and most important deposits occur in rocks of the ~1esayerde 
Group of la.t(l'Bt Cretaceous C~Ioiltana) age. Smaller and less Important 
(h~posit~ O(,(',llr in the underlying :\lancos Shale and equivalent roeks of 
t,he early Late Creta('.(>ous (Colorado and ~lontana) a.gc. Ot.her 
minor dcp<>sits _ OCCllr in still older roeks of i.he Da.kota, Formation 
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EXPLANATION 

Bituminous coal Subbituminous coal Anthracite 
Dark ruling: known accessible coal in named coal fields 
Light ruling: thin and discontinuous coal or meager information about the coal 
Stippling: coal-bearing rocks concealed by younger rocks 

FIGURE ll.-Coalfields of Utah. 
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of Early and early Late Cretacrous age . ..:\ few deposits are in the 
'Ynsatch Formation of early Tl'rtiary age. 

The great bulk of Ctah coal is of bituminous rank and is relativelY 
high in heat value (Aresco, Haller, and Abernet.hy, 1962; and V.S. 
Bureau of l\iines, 1925). Small, insihl"Jlificant quantities are of sub­
bituminous and anthraeite ranks. Coal is elasslfied by rank accord­
ing to percentage of fixed carbon and heat content. In general, the 
percentage of fixed carbon and the heat content increase and the mois­
ture and volat ile matter decrease from li~nite, the lowest rank, to 
anthracit.e, the highest rank (American SOCIety for Testing Materials, 
1954). These changes took place progressively during the slow, coal­
fomling process. Rank is, therefore, both a measure of the degree of 
coal metamorphism and a useful index of the utility and value of the 
coal. 

In the Carbon County j)ortion of the Book Cliffs field much of the 
eoal, and specifically the Vpper and Lower Sunnyside beds, is of high 
volatile bituminous A rank, and has good coking properties. This 
coal, blended with small amounts of low volatile bituminous coal from 
Colorado, Arkansas, or Oklahoma, is used in the manufacture of coke 
for the production of iron and steel in Utah and California, as well 
as proVIding the basis for many coke byproducts industries. 

PRODUCTIOX 

Ctah is the leading coal-produeing state west of the :Mississippi 
Hiver. In 196~ rtah produced 4,2H7,oOO tOllS as compared to 3,379,­
noo tons for Colorado, the X o. 2 State; and to 2,8H6,OOO tons for 

.. Missouri, the Xo. a State. In spite of a. long-term continuing dcdine 
ill national cDal prodlletion, Ctah's dominant. posii.ion in the 'Vest is 
bcca.use of the need for l':"tah ('oa1 in the manufacture of eoke to supply 
the w('stern iron and ~t('(~l industry. The con!;pieuous fluctuations in 
lUll1ual Ft.ah production shown on figure 12 are due largely to fluctua­
t.iom; in production of iron and stet>\. 

The mining of coal is the fourt h largest extract.ive indust.ry in lJtah~ 
being exceeded in annual value of the product. only by petroleum and 
natural gas, copper, and uraniUln. In 1961 the coal industry em­
ployed an averap:e of 2,206 men daily and produced 5,159,000 tons of 
coal valued at $31,126,000. This figure is 7.4 percent of the value of 
all mineral commodities produced during the year. 

Because of its high heat content and coking prope,rti~s, Utah coal 
is regularly shipped in quanti.t.v to othe)' western states. In I !}62~ 
for ('xample, f)R!),OOO tons was shipped to California, and 671,000 tons 
was shipped to \Vashington and Oregon. 

Coal production in l;tah began in 1854 near Cedar City in the 
Kolob Terrace field, Iron County, but. soon extended to other parts of 
the State. The new industry grew slowly at first and by 1870 the re­
corded annual production was only about 6,000 tons. After 1870, how­
ever, annual produdion increased steadily to a total of 3,576,000 tons 
in 1940. Then, in response to the greatly ll1crrased demands of World 
'Val' II and the postwar boom, product ion increased very rapidly to 
7,119,000 tons in 1944, and tD an all-time high of 7,429,000 tons in 
1947. III the ll-year period, 1947-57, production ranged generally 
between 6 and 7 million tons. Since 1957 production has declined 

26-803 O-fi9 - 4 
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FIGURE 12.-Coal production in Utah, 1935-62. 

markedly. The 4,297,000 tons J;>roduced in 1962 was the lowest figure 
recorded sinco 1941. This declme has boon brought about by the de­
cline and essential cessation of exports to Asia, and by the great in­
crease in availability and use of natur~l.l gas. 

About 98 percent of Cta.h coal production is obtained in Carbon and 
Emery Counties. Carbon County typically produces about 74 percent 
of the t.otal, and Emery County about 24 percent. ~Iost of the pro­
duction in Carbon Count.y is from a few la.rge mines. Large modern 
mines are operat~,(l by t.he Kaiser Steel Corp.; the C<>lwllhla-Geneva 
Division, lTnited St.ates Steel Corp.; the Independent Coal & Coke 
Co.; and t.he U.S. Fuel Co., a subsidiary of the Unit.ed Stntes Smelt­
ing, RefininO' & ~Iining (\). The remaIning 2 percent of production 
is obtained from sma.ll mines in Sevier, SummIt, and I ron Counti~,s. 

The percentage of Utah coal production used in the manufacture 
of coke has increased in recent years aIt hough overall coal production 
has declined. In 19t4 and 195;), for example, as and 40 percent, re-
5pectin~ly. was coke.d; wiwrea,,,>. ill U)(iO ana HWl, t.he respedive pro­
portions were 49 and 51 percent. 

Of the tot.a} alllOllllt uSt'd in the mallufadul'e of cokt>. a litt.le l~~-;s 
than Imlf is shipped to sout-henl California, and the rema'inder is used 
in Utah. 
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The quality of coke made from Utah coal is greatly improved by 
admixing small amounts of low-volatile bituminous coal and anthra­
('ite ohtained from Colorado. Arkansas. and Oklahoma. In 1962 lTta.h 
imported 268,000 tons of such coal from Colorado, and l()'<),OOO tons 
from Arkallsas and Oklahoma. 

For ('onvenien('e in study and description the lTtah coal areas have 
been dh·ided into In smaller areas or fields, which are summarized 
holow. 

COAI. .. FU:U)~ 

II en7'.l/8 Fork field 
The lIenrys Fork field, which has been examined in reconnaissance 

by Gale (1910b), lies on the north flank of the Uinta Mountains in 
Daggett and Summit Counties, Vtah, and Sweetwater County, ,\Vyo., 
The only coal of consequence in this field occurs in the Mesaverde 
group and in the underlying Frontier formation. 'Vhere exposed 
along the Green River north of Flaming Gorge, these units contain 
several coalbeds of bituminous rank that range in thickness from 
less than a foot to 10 foot. The coal-bearing rocks are broken by 
faults and locally dip as much as 85° south, which greatly reduces the 
quantity and value of the available coal. Thin and impure beds of 
bituminous coal have also been observed in underlying rocks of Pelill­
~ylvanian age, but these beds also are disturbed by faultins-. Thin and 
impure beds of subbituminous coal have been observed m overlying 
rocks of Teritary age. 

Rhu·~~t(lil (l'abb?/) .1/ountain field 
The Bla('ktail Crabby) Jlounta.in field lies on the south flank and 

ncar the west. end of the rinta. ~[ollllt.ains in ""'asatdl and Duchesne. 
COllnties. The coal in this fie.ld o('{~urs in the ~fesaverde Group and in 
the \m(h~rlyillg ~Ian(',()s Shale. AR described by Lupton (1912), these 
beds trend east-wpst for 32 miles and dip south at angles ranhYing from 
20° to 58°. Two subsequent maps by Huddle and ~{cCann (1941), 
and by IIuddle, Mapel, and :McCann (19tH), present more recent 
detailed geologic data on the field. 

The JI(>saverde Group contains 21 c.oal beds ranging in thicknes ... <; 
from 7 inches to 2R feet ill a st.ratigraphie Sl.'<}uence 1,650 feet thick. 
The. thickest. of these heds, the Fraughton, ranges from 15 to 28 feet 
t hiek in four exposures. The other beds range from 7 inehes to 15 
feet. The underlying ~Iancos Shale contains four coa.lbeds ranging 
in thicknesR from 6 inches to 18 feet in a stati~rapllic sequence 250 
feet. thick. All t he conI is of high volatile C bltuminous rank; it. is 
mined only on a small scale for local use. 

The coal-hearing rocks of the Blacktail (Tabby) lrounta.in field 
continue eastward throufh eastern DuclwA<;ne County under a cover 
of younger sediments of Tertiary abTC to join those of the Vernal field 
in Uintah County. 
Vernal field 

The Venlal field lies on the south flank and near the east end of 
tho uinta :Mountains in l;intah County. The field is divided into 
two districts-a western, described by Kinney (In55), and an eastern, 
described by Gale (1910a). The coal in this field occurs primarily 
in the upper part of the Frontier Sandstone ~Iember of the Mancos 
Shah'. Thin and impure heds also occur in the overlying- ~Ie...'X'l.,·erde 
Group and in underlying hedR of :Mississippian age. 
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The coal in the Vernal field is of high volatile C bituminous rank 
and is moderately high in heat value. In the past it was mined on a 
modest scale for local use. 

lVelltern dhdrict.-The western district, known also as the Deep 
Creek or Uinta. Hiver-Brush Creek district., extends from a few miles 
west of Deep Creek on thc W~,St side ofT.:~ S., R. IB E. of the Salt Lake 
meridia.n eastward several miles beyond Brush Creek to the northwest 
corner of T. as., H. 23 E., and inclu'des an arc-shaped area on the west­
ward extension of the Split ~fount.ain anticline in T. 48., R. 22 E. In 
these areas the eoal-bearlllg- rocks dip southward at angles ranging gen­
erally between 15° and 30°, but are steeper locally near faults and 
on the crests of folds. 

A single coal horizon is present at most places in the Frontier Sand­
stone ~Iember. Howeyer, the horizon drops progressively eastward 
from the top of the Frontier )Iember in thc Deep Creek area, to 65 feet 
below the top in the Brush Creek area, to 90 feet below the top on the 
westward extension of the Split }fountain anticline. This relation 
suggests that the coal ()cCllrs as discontinuous lenses. Locally, the coal­
bearing- rocks are broken by faults, or concealed by younger deposits, 
and in places the coa 1 horizon may ha '-e bet'n removed by erosion In late 
Frontier time. At most places where coal is exposed the thickness 
rnngoes from about 2 feet to about 7 feet. Coal in the general range of 
2 to 4 fect is abundant. 

Ea.~tern di.~trid.-The eastern district extends eastward from the 
Green River to the Colorado State line~ and includes T. 5 S., R. 23 E~, 
Rnd T. 6 S., Rs. 20, 24, and 25 E. Thc coal-bcaring- Frontier Sandstone 
~Iember of the !\Iancos Shale, and the ~Iesayerde Group extend across 
these towllships, but exposures are poor, and yery little coal is visible. 
IIowC\"cr, a. ('oalbed 7 feet thick is :preRent about 700 feet a"bo,-e the base 
of thc ~[es~\\-erde Group in T. 6 S., R. 24 E. The beds in the eastern 
distrid dip southwa.rd at angles rangin:r from aoo to 70°. 

Book Clitf8 field 
The Book Cliffs form a bold, southward-facing, S-shaped escarp­

nwnt 1,000 to 2,000 feet high ()xtending east ward from Price River into 
Colorado-a distance in Gtah of about 140 miles measured along the 
basp of the cliffs. The west half of the field in Carbon County is de­
s('rib~d in a report by Clark (192H) and the east half in Emery and 
Grand Counties in a report by Fisher (19:3H). 

lVe8t lwlf.--In thc west. half of the field c.oal occurs near the base of 
t·lw diffs in" the Blackhawk Formation of the llesaverde Group, which 
dips gently north and east. Tlw coal-bearing part of the formation is 
a.bout. 500 feet thick. A maximum of nine eoalbeds more than 14 inches 
thick are present in this sequ~nce at one locality, and four or five 
beds morc than 4 feet t hick are present at most localities. The coalbeds 
at the west end of the area near Castlegate are older than those at the 
east pnd near Sunnysidp. These older beds thin progressively eastward 
and pinch ont. Concomitantly, younger beds appear higher in the se­
qupncc, and thesp in turn first thicken and then pineh out eastward. 
The most important bed in the spquence is the Lower Sunnyside bed, 
which thickens p.11stward from about 2 {ept near the west edge of the 
'Vellington quadrangle to about 14 feet near Sunnyside, and then thins 
southward and eastward_ ~fost of the mining in Carbon County and 
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in l)tah is concentrated in this hed and in the overl~ing Upper Sunny­
side bed in a small area bet ween the town of SunnysIde and Horse Can­
yon near the south edge of the Sunnyside quadrang}e. This co~l is of 
high volatile A bituminous rank and has good cokmg propertIes. It 
is, therefore, in demand for the manufacture of coke to supply the 
western iron and steel industry. 
Em~t llalj.-The east half (if the Rook Cliffs field extends generally 

sout.h from Sunnyside to the Green River, then east. and northeast to 
Colorado. Between Sunnyside and the Green Hiver the rocks in the 
cliffs dip 3° to 12° east or north and are broken loeally by several 
small nonnal faults with maximum vertical displaeements of 200 feet. 
From Green River to the Colorado State,line the rocks dir 2° to 40 

north or northeast but the dip of the beds and the trend 0 the cliffs 
are modified locally by small faults and flexures. 

The pattern of coal deposition noted in the west half of the field 
continues unifonnly across the east half. The <~oa]s in the Blackhawk 
F'ol'lllatioll of the S\111ny~id(· a,rea thill and pinch out sout.hward, and 
frolll tIlt' Gl'epn Ri,·cr ('a~twa,rd tlwy are relatin>ly llnimpo11ant. As 
these coals pillch out othpl' coals appeal' higher in the sequence; cast 
of the (Tn'PH Hin~r tlw important, coals arC' in the Xeslen Formation 
of tllt> ~1C'san~r<le Grollp, which ill this area m·erlies the Blackhawk 
Format ion. Tlw X C'SlPll Format.ion ('ont nins fh'e coal zones in a strati­
graphic sequence 250 to 410 feet thick, but in most townships east. of 
the Gr&>n Hi,·er onlv two or thre.e coals of economic interest arc 
pre~c;ent. These coals' average 2 to 4 feet in thickness. The Chester­
field bed is locally as much as 5 feet thick, and in the past was mined 
on a small scale near Sego. 

The coal in the east half of the field is of slightly lower rank than 
in the west half and is not suitable for coking. 
lVa.<;fftrlt Plateau field 

Tn the 'l"'asatch Platean field, Carbon, Emery, and Sevier Conntie.c;;, 
t.he coal-hearing Blackhawk Format.ioB lies near the ba.se of the 
'Vasatr.h Cliffs, which are a. southward continuation of the Book 
Cliffs. As described by Spieker (19:n), the format.ion ranges in thick­
nes.') between 700 and 1,000 feet, and typi('.nlIy contains in the lower 
part 4 to 7 coalbeds, each of which is of minable thicknpss over a con­
siderable area, though none is continuous m'er the ent.ire field. The 
Ilia.watha bed, the most extensive and best known bed in t.he field is 
more than 5 feet thic.k, and locally as much as 20 feet thick, over a la~ge 
.1rea around the t.own of IIiawatha, where it. is min·ed extensively. 

Throughout most: of the field the coal-lwaring rocks dip wpstward 
at angles ranging between 10 and 3°. Locally, dips of as much as 
20° h~ve been noted along faults, Three major fault. zones that strike 
~ssentIal1y parallel to t.he 'Vasatch Cliffs disrupt the strata. All the 
f~ults are normal and the fault planes are ,'ertical or nearly so with 
displacements of about 100 to 1,000 feet. 

The coal resources in the Wasatch Plateau field are larger t.han those 
of any other field in ~Jtah and annual pr~duction is second only to 
the very large productIOn from the Book ClIffs field. 
"10 11 n 1 Plemwnt field 

The ~~Ol.mt Plensant field, which has been described by Duncan 
(1944), IS In Sanpete County on the east side.of Sanpete Valley and 
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on the west flank of the 'Vasatch Plateau. In this field the top of the 
('()a~-hea.ring- Bl(l(:khawk F~>I'matj~m (·.r(~I?s out-locally where it. has been 
uplIfted to the surface by fault.ing, but the eoalbeds generally are 1,000 
feet below the surfaee .. Because these beds are a westward extension 
of be,ds in the ,,"asatch Plateau field they were drilled during 'Vorld 
'Val' I r in an intensi\'e se~lrch for coking coal. The drilling showed 
5 coalbeds ranging ill thickness from a f(~et to 5 fpet H inches at depths 
of 95[) to 1,151 feet below the surface. The coke made from the-.<-;e coals 
was inferior to that made from Sunnyside coal, and ill pa.t1.. for this 
reason and in part because the eoal is deeply buried, 110 attempt has 
been made to de\'elop t he deposit. 

lVa/C8 field 
Tho small and unimportant 'Vales field in west -eentral Sanpete 

County has beE.·n deserii>ed by Clark (1912). It is on t he west. side of 
Sanpete Valley at the Lase of the Gunnison Plateau, whi('h rist's se.\'­

eral thousand feet above t he valley. A major fault lies due east of 
and parallel to t.he coal oUkroJ>. Near the fault. the coal dips steeply 
Lut it. flattens to ahout 15° wit hlll It shOl1. distan('e. 

The ('oal is of bit mninous rank and is in a single bed 2 to 7 feet thick 
cont.aining about equal parts of coal and shale. The bed indudes 
benches of coal 1112 to 21/2 feet thick that are free of pal1 ings, but even 
these benches are high in ash. The poor quality of t he coal has pro­
hibited development of the de.posit. 

Salina Canyon fz'eld 
The Salina Canyon riehl is in Sevier County at. the southwest end of 

the 'Yasatch Plateau field. It is in the dralllage of Salina Creek, a 
tributary of the Se\·ier Hiver, and thus is readily accessible from the 
west. the ('.oal is in the Blackhawk Formation (Spieker and Baker, 
1H2R) and is expo::';e<.l in Salina Canyon in ti\"{~ small areas along a 
g-rollp of Borth-south normal faults spa('e<l I to :~ miles a.part. 1n 
the blocks l)Ctween fauh~, l)(~ds dip 10° to 15° on~r large areas but. may 
he ~teeper lo(:all~... Th~ Blackhawk Formation is belie\'ed to 1)C 800 
to 900 feet. t hIck III the field, but only the upper 550 feet of t he forma­
tion is exposed. This 8e(luenee include-.,,; a eoalbeds that are t.hick 
enough locally to be mined, and se\'entl additional thin beds. Other 
beds of unknown thickness are undoubtedly present below drainage. 
The h·ie bed, t he lowest. in the exposed sequence, is () feet. thick over 
a considerab](, area and is eOllsidered suitable for large-scale mining. 
The overlying Se\·ier and \Vilson beds nre ~1/2 to :3 feet t.hiek in most 
places, and are of subordinate inte.rest. 

The eonl is of bituminous rank and is relatively high in heat value, 
low in sulfur, and contains low to moderate amounts of ash. 
(/a8Ilr~ Vall(·y jidd 

The Castle. Yalley field, which has heen described by Lupton (HH6), 
is larg-ely in Elllel'y and Sm'ier Counties. Coal in t.his field i!-5 in the 
F(,lTon Salldston(' ~[(,lllher of tIl(> )Ianeos Sha.le. The. Ferron Sandstone 
~[eml){'r forms a low ridge para.llel to and about 10 miles east. of the 
'Vasatch Cliffs. Beds in this ridge dip gent.ly n()l'thwestward at 
angles generally less than 5°, hut locally as much as 11 0. The sand­
stone thins from ahout ROO feet. in the southwest end of the field t<> 75 
{(-et at the northeast end. ~lost of the coal is at. the southwest end 
near anu southwest of the town of Emery. Fourteen coalbeds rang-
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ing in thickness from 14 inches to 20 feet have been observed in this 
rest.ricted area. Several beds, en.ch more than 5 feet. thick, are present 
in most townships. The coal is of bituminous rank and is of good 
quality. It is mmed only on a small scale because of competition from 
large mines in the nearby 'Yasatch Plateau field. 
IT enl'Y JI o1tntain.~ field 

The lIenry ~roulltains field in "r avne and Garfield Counties is re­
mote from 111<.'ans of tra.nsporta.tion aIlel centers of use. As described 
hy Hunt and others (19;')3), coal in this field oc.('urs in both the Ferron 
and the O\"rrlying Emery Sandstone ~lemhers of the }Iancos Shale 
in a shallO\\" str11ctural basin on the west side of the I-Ienrv l\Iountains . 
. \ ('oa lin the 11 pper pa I"t of the Ferron Sandstone ~r ember is 2 to 6 
feet thick including a few thin partings at the sout.h end of the 
hasin: anel IoC'ally j feet thick including a few partings at the north 
end of til(' hasin where it. is mined on a small scale for local usc. Else­
wlH'J"(' it is !!enerallv less than 2 feet thick. The Emery Sandstone 
)[embcr includes near t.he top a. coa.l zone loC'ally 20 feet thick composed 
of s{'n~ral benches of coal and shale. The coal benches range in thick­
I}(,~S from 2 to () feet. and It bench ·1· fect thiek or more is present in 
most exposures. The coal is of high volat.ile C hituminous rank. 
ft-olob l'f'i'J'{l('c field 

The Ko1ob TerraC'e field is in Iron, 'Vashin~ton, and I(a.ne 
('O\mtip~" III this fh·ld the eoal OC('·lll'S in the Tropic Formation and the 
Straight Cliffs sandstone, both correlati,"cs of the )'1allcos shale of 
Late Cretaceolls agp. These coal-l)(~aring rocks dip ,"erv gently east­
ward and few wideh spac.ed normal faults of modera.ti to large dis­
placement are present but do not and will not hamper mine develop­
ment. The western part of the field has been described in a report 
by Averitt (1962), and the eastern part in n report by Cashion (1961). 
Regional studies have bcen made by Gregory (1950a, 1950b), and 
by Robison (1 H63) . 

In the western part of the field the only coal of consequence occurs 
ill two zones at. the top of the Tropic Formation-an upper zone 10 
to 14 feet thick, and a lower zone 7 to 13 feet thick, separated by a 
sequence of barrcn rock 11 to 34 feet thick. The best coal is con­
tained in the upper part of the upper zone, which at most localities 
exhibits about 6 feet of coal separated by several shale partings. 
Three small commericnl mines dcveloped in this part of the sequence 
near Cedar City were active in 1963. The coal in the western part of 
the field is of hIgh volatile C bituminous rank. It has a moderate heat 
content, moderate to high ash content, and a relatively high sulfur 
content. 

In the eastern part of the field the coal of consequence also occurs in 
two zones-one near the base and t.he ot her near the middle of the 
TropiC'. I~"'ol'matioll. The lower coal zone is 5 t.o 35 feet thick and con­
tains several henches of coal and shale. The OO'.L] benches range in 
t.hickness from 1 to 7 feet, but typically are 2 or 3 feet t.hick and are 
discontinuous. The zone cont.ains some coal suitable for local mining, 
but nowhere in the area does it exhihit a cont.inuous bench of coal thick 
enough t.o encourage large-s(,ale mining. The uPfer zone is 6 .to 34 
feet thick and contains near the top a bench of coa that is believed to 
average about 5 feet thick over a large area. The coal in the eastern 
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part of the field is alRO of hi~h w>lat il(' C bituminolls rank and con­
tains 1('ss ash and sulfllr than that in the wpst(>rn part. The coal in 
the eastern part is mined ollly 011 a v('ry small seale for local use. 

Kaiparowits Plateau, field 
The Kaiparowits Plateau field, in Garfield and Kane Countie..<;:" is 

the least ('xplol'(>d of rtnh ('oal fipl<ls. Coal in this fi(>ld ()('('ur:-; in the 
Dakota ~:1lldst()lle, tIll' Tropic Formation, and tIll' ~traight Clift's 
SandstOlH' (Gregory and ~Ioor(', H):n: (Jreg"ory. 1HiH). The coal in 
thp Dakota :-:;andstolw and til(' Tropic Formation is g('nerally thill 
alld di~'ollt inllolls, Imt a fpw po(,kets of minahle t hicklll'sS (x'cur 
I 0('.<11 h-. 

FOtir thi('k and continuous l)()ds ,mel ~(,\-(,l':ll thin and dis('olltinlloll."; 
beds occur in the Straig-ht. ('lifl's Sandstone ill a se<tUPll(.~(> :mo to GOO fN,t 
ahov(' th(' has('. Bpd A, :HO fpet above the haS(' of tlw :-:;traight Cliffs 
sandstone, ('ontain 2 f('('t 7 incllPs, to:l fppt :l inch('s or good ('oal in the 
s('\'('ntl sections examinp(l. Bed TI, -tHO to 4RO f('et abo\'(> t he base. 
rangp~ in thicklwss from 1 to 20 f('('t. and is typically ahout :2 to 4 feet 
thick. Bed C. about !)()O f('('t above tIl(' hase. ('ontains sen>ral local 
al'('as of ('oal D to 12 feet thi('k. Bed n, ahout ()OO fept abm'c the base,' 
is 11 fe('t thick in one (,xposure and ·l rept t hick in anot lwl'. 

Th('- Kaiparowits Platp:lu fi('ld is in a large shallow synclinal basin 
bordered OIl the w('st by a stpep m0110clinal flpxure Hnd modified Oil 

the south by several parallel antic1in('s and sYJlclin('s. Excel)t for the 
hordering lIlono('linaJ f!pxm"(' the dips ar(' gentle and px('ee( 10° only 
10<'ully. 

The ('oal in the Kaiparowits Plat('au hpld is of high volatile C bi­
tlllllinOlls rank and is r('latin>lv low in ash and sulfur. The ('onstruc­
tion of the Glen Canyon dam'has fo('usl>d ntt('ntion on th(' fi('ld and 
1l11l<'h mapping and (,xplornt ion was ill [H'ogn)SS in t IIi' SlImlller of 196~. 
"'(fnJ11(tn Nil'{'i' field 

Tn the :-:;:\11 ,Juan Bin'r fil'ld. San .Juan County. ('oal OCClll'S in shorl. 
<liscollt i nUOllS lells(>s ill t hp l>:lkota Sandst OlH'. ~nw:-,(' IPllS('S are thick 
('l1ough 10(~ally to permit mining on a slllall scah>. Gre.g'Ol"y (U):lH) 
cites se\-('ral loealitips whel'P Ill(> ('oal attains a maximum thickness of 
2 feet 10 inch('s. The e.oal-l)(>ari11g rocks an' Ilearly fiat-lying and are 
readily Ilcce,ssihle. Tlw coal is of high \-olatile bituminolls rank, but. 
is tYPICally high in ltsh. 

Lost C i'Celt: field 
In til(' Lo~t Crepk lipId, )Iorgan Connty. ('oal OC('.lll~ in the middle of 

an 1,H()(}-foot sl'qnl'IH'P of h('d~ '('ol'1'(,lat(>(( \~'it II t he 'ra:-;at~h F0l111n.tion 
of party 'I\'rtiary agl'. Thl' ('oal lips Oil 10P of a 700- to nOO-foot thick 
c.onglomerat e in a. single. relat i Y('ly thin seqlJ(>llce of c,u"honac('ous ro<.'k. 
Aecording' t.o Clark (191R), t he only coal of consequence oe('urs in 
T. !) X., R. !) E. Of l:~ coal section:.; nwasnr('d in this township, 4 
showed coal 4- to (i fN,t t hick. and the l'('mainder showed coal 2 feet 
thick or less. . 

The eoal-bearillg' rocks al'(, !leady flat-lying-. Throughout most of 
the township the dip is!)0 or 1('5.", hut loeally t I}(' <Ii P attains a maximum 
of 10°. The coal is of subhit.uminous rank and IS relatively high in 
ash. 

('oall'illc ti()" 
The Coalville fie.ld is in Summit County, tLbout 30 miles nort,heast 

of Salt Lake City. This field has been a small but continuing source 
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of coal for Salt Lake City and nearby communities since the earliest 
da.ys of settlement. Coal occurs in three zones in the lower part of a 
9,000-foot stratigraphic sequence of Late Cretaceous age ('Vegemann, 
lUI5). The Spring Canyon zone is 850 feet above the base of the 
sfl-quence; the 'Vasatch bed is about 1,700 feet above the base; and the 
Dry Hollow bed about 3,800 feet above the base. The \Vasatch bed 
is the thickest and most important bed. It is 5 to 1:3 feet thick and 
continuous throughout the field. The Dry Hollow bed is somewhat 
less continuous, but where mined and prospected is 2 to 4 feet thick. 
The coals in the Spring Canyon zone are of lfl,ss importance. 

The coal-bearing rocks are folded into a northeast-trending anti­
cline with a broad, fiat top. On the northwest flank of the anticline 
the beds dip 15° to HO° northwest; on the southeast flank they are verti­
cal to overturned. The anticline is broken by many small normal 
faults bot 11 parallel to and normal to the anticlinal aXIs, which locally 
complicate mine development. 

The coal in the field is of subbituminous rank and is relatively low in 
ash and sulfur. 
H arm()ny field 

The Harmony field is in Iron and Washington Counties about 4 
miles northwest of the villnge of Xew IIarmony. The coal is in rocks 
of Late Cretaceous age that are correlatives of those in the nearby 
Kolob Terra(',e field. As described by Lee (1907) and by Richardson 
(1909), the rocks in the I-Iarmony field have been deformed by a nearby 
intrusive stock and the beds dip at angles ranging from 45° eastward 
to vertical. Because of the deformation and the heat of the intrusive 
the coal is semianthracite. 

Six coal and carbonaceous shale zones have been observed in the 
lower 560 feet of the Cretaceous sequence, but no significant thickness 
of clean coal is present. Analyses of beds exposed by J?rospecting 
show 23 to :34 percent ash; and small samples handpicked III an 'effort 
to obtain low ash vulue..') showed a minimum of 9 percent ash. The 
coal is also highly sheared and tends to hreak into small gra.nules. 
Because of the steep dip, high ash, and fine texture of the coal no min­
ing has been undert.aken in the field (Cook, IH57, p. 101-1(2). 

RESOURCES 

Ctah's coal resources may be considered from two points of view. 
The more conser"ati"e and certainly the more practical includes coal 
det.ermined by pre..c;;ent mapping and exploration; the more generous 
attempts by extrapolation to aecount. for all coal above a minimum 
thicJrness potentially present ill the full t.hickness n,nd extent of coal­
bearing rocks . 

.As determined by mapping and explorat.ion, the original coal re­
souree~ of Uta.h total 2H,:~78 million tons, including 28,222 million tons 
of bituminous coal and 15() million tons of subbittmlinous coal. This 
e..c;;timate is the sum of 1~ estimates for individual fields prepared by 
geologists who ha"e studied and mapped in those fields. The ac­
companying table modified slightly from Averitt (1961, p. 79) gives 



TABLE 2.-Estimahd original coal resources of Utah as determined by exploration and mapping 

(In m1llioDs of short tons) 

Field and oounty 

BITUMI~OUS COAL 

Estimated 
resources Source of estimate 

Henrys }I'ork field, Daggett and Summit Countles ___________________________________________________________ . _______ _ 

Blacktall (Tabby) Mountain field, Duchesne and Wasatch Coun- 1,868 Lupton (1912) , ______________________ _ 
ties. 

Vernal field (west end only), Ulntah COunty---------------------- 1.:5 KinDey (19M) 1 ______________________ _ 

Book CUffs field, Carbon, Emery, and Grand Counties: Castlegate Quadrangle __________ - -- - _________________________ _ 
Wellington and Sunnyside Quadrangles _________ . ____________ _ 
Book Cliffs south and east of Sunnyside Quadranlde __________ _ 

Wasatch Plateau field, Carbon, Rmery, and Sevler Countles _____ _ 

1,2711 Clark (1928) , ________________________ _ 
2,629 _____ do _______________________________ _ 

618 Fisher (1936) , ________________________ _ 
13,000 Spieker (1931)' ______________________ _ 

Mount Pleasant field, Sanpete County---------------------------- ___________________________________________________ _ 

~~! ~~y~fei~ ~~:ycoWiiy ~:: ~ ~:: ~:: ~ ~ ~ :::::::::: ::: ::::: ------ --i70- -Spteter and -sater-(lG28F ~ ~:::::: :::: 
Castle Valley field, Emery and Sevier Countles___________________ 1,429 Lupton (1916) , ______________________ _ 
Henry Mountains field, Wayne and Garfield COuntles_ ___________ 200 Provisional gross estimate by writer __ _ 
Kolob Terrace field, Iron, Washington, and Kane Countles_ ______ 4,000 Estimate by W. B. CashJon and writer 

by extrapolation from work in 2 
parts of the field. 

Kaiparowits Plateau field, Garftekland Kane COuntles_ _ _________ 3,000 Provisional gross estimate by wrlter __ _ 
San Juan River field, San Juan County--------------------------- ___________________________________________________ _ 

Total, bituminous coal _____________________________________ _ 28,222 _______________________________________ _ 

SUB BITUMINOUS COAL 

Remarks 

Insignificant resources in Frontier Formation lind Mesa­
__verde Group. (Soo Gale, 1910b.) 

Estimate 18 high compared to recent estimate for Vernal 
field. 

Insignificant additional resources In cast end of field. (See 
Gale, 191oa.) 

Resource area covers 43 square miles. 
Resource area covers 237 square mUes. 
Re.'!Ources wltbln 2 mUes or 1888 of outcrop. 
Includes 7,800,000,000 tons in beds more than 30 inches 

tblck. 
Modest resources 1,000 feet below surfBCle. (See Duncan, 

1944.) 
Small resources. (See Clark, UH2.) 
Resource area covers 30 square miles. 
Coal in Ferron sandstone. Estimate may be hlgb. 
Data from Hunt and others (1963). 
(See Cashion, 1961; Averitt, 1962.) 

Data from Gregory and Moore (1931). 
Small resources. (See Gregory, 1938.) 

Lost Creek Ocld, Morgan County--------------------------------- ____________________________________________________ In.',lgnlficant resources. (See Clark, 1918.) 
Coalville fteld, Summit County___________________________________ 166 Campbell (1917) ______________________ Data from Wegemann (19111). 

SEMIASTHRACITE 

Harmony Ocld, Iron and Washington Countles ____________________ . __________________________________________________ Inslgnlftcant resources of blgbash coal. (See Richardson, 
1909.) 

Total, all ranks ____________________________________________ _ 28,378 

I Report contains breakdown of resources by townsblps only. 2 Report contains breakdown of resources by beds and by townsblps. 
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the souree and amount of these individual estimates. These estimates 
include coal to a minimum thickness of 14 inches, but the majorempha­
sis is on the thicker and more persistent beds. They are conservative 
in part for this reason, but largely because they include only coal near 
the outcrops. 

The total of 28,378 million tons is for original resources in the 
ground before mining began. The accumulatiYt~ production in Utah 
from the beginnin~ of mining to .Tanuary 1, 1H63, IS a:bout 274 million 
t.ons. Assuming thnt past and future losses in mining will equal pro­
duction, the reco\·erable resources as of .Tanuary 1, 1963, total roughly 
14,000 million tons. By comparison, product.ion in 1!)()2 was a lIttle 
more t.hnn 4 million tons. 

'Vorking on n, more generalized basis and from a. broader point of 
view, Campbell (1929) estimated that the original eoal resources of 
Utah total 93,340 million tons. This estimate includes coal in heds to a 
minimum thickness of 14 inches and to a maximum depth of 3,000 feet 
below the surface. In the writer's opinion, this fi~lre is large for the 
stated parameters, and would be more appropriate If it were considered 
to inrlude coal to a maximum depth of 6,000 feet below the surfac~ 
which would allow for much deeply buried coal in the Uinta Basin an(l 
in the ".,. asatch Plateau field. Alt.hough no special aecurn.cy is claimed 
for the Campbell figure it is indicative of the vast amount of coal that is 
poten~ial~y present in the fnll thickness and pxt~nt of rmd-bearing 
rocks m Utah. 

OIL AND NATURAL GAS 

(By W. C. Gere, G. W. Horton, J. N. Harstead, and D. F. RURsell, Salt JAlke 
City, Ltah) 

Through 1962, Utah has produced some $553 million worth of oil 
and gas, almost entirely from {ields in the eastern part of the State 
(fig. 13). More than 90 percent. of t.his has been produeed sinee 1956, 
when pipeline facilities became n.vailable to the major fields (fig. 14). 
Oil has accounted for nlmORt 90 perr..ent of the total value, and in 1961, 
Utah ranked 11th in the Xation in oil \)l"oduetion and 14th in gas pro­
duction. Output has d~clined somew wt sinee 1959, us the result of 
depletion of reserves in southeastern San .Tuan County, together with 
lessened exploration activity. 

Ptah's petroleum refinerIes can process as much as 101,500 harre1s 
of erude oil daily into a wide variety of products ranging from nvin­
tion fuel to stove oil. These products are market.~d main~y in rtah, 
Idaho, and 'Vashinhyfon wit.h ·lessl'l" market.s in other westenl stata". 
In addition, enl<le oil and natural gas are s~nt by pipeline to Texas, 
N~.w ~Iexico, and CalifoMlia for refining and market mg. 

Some 90 percent of the State is under1ain by sedimentary rocks that 
are potentially valuable for oil and gas, including some areas in we-st­
ern Utah wh~ere the favorable rocks are covered by lat~r volcanic 
rocks. In the other 10 IWrcent of the State, intrusive if!neous roeks 
and Prerambrian rocks nre present, and these are lIot conSidered favor­
able for p'etroleum. 

The 011 and gas in Utah's fields have been derived by d(>cay and 
distillation from organic debris that accumulated along with rock­
forming debris in a variety of geologic environments. Plant and 
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Data from files of U.S. Geol. Survey and utah oil and Gas Comm. 

PRODUCTION: 
oi 1 
Natural ~as 
Carbon dioxide 

VALUES: 
oil 
Nat ural ~as 
Carbon dioxide 
Total 

OIL 

187,611,~00 Bbls. 
385, 16 ~ , 000 Me f. 

1,251,500 Mef. 

$502,230,900 
50, 7~1,500 

102,200 
553,07~,600 
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CARBON DIOXIDE ••••••• 
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FIGURE 14.-Production and value of oil and gas in Utah. 
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animal remains buried on the floors of oceans, lakes, and swamps have 
been subsequently compadpd, folded, and subjected to widely dIfferent 
conditions of heat and pr~Slln~ for differing- periods of time. Gaseous 
and fluid hydrocarbons that devPloped in these processes tended to 
migrate into pore spaces and fraetures, and ultimately when an im­
permeable barrier was cncountered, they aecllmulated ill reservoirs of 
many kinds. Gas and lighter oils move most easily, thus in part 
separating from the more ,"iseous hydrocarbons. Entrapment may 
ha,"e been struetural, in that a barrier was formed by folding or fanlt­
ing of the roeks, or it may have been stratigraphic by decreases in po­
rosity becanse of vertieal a.nd horizontal changes in rock composition. 
Subsequent breaching of the barrier in some reservoirs bJ erosion or by 
earth movements may have allowed the eseape of oil and gas to the 
snrfaec, as indicated· hy oil SL'CPS and bituminous sandstonrs. The 
driving for('c that moves oil or ga.s throllgh ro(·ks may he gr~\,Yit.y, or 
wa.ter or ga~c;; pr(~s..c;;Ul't', and, in oilfield usage, t his for('.(~ is called dri,"c. 

Crude oil is dassifipd as asphalt base, napthene base, paraffin base, 
aromatic, a.nd mixed: theS(l oils are highly fluid to highly ,·is('ous~ color­
less to amber, green, or black and no oils occurring in" different reser­
voirs are exactly alike. I ndnst ry rates crude oil on t he basis of it..c;; 
gravity under standards adopted by the American Petroleum Insti­
t.ute (API). The lighter gravity oils are more valuable because of 
their use in fuel, especially gasoline, for which the demand is great. 
Oils containing sulfur eompounds are less valuable because they are 
toxic, corrosive to equi{Hllent, and are more difficult to handle and re­
fine. The st andard Ulllt of production is the barrel, equival('nt to 42 
U.S. gallons. 

Indust.ry applies the term "natural gas~' to all \"arietics of gase.~ 
produ(,ed from rock in which the paraffin serips of hvdroc.arhons pre­
dominates (F.S. Bur. of ~Iine$, ] H(iO, p. [)H[»). ~Iet.h;ll1e (CH .. ) is the 
principal ('onst.itupnt. a.long with some ethane, propane, hutane., 
lwnta.ne, and hexRnr', and ('ontaminants sueh as nitrogen, {' . .arbon 
dioxide., hydrogen sulfidp, lwlium, and ot.her rare gast's. The standard 
volumetriC'. unit used bv the gas industry is a thousand ('ubic feet 
(~r('.f). Owing to de('.rl~asing })ressure dlll:illg production, some of the 
gases liquefy and arc ('olledpd separatdy al the wellhead as {'ondmlsa.te. 
Condensn .. te and the low \'olatile refinery prodlwts nre rpfplTed to !to.'; 

liquefied pl'troleulll gas or L.P.G. Gasps al'l' clas.,;ifil'd :lS "dry" or 
"wef' a('.(".ording to the amonnt of ('ontained liquid, and :u'(~ further 
ela.ssified H."i "sw('(lf' 01' "sour'~ according ·to the rplatin~ abs..~nee or 
prcsenee of hydrogen sulfide. TIlt' pl't>S(llH'e of hydrogen sulfide. 
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llitrob~n, and carbon dioxide are generally deleterious to natura,} ga .. 'i, 
hec.ause of the reduced heat value and t.he higlH.'l' t("l1l.peratnre re<luired 
for combustion. IfO\\'e\'er, when any of th(' ... sc ga .. ~'.s ()('.('ur in sufIieient 
(Iuant-it.y or purity they are reco\'('rahle and marketable. I-Iydrog'lm 
sulfide is indirectly marketable a.."i sulfur, it,; principal constituent, 
which is llsed mostly in the manufadure of sulfuric acid. Xitrohycn is 
lltilizeAI prineipally in the manufacture of anuuonia, a.nd earboll 
dioxide is utilized prineipally in the manufacture of dry ice. I-Iclimu 
is the most a.bundan t, of the so-ealled noble or highly inert, gases ano 
ocellrs in low cOlleentra.t.ion in natura,l gas. It pre~mtly is used mainly 
for welding' and for otlwr indll~trial and medIcinal purposes. 

Spora.<lie s(>ll.reh for oil and gas in Pta.h was not, sig'llifieantly snC'­
c(>g.':lful until intc.nsi\·e (>xploration following ","01'1<1 'Val' II re.sultRAi. 
in major production. B(~eause of it~ lat<' arri "ld in the ranks of major 
producing- states, Ptah has bCIwfitt.ed g-reatlv from production and 
~:'onscryation practiees den'loped m"er II Hlll): years in otJH'r states. 
A large n'umber of wells nave been drilled und'er unit agreements, in 
which two or more interested parties vest their operatmg rights in 
a single oil or gas field to a single operator, thus eliminating waste 
and expense. These unitization agreements greatly simplify the in­
stallation of production regulating systems and secondary recovery 
systems which facilitate and extend production. 

The first discovery of gas was accidental when, in 1891, it was en­
countered in the Farmington Bay area, Davis County, during the 
drilling of a. water well. Gas from the Farmington field was de­
livered to the Salt Lake City urea by means of a wooden pipeline 
during 1895 and 1896. Early eXp'loration for oil in Utah, however, 
was O'uided by the location of OIl seeps. Attempts to develop the 
RozefPoint seep were initiated in 1904 and other attempts to develop 
other seeps had been established, by 1907, in the Virgin and ~Iexican 
Hat fields. These early vent ures proved uneconomical and later 
oil and gas exploration was guided by concepts that evolved largely 
through subsequent experience. Three requirements were recognized 
as nece..ssary for oil and gas reservoirs: source beds for the genera­
tion of the hydrocarbons'; porous ~ocks to serve as reservoirs; and 
~t.ruet ures such as ant,iclinal 'folds, domes, and st.ra.tigraphic pinchout.,,", 
to effeet t.he e,ntrapment. of oil and gas. Later SlH'('pssful den~lopments 
in various field? are (~eseribe<1 l>rog-rc;;."i\-cly from north to south, by 
petroleum pronnces, 111 accordance WIth the a.pproximatc ehronology 
of the deyelopment of oil a.nd gas in the st.ate. (See t.nble 3.) 



Table 3. --Summary of oil and gas fields in Utah 

[API, American Petroleum Institute; bbls, barrels; Mcf, thousand cubic feet] 
01 
01 
> 

Total production through 1962 
Field Province, field, Dis- Date shut 

Dis-
Reservoir formation Average Deepest Deepest Type Type 

index co~n,hiP and covery - in ( ) or Oil Natural gas 
Gravityo Btu ( ) 2./ and number of depth pene- formation of Rock of 

tiUate (API) tested trap31 t ype41 drive No. range1 date abandoned (bbls) (bb1s) (Mcf) productive wells of pay tration 
( )~I 5.1 

~ 
H 

Green River Basin Z 
trj 

Clay Basin, 1927 
94,840,897{ 

55 1,090 Frontier (K) 2 5,395 9,355 Weber 1P Stl Ss G&W );:Jj 

Daggett (3 N., 1935 0 244,990 55 1,080 Dakota (K) 8 5,603 do. do. Do. >-
24 E.) t< 

Uinta Basin ~ 
Agate, Grand 1961 35,370 0 No data Morrison (J) 4 1,550 1,612 Morrison Sta do. SG ~ 

(20 S., 24 E.) (J) 
~ 

Agency Draw, 1962 1,202 0 No data Wasatch (T) 1 3,810 7,433 Mesaverde do. do. Do. >-
Uintah (13 S., (K) t-3 
21 E.) trj 

);:Jj 

4 Ashley Valley, 1925 1941 536,366 No data Morris on (J) 2 4,100 6,393 Madison Stl do. G 
Uintah (5 S., (M) );:Jj 

22 E.) 1948 13,068,018 0 30.0- Park City-Weber do. Do & W trj 

30.8 (lP&p) 29 Ss W 
0 

Bar-X, Grand 1955 

, .395.953 F:::: 1,045 Dakota (K) 6 3,252 5,530 Granite Sta S8 G 
q 

(17 S., (pS) 
);:Jj 
n 

25-26 E.) 1955 1,045 Cedar Mtn. (K) 8 3,159 do. do. Do. trj 
1954 ------- 1,005 Morrison (J) 6 3,314 do. do. Do. W 
1948 486 Entrada (J) 2 3,551 Stl do. W 

0 
Bend, Uintah 1959 (1959) 0 ------- 997 Uinta (T) 1 2,875 2,945 Uinta (T) Sta do. G I'!rj 

(7 S., 22 E.) 
d 

7 Bi t tee Creek area J 1955 

'. "'. on r----- 1,100 Wasatch (T) 58 5,500 11,500 Mancos do. do. Do. t-3 
Uintah (8 S., 10,683 (K) >-
21-22 E. & 9 S., 1956 (1956) 28.2 Green Ri ver (T) 1 3,570 do. do. Do. ~ 
20-23 E. & 1953 48.0 No data Mesaverde (K) 2 7,845 do. do. Do. 
10 S., 18-22 E.) 



Bluebell, Duchesne 1954 (1958) 39,016 ------- 1,057 Green River (T) 1 8,000 9,728 Green do. do. Do. ~ 
(1 S., 2 W., River 1-1 

USM) (T) Z 
~ 

t>:j 

O'l Book Cliffs, Grand 1961 (1961) a ------- No data Dakota (K) 2 5,267 5,700 Morrison do. do. Do. ~ 
I >-CC (18 S., 22 E.) (J) t"l 0 

<..0 
10 Brennan Bottom, 1954 436,327 a 31-33 Green River (T) 7,100 8,000 Wasatch do. Ls SG >-0 Uintah (7 S., (T) Z I 20 E.) 

O'l ~ 
<.0 

I 11 Buck Canyon, 1961 41,000 - ... _---- No data Wasatch (T) 5 5,204 8,294 Mancos do. Ss G 
~ U1 Uintah (12 s., (K) 

21-22 E.) >-
8 

12 Castle Peak, 1962 1,319 0 No data ------- Green River (T) 3 4,600 8,816 Wasatch do. do. SG t?:J 
Duchesne (9 S., (T) ~ 

15 E.) 
~ 

13 Chokecherry, 1959 1961 6,620 0 37.2 ------- Green River (T) 1 4,100 8,559 Mesaverde do. do. W 
t>:j 
l/.l 

Duchesne (7 S., (K) 0 
4 W., USM) q 

14 Cisco Dome, Grand 1925 1944 

3,m,948 t;;; 1,083 Dakota (K) 2,000 4,744 Granite do. do. G ~ 
a 

(20 S., 21-22 (pS) t?:J 
E.) 1,090 Cedar Mtn. (K) 16 2,130 do. do. Do. l/.l 

1,100 Morrison (J) 2,300 do. do. Do. 
0 

15 Cisco TownsLte, 1954 1961 1,735 8,379 34.8 l,08B Morrison (J) 9 619 1,500 Entrada do. do. No ~ 
Grand (21 s., (J) data 
23 E.) q 

8 
16 County, Duchesne 1953 1954 32,757 0 23.7 ------- Green River (T) 2 4,850 5,257 Green do. Sh & SG & W >-

(3 S., 5 W., River St ~ 
USH) , (T) 

17 Coyote Wash, 1960 (1960) 0 ------- No data Wasatch (T) 1 4,910 8,530 Mancos do. Ss G 
Uintah (8 s., (K) 
24 E.) 

18 DUmond Ridge, 1960 (1960) No data Cedar Mtn. (K) 1 7,269 7,700 Morrison do. do. Do. <:ll 
Grand (17 S., (J) <:ll 
22 E.) 1961 (1961) Morrison (J) 1 7,400 do. te 



Table 3. --Sunnnary of oil and gas fields in Utah--Cbntinued c.n 
[API, American Petroleum Institute; bbls, barrels; Mcf, thousand cubic feet] 

c.n 
Q 

Total 2roduction throllgh 1962 

Field Province, field, Dis- Date shut Reservoir formation Average Deepest Deepest Type Type 

index cOllnty, township and covery in ( ) or Oil 
Dis-

Natural gas 
GravityO Btu ) ~ I and number of depth formation 

of Rock of 
ti11ate (API) pene-

tested type~tf drive 
No. range!! date abandoned (bb1s) (bbls) (Mcf) productive wells of pay tration ( ) ~/ trap~/ ~/ ~ 

~ 

Z 
Uinta Basin--Con-

M 
:::0 tinlled >-

19 1963 a No data Uinta (T) 1 1,900 Green Sta Ss G 
t"4 

Duchesne, 
Duchesne (4 S., 1958 °r- Green River (T) 4 3,070 River- do. Sh & SG & 

~ 4 W., USM) 23.6 Wasatch St W 
1951 1958 216,224 o 41. 7- Green River-Wasatch 7,550 7,596 transi- do. do. Do. t:j 

42.9 (T) 2 tiona1 
zone 

~ (T) >-
20 Eight Mile Flat, 1962 8,702 0 37 ------- Green River (T) 1 5,210 8,200 Wasatch do. Ss SG 1-3 

M 
Duchesne (10 S., (T) :::0 17 E.) 

21 Farnham Dome§!, 1924 

2,251,557 f~~~~~~ 
(6) Navajo (J) 4 3,000 8,509 Granite St1 do. G :::0 

M 
Carbon (15 S., (pe) m. 
11-12 E.) (6) Moenkopi ('lR) 1 4,498 do. do. Do. 0 q 

22 Fence Canyon, 1960 (1960) 0 ------- No data Dakota (K) 3 8,167 10,350 Granite Sta do. Do. :::0 
Uintah (15 S., (pe) 0 
22 E. & 15~ S., 1961 (1961) No data Cedar Mtn. (K) 2 8,249 do. do. Do. M 
23 E.) 1961 (1961) No data Morrison (J) 1 8,520 do. do. Do. m. 

23 Flat Mesa, 1952 1958 50,890 0 41.8 Green River (T) 1 8,860 9,103 Green do. do. SG 0 
Duchesne (3 S., River ~ 

5 W., USM) (T) q 
24 Flat Rock, 1963 0 50.0 ------- Wasatch (T) 1 3,805 6,792 Mancos do. do. Do. 1-3 

>-Uintah (14 S., (K) 
~ 20 E.) 

25 Grassy Trail, 1961 31,996 0 38.7- ------- Moenkopi (~) 5 3,900 7,930 Madison St1 Ca Do. 
Emery (15-16 40.1 (M) 
S. , 12 E.) 



26 Gusher, Uintah 1949 1960 29,695 32.8- - .. _---- Green Rive r (T) 2 8,000 9,757 Wasatch Fr Sh & Do. ~ 
(5 S., 19 E. & 35.4 (T) St .... 
6 S., 20 E.) Z 

[:rj 

27 Harley DO,*,U, 1959 1962 638 0 36.8 Mancos (K) 1 2,494 2,518 Mancos Fr ? S8 G ~ 

Grand (18 S., (K) > 
24-25 E., 19 1925 1925 0 ------- (7) Entrada (J) No data No data No do. No 

t'I 
S., 25 E. data data > 

28 Horse Point, 1962 (1962) O' 0 ------- No data Dakota (K) 1 7,985 8,774 Entrada Sta do. G Z 
Grand (16 S., (J) ~ 

23 E.) 

~ 29 Jack Canyon, 1954 2,651 0 28-34 ------- Wasatch (T) 2 3,077 3,621 Wasatch do. do. SG 
Carbon (12 S., (T) t-3 
16 E.) 

[:rj 
~ 

30 Moon Ridge, 1962 (1962) 0 ------- No data Cedar Mtn. (K) 1 10,205 10,301 Morrison Fr do. G 
~ Grand (16 S., (J) 

21 E.) 
[:rj 
m. 

31 Nine Mile Canyon, 1962 (1962) 0 ------- No data Wasatch (T) 1 3,913 8,450 Mesaverde Sta do. Do. 
0 
q 

Carbon (12 S., (K) ~ 
15 E.) 0 

[:rj 
32 Oil Springs, 1962 (1962) 0 ------- No data Wasatch (T) 2 2,978 5,735 Mancos do. do. Do. m. 

Uintah (12 S., (K) 
24 E.) 0 

"'-1 
33 Pariette Bench, 1962 19,170 0 29 ------- Green River (T) 2 7,894 6,660 Wasatch do. do. SG 

Uintah (9 S., (T) q 
19 E.) t-3 

> 
34 Pear Park, Grand 1961 (1961) 0 ------- No data Dakota (K) 1 6,854 6,174 Morrison do. do. G l:Q 

(18 S., 23 E.) (J) 

35 Peters Point, 1953 (1953) 0 ------- 1,026 Wasatch (T) 3 3,619 5,140 Wasatch Sta & do. Do. 
Carbon (12-13 (T) Stl 
S. , 16-17 E.) 

36 Red Wash, 1951 24,687,801 31,491,392 20.0- 1,050 Green River (T) 250 5,500 11 ,288 Mancos Sta do. G& 01 
Uintah (7 -8 S., 32.6 (K) SG 01 
21-24 E.) t;l 



Table 3. --Summary of oil and gas fields in Utah--Continued 01 
01 

[API, American Petroleum Institute; bb1s, barrels; Mcf, thousand cubic fee,t] t?=J 

Total production through 1962 

Field ~, field, Dis- Date shut Reservoir formation Average Deepest Deepest Type Type 

index county, township and covery in ( ) or Dis-" Gravity· Btu ( )?I and number of depth pene- formation of Rock of 
Oil Natural gas type~/ No. rangel/ date abandoned tillate (API) produc t i ve we 11 s of pay tration tested trap;),! drive ~ (bb Is) (bb1s) (Mcf) ( )V ~/ 1-1 

Z 
t;rj 

Uinta Basin:~~on- ::0 
tinued 

~ 
37 Rock Rouse, 1960 {NO data No data Wasatch (T) 14 4,200 7,384 Mancos Sta Ss G 

Uintah (11 S., 4,349 1,925,207 _______ (K) > 
22-24 E.) 1960 Mesaverde (K) 5 5,200 do. do. Do. Z 

t:l 
38 Roosevelt, Uintah 1949 2,211,778 0 30.0- Green River and 9,515 11,888 Wasatch do. Ss, SG 6< 

1 S., 1 W., USM) 36.4 Wasa tch (T) 9 (T) Sh, W ~ St > 
39 1963 

66',749 E:~~~ 
Mancos (K) 2,871 5,810 Granite Fr Ss No 

8 
San Arroyo, Grand t;rj 

(16 S., 24-26 (pe) data ~ 
E.) 1955 

156 
1,085 Dakota (K) 18 5,032 Sta do. G 

1959 No data Cedar Mtn. (K) 12 5,802 do. do. Do. ::0 
1962 No data Morrison (J) 5 5,802 do. do. Do. t;rj 
1955 633 Entrada (J) 5 5,664 St1 do. Do. rJ). 

0 
40 Se gundo Canyon, 1962 (1962) 50 Mancos (K) 1 6,725 9,900 Morrison No do. Do. c::1 

Grand (16-17 (J) data ::0 
s. , 21 E.) 1963 (1963) 0 ------- No data Cedar Mtn. (K) 1 9,849 (':) 

t;rj 

41 Seiber Nose, Grand 1955 1961 13,513 0 38.0 Morrison (J) 1 1,434 1,439 Morrison Sta do. SG rJ). 

(20 S., 24 E.) (J) 
0 

42 Southman Canyon, 1955 {57-61 No data Wasatch (T) 2 4,670 8,502 Mancos do. Ss G ~ 

Uintah (10 S., 2,620 _______ (K) c::1 23-24 E.) 1957 No data Mesaverde (K) 2 6,133 do. do. Do. 8 
43 Starr Flat, 1959 1960 11,027 0 31.5 Green River (T) 1 10,100- 13,354 Mesaverde do. do. SG > 

Duchesne (1 N., 10,160 (K) ~ 
2 W., USM) 

44 S tone Cab in, 1958 230,795 "'------ 1,190 Wasatch (T) 2 4,705 5,515 Wasatch do. do, W 
Carbon (12 S., (T) 
14 E.) 



45 Sweetwater Creek, 1963 0 45 No data Wasatch (T) 1 1,827 2,165 Wasatch do. do. G ~ 
~ 

Uintah (14 S., (T) Z 
22 E.) trJ 

~ 
46 Walker Hollow, 1955 (1955) 0 ------- No data Uinta (T) 4 2,750 6,004 Wasatch do. do. Do. > 

Uintah (7 S., (T) ~ 
23 E.) 

> 
47 West Pleasant 1952 1955 2,192 0 44 --_ .. _-- Green River (T) 1 6,000 7,240 Wasatch Sta & do. SG Z 

Valley, (T) St1 t:1 
Duchesne (8 S., 

~ 16 E.) 

1957 

4, "',m F~;~ 
1,130 Cast1egate (K) 11 1,092 6,471 Entrada Stl > 

48 Westwater-Bryson do. W 8 
Canyon, Grand (J) trJ 
(17 S., 23-24 1957 

35,742 
1,086 Dakota (K) 10 5,078 Sta do. G ~ 

E.) 1959 No data Cedar Mtn. (K) 4,520 do. do. Do. 
1959 1,034 Morrison (J) 5 5,102 do. do. Do. ~ 
1959 785 Entrada (J) 4 5,986 Stl do. W trJ 

m 
Wasatch Plateau- 0 

Castle Valley c:1 
~ 

49 Clear Creek, 1951 0 106,899,375 ... _----- 910 Ferron (K) 16 4,100 7,010 Morrison do. do. GIiM a 
Carbon & Emery (J) trJ 
(12-14 S., 7 E.) m 

50 Ferron, Emery 1957 (1957) 0 ---- ... _- 1,040 Ferron (K) 4 726 3,386 Entrada Stl lie do. SG lie 0 
(20-21 S., 7 E.) (J) Sta W 

~ 

51 Flat Canyon, 1953 

678, 730 r~~~~~~ 
1,086 Ferron (K) 3 5,900 7,580 Dakota do. do. G 

c:1 
8 Emery (16 S., (K) > 6 E.) 1953 1958 1,151 DaKota (K) 1 7,020 do. do. Do. ::q 

52 Gordon Creek~/, 1952 (1952) 0 ------- 966 Ferron (K) 1 3,500 12,293 Hermosa Stl do. No 
Carbon (14 S., (IF) data 
7-8 E.) 1948 (1948) (6) Moenkopi ('lk) 2 10,900 do. Ca Do. 

1948 (1948) (6) Coconino (P) 1 11,858 do. Ss Do. 

53 Joe r s Valley, 1955 (1961) 2,980,498 No data Ferron (K) 1 6,784 7,800 Dakota do. do. G 
Sanpete (15 S., (K) 01 
6 E.) 1957 (1961) 0 ------- No data Dakota (K) 1 8,040 do. do. Do. 01 

~ 



Table 3. --Swmnar;):: of oil and !!jas fields in Utah--Continued 01 

[API, feet] 
01 

American Petroleum Institute; bbls, barrels; Mcf, thousand cubic Q 

Total production through 1962 
Field ~, field, Dis- Date shut Dis- Reservoir formation Average Deepest Deepest Type Type 

index county, township and covety in ( ) or Oil Natural gas 
GravityO Btu ( )~/ and number of depth pene- formation of Rock of 

No. rangel/ date abandoned (bbls) 
tillat:e 

(Mcf) (API) product:ive wells of pay tration tested t: rap3/ t:ypeY drive 
~ (bb1s) ( )U 'il 
~ 

Z 
t"j 

Paradox Basin ~ 

54 Akah, San Juan 1955 296,096 0 34 Hermosa (1P) 2 > 
5,045 5,975 Ouray (D) Stl I> L8 WI> SG t"I 

(42 S., 22 E.) St:a 

> 
55 Aneth area, 1956 135,367,019 109,318,147 31.2- 1,450- Hermosa (1') 548 5,540 7,885 Unnamed do. Ls I> SG Z 

San Juan (40-41 43.5 1,485 (pe) Do t:::;j 
S ., 23 -25 E. I> 
42 S., 24 E.) ::;: 

56 Anido Creek 1960 396,500 0 41.8- - .. ----- Hermosa (1P) 4 5,266 6,611 Leadville St:a Ls Do. ~ San Juan (43 S., 42.7 (M) t"j 
23-24 E.) ~ 

57 Barlett Flat:, 1962 --------} r ------- Hermosa (lP) 1 7,230 7,243 Hermosa Frs Sh Do. ~ 
Grand (25 S., (F) t:'=j 
19 E.) W 

117,172 
o 40.3-

0 
58 Big Flat, Grand 1957 --------- Leadville (M) 3 7,734 8,600 Unnamed St:1 & Do & W&G d 

(26 s., 19 E.) 43.9 (e?) Sta Ls ~ 
C1 

59 Big Indian, 1961 (1961) 0 68.6 Leadville (M) 1 10,150 11,143 Ignacio St1 do. SG t;j 

San Juan (29 S., (e) W 
24 E.) 

0 
60 Bluff, San Juan 1956 409,150 411,151 38.8- 1,100 Hermosa OP) 6 5,515 7,156 Leadville St:a Ca Do. 

"=j 

(40 S., 23 E.) 42.3 (M) d 
61 Bluff Bench, 1957 1961 22,755 0 37-41 Hermosa (1P) 5,453 6,780 do. do. Ls Do. 8 

San Juan (40 S., ~ 22 E.) 

62 Boundary Butte, 1948 
104,578 {36-42 No data Coconino (P) 7 1,549 6,129 Unnanect (e) St:l Ss W 

San Juan (43 S., 1948 1,248,580 36-48 800-900 Hermosa (11') 9 4,479 St1 & L8 G 
22 E.) Sta 

63 Broken Hills, 1960 19,347 0 35 Hermosa (1') 1 5,730 5,884 Hermosa St:a Ca SG 
San Juan (40 S., (11') 
22 E.) 



64 Cane Creek, 1959 (1959) 0 42 do. 6,656 8,005 Elbert FrS Sh Do. 
Grand (26 S., CD) 
20 E.) 

65 Chinle Wash, 1957 (1957) 0 ------- No data Hermosa (n') 2 4,890 6,385 Leadville Sta Ca G 
San Juan (43 S., (M) 
21 E.) 

66 Cleft, San Juan 1962 1963 2,102 548 39.3 No data Leadville (M) 1 5,916 6,218 Leadville No do. SG ~ 
1-1 

(43S.,21E.) (M)? data Z 
tr:I 

67 Cone Rock, 1959 1960 877 0 40.0 Hermosa (n') 1 6,125 6,200 Hermosa No do. No ~ 
San Juan (42 S., (ll') data data >-26 E.) t"4 

68 Desert Creek, 1954 302,805 97,100 40.0- 1,425 Hermosa (lP) 2 5,386 7,230 Leadville Sta Ls & SG >-
San Juan (41 S., 40.1 (M) ? Do Z 
23 E.) ~ 

69 Gothic Mesa, 1956 220,501 0 39.5- .------ Hermosa (n') 22 5,639 5,985 Hermosa do. Ca G 

~ San Juan (40 S., 44.5 (lP) 
22 E. & 41 S., t-3 22-23 E.) tr:I 

70 Grayson, San Juan. 1959 1963 4,818 0 38-41.8 Hermosa (n') 2 5,800 6,120 
~ 

Hermosa do. do. SG 
(38 S., 22 E.) (n') ~ 

tr:I 
71 Hatch, San Juan 1957 14,505 0 42.4 Hermosa (n') 1 5,977 6,234 do. do. do. Do. rn 

(38 S., 24 E.) 0 
q 

72 Hogan, San Juan 1962 1963 0 42.0 do. 5,479 5,715 do. do. do. Do. ~ 
(41 S., 22 E.) (") 

tr:I 
73 Ismay, San Juan 1956 3,646,993 3,847,882 37-46.4 No data Hermosa (n') 50 5,667 7,410 Leadville do. Ls Do. rn 

(40 S., 25-26 (M) 
0 E.) 
I'%j 

74 Lisbon, San Juan 1960 

r' 
No data Hermosa ell') 1 5,061 10,706 {Probable Fr Sh G q 

(30 S., 24 E.) e) t-3 1959 50-71 835- Leadville (M) 20 8,531 Stl Do SG & W 

~ 2,294,529 4,875,087U 46-53 
1,207 

1960 No data Ouray (D) 2 9,181 do. Ls No 
data 

1960 54 No data Elbert (D) 1 8,853 do Do Do. 
1959 45.1- No data McCracken (D) 2 8,304 do. Ss G 

45.2 

75 Little Valley, 1963 0 ------- No data He rmosa (n') 1 4,324 9,560 Leadville No Ca SG 
San Juan (30 S., (M) data Con 
25 E.) 1961 1961 0 46 Leadville (M) 1 9,367 Ls & Do. Con 

Do I:Q 



Table 3.--Summary of oil and gas fields in Utah--Continued O"l 
O"l 

[API, American Petroleum Institute; bbls, barrels; Mcf, thousand cubic feeS] ~ 

Total Eroduction through 1962 

Field ~, field, Dis- Date shut ~e)~yv~~~ ~:~:~i~~ Average Deepest Deepest Type Type 

index county, township and covery in ( ) or Oil Dis- GravityO Btu depth pene- formation of Rock of 

No. range!! date abandoned tillate 
Natural gas (API) productive wells of pay tration tested trap~/ type9 drW ~ (bbls) 

(bbls) 
(Mcf) ( )y 

~ 

Z 
Paradox Basin~-Con-

t"l 
::0 

tinued > 
t"I 

76 Long Canyon, Gr"nd 1962 30,572 0 41.5 No data Hermosa (1I') 2 6,866 8,132 Leadville Fr Sh SG 
(26 S., 20 E.) (M) 

~ 
77 Mexican Hat, 1908 1956 f6

•
9

-
Rico (P) 3 500 1,4257 Hermosa Sta Ss Gr t;j 

San Juan (42 S., 17,292 o 40.7 (IF) 
19 E.) 38.4 Hermosa (IF ) 10 600 do. do. Do. ~ 

78 Recapture Creek, 1956 375,364 538,323 41-42 No data Hermosa (IF) 4 5,436 7,050 Leadville do. Ca SG > 
t-3 San Juan (40 S., (M) tz:j 

23 E.) ::0 
79 Salt Wash, Grand 1961 100,925 ° 50.4- Leadville (M) 6 8,795 9,528 Lynch (8) Stl & Ls & W&G ~ 

(23 S., 17 E.) 56.2 Sta Do tz:j 
[fJ 

80 Shafer Canyon, 1962 8,013 ° 39.7 Hermosa (1I') 2 5,995 6,198 Hermosa No Sh SG 0 
San Juan (27 S., (IF) data q 
20 E.) ~ 

(':) 
81 Tohonadla, 1957 884,880 6,413 36-41 No data Hermosa (IF) 12 5,257 6,345 Elbert Sta Ca Do. t"l 

San Juan (41 S., (D) [fJ 

21-22 E. & 
42 S., 21 E.) 0 

"'l 
82 Turner Bluff, 1957 1961 14,009 1,749 46 No data Hermosa (IF) 1 5,416 5,795 Hermosa do. do. Do. q 

San Juan (40 S., (IF) 
22 E.) 8 

83 Tenneco USA 1962 196 0 No data ------- do. 5,404 5,547 do. do. do. Do. ~ 
Harris 1, 
San Juan (39 S., 
21 E.) 

84 Alco Cot tonwood 1962 1963 406 ° No data ------- do. 5,608 5,836 do. do. do. Do. 
Creek AI, 
San Juan (39 S., 
22 E.) 



85 Kingwood Oil Lime 1958 (1958) 0 ------- No data do. 1,294 3,357 Ophir (e) do. do. 
Ridge Unit 1, 
San Juan (40 S., 
20 E.) 

Bas in and Range and 
other fields 

86 Farmington, Davis 1891 lB9B 150,000 833 Lake beds (Q) 400-700 3,525 Salt Lake do. Ss 
(3 N., 1 W.) No data (T) 

87 Las t Chance, 1934 1949 0 ------- 840 Moenkopi ('t. ) 1 2,650 6,704 Lynch (e) Stl do. 
Emery (26 S., 
7 E.) 

88 Rozel Point, 1904 1952 No data 0 1.1 Salt Lake (T) 125-300 3,600 Salt Lake No Ba & 
Box Elder (8 N., No data (T) data Ls 
7 W.) 

89 Virgin, Washington 1907 199,569 0 30-35.7 ------- Moenkopi OR) 27 610 4,538 Redwall Sta Ca 
(41 S., 11-12 (M) 
W.) 

90 Woodside~/, Emery 1924 1926 0 --_ .. --- (8) Coconino (P) 1 142 8,431 Tintic Stl Ss 
(19 S., 13-14 (e) 
E.) 

!I Refers to Salt Lake Meridian except where Uinta Special Meridian (USM). is 'noted. 

~I Geologie ages are coded: Q, Quaternary; T, Tertiary; K, Cretaceous; J, Jurassic; l., Triassic; P, Permian; ll', Pennsylvanian; M, Mississippian; D, Devonlan; 
S, Silurian; 0, Ordovician; e, Cambrian; pe, Precambrian. 

~I Trap types are coded: Stl, structural; ~ta, stratigraphic; Fr, fracture; and FrS, fracture system. 

t:,/ Rock types are coded: Ss, sandstone; Sh 1 shale; St, siltstone; Ls, limestone; Do, dolomite; Ca, carbonate; and Ba, basalt~ 

~I Types of drives are coded: G, gas; W, water; SG, solution gas; and Gr, gravity. 

~/ Carbon dioxide fie ld. 

U May inc lude recycled gas. 

~/ Helium field. 

G 

Do. 

Do. 

No 
data 

Gr 

No 
data 
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GREEX mVlm HASIN P1WVINCJo; 

The GrCt'n Rin',J' Ba .. ,;in l>rovinee is a large spdimentary and topo­
graphic. basill in southwestern 'Vyoming, with a thin strip extending 
into northeast Ctah along- the north flank of t.he Uinta lIountains 
(fi~. l:{). The stratig-raphie section in rtah is ahout 11,000 feet 
thick in the eastern part of the basin and probably thickens to 1a,OOO 
fppt to the western part. Paleozoic ro('ks of the basin are primarily 
limestone wit h some sandstone and shale. The overlying ~fesozoic 
and Tertiary rocks consist of interbedded sandstone shale a.nd car-

: honate rocks. The regional dip is northward, but this is complicated 
hv sc'·cral fault..,; and folds. 

~ The Clay Basin gasfield, in the northeast corner of Daggett County, 
is the only producing field in the Utah part of t.he Green River Basin. 
The field was discovered in 1927 and production stnrted in 19a7, with 
completion of n. pipeline to t.he Salt Lake Valley. Gas and distillate 
are structurally trapped, with production coming from sandstones in 
the Fronlier and Dakota. Formations of Late Cretaceous agc. The 
(leepest test penetrated thc "Teber Sandstonc of Pennsylvania.n age, 
and PIH'ountered a. high amount of nitrogen and carbon dioxide. De­
(,line in reservoir pressure l'xhibited at Clay Basin gasfield indica.tes 
the drive is due to g-as expansion (Fidlar, ID()~, p. 182). Except. for 
a few scattercd wells, only t he eastern part of the Utah portion of t.he 
Green Ri,'er Basin has been explored, and generally it. has not ~..en 
t csted below the Cretaccous rocks. 

UIXTA BASIN PROVI~CE 

The Uinta Basin is in the nort,hern part of the Colorado Plateaus 
province (see fig. 4), and generally it is restrict.ed within eroded edges 
of the Tertiary rocks, but It is extended here to include the surface out­
crops of the underlymg Cretaceous rocks, which also reflect the basin 
structure. This extension along the southern ma.rgin allows the in­
clusion of thc oil and gas ficlds in the "Mancos shelf" area. (see figs. 
6 and 13), which are related to the basin structure. 

The maximum t hickne.~ of the stratigraphic section in the Uinta 
Basin is about 26,000 feet. The Paleozoic rocks are predominantly 
limestone with lesser amounts of shale and sandstone. The :Mesozoic 
rocks consist of interbedded sn.ndstone and shale, and, in the western 
part of the basin, some limestone. Tertiary rocks include sandstone, 
shale, and some carbonate rock. The asymmetric Uinta Basin fonned 
during the carlv Tertiary. The northern part is deepest and t.he axis 
trends· easterly~ irregularly. Folds and faults generally are rn.ther 
local features except for the Uncompahgre uplIft (fig. 13), a. large 
anticlinal strueture that extends northwesterly under the sout.hern 
part of the basin. 

The firs~ disco~~ry i~ the U!nta. .Ba:'in was a ~arbon dioxide field in 
the .Jurassl<' and I rIa~sw( ?) ~a,'a.]o Sandstonc 111 the Farnham dome, 
Carhon COllnty, lllad~ in U)~·1. The ga.s was not produced, however, 
ulltil the early "fOl·ties.~· At. Harley dome gasfield, discovercd in ID25, 
a show of g-ns in t.he .Jurassic Ent rada. Sandstone, ('ont.ains as much as 7 
perc.ent heliulll. The structure was made :t Federal hclium reserve in 
lH;{2 but has not. produced, In 1 D2;,), gas production from nonmarine 
sa.ndst ones of t hc .J urassic ~lorrisoll F()rmatioll was establishcd in t.he 
.\shley 'Talley ant icline, l' int ah COllnty, and from the ~Iorrison and 
Cl'l'ta('eOllS Dakota and Cedar ~Iollntain Forma .. tjons at Cisco dome, 
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Grand County. Gas was delivered to the Vernal area from the Ash­
ley Valley field until depletion of gas in the reservoir in 1941. Gas 
transmission from the CISCO dome area was not feasible, and except 
for some local use, the production was used to make carbon black, a 
powdery form of carbon that is utilized principally in the rubber In­
dustry. The field was abandoned in 1944. Deeper drilling in the 
Ashley Valley anticline in 1948 resulted in the discovery of 011 in the 
Penm;yInmia. 'Yeber Sandstone and in t.he o"erlying Permia,n Park 
(,itv Formation. This be('ame l~tah~s first. oilfir1d of mnch ec.onomic 
i m 1)0 rt.an ('.e. 

The emphasis in explorat.ion changed in the 1at.(' 19+0~s after oil 
and gas ha.d be('n found in nonmarine ~rdillwntar.v roeks in other 
:-.tat{'~" a.nd aftpr the import.alwH of stra.tigra.phie entra;pment of oil 
and gas hecame apparent. This new em.pha"",is was applied .to ('xplor<l­
tion in tlw rint.a Basin with r('~,;ulting discO\"erie .. ", of oil in the Ter­
t ial"}" GTeen Rin~r Fonna.tion in the Guslw.l' and Rooseyelt. fit".lds in 
I'!)4!l, a.nd tlU' discO\"e.ry of oil und goa." in the noteworthy R~lwash 
field in 1 Hi) 1. Sllhscqu(,J1tly, oi I has a.l~o l){'.('ll fOllncl in commercia.] 
qua.ntiti{'A"i in the Triassic ~r(){,.llkopi Formation, .Turassic )Iorrison. 
the ('rettH'POllS Dakota, ~Janeos, and )lpsan'rcic Formations, and the 
Tpritary ,,"nsaieh Formation, Also, ~a.s has he('u fOllnd in t.hp .Jllras­
si(' Ent rada. (\11cl ~rorrison Format ions: in t 11(' Cret.aecolls Ce.<la.r )[Ollll­
fa.in, Dakota~ ~Ia.neos, and ~le~,;averd(' FOl'mations: H.nd in the Tm1iary 
'Yasatc.h, (ir(,PI1 Hi,"cr, and rint.a Formations. (,se(~ ta.hle :1.) 

Accumulation is largply in sandstOJ1PAC;, except for carbonate rocks 
in t.he Park City, ~Ioenkopi, and part of t.he Green HiY(>r Formations. 
The entrapment is effectl'd largely by stratigraphic conditions, hut 
to some ext('nt nls() by stnlctural condIt.ions. Solution gas and water 
drives are act i"e in most oil pools, and gas depletion drives are typical 
of nlOst of the gns pools. The Uinht Basin is the second most produc­
ti,'o oil and gas province in Ctah. The largest out.put of oil and gas 
has come from the Redwa.sh field, the gas being produced both with 
the oil and from separate gas reservoirs. Ashley Valley is the se('ond 
largest producer of oil followed hy Roosevelt field, Uint-ah County. 
The. Bar X-San .Arroyo-1Yestwater ~'1ls area, Grand County, is ~-cond 
largest in gas production followed by the Bitter Creek field, Uintah 
County. . 

The oils from the Gret'Jl RiYcr Format.jOll; in t he Uinta Basin are 
genera.lly ~vaxy an~l have a h1gh pour point, solid~fying .. at te~pera.­
tures as hIgh as l.~O° F. n" eg-ner and Ball, 196.1, p. ;)01). rhese. 
chara.('teristics er('ate many problems in the product-ion llnd trans­
port-ation of tiw. crude oil. Producing wt.>lls must be treated with hot 
oil or reanwd to prevent. paraffin from dogging the well 00I"('--8. The 
crude must he dewaxed or mixe.d with a low pOllr point oil to prevent 
it. from solidifying in t he pipeline. 

The natllJ'al g-as in the {""iuta Basin is of good quality except for that 
found in the Entrada Sandstone. ,,"hich is eonta.minai.(' .. d by '":trying' 
a.mounts of ca.rbon dioxide and nitrogen. Gas from the Ent.ra(la 
Format.ioll of the San .Arrovo field is treatNl to remO\"e the ca.rbon 
dioxide. which raises the Btl! value enoug'h to be blended with other 
g-as and acceptecl at· the pipeline. In the ":"estwater field the Btu value 
is higher and the Ent rada, gas can be blended without treatment. An­
other problem in gas production is the rapid decline in reservoir pres­
sure when the wells are placed on flow. 
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Throughout lIlo~t of the basin t he Cretaceous and older formations 
have not '1)(,~11 tested, ('xc(>pt aroulld till' margins, and large areas of 
Tertiary rocks also al'(\ st ill untested esp{'cially in the western part of 
the basin. 

W.\S.:\TCII PLATKH--CASTLE YALLEY .\UEA PHOVINCE 

The "rasatch Plateall-Cast Ie Valley prO\-ince, in ('(~ntTal Utah (fig. 
l:n, i:; an cxtensi\-c area of Tl'rtiary and Cretaeeous rocks t.hat extends 

sout.hwesterly from the southwestern part of the Vinta Basin. This 
area is arbitrarily separated from the l~inta Basin along the drainage 
of the Priee HI\o(>1' and Spanish Fork ('r(>el\:. Tlw stratigraphic 
column in the area has a maximum thickne~ of about l!),OOO feet 
and consists of Paleozoic, Mesozoic, and Tert iary roe.ks that are pre­
dominant Iy sandstone and some limestone and shale. It is a 
structurally compl(>x area of numPl'ous north-tr(>n<ling horsts and 
~rabens that. ~eI}(>rally cut old{'r structures. 

In 1948, the Gordon Creek st ructure was (Ir-illed and substantial 
quant itil's of carbon dioxide w(~re found in the Triassic Moenkopi and 
P(,l'lllian Coconillo ~andstone none of which has been prodneed. First 
cOlllmercial dis('on~ry of natural ~as ill the Cl'etn('.('ou~ I~"'elTon Sa.nd­
stone ~[ellll)(>1' of the ~rancos Shale wa'"i l'stahlished in t.he Clear Creek 
struct ure in 1 9!) 1. This was followl'd by the diseovery of gas in the 
Dakota. :-ian(btollB ill t he Flat Canyon st rudllre and. ill both horizons of 
the .Toe·s Yalh'y field. The F~ITOIl Sanclstolle ~[('mber also was found 
to be produeti,oe of ~as in the Ferron field in Castle Valley. The 
Clpnr en'pk, Flat. Canyon, and .Joe's Yalho'Y gasfields havp deli\'ered 
gas to Ctah Valley and t he Salt Lnke City distribution renter. 

The ~as oceurs in faulted folds and is in contact with a water-drh-e 
pressure system. Porosities and permeabilities of the I('nticular 
Crpt.\.('l'OUS Dakot n ~andst OIl<' nIHl I· elTon ~rpllll)pr \"llry but. are ~en­
erally low. Th(' relati\'ely large production from the Clear Creek 
field is attributed in part to the fractur(>d resen-oir rocks. 

Futnre potential rests with deeper drilling of known structures to 
test. the Paleozoic and ~Iesozoie rocks. Although most of the major 
faulted blocks appear to han~ been explored, a search for additional 
faulted st rurtures is warranted. 

Po\H.\i>()X B.\SIX l'HOYIXCE 

The Pal'a<lox Basin pro\Oincp is dptinpd as the arp:t nn<lt'rlain by 
the IIermo~a Formation, whi('h outliIH'S the t'xtpnt of the Para<lox S('H 

of Pennsylvanian time. In addition to southeast. Ptah, 1.he basin ex­
tends into parts of Colorado, l\pw :Mexico, and Arizona. The strati­
graphic section in the basin in Ctah is about 24,000 fe(~t thick and is 
mninly salt, anhydrit('~ carbonate rock, shale, and sandstone. There 
is considerable fal1ltin~ in thp crntral and northern parts of the basin, 
in the area of the salt accumulations, along northwesterly trending 
faults. This area and the area immediately to the northeast contain 
t he thick~st. acrmnulations of sedimentary -rocks. The southern part 
of the baSIn IS folded locally and contains some faults. 

Of majol' importallce is the Hpl'lllosa Formation whieh e.oll~ists of a 
"ariety of C'arbonate rocks, sandstone, rarbonaceous shale, and evapo­
rites that intertongne along the northeast side of the basin WIth 
arkosic rocks of the Cutler Forlllation. The Hermosa rocks are rich in 
organic material, and represent deposition of sediments in It restricted 
marine environment. 'Vhile salt was being deposited in the central 
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part of the hasin, fossil debris accumulated in the southern part along 
with fine-grained carbonates. The faulting in the northern part of the 
basin began prior to the deposition of the Hermosa formation, and 
continued throughout most of Hermosa time, modifying the salt thick~ 
ness and resulting in the formation of salt anticlines. 

_ The productive his~()ry commenced i~ 1907 with the output of. oil 
rut the Mexican Hat Held trom sandstone In the Hermosa and overlYIng 
Rico Formations. Minor success was experienced, commencing in 
1923, in exploring the Bounda,ry Butte anticline near the Arizona State 
line where small quantities of oil ,vere found in the Triassic Shinarump 
Member of the Chinle ITormation and la,rge quantities of low Btu gas 
in the Hermosa formation. Difficult access and lack of market outlet 
precluded further development until about 1948. Discovery of the 
small Desert Creek field in 1954 and the Akah field in 1955 greatly 
stimulated exploration effort in the southern part of the basin leading 
to the discovery of the important Aneth field in 1956. The accumu­
lation of oil and gas in the Aneth field is a function of stratigraphic 
entrapment in porous carbonate rocks. The porosity is determined in 
part by. either th~ clastic texture or tihe result of dolomitiz,ation of the 
1imestones. The reservoir pressures result from solution gas and 
water drives. (See table 3.) Combination investigation of well log 
data and surface geologic investigations are largely responsible for 
success of drilling in the southern part of the basin. Since the "twen­
ties," the central and northern part of the basin also received attention, 
especially the salt anticlines. Although early drilling of these struc­
t.ures revealed the highly petroliferous nature of the rocks penetrated, 
no great success was realized except for the discovery of potash deposits 
in the evaporite facies of the Paradox Member of the HermosaForma~ 
tion. (See section on salines.) Oil was encountered at the north end 
of Salt Valley anticline, but sustained production could not be estab­
lished. Later, oil and gas found in the Big Flat and Cane Creek areas 
added further stimulus· to exploration. As more exploration wells 
were drilled and geologic data accumulated, it became apparent that 
a great potential of oil and gas would be in faulthlocks and folds whe:re 
pre-Hermosa porous rocks are adjacent to the thick, organic-rich 
Hermosa Formation. Although the structural grains. of the pre­
Hermosa tectonic elements paralleled and influenced Ithe development 
of the salt anticlines, the two are not superimposed, and ;the crests of 
ithe older structures are located on the flanks or between the surface 
expression of the salt anticlines. This knowledge, with the aid of geo­
physical investigations, led to the discovery of Lisbon and Salt Wash 
fields and further development of the Big Flat field. The accumu­
lations in these fields formed by the migration of oil and gas from the 
Hermosa into porous rocks of Devonian to Pennsylvanian age. Un­
fortunately, effective porosity has been lacking in some of the more 
promising structures. Solution gas and water are effective drive 
mechanisms throughout the central and northern part of the basin. 

The Paradox basin is presently the largest producer. of oil and gas 
in Utah. Much of the area remains to be explored and only the Her­
mosa rocks have been tested widely. Problems in the joint develop­
ment of oil and gas and potash mining may be anticipated in the 
northern and central parts of the basin (Rite, 1963). 
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BASIN AND RANGE PROVINCE AND OTHER FIELDS 

Accumulations of oil and gas are found at widely separated places 
outside of the major fields. The Farmington gasfield and reported 
gas in wells in the Salt Lake and Cache valleys indicated the presence 
of gas in the Quaternary and upper Tertiary rocks. The gas is in 
slJlall sand lenses, however~ and sustained production of significant 
volumes is not anticipated. The asphaltic seep deposits at Rozel 
Point in northwestern Utah probably formed in the Quaternary lake­
beds about 4,000 years ago as indicated by the carbon 14 age (Heyl­
mun, 1961), and are not likely important. The deposits have a very 
high content of sulfur combined in the organic molecules, however, 
and are valued at a large price per barrel by the rubber industry. 
The small production from the V lrgin field in Washington County is 
of little economic importance. It does, however, establish the accumu­
lation of oil in southwestern Utah, and has encouraged exploration 
effort in this part of the State. At the Last Chance field in Emery 
County, two wells encountered gas trapped in lenticular sandstones 
in the Triassic Moenkopi Formakion. An exploration potential in the 

i southern San Rafael Swell and Henry Mountains area is indicated by 
shows of oil and gas. The. Coconino Sandstone in the Woodside field 
in Emery County contains natural gas with 1.3 percent helium. It 
was made into a Federal helium reserve in 1924 and no attempts have 
been made to develop it until recently. It has not produced 'any gas 
to date. 

OIL AND GAS RESOURCES 

The estimated "proved recoverable resources" in Utah as of 1961 
were 218 million barrels of oil (IGrby, Messner, and Moore, 1961, p. 
365) and 1,526,140,000 Mcf of natural gas (Avery and Harvey, 1961, 
p. 315). Most of these reserves are in the Paradox and the Uinta 
basins, although minor gas reserves occur in the Green River Basin 
and the Wasatch Plateau-Castle Valley area. These reserves, how­
ever, are only a small part of Utah's total oil and gas resources, which 
may be as much as 10 times the production to date. These resources 
also are mostly in the Paradox and Uinta basins, with perhaps an 
appreciable amount in the Great Basin, and less significant amounts in 
the Wasatch Plateau-Castle Valley area and in the Green River Basin. 

Economic factors will control the rate of development of these re­
sources. Some factors that tend to slow development are the large 
expense of drilling to some of the deep deposits, the inacce&sability 
of some parts of the favorable regions west of the Paradox basin', and 
the lack of detailed structural and stratigraphic information in some 
undeveloped areas such as some parts of the Great Basin. Other fac­
tors tend to stimulate development of these resources, especially basic 
geologic data outlining the favorable areas and the availability of 
pipeline, refinery, and marketing facilities. Wise conservation prac­
tices that are in effect throughout the State will assure maximum utili­
zation of the resources. 

Utah's future as an oil' and gas producing state is assured, for in 
addition to the resources discussed aoove, it has a wealth of other fossil 
fuels that may ultimately be converted to liquid hydrocarbons, includ­
ing oil shale, coal, and other bituminous materials. 
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OIL SHALE 

(By W. B. Cashion, Denver, Colo.) 

Oil shale is a dense, fine-grn.ined sedimentary rock that is rich in 
organic matter which can be ('ollverted to oil by applying heat. The 
organic material is composed chiefly of minute particles which are the 
remains of plants and animals. Oil shale contains little or no free 
oil that can be extracted by soh-ents or mechanical methods, but ap­
preciable amounts of oil ('an be formed by thermal decomposition of 
the organic matter. The method of converting the orgalllc material 
to shale oil is called retorting. 

Oil shale is considered to be the Xation's prime supplementary 
source of liquid hydrocarbon fuels. Ctah contains extensive de­
~sits of oil shale that are a potential source of a large. amount of oil. 
fhe estimated potential oil-shale resources of Utah are second only to 
those of Colorado. Relati,-ely efficient methods of mining and re­
torting oil shale have been experimentally devised and an oil-shale 
industry in L"tah will develop as economic (,onditions change. 

Shale oil has not yet heen produced in the rnited States except ex­
perimentally, although elsewhere, as in Sweden and South Africa, 
It has been produced for more than ao years. Interest in oil shale as 
a po~ible source of liquid fuel has prompted considerable laboratory 
~xperimentation and, also, the construction of some small-scale I>lants. 
Shortly after 'Vorld 'Val' I several retorts were construeted near 'Vat­
son With the hope that a new industry eould begin in the Hocky 
Mountains. This industry did not materialize nnd the retorts were 
dismantled. Hecently there has been increaS(l,d activity in core drill­
ing and leasing of available oil-shale lands in Ctah, as wel1 as experi­
mentation in mining and retorting of oil shale in Colonldo. Any 
methods developed by these retorting experiments will be applicable 
in the recovery of oi I from Utah's shalac;;. 

The richest and most extensive oil-shale beds in Ctah are found in 
th.e Uinta Ba..')in, in the northeastern part of the State. (See fig. 15.) 
The.c;e shale.I:) oce·ur as Tertiary lakebeds of the Green Rlver'Formn.t.ion. 
In addition to the Pint.a. Basin deposits, t.hin beds of oil shale in the 
Green River Fonnation have been examined at one locality on the 
'Vasatch Plateau and at one locality in the San Pitch ~founta'ins 
(Winchester, 1923, p. 114), but the extent of these beds is not known. 

In the Uinta Baslll n sequence of oil-shale beds of the Grp-ell Hiver 
Formation is .exposed around th~ margins of the basin, except on t.he 
north side, where it is truncated and IS concealed by younger strata. 
These beds dip toward the central part of the basin, where they are 
thickly covered. 'Vithin the oil-shale sequence, the highest potent.ial 
oil yield is in the ~Iahogan'y ledge, n series of resistant, blue-gray­
weathering oil shales, the rIChest of which is called the ~fa.hogany 
bed. Sha-Ies of the ledge crop out in many canyons in the southern and 
eastern parts of the basin. The :Mahogany ledbre is thickest in the 
east-central part of the basin, along an east-west-trending strip near 
the 40th para lie.) , where it may lie as much as 2,500 feet below the 
surface. In t.he central part of the basin other oil shales, of lower 
potential yields, extend hundreds of fept above and below the lfahog­
any ledge, but the sequen(',e of beds thins near the margin of the basin. 

Samples of t.he Green Rh·er Forma.t.ion taken from many core holes 
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FIGURE I5.-0il shale in Utah. 
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and exploratory wells in the Uinta Basin have been assayed for oil 
yield by the U.S. Bureau of Mines. The results of these assays are 
used here to estimate the amount of shale oil resourc~~'i in the Uinta 
Rasin. Oil yields of samples from the Green River Formation. repre­
senting units at least 1 foot thick, range from a fraction of a gallon per 
ton to 95 gallons per ton of shale. 

An oil-shale sequence 15 feet or more thick that will yield an average 
of 15 gallons of shuJe oil per ton underlies an area of about :3,000 square 
miles in the Uinta Basm. (See fig. 15.) It is estimated that this 
sequence has a potential oil yield of a20 billion barrels. That part of 
the sequence described above, which is 15 feet or more thick and will 
yield 25 gallons of oil per ton, contains 120 billion barrels of oil (Dun­
can, 1958, p. 50). This purt of the sequenee underlies an a~At of 1,200 
square miles in the east-central part of the basin. 

The estimates of shule oil resources given in this report are for total 
potential yield and do not indicate the amount of oil reeoverable. 
Because of a searcity of exploratory wells in some parts of the Uinta 
Basin the data for these resource estmlates are not complete. The esti­
mates, however, are conservative and data from fut.ure drilling will 
probably indicate larger resource figures. 

OTHER BITUMINOUS SUBSTANCES 

(By W. B. Cashton, Denver, Colo.) 

Bituminous substanees other than the hydrocarbon fuels already 
discussed (coal, oil shale, and petroleum and natural gons), include 
two groups of materials, the solid hydrocarbons and rock asphalts 
(Abraham, 1945, pp. 66-67). Tn both groups, the organic material 
appears to have changed from an earlier form, and to have migrated 
from t.he original site of nccumulation. The many varieties of t.hese 
bituminous substances reflect differences in source materials and sub­
sequent history. A number of the varieties appear to represent ~~'ii­
dues left after partial volatilization of hydroearbons .. 

SOLll> IIYDUOCARBOXS 

lTtah eonta.ins numerous unusual deposits of solid hydrocarbons 
which are the result. of the metamorphosis of petroleum. These com­
parat.ively hard substances are hrown to hlaek in eolor and have a 
tarry or waxy appearance. TIl(~y are used in a great variety of prod­
ucts ranging (rom high-quality varnish('s to insulat.ion. Gilsonite, 
wurtzilite, and ozokerite are the most important. solid hydrocarbons 
found in etah and each of these mineraloids will he discussed sepa­
rately below. Glance pit.('h, tabbyit('~ and albertite are found in minor 
amounts and are of little (>('onomic signifieance. Gilsonite. wurt.zilite, 
and ozokerite OCCllr ill the Uinta Basin in the northeastern part. of the 
Stnte. (See fig'. 16.) Only gilsonite is being produced eommercially 
at the pn>scnt. time, hut significant amounts of wurtzilite and ozokerite 
also have been produced. The a.mount of solid hydroearhons pro­
duced in etah from 1888 through 1961 is estimated to he about 
3,880,000 short tons valued at about 890,300,000. 

26 ·803 0-69-6 
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GiJ.sonite vein Area containing bituminous sandstone deposits 

X 

Area containing solid hydrocarbon deposits 
(other than gilsonite) 

Bituminous sandstone or J.imestone locaJ.ity 

Letters refer to areas described in text 

FIGURE 16.-Solid hydrocarbons and rock asphalts in Utah. 
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Gilaondte.-Gilsonite is a black, lustrous substance having the 
appearance of solidified tar. It is characterized by a high fusing 
pOInt (over 2300 F.) and is almost completely soluble In carbon 
disulfide (Abraham, 1945, p. 250). A. major part of the gilsonite 
produced is converted to metallurgi{'al-~rade coke and gasoline. 
Gilsonite also is used in ink, floor tile, brake linings, paint, electrical 
insulation, battery boxes, fiberboard, and numerous other products. 
Gilsonite is also sent to foreign markets. 

lTtah is the onlv state r.hat produces gilsonite, and is the only stat.f" 
that contains major deposits of this solid ~ydrocarbon. Gilsonite is 
important to the economy of northeastern Utah, as evidenced by the 
1961 output which totaled 422,294 short tons valued at $9,9H>,000. 

Gilsonlte production began about 1888 and has increased through 
the years in response to growing markets, creation of new products, 
and improvements in mining and transportation tedmiques. An 
industry which began with pICk-and-shovel mining and wagon train 
transportation has evolved into one which is highly mechanizpAl. Spe­
cially designed equipment allows the mining of large tonnages of 
material, and watersprays settle the highly explosive gilsonite dust 
which otherwise creates haza.rdous mining conditions. Gilsonite is 
mined by American Gilsonite Co., G. S. Ziegler & Co., and Standard 
Gilsonite Co. in the area near Bonanza, in eastern rintah County, 
and the latter two companies also have mining operations in western 
Uintah County and eastern Duchesne County. A large percentage 
of the gilsonite mined by American Gilsonite Co. is transported by 
slurry pipeline to their refinery near Grand .J nnetion, Colo., where it 
is converted to metallurgical-grade coke, gasoline, and other products. 
All other gilsonite is transported by trucks to railheads in Utah and 
western Colorado. 

Gilsonite occurs in northeastern Utah in Dintah and Duchesne Coun­
ties (see fig. 16) as veins in northwest-trending vertical fractures that 
cut gently diI>ping beds of the Tertiary Duchesne River, Uinta, Green 
Rin~r. and 'Vasatch Formations. 'l'hese smooth-walled, linear \·eins 
range in width from a fraction of an inch to about 18 feet and the maxi­
mum length is about 14 miles. The widest veins, which occur in east­
ern Uintah County, have their maximum width in ma..c;;sive sandstones 
in the Uinta and the Green River Formations. The veins thin, how­
ever, when they pass from sandstone into shale. Information on the 
veins at depth is limited, but mining in eastern Duchesne County has 
reached a depth of about 1,500 feet. 

It is estimated that the original giIsonite reserves of Utah amounted 
to about 45 million tons. ThIS estImate is for total original reserves in 
place; no allowance is made for gilsonite that may not be minable 
because of limitations of vein width or other factors. Gilsonite pro­
duced to date amounts to about one-tenth of the estimated origInal 
reserves. 

Ozokerite.-Ozokerite is a native mineral wax that occurs in de­
posits usually associated with paraffinaceous petroleum (Abraham, 
19M>, p. 140). It may be as soft a..c; tallow or as hard as gypsum; it 
melts easily between about 58° and about 80 0 C.; and is soluble in car­
bon disulfide. Ozokerite is a nonconductor of electricity and is used in 
insulation. It is also used in high-quality candles, polishes, rubber 
additives, and wax figures. Much ozokerite is converted to ceresin, a. 
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highly purifit'-<i product, which is used to replace or adulterate beeswax, 
and hus a variety of other uses (Robinson, 1916, p. 11). 

1>evelopment of ozokorite deposits began in I88(), and by 1914 there 
wtore 17 small mines and prosJX'Cts. Utah's ozokerite production has 
been sporudic and there has not been n.ny mined in' several years, al­
though there is a continuing demand for the substance and the deposits 
are near transportat ion and other facilities. The small size of the 
veins and the irregular, unpredictable shape of the bodies discourage 
their exploitation. 

07..okerite occurs in an area of about. 2i) square miles in 'Vasatch 
and Uta.h Counties in c~ntral Utah. (See area A, fig. 16.) .As de­
seribed by Robinson (1916, »p. :'3-16), the deposits are in the 'Yasnic.h 
Formation in a stratigraphIc sequence of shale, sandstone~ and. lime­
stone, about 600-700 feet t hick. The beds dip 10 to 2!>0 northward 
toward the axis of tlu> {Tint.a Basin. The ozokerite o<'('·urs as ve~ns and 
as tillin~"S in brecciated zones: the wall roek is not imprel-,"1ated. The 
principal fissures trend alxmt N. 10° 'V. and contain the largest depos­
Its of ozokerite. Thicknesses of the veins range from a. frae-tion of an 
inch to ;~ feet. The deposits are irrel-,TUlar in size, and t hic.knesses and 
lengths of veins cannot be predicted far from exposures. For this 
reason no estimate of ozokl>rite reserves has heen made. 

lV-urtzilite.-'Vurtzilite is a. black, lustrous, sectile substunee which 
hilS a.n elast.icity similar to mica. and is only slightly soluble in ('arbon 
disulfide (Abraham, IH45, p. 291). 'Yurtzilite is used in calking and 
wa.terproofing compounds and pl"e..'iCrvative paints. 

Information concerning the mining of wurtzilite is scarce. Pro­
duction figure~ indicate that wurtzilite mining- beg-an about. 1900 and 
was carried on, diseontinuously, until about H)i)O. ~fining operations 
were on a relatively small senle and total production was probably 
less t han ~i),OO() short tons. 

,,"'urt-zilite deposits are found in a.n a.rea hetwe(>11 A\ vintaguin and 
Antelope ('unyons. in Duchesne ('ounty. (See area B. fig. Hi.) The 
deposits occur as vertical veins in gentiy dipping-limestone and shale 
beds in lhe Green Rin~.r Formation (Eldrirlrre, H)(H, pp. :15R-360; 
Davis, 1!)i)9, pp. !>5-Hl). The "eins are I-,TPne111.1fv narrow and have un­
even walls: ~me wurtzilite also o<'curs in breeciated zones. The widest 
vein ha.s 1l. maximum width of 4 feet Hnd the longest has a maximum 
length of about a miles, hut most. of tIl(> veins are 10 to 1~ inches wid(:l 
and about. 1 mile long. Out('rops of the veins are mostly restricted to 
steep slopes and cliff faees. Total resources of wurtzilite have not been 
estimated. 

HOCK .HH'lIALTH 

Hock asphalts are hitumen-impregnated porous roeks, such as sand­
stOlW and linH'stOlw, ('ontaining from a. few percent to as much as 1:~ 
l)(~r('ent hituminolls subst:lIH'e~. Tlw rock asphalt, after crushing, is 
used primarily for p:n"ing, and for ot hpr purpostos such as a mast ic 
for flooring, roofillg, and waterproofing. In addit ion, the bitumen 
may be extra<'f(>d froJll t he asso('iat~d mineral material by soh'ents or 
bv mechanical Ill(>ans. 
~The most imponant rock asphalt deposits are in the northeastern 

part of Ctuh (hg. Hi). Data on produ('tion are ineomplete, but total 
output. is estimated at about 400,000 tons. Nearly all the produc.tion 
has been bituminous sand::;tone from deposits near Sunnyside and at 
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Asphalt Ridge, and has been used for paving. A small production 
of bituminous limestone is reported, but the deposits have not been 
studied in detail. Some beds described as bituminous limestones, for 
example, may be oil shales. Many localities containing small deposits 
of bituminous sandstones and limestones are known, and a number of 
these are shown on figure 16. 

Sunnyside deposits.-The Sunnyside bituminous sandstone deposits 
are about 5 -miles north of the town of Sunnyside, Carbon County. 
(See area C, fig. 16.) The bituminous sandstone beds crop out in 
cliffs and stBep slopes in the upper part of the Wasatch Formation and 
the lower part of the Green River Formation, with the bulk of them 
being in the 'Vn.satch Formation (Holmes and others, 1948). The 
strata dip gently northeastward toward the axis-of the Dint-a Basin. -
Individual beds range in thickness from a few inches to 350 feet and 
extend as much as several thousand feet along the strike. These beds 
are numerous in a stratigraphic sequence 1,000 feet thick and occur 
along the outcrop for a distance of about 9 miles. . 

Bitumen content of beds in the Sunnyside area ranges from a few 
percent to a little over 13 percent by weight. Holmes (1948) estimated 
that. the area includes about 1,600 millIon cubic yards of bituminous 
rocks in which beds with 9 percent or more bitumen by weight contain 
728 million barrels of bitumen. From 1892 through 1945 intermittent 
quarrying operations removed about 335,000 tons of rock from the 
Sunnyside deposits. Shortly after 1945 mining ceased and has not 
resumed. 

Asphalt Rid,qe deposits.-The Asphalt Ridge bituminous sandstone 
deposits lie -a few miles southwest of Vernal, Dintah County. (See 
area D, fig. 16.) Impregnated beds of sandstone crop out along a 
northwest-trending strip about 14 miles long and less than a mile wide 
(Spieker, 1930). The bitumen occurs in beds of the Cretaceous Mesa,­
verde and Tertiary Duchesne River Formations (Covington, 1963, p. 
229). Dip of the beds is soutlnvard and southwestward and explora,­
tory drilling has encountBred bitumell-im:pregnated beds in the sub­
surface about 2 miles down dip from the outcrop. Thicknesses of im­
pregnated sandstone sequences at the- outcrop range from a few feet 
to about 200 feet. 

Samples analyzed from various sandstone beds show that the bitu­
men content ranges from about 8 percent to a EttIe more than 15 per­
cent by weight. The area within Ph miles of the outcrop is estimated 
to include about 1,970 million tons of bituminous rock containing 1,150' 
million barrels of bitumen (Spieker, 1930, pp. 96-97). The Asphalt 
Ridge deposits have been quarried for many years to obtain paving 
material for streets and roads in and near Vernal; however, the amount 
of material quarried is not known. 

PR Springs-Evaouation Greek deposits.-The PR Springs bitumi­
nous sandstone deposits (see area E, fig. 16) and the Evacuation Creek 
bituminous sandstone deposits (see area F, fig. 16) occur on the south­
east flank of the ITinta Basin, Uintah and Grand Counties. The main 
portions of these similar deposits lie along minor northwest-trending 
antidinal noses that plunge toward the structurally low part of the 
basin. 

The impregnated beds occur in the Green River Formation and crop 
out as cliffs or steep slopes in a well-dissected region. Maximum 
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thicknesses of individual beds is about 40 feet in the Evacuation Creek 
area and about 120 feet in the PR Springs area. 

In the Evacuation Creek area there is usually only one impregnated 
sandstone bed, but in the PR Springs area there may be as many as 
four within a stratigraphic sequence 200 feet thick. Much of the area 
between the two deposits contains sandstone beds that also are im­
preW1ated, although to a much lesser degree than the two main de­
POSItS. Impregnation of individual beds within the main deposits 
IS quite irregular. 

Bitumen content of analyzed samples from the sandstone beds range 
from about 6 to about 23 gallons per ton. Impre~nated sandstone bed!? 
underlie an area of at least 100 square miles, but because of the ir­
regular nature of the impregnation no attempt was made to estimate 
the bitumen reserves. The d{lposits have not been mined, probably 
because of their remoteness. 

Aliscellanemllf d(Jpo.'(it8.-Numerous small deposits of bituminous 
sandstone and limestone in rtah have been reported by yarious authors 
(Abraham, 1945; Barb and Ball, 1944; R.outwell, 1904; Covington, 
19()a; Eldridge, 1901). hnt few of thest' han' heen described in detail. 
F.rom the available information, they ar€' apparently of minor sig­
III fica..nce. 

~fost of t he deposits are, in beds of Tert iary age and lie within the 
l7'inta Basin. The only except ions are a deposit in sandstone of 
.Jurassic age about 22 miles northwest of Vernal, and a deposit in lime­
stone of Quaternary age on t h{l shore of Great Salt Lake. Some of the 
deposits are associated with faults or unconformit ies but most are 
in undisturbed conformable roc.k sequences. 

The impregnated sandston{l heds of .J llrassic, ~ge arc in steeply 
dipping strata n{lar the month of 'Vhiterocks Canyon, Cintah County. 
Covington (19G~, pp. 2ai-2~R) has estimated that, this deposit contains 
;)0 million barrels of bitumen. 

Boutw{lll (1904, pp. 47a-47G) (lescrilwd thin bitnminons limestones 
of Quaternary age that 0('('111' llear Hozel Point, Box Elder County. 
These limpstones an~ in lakpheds near tlw shore of Great Salt Lake 
and are impr('g-nated with bituminons material that seeps up through 
fractures in the lakel)(>ds. Some of tlw bituminous material permeates 
porous rock and som{l floats to the lake surface (Eardley, 1!l()a). ThE.' 
limestone beds ha,·e not he{ln worked but a small amonnt of the mate­
rial on th{llak(' surface was markpted for use in paying mixture. The 
bituminolls mat€'rial is hPlieyed hv Eardl('y to derive from oil occur­
ring in T('li iary limestone illt{lrbpdded with basalt. 

A revi('w of the literature has rev{lal('(l only one report of tlw min­
ing of bituminous limestone in rtah. Eldridge (1901, pp. 363-364) 
d('~'cribes a deposit ahout 8 miles northwest of the Gilluly rail siding, 
Utah County, that was mined ahout HlOO. The deposit is in It lime­
stone seqllelleC of l)(~ds in dw Ore>Em Ri"er Format.ion. The lwds dip 
nort heast wnrd into the rinta Rasin. 
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METALLIC MINERAL RESOURCES 

INTRODUCTION 

(By L. S. Hilpert, Salt Lake City, Utah) 

The metallic mineral resources, which are mostly in the western part 
of the State, have been the bulwark of Utah's mineral industry 
for the past 100 years. Through 1961, they have accounted for three­
fourths of the value of the total minerals outJ?ut, and they have been 
instrumental in the establishment of a major mIning, smelting, milling, 
refining, and manufacturing complex, and have played a great part in 
the develO'pment of the State's economy since about 1870. The major 
metals have been copper, lead, silver, gold, and zinc, in the order 
named. Copper greatly outranks all O'ther mineral commodities, hav­
ing a total YIeld through 1961 valued at mO're than $3.3 billiO'n, which is 
about 40 percent of the State's total mineral O'utput. Iron, which has 
a tO'tal yield valued about the same as zinc is O'f much greater value to 
the State because of its part in establishing a steel manufacturing 
complex. Other minerals of considerable impO'rtance in recent years 
are uranium, mO'stly from the eastern part of the State, and molyb­
denum, a byproduct of prophyry copper ores at Bingham Canyon. 
The metallic mineral resources will cO'ntinue in the future to' play 
about as important a part in the State's mineral economy as in the 
past. Although some metals may decline in output, others may take 
their plaee. The strength of the State's mineral economy is sup­
ported by a variety of mineral commodities and the metals are no 
exception. The recently discO'vered large resources of beryllium, for 
example, may be brought into prO'duction within the near future. The 
variety and extent of the metallic resources is brought out in the 
following sections. 

BERYLLIUM 

(By W. R. Griflitts, Denver, Colo.) 

Within the past 3 years, the world's largest known beryllium de­
posits have been discovered in Utah. Large deposits have not pre­
viO'usly been known, and Utah's beryllium industry is still in the 
early development stage, but rapid expansion appears to be assured. 

Beryllium is a metal that has received much attention during the 
last 15 years,because it possesses unique properties that might be use­
ful in the construction of nuclear reactors, O'f airframes for aircraft 
and space capsules, as well as the importance of many older uses. 
Traditionally, about three-fourths of the beryllium Clonsumed is 
alloyed with copper to make hard fatigue-resistant and nonrusting 
sJ?rings, diaphragms, tools, and other devices. Beryllium oxide com­
bInes high electrieal resistance, high thermal conductivity, and a high 
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melting point (4658° F), which makes it a very useful refractory 
material. Both beryllium metal and its oxide are useful as modera­
tors and reflectors of neutrons in atomic reactors. The use of beryl­
lium as a structural metal in manned aircraft and in missiles has been 
handicapped by its brittleness; however, this property has not. pre­
vented important use in guidance mechanisms of mis...c:;iles and in nose 
cones and manned space capsules. Alloys of beryllium with nickel, 
aluminum, and ma~Tll(>sium have ~~n used in rather small amounts: 
beryllium-rich alloys with aluminum were reported in 1963 to have a 
potentially large-scale use in aircraft manufacture. Speculative uses 
Include the incorporation of beryllium metals into missile fuels and 
explosives. 

Beryllium is a minor commodity in terms of the amounts actually 
used, as the U.S. consumption of ore increaserl from 1,013 tons in 1946 
to an all-time high 'Of only 9,692 tons in 1960, but the industrial im­
portance of beryllium is far greater than the amount u~,d might 
suggest. 

There is no substitute for it in some nuclear uses, and beryllium­
copper alloy springs that are used in many switches and other elec· 
trIcal contacts are critics.} components of computers, aircraft, and 
other delicate and costly machines, in which eqUIpment failures must 
be avoided. A factor that limits the choice of beryllium for many po­
tential use..c; has been the unavailability of dependable large sources 
of supply. 

The supply of beryllium ore has been maintained at an adequate 
and increasing level mainly by import.ation of the miners.} beryl, 
which contains 10 to 14 percent BeO. This rather high-grade beryl 
ore is obtained from pegmatite deposit.c; that are rather small; no more 
than 15 in the United States ha.ve yielded as mnch as 100 tons of ore, 
and the largest mine in the world has produced a total of less than 
4,000 tons. 

Since 1950 the search for dome$tic deposit.c; and deposits la,rge 
enough to sustain mining operations for several years has turned 
from pegmatite deposits to those of other types. The deposits of 
disseminated beryl In the Sheeproc.k Mountains, Tooele County, Utah, 
were among the first to attract att~ntion. The discovery in 1960 of 
multi-million ton deposits at Spor Mountain, ,Juab County and in 1962 
near Gold Hill, Tooele County, has shown that Ut.ah contains the 
world's largest known beryllium deposits. As a result of the SlH'A'-es...c:;­
ful exploration of the Spor Mountam deposits, the beryllium industry 
is begmning a shift from the use of import.ed high-grade ore to the 
USe of domestic. low-grade ore. Such a shift will permit. greatly ex­
panded eonsumption of beryllium and will provide a stabfe domestic 
source of ore. Thus great changes in the strueture of the industry 
and in the amount and diversity of use of the metal and its compounds 
can be expected soon, largely based upon Utah resources. 

Beryllium minerals have been found in many places in west.-eentral 
Utah, particularly in Tooele and ,Juab Counties (fig. 17). This area 
is the eastern end of a beryllium-rich province that. ext~nds westward 
from the Sheeprock Mountains, neal' Eureka., Utah to Austin Nev. 
Part of this province has been described by Cohenour (1963a).' 

I!J- tl!e Sheepr<:><;k Mountains (No.1, fig. 17), the east.ernmost de­
POSItS m the prOVlIlce, blue beryl crystals fonn radiating clusters or 
rosettes embedded in light gray to reddish brown granite (Cohenour, 
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1963b). These. clusters of crystals are distributed nearly at random 
oyer an area larger than a square mile; most abundantly in Hard-to­
heat and Sheeproek Canyons. Individual clusters may exceed a foot 
in width. These may be separated from the neighboring clusters by 
a few feet or several fens of feet. Inasmuch as the intervening granite 
generally contains little beryllium, the beryllium content of large rock 
masses is determined largely hy the number arid size of clusters of 
crystals . 

...:\. somewhat similar o('.<'urrence is on the east side of t.he Mineral 
Range, Beaver County, where blue beryl forms thin veinlets in granite 
(No.2) . 

The beryllium deposits at Spor ~fountain (No.3) are most unusual 
both in size and in geologic setting (Staatz, 196!{; Staatz and Griffitts, 
1961). Spor Mountain consists of limestones and dolomites, with 
minor amounts of sandstone or quartzite. The~~ rocks have been in­
tensely faulted and are overlain, along both the eastern and western 
!o'ides of the mounta.in, by beds of silicic volcanic ash or tuff. These 
in turn are overlain by ma.ssi "e rhyolite. A hove this rhyolit.e la.yer is 
more interlayered tuff and rhyolite. One particular tuff bed found 
under the hasin west of the mountain is the host of the beryllium ore 
bodies. It. commonly lies directly upon dolomite and below the lowest 
rhyolite and ('ontains abundant pebhles and ('ohbles of dolomite and 
linH'stone. This bed thins from 100 feet near the center of the rlistrict 
to about 30 feet in the southernmost deposit, "here it is separated from 
the rhvolit~ bv 20 or more feet of tuff that does not ('ontain limestone 
and dolomite pebbles. 

Beryllium-rich rock is found near t.he top of the pebble-rich tuff boo. 
The principal ore bodies appear to be hundreds of feet. wide, thousand:; 
of feet long, and 10to20 feet. thick. They are parallel toand near long 
faults in the sedimentary rocks that probably are the channels through 
whieh the beryllium entered t.he. tuff. The ore is a soft., earthy gray 
or tan mn..terial that. contains hard white, gray, and purple nodules, 
a fraction of an inch to a foot in width. The puryle color that 
characteristically spots the ore is due to fluorite, whIch constitutes 
a few perc.ent. of the ore. The beryllium is present in an aeid-soluble 
mineral that forms minute particles both in the nodules and in the 
eart.hy matrix. The two deposits cast of Spor lfouritain are similar 
to those west of the mountain and are· in pebble-bearing-tuff ne.ar faults. 
They are thinner and less extensive than the deposits west of t.he moun­
tains, inasmuch as the pebble layer is thinner and most of it has been 
removed by erosion. 

Beryllium-bearing- t.ufT also has been found below n rhyolite cap in 
the IIone.ycomb I-lills (No.4). These deposits are similar to t.hose at 
Spor Mountain but. are small. 

Another group of exceptionally large beryllium deposits was found 
hy the Vanguard Rest'arch Co. in 1962 in the Rodenhollse 'Vash area 
about. 3 miles southeast of CrOld Hill, 1Ttah (No.5). In this area., n~ar 
the c.enter of a stock of quartz mon7..onite, bl"ryllium-bearing veins are 
numerous in a belt ahout 2 miles long. Individual yeins are t.ens of 
f~.t in t.hickness and hundreds of feet. in length. The yeins are a fine­
grained mixture of quartz, calcite, adularia, a.nd a beryllium mineral, 
apparently the silicate, bertrandite. The veins are in the northeast­
trending lrncture zone shown hy X olan (1935). 

Coarse-grained heryl-bea.ring veins have been found in many places 
near Trout Creek, ,Juab County (No.6). The beryl in these veins 
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fOImS white crystals one-eighth inch t0' at least 2 inches in length 
which are in quartz or mica-rich veins ana associated with the tungste~ 
mineral scheelite. Some veins are several feet thick. Few have been 
extensively explored to determine the length ~nd vertical extent. 

A different type of coarse-grained berylhum-rich vein is on the east 
side of the Mineral Range and just east of an area in which the granite 
contains veinlets of beryl (No.7). The beryllium mineral is helvite, a 
rather uncommon mineral that has been considered a potential ore of 
beryllium (Sainsbury, 1962). In the Mineral Range prospect, hel­
vite is exceptionally abundant and is associated with marble, magne­
tite, and altered porphyry. 

Pegmatite deposits, which have provided nearly all of the world's 
beryl ore, have not been productive in Utah. Perhaps the largest re­
sources of beryl in pegmatite are on Gmnite Mountain, in the southern 
part of the Dugway Proving Grounds, Tooele County ( No.8). The 
bery I here forms blue crystals as much as 21j2 inches in diameter that 
are in pegmatite and composite pegmatite-aplite dikes (Hanley and 
others,1950). Associated minerals are albite, potash feldspar, quartz, 
and muscovIte. The beryl content of the rock is estimated to be one­
hundredth to one-tenth percent. The masses of pegmatite range from 
a few inches to several tens of feet in thickness. 

Pegmatite in the southern part of the Goshute Indian Reservation, 
Juab County, for.ms dikes in granite (No.9). One zoned dike has 
been prospected, to reveal a core of vuggy gray to white quartz, an 
intermediate zone containing potash feldspar and muscovite, and an 
outer zone of feldspar, quartz, and mica. Blue beryl was found in the 
outer and intermediate zones. 

A few beryl crystals were found in pegmatite in Skull Valley 
(No. 10). 

Resources to support active mining are as.sured, as at least 15 
million tons of material avera.ging at least one~half percent BeO are 
available i11 the Spor Mountain and Gold Hill areas. In addition, 
the same districts probably contain an eqnal amount of material 
averaging 0.1 to 0.5 percent. Enormous tonn~ges of rock averaging 
0.01 to 0.1 percent BeO are available in the Sheeprock Mountains and 
Gold Hill area. 

Large as the estimated resources are, they may well be increased 
by additional discoveries in the west-central part of the State. 

The exceptionally large resources ·and potential production of 
beryllium ore in Utah 'contrast markedly with the small past produc­
tion of beryl ore. The impending la,rge-scale production awaits, pri­
marily, an expansion of markets for beryllium products to a level 
that will permit sustained operation and reasonably rapid amortiza­
tion of costly industrial plants. This level of consumption appears 
assured within 10 years. 

COPPER 

(By R. J. Roberts, ~enlo Park, Calif.) 

Since the industrial revolution, copper has been a vital necessity 
to our economy. In 1962, 1,347,000 short tons were used by IT.S. in­
dustry; about. half of this went into the electrical indust.ry; 10 per­
cent each was used in the auto .and building industries; 9 percent in 
munitions; and the remainder in miscellaneous uses. Copper has 
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high electrical and thermal conductivity; it also has high tensile 
strength, ductility, malleability, and corrosion resistance. 

The early history of copper production in Utah is the history of 
the Bingham (West Mountain) district. Copper was discovered in 
Bingham Canyon in 1862 by John Lowder (flansen, 1963, p. 263), 
but he did not file on the discovery. Early in September 1863, 
George B. Ogilvie found lead ore in the canyon now known as Galena 
Gulch (Hammond, 1961, p. 121). On September 17 the first claim, 
the Jordan, was staked and the West Mountain Quartz Mining Dis­
trict was organized. Other claims were staked later that year and 
early in 1864, but development lagged and the first shipment of 
copper ore was not made, until June 1868 (Arrington, 1963, pp. 199, 
206). 

Utah did not ship significant amounts of copper until 1897 when 
the Highland Boy mine (later part of the Utah Consolidated Mining 
Co. property) a replacement deposit in limestone, was put into pro­
duction. A smelter was built in 1899 in Murray, 8 miles south of 
Salt Lake City, to treat the concentrates. 

Meanwhile, Col. Enos A. Wall became interested in low-grade cop­
per ores in the porphyry intrusives; in 1898, he sold an interest to 
Capt. Joseph R. DeLamar who assigned two of his staff engineers, 
Daniel C. JackIing and R. C. Gemmell, to sampling and metallurgi­
cal testing of the porphyry ores. After overcoming many difficulties, 
the Utah Copper Co. was organized in 1903 and production from 
underground ores began in 1904; steam shovels were placed in opera­
tion in 1906 for removal of waste capping. In 1907, mining of ore by 
shovels began, though underground mining continued until 1914. In 
1903 Bingham entered its major productive period (see fig. 2), and 
Utah reached fifth rank in production in the United States. In 1908, 
Utah ranked fourth and by 1917, second, a place Utah has maintained 
most of the time since then. The Kennecott Copper Corp., present 
owner of the Bingham Canyon mine, obtained the property through 
acquisition of the Utah Copper Co. stock over a period of years and, 
in 1936, Utah Copper Co. became an operating division of the Ken­
necott Copper Corp. (Hammond, 1961, p.128). 

In the last 56 years the Bingham district has produced more 
than 15 billion pounds of copper, the record for any single copper 
mine in history. The Bingham mine is now the second largest pro­
ducer of gold and molybdenum in the Nation (Kennecott Copper 
Corp., 1961). The ore has been mined from an open pit since 1907. 
Initially a shallow, leached capping about 100 feet thick was stripped 
from the ore body, and a thin but persistent zone of enrichment was 
mined before the primary sulfides were reached (James, Smith, and 
Bray, 1961, p. 86). As the pit has been deepened, the ratio of waste 
to ore has increased. In 1962, 2 tons of waste were stripped for each 
ton of ore mined. 

Copper deposits in Utah belong to several types: disseminated de­
posits in porphyry, contact de-gosits, replacement deposits, fissure 
veins, and sandstone deposits. The Bingham district contains repre­
sentatives of the first four types. The Tintic, Park City, San Fran­
cisco, and Big Cottonwood districts are principally replacement de­
posits, but also contain contact d~posits and fissure veins. The sand­
stone deposits are found on the Colorado Plateau in association with 
uranium and vanadium deposits. 

Location of the mining districts that have produced copper are 
shown on figure 18, and information on them is summarized in table 4. 
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TABLE 4.-Mining districts in Utah with recorded copper output, 1870-1961 

County Type of deposit References 

--------·-------------1-------------1-------------------------------------------1-------------------------------------

fl 

3 

4 

5 

6 

7 
8 
9 

10 

11 
12 

13 

14 

15 

16 

17 

18 
19 

MORE THAN 1,000 TONS 

Lucin _____________________ Box Elder _________ , Replacement bodies in limestone along north-south fault zoneSj 
mainly oxidized copper minerals in clay matrix. 

Carbonate_________________ Duchesne_________ Replacement bodies in Mississippian(?) limestonej mainly 

Park City (Uinta, Blue 
Ledge). 

Big and Little Cotton­
wood. 

Bingham (West Monn­
tain). 

Wasatch and 
Summit. 

oxidized copper miilerals. 
Byprodl'ct copper in base-metal replacement deposits in lime­

stone and fisSl'reSj oxidized copper minerals on upper levels, 
chalc.opyrite and tetrahedrite on lower levels. 

Wasatch __________ Byproduct copper in base-metal replacement deposits in lime-
stone and brecciated zones along thrl'st faplts and veins. 

Salt Lake _________ Mostly disseminated chalcopyrite and chalcocite in porphyrYj 
replacement deposits in limestone, and veins in sediments 
and porphyry. 

American Fork____________ Utah______________ Byprodl'ct copper from lead-zinc-silver veins and replacement 
deposits in limestone. . 

Stockton (Rush Valley) ___ Tooele ____________ Byproduct copper minerals in lead-zinc replacement bodies ____ _ 
Ophir __________________________ do __________________ do ___________________ ----- __________________________________ _ 
Gold Hill (Clifton) _____________ do_____________ Copper-bearing veins and replacement bodies in marble _______ _ 
Tintic _____________________ Juab and utah____ Byproduct copper minerals in lead-zine-silver replacement 

bodies and veins. 
East Tintic ________________ Utah ______________ Byproduct copper minerals in lead-zinc-silver ore bodies _______ _ 
Beaver Lake ______________ Beaver ___________ OK mine. Replacement pipe in quart7. momonite. Oxidi~ed 

copper minerals to 200 feet; enriched sulfides (covellite and 
chalcocite) below grading into primary chalcopyrite. 

Preuss __________________________ do_____________ Cactus mine. Breccia pipe in quart7, monzonite; oxidi'ed cop-
per minerals in upper workings; primary chalcopyrite at depth. 

San Francisco __________________ do_____________ Coproduct copper minerals ill silver-Iead-zinc-copper replace-
ment bodies along fault contact. 

Rocky ____ " _____________________ do _____________ Harrington-Hickory mine. Byproduct copper minerals ill lead-
silver in replacement ore bodies in limestone adjacent to 
quartz monzonite. 

Star and North Star ___________ do_____________ Moscow mine. Byproduct copper minerals in lead-zinc replace-
ment ore bodies. 

Big Indian ________________ San luan __________ Disseminated copper minerals in Triassic sandfltone; oxidized 
minerals (malachite, a?Urite) near the surface, sulfide min­
erals (covellite-chalcocite-bomite) at depth 

Lisbon Valley (Pioneer) _______ Ao _____________ Disseminated copper minerals in sandstone ____________________ _ 
Tutsagubet._______________ Washington_______ Oxidized copper and lead-silver ore bodies in Pennsylvanian 

limestone. 

Butler and others, 1920, pp. 492-49:>; Blue, D. M., 1960. 

Butler and others, 1920, p. 604. 

Boutwell, 1912, p. 82; Wilson, 1959, pp. 181-188. 

Calkins and Butler, 1943; Crittenden, Sharp, and Calkins, 
1952, p. 31. 

Bo"twell, 1905, pp. 126-154; James, Smith, and Bray, 
1961, pp. 81-100. 

Calkins and Butler, 1943, pp. 133-145. 

Butler and others, 1920; Gil1111y, 1932, pp. 136, 139-151. 
Butler and others, 1920, p. 376; Gilluly, 1932, pp. 139-151. 
Nolan, 1935, pp. 101, 103. 
Cook, 1957, pp. 57-79. 

Bush, 1957, pp. 97-102. 
Butler, 1913; Butler and others, 1920, pp. 505, 517. 

Butler, 1913; Butler and others, 1920, pp. 504, 520, 522. 

Butler and others, 1920, p. 503. 

Butler, 1913, pp. 194-196; Butler and others, 1920; Hewett 
and others, 1936, p. 74. 

Butler and others, 1920, p. 504; Hewett and others, 1926, 
p.75. 

Butler and others, 1920, pp. 614-615; Finch, 1959, pp. 141-
142. 

Butler and others, 1920, p. 615. 
Kinkel, 1951; Hewett and others, 1936, pp. 76~77. 
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30 

31 

32 

33 

34 

35 

36 

37 
38 

39 

40 

41 
42 

Box Elder _________________ Box Elder ________ _ 

Willard _________________________ do ____________ _ 

Sierra Madre______________ Weber and Box 
Elder. 

Promontory_______________ Box Elder ________ _ 

Weber _____________________ Weber ___________ _ 

Fremont Island ________________ do ____________ _ 
Morgan_ _ _ ________________ Morgan __________ _ 

Farmington_ ______________ Davis ____________ _ 

Browns Park areS_________ Daggett. _________ _ 

Silver Islet_ _ ______________ Tooele ___________ _ 

Little Split Mountain area_ Uintah ___________ _ 

Ourayarea________________ Wasatch ____ -____ _ 

Columbia_ _ _______________ Tooele ___________ _ 

Dugway ___ ~ ____________________ do ___________ _ 

Santaquin___ ________ ___ _ _ _ Utah _____________ _ 

West Tintic_______________ Juab _____________ _ 

Detroit ________ ~_-- ________ Juab and Millard_ 

Leamington___ ____ _ ___ ___ _ Millard __________ _ 
Moab area_________________ San Juan _________ _ 

Marysvale (Ohio) ___ "_____ Sevier ____________ _ 

Granite________ ________ ____ Beaver ___________ _ 

Lincoln ________________________ do _____________ · 
Capital Reef area__________ Wayne ___ ~ _______ _ 

LESS THAN 1,000 TONS 

Copper, lead, and zinc deposits in a fault zone striking N. 60° E. 
and dipping 50° SE. in Cambrian limestone. 

Copper and lead minerals in vein in Algonkian Precambrian 
quartzite; galena, tetrahedrite, pyrite, chalcopyrite are the ore 
minerals. 

Narrow veins composed of quartz, chlorite, pyrite, and chalco­
pyrite in Precambrian granite. 

Copper deposits in quartzite striking NE. and dipping 16° to 20° 
SE.; disseminated chalcopyrite and bornite(?) are the ore 
minerals. 

Vein between quartzite and limestone containing copper ore 
with gold and silver. 

Small veins containing gold, silver, copper, and lead ____________ _ 
Veins striking N. 30° to 45° W. and replacement bodies contain­

ing pyrite, chalcopyrite(?), and oxidized copper minerals in 
quartz-calcite gangue. 

Vein striking E. and dipping 60° to 90° N., 4 to 12 feet wide; con­
tains chalcopyrite, pyrite, specularite, and quartz. 

Copper carbonates and sulfides in veins and disseminated in 
Precambrian quartzite, mica schist, and amphibolite. 

Lenticular bodies in fissures that strike N. and (lip steeply W.; 
n,inerals are quartz, and sulfides of lead, copper, and iron. 

Copper carbonates and chalcocite in sandstone of late Paleozoic 
age. 

Copper and iron, largely oxidized near the surface. Copper 
carbonates and chalcocite in sandstone of Tertiary age. 

Quartz-fluorite veins containing pyrite and chalcopyrite that 
strike N. 25° to 45° W. in granite. 

Replacement veins in limestone containing lead, silver, and 
copper minerals. 

Narrow veins of· chalcopyrite with specularite, quartz, and 
chlorite. in fissures in Cambrian quartzite and shale. 

Silver-lead-zinc-copper ores along fissures that strike N. 65° 
to 75° E. and N. 15° to 20° E. 

Pyrite, chalcopyrite, and other sulfides in veins in limestone 
near porphyry dikes. 

Quartz veins containing copper carbonates and iron oxides _____ _ 
Chalcopyrite, chalcocite, coveIIite, and bornite disseminated in 

sandstone; oxidized copper minerals near surface. 
Chalcopyrite, tetrahedrite, galena, sphalerite, and pyrite in 

veins with quartz, fluorite, and barite. 
Sulfides of copper, lead, and zinc in replacement bodies and con­

tact deposits. 
Sparse copper minerals in gold-silver ore from the Creole mine __ 
Oxidized copper minerals in channels in sandstone _____________ _ 

Butler and others, 1920, pp. 221-222. 

Butler and others, 1920, p. 222. 

Butler and others, 1920, p. 223. 

Butler and others, 1920, pp. 499-502. 

Butler and others, 1920, p. 223. 

Butler and others, 1920, pp. 502-503. 
Butler and others, 1920, pp. 219-220. 

Butler and others, 1920, p. 226. 

Butler and others, 1920, p. 605, Hansen, 1957. 

Butler and others, 1920, pp. 487--488. 

Butler and others, 1920, p. 606. 

Do. 

Butler and others, 1920, pp. 427--429. 

Butler and others, 1920, p. 463; Staatz and Carr, in press. 

Butler and othets,1920, pp. 329-330. 

Butler and others, 1920, pp. 439-444. 

Butler and others, 1920, PP. 464--465. 

Butler and others, 1920, p. 423. 
Finch, 1959. pp. 143, 150. 

Butler and others, 1920, pp. 555--556. 

Butler and others, 1920, pp. 533-536. 

Butler and others, 1920, p. 530. 
Finch, 1959, p. 152. 
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TABLE 4.-Mining districts in Utah with recorded copper output, JB70-J961-Continued 

District County Type of deposit References 

LESS THAN 1,000 TONS 

White Oanyon area ________ San Juan __________ Chalcopyrite, bornite, pyrite, and covellite in uranium deposits 
in sandstone. 

Trites and Ohew, 1956, p. 244. 
- ____ do_~ _____________ ~ _____ _____ do _____________ Covellite and chalcocite associated with uranium deposits _______ Finch, 1959, pp. 141. 142. 
Silver ReeL _______________ Washington _______ Sulfides of copper associated with silver minerals in sandstone ___ Butler and others, 1920, p. 592. 
Monument Valley _________ San Juan __________ Oxidized copper minerals associated with uranium depOSits in Finch, 1959, p. 148. 

sandstone. Salina Creek ______________ Sevier __________ -__ Oxidized copper ininerals associated with lead-zinc ores in Butler and others, 1920, pp. 558-561. 
calcareous sandstone. 
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DISSEMINATED ORES IN PORPHYRY 

The Bingham district is one of the best examples of metal zoning 
in the world. A central zone of copper and molybdenum is sur­
rounded by a middle zone of copper-Iead-zinc and an outer zone of 
lead-zinc-silver (James, Smith, and Bray, 1961). The central zone 
coincides roughly with the Bingham porJ1hyry stock which cuts lime­
stone and quartzite of the Oquirrh FormatIOn. COPI?er and molybde­
nUnl sulfides are the principal ore minerals. The mIddle zone on the 
periphery of the porphyry stock contains replacement bodies of 
copper ores which grade laterally into copper-Iead-zinc ores. Chal­
copyrite and bornite are the principal copper -sulfides; enargite is 
locally significant. In the outer part of the middle zone galena and 
sphalerite predominate. In the outer zone galena, sphalerite, and 
tetrahedrite are the principal ore minerals; -many of these ores are 
high in silver and gold. The copper content is commonly low, except 
locally in the oxidized zones. 
, The central zone in the porphyry stock is about two-thirds of a mile 
in diameter (James, Smith, and Bray, 1961, p. 86). Studies of the 
distribution of iron, copper, and molybdenum in this zone show that 
the iron content is highest just outside the borders of the stock; cop­
per is irregularly distributed but is generally higher near the borders ; 
and molybdenum is higher in the central part. The copper sulfides 
are chalcopyrite (56 percent of the copper), bornite (29 percent), 
chalcocite ( 1~ percent), andcovellite ( 3 percent). Molybdenite is 
the only molybdenum mineral. Pyrite and pyrrhotite are the prin-:­
cipal iron sulfides; magnetite and specularIte occur locally in pe­
ripheral contact zones. 

Although the distribution of copper sulfides is far from uniform, 
careful blending of ores from different parts of the pit provides a 
uniform mill feed. Ore mined in 1962 contained, on the average, 16 
pounds of copper to the ton, and about. 0.03 ounce of gold. The 
molybdenum content of the ore probably averages about 0.04 percent, 
based on statements of the Kennecott Copper Corp. (1961) concerning 
copper-molybdenum ratios in the concentrates (30 :1.5). 

Major long-range improvements are being made at the mine, mills, 
and smelter to increase production to 1950 levels (275.000 short tons 
of copper annually). This work is scheduled for completion in 19f17. 

Other examples of disseminated copper deposi.ts in lJtah are the OK 
and Cactus mines (in districts Nos. 12 and 13), in Beaver County 
(Butler and others, 1920, pp. 504, 517). Copper metallization at the 
OK mine is in a pipelike body in quartz monzonite; oxidation extends 
to a depth of about 200 feet, and below a thin enriched zone, primary 
chalcopyrite and pyrite are found. The Cactus mine deposit is a chim­
ney-shaped body in brecciated quartz monzonite; chalcopyrite, pyrite, 
iron oxides, tourmaline, and barite fill cavities in the' brecda. Recent 
exploration in nearby contact deposits at the Bwana mine in the Bea­
ver Lake district (No. 12) by J. F. Powers and A. O. Taylor has led 
to the installation of a 500-ton mill by the Majestic Mining & Oil Co. 
Exploration of disseminated copper deposi.ts in. quartz monzonite 
northwest of the Bwana mine was being carried on in 1963 by the Bear 
Creek Mining Co. 
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The copper deposits in Beaver County are in the 'Vah "Tah-Tushar 
miner'al belt. This belt appears to have excellent potential for addi­
t ional discoveries in areas covered by alluvium and volcanic rocks. 
(See section on economic geology, p. 28.) 

. COJ!tact metamor(?hie a~d replacement ~dies.in the Bjngha~, ~in­
tIC (No. 10), Park CIty C~o. 3), and San FrancIsco (No. 14) dIstrIcts 
have contributed important amounts of byproduct copper from silver 
and lead ores. In the last three of these, copper has made up from 3 
t.o 10 percent of the total values in the ore. In general, t he copper con­
tent. has inereased downward, and will play a largl'r role In future 
production from these areas as the mines are deepened. 

On the wpst side of the Kennecott pit at Bingham, mines of the 
Anaconda Co. in Carr Fork ha\'e yield('d about 12 million tons of ore 
from two limestone units interlayered with quartzite (Hansen, 1961, 
p. 70). These units dip steeply and are locally overturned; in places 
the ore was more than 100 feet thick (Boutwell, 1905, p. 2(7). The 
oxidized zone was shallow; the sulfide ores contained chalcopyrite, 
pyrite, galena, and sphalerite in a gangue of lime silicates, iron oxideb, 
and marble. 

In the Tintic district. copper is recovered from silver, gold, and 
lead or(>s (Cook, 1957, p." 57). The majOJ' ore bodies are in folded 
Paleozoic rocks t}mt have h(>(>n broken by thrust, strike-slip, and high­
angle faults (~Iorris, 1!>57, pp. 1-56). The principal ore-be:lrmg 
fauIts strike northeast and the 01'(> bodies are localized at the int(>rsee­
tions of north-trending and north-nort.heast-trending fissnres. l\[ost 
of the ore has come from replacement deposits, but considerable pro­
duction has also come from fissure depOSIts. The prineipal primary 
('opper mim>rals of the replacement deposits are enargite and tetra­
hedrit~ and a~ociat~d galena, sphalerit~, argentite; t.he principal cop­
{WI' mlll('rals m the fissnrps are e.narglt(>. sonl(> chalcopyrIte, nrsenopy­
rit(>, tetralwcirite, nIHl assoeiated siln~r sulfides. 

Tlw Tintic district is in the J)(>('p Crepk-Tintie miIwrnl belt. Other 
areas of ~ood potent ial for fut ul'e discoveri(>s an~ 011 th(' fring<'s, espe­
cially east and south of tIl(' pn>s(>lltly prodlH·t i\'p arPHS. 

In the Park City district (Xo. a) copper Ol'PS art' associat('d with 
silv(>r-lead-zin(' ores in t lw Ont ario and .:\lay11ow(>r OJ'(> zonps nYilson, 
]959, [>. lRH), which strike nortlwllst. The primary ore bodi(>s consist. 
of #!a ena, sphalerite, chalcopyritp. {>narg-ih>, cha1cocitp, and bornite: 
tlw oxidized copper minerals w(>re lnrgely aZllrite and malachit(>. R('­
placempnt ore hodies formNl adjac(>nt to tis!-,urps that st rike ~. 50°-70° 
E.; the Ol'p bodi(>s are as 1lll1ch as 10 fe{~t thick anel ROO fept lon~. 

The Park City district is in the Oquirrh-l~inta mineral belt. .:\Iost 
of the produ<'tion thus far has ('OlllP from .:\Iississippian to Permian 
lirnestones~ limestones below the "Mississippian nnits offer good poten­
t ial for deeper (>xplorat ion. 

Contact m(>tamorphie and rt>placenwnt copper deposits in (11(> San 
Francisco and nearby districts an> peripheral to intJ'nsiYe hodil's that 
contain disseminated copper d('posits. The Horn Sih·(>!, ore hody is 
a pipelike r('p1aCelllPllt hody formed nlong a fault contact b(>twel'n lime­
stone and silicified voleal1lc rock. Galena, sphalerite, and chnlcopy-
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rite are the primary ore minerals; chalcocite· and covellite are the 
principal copper minerals in the enriched zone; brochantite, azurite, 
and malachite are the c'Opper minerals in the oxidized zone (Butler 
and others, 1920, p. 526). The copper minerals were mined mainly 
from the sixth to ninth levels. 

COPPER DEPOSITS IN SANDSTONE 

Copper deposits in sandstone are associated with dep'Osits of 
uranium and vanadium 'On the Col'Orado Plateau, principally in the 
Lisbon Valley (N'O. 18) Big Indian (No. 17) and White Canyon (Nos. 
43 and 44) districts in southeastern Utah. (See section 'On uranium, 
p. 124.) 

The deposits are mostly in fluvial Triassic sandstone and con­
ll'l'Omerate, especia;lly the Shinarump Member of the Chinle Formation 
(Fischer and Stewart, 1960; FInch, 1959, pp. 141, 147), The 'Ore 
minerals are chalcocite, oovellite, bornite, and chalcopyrite which are 
associated with pyrite, marcasite, and uranium and vanadium miner­
als; copper carbonates 'Occur in 'Oxidized z'Ones. The 'Ore minerals fill 
p'Ores in the host rock and locally replace fossil wood fragments and 
detrital grains. The ore bodies are mostly in channels cut into the 
underlying rock and are lenticular or tabular. In the 1957-61 period 
the grade of ore mined generally ranged from 0.75 to 2.0 percent cop­
per and averaged about 1.0 percent. 

It is estimated that known and undiscovered resources of copper in 
Utah are roughly equal t'O the total mined to date. Much of this 
resource probably is in the Bingham porphyry c'Opper deposit. AI­
rhough reserve figures for this deposit are not available, the recently 
announced $100 million ex,pansion program of the company probably 
is indicative that the mine will c'Ontinue the present rate of output 
for the next sever~ll decades. Other important reserves are known 
and additional resources may be fDund in hidden porphyry deposits 
in the Oquirrh-Uinta, Deep Creek-Tintic, and Wah Wah-Tushar 
mineral belts. (See section on eCDnDmic geolDgy, p. 28, and fig. 8.) 

GOLD 

(By M. H. Bergendahl, Denver, Colo.) 

Gold is prized by man as a universal standard 'Of value, the com­
mDn medium of exchange in wDrld CDmmerce, and the mDnetary stand­
ard of many nations. It als'O is widely used in the decDrative arts and 
tD a limited extent in industry and 'Science. 

Gold most cDmmDnly occurs as the native element associated with 
quartz or metallic sulfides; it alsD DC/curs all Dyed with silver as 
electrum, or combined with tellurium, silver, and other elements in sev­
eral telluride minerals; and in several rare minerals it forms corn 
poun9-s with mercury, bismuth, and chlDrine. _ 

Since 1946, Utah-has ranked second among the states ina_nnual i 

output of g'Ola and through May 19-63, Utah has produced about 
16,915,000 ounces of gDld. It ranks seventh among- the States in 
total gold output. The most productive area is near Salt Lake City, 
where the fDur largest mining districts-Bingha,m, Tintic, Camp 
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Floyd, and Park City-are located. A total ot 13 distncts have 
produced more than 10,000 ounces ot gold each (fig. 19). These are: 

[Total OlLtput in ounces through 19611 1 ]. 

1. Bingham (VVest ~ountain) __________________________________ 11,304,442 
2. Tintic _______________________________________________________ 2,648,789 
3. Camp Floyd ___________________________________________ -____ 1, 115, 764 
4. Park City __________________________________________________ 817,886 
5. Gold ~ountain (Kimberly) __________________________________ 2159',000 

6. Ophir-Rush Valley------------------------------------------- 2104,000 
7. ~ount Baldy and Ohio (~arysvale) _________________________ :I 77, 500 
8. American Fork______________________________________________ 45, 023 
9. San Francisco_______________________________________________ 38,818 

10. Cottonwood (Big and Little) _______________________________ 30, 5io 
11. Clifton (Gold Hill) _________________________________________ 25,865 
12. Stateline and Gold Springs___________________________________ 212, 760 
13. Willow Springs_____________________________________________ 211, 650 

1 Data from U.S. Btureau of Mines. 
:I Through 1959, Koschman, A. B., and Bergendahl, M. B., unpublished data. 

Gold played little part in the early developments in Utah. The set­
tlers were more concerned with establishing a viable community and 
did not deliberately seek gold. Rather, they looked tor and tound 
the more utilitarian resources needed in their pioneer life, such as 
salt, coal, iron, lead, and sulfur. 

Not until 1863, some 16 years after settlements were established, 
were the first ores containIng gold discovered in lower Bingham 
Canyon. The ores were oxidized lead-silver ores with a little gold. 
The discoveries are credited to the off-duty activities of Army per­
sonnel stationed at Camp Douglas, some of them veterans of the 
search for gold in California. Gold placers were found in the same 
canyon the following year, and the ensuing wave of prospecting 
located most of the metallic mining districts in the State within the 
next few years, including the Cottonwood-American Fork area in 
1866, the Tintic area in 1869-70, and the Park City area in 1870-7l. 

Although gold was the principal lure, in most of the deposits gold 
was associated with other metals and was produced only as a by­
product of silver, lead, and copper. There was enough gold in each 
district to encourage further search. 

Gold placers also were discovered in the Camp Floyd district in 
1870, but the gold content was too low to more than spark some excite­
ment. Gold mining as such, did not reach the frenzied heights 
achieved earlier in California or later in Alaska. The rich' silver­
lead ores, although they contained gold, had to be smelted to. recover 
the values. 

Two major developments about 1870 provided the impetus for gold 
mining in Utah-the installation of smelters and the completion of 
railroads. Production at Tintic, for example, doubled in 1879 and 
jumped from $1 million in 1885 to $5 million in 1890 (Lindgren and 
Loughlin, 1919, p. 106). Bingham also expanded its operatIOns dur­
ing this period. Prospectors continued to make important finds. The 
discovery of the Ontario ore body at Park City in 1872 gave this dis­
trict early prominence (Boutwell, 1912, p. 19). Other mines were 
active in the San Francisco, Ophir-Rush Valley, and American Fork 
districts in the 1870's, and in the Stateline and Clifton (Gold Hill) 
districts in the 1890's. 
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FIGURE 19.-Gold in Utah. 
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At intervals during the 1870's and 1880's the Mercur lode at Camp 
Floyd had been unprofitably worked and the district became virtually 
deserted. In 1890 attempts were made to extract gold using the 
newly developed cyanide process. The results were successful, and 
Camp Floyd soon became a major gold producer (Gilluly, 1932, 
pp. 123, 124). 

The depression of 1893 and the accompanying drop in the price of 
silver had a, profound effect on mining in Utah. At Bingham interest 
turned to the copper deposits that had previously been cons,idered too 
low in grade to be mined. After several years of experimentation, 
exploration, and consolidation of properties, large scale mining of the 
disseminated copper deposits was begun in 1907. (Bout-well, 1935, 
p. 349). Gold has been consistently an important byproduct of these 
operations. Output of copper ores at Bingham has been increased to 
the extent that today it is the second largest gold producer in the 
United States. 

In Utah, gold occurs in four major types of deposits: replacement 
deposits, fissure veins, disseminated copper deposits, and placers. In 
most districts it is found in more than one of these types of deposits. 

Replacement depo8its.-The replacement deposits are found prin­
cipally in folded and faulted limestone beds of Paleozoic and Mes­
ozoic age. These are most commonly tabular bodies that fol1ow bed­
ding, but locally as at Tintic, fault intersections may influence the 
formation of chimney-shaped deposits (Cook, 1957, pp. 63-70). The 
primary ores consist of masses of metallic sulfide minerals in which 
the gold is present as minute disseminations. Rich ore occurs in the 
oxidized portions of these deposits where gold has been released by 
the decomposition of the sulfides. 

Unique among the gold-bearing replacement deposits- of Utah is 
the Mercur lode in the Camp Floyd district. The principal minerals 
are pyrite, realgar, orpiment, and cinnabar in a gangue of jasperoid, 
barite, and calcite. The gold is too fine grained to be seen, and its 
mode of occurrence is not known; however, analyses have shown a 
relationship between gold and carbon (Butler and others, 1920, p. 
394). 

In most other replacement deposit.s in Utah, gold is a byproduct of 
ores mined principally for lead, silver, or zinc. Districts in which 
replacement deposits have yielded significant amounts of gold are 
Tintic, Cottonwood, Ophir-Rush Valley, Willow Springs, Mount 
Baldy, San Francisco, and Park City, and some of the Bingham ores. 

Fis8ure vein8.-The fissure vein deposits are mineralized fractures 
or faults that occur in rocks of a wide variety of lithologic types .and 
geologic ages. Tertiary volcanic rocks contain gold-bearing veins in 
the Stateline district (Butler and others, 1920. p. 565), and the Gold 
Mountain district (Callaghan, 1938, pp. 98-100; Lindgren, 1906, pp. 
88-90) . Veins occur in various sedimentary formations of Paleozoic 
age in the Bingham district (Boutwell, 1905, pp. 126-154)' the Tintic 
district (Cook, 1957, pp. 70-71), the Park City district (Wilson l 1959, 
pp. 183-188), and the Clifton district (Nolan. 1935, pp. 97-103). In 
the American Fork district quartzite beds of Precambrian and Cam­
brian age are cut by veins (Calkins and Butler, 1943, pp. 93, 94). A 
mass of Tertiary diorite porphyry in the Park City district is host 
for a few veins (Wilson, 1959, pp. 183-188). 
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The minerals of the veins include pyrite, arsenopyrite, galena, 
sphalerite, chalcopyrite, tetrahedrite, enargite, bornite, argentite, and 
locally small amounts of sulfantimonides and sulfarsenides. Gangue 
minerals are quartz, carbonate, fluorite, barite. Adularia, which is 
characteristic of epithermal deposits, is a component of the gangue 
in the veins of the Stateline district (Butler and others, 1920, p. 565) 
in the Gold Mountain district (Lindgren, 1906, pp. 88-90), and the 
Mount Baldy district, where alunite is also abundant (Butler and 
others, 1920, p. 557). The gold in the veins occurs as fine particles of 
native gold, as tellurides, or dispersed in the sulfide minerals. 

Disseminated copper deposits.-The Bingham district contains the 
only important deposit of this type in Utah and is by far the most 
important ore deposit in the State. Copper is the principal com­
modity, but large quantities of gold are recovered as a byproduct. 

The disseminated copper ore body is a mass of fractured and altered 
monzonite of Tertiary age. Grains of copper sulfides coat the walls 
of fissures and minute fractures that cut the monzonite and adjacent 
wallrocks. These veins and veinlets contain quartz, orthoclase, and 
smaller amounts of chalcopyrite, molybdenite, galena, and sphalerite. 
The gold is very fine-grained and occurs in the copper minerals. It is 
recovered from the slimes resulting from the electrolytic refining of 
the copper anodes. 

The placers of Utah are in stream gravels, where the gold derived 
from weathering was separated mainly from silver and base metal 
deposits, and concentrated by gravity through the action of moving 
water. Gold placers in Utah have been of minor economic impor­
tance and only those at Bingham had any appreciable output. Other 
placers were worked along the San Juan, Green, and Colorado Rivers, 
but were not large producers. In part, the relative lack of placer 
deposits in comparison to other western mining areas reflects the 
kind of mineralization found in Utah's mining districts. Free gold 
is sparsely ;l?resent in a few ores, but in most is intimately associated 
with metallIC sulfides and would be released in a very finely divided 
state during weathering. Another factor that worked against placer 
accumulation is the lack of abundant perennial streams to work and 
rework the sediments. Most of the gold that might have formed 
placers in other environments became dispersed in the immense basin 
fillings. 

All four types of gold deposits in Utah are distributed in near 
proximity to intrusive stocks and small batholiths, and the emplace­
ment of these intrusions was influenced by regional structures. 

The Cottonwood, American Fork, and Park City districts are clus­
tered in an irregular area whose center is at the intersection of the 
northtrending thrusts of the Wasatch Range with the westward proj ec­
tion of the anticlinal axis of the Uinta Mountains. The fairly large in­
trusive bodies in this area, aside from dikes and sills, are the only in­
trusive rocks known in the Wasatch Mountains. This area also con­
tains the only important ore deposits (Calkins and Butler, 1943, pp. 
3-4). At Bingham, northwest-trending folds in Paleozoic rocks are 
cut by west to northwest-trending thrusts and high-angle faults and 
by northeast-trending reverse faults. The intersection of the north­
east-trending faults with trends of fold axes andthe northwest faults 
were loci for the intrusions and their associated ore deposits (James 
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and others, 1961, pp. 49-66). In the Camp Floyd district, sedi­
mentary rocks of Paleozoic age were deformed into northwest-trend­
ing folds, faulted and intruded by several monzonite and rhyolite 
stocks and sills of Tertiary age (Gilluly, 1932, pp. 6, 41). At Tintic 
the ore deposits are spatially related to stocks of quartz monzonite and 
Inonzonite porphyry which intrude a thick series of folded and com­
plexly faulted Paleozoic sedimentary rocks overlain by flows of quartz 
latite and latite lavas (Morris, 1957, pp. 30-51). The largest deposit 
of the San Francisco district, the Horn Silver ore body, is on a fault 
between Upper Cambrian carbonate rocks and Tertiary volcanic rocks 
(D. M. Lemmon, written communication, 1963) ; other deposits include 
unmineralized breccia pipes and contact zones. In the Gold Mountain 
distr~ct, the deJ?osits are in a sequence of volcanic rocks believed to be 
of-early Tertiary age, which is cut by masses of quartz monzonite 
(Callaghan, 1938, Pl? 98-100). In the Mount Baldy district, faulted 
and warped J urasslC sedimentary and early Tertiary ( ~) volcanic 
rocks are hosts for the ore deposits (Butler and others, 1920, pp. 538-
557). The Ophir-Rush Valley district is underlain by sedimentary 
rocks of Cambrian to Pennsylvanian age that were folded into a 
northwest-trending anticline and then faulted and intruded by numer­
ous stocks, dikes, sills, and plugs of monzonite, rhyolite, andesite, 
lamprophyre, and nepheline basalt. The major deposits are at inter­
sections of limestone beds of Pennsylvanian age with faults (Gilluly, 
1932, pp. 157-162). Paleozoic sedimentary rocks in the Clifton district 
were subjected to at least five cycles of faulting and then mineralized 
(Nolan, 1935, pp. 97-103). Complex faulting of Paleozoic sedimentary 
rocks is also associated with mineralization in the "T ill ow' Springs 
district (Nolan, 1935, pp. 167-168). The deposits of the Stateline dis­
trictoccur in flat-lying, but extensively fractured Tertiary volcanic 
rocks. These deposits are shallow and are typical of the epithermal 
type in that they are not directly related to an intrusive (Bntler and 
others, 1920, p. 565) . 

The rich, easily mined oxidized ores of the pre-1900 era have long 
been exhausted, and from the, end of "T orld 'Val' II to the present, 
the gold-mining industry has been faced by a selling price that has 
been held fixed during a period of steadily rising costs, together with 
production of generally lower grades of ores. Asa consequence, gold 
output in the United States has steadily declined. 

Due mainly to the large production of base-metal ores at Bingham, 
Tintic, and Park City that yield gold as a byproduct, Utah's gold 
output belies the depressed condition of gold mining elsewhere in the 
United States. Since 1905, gold production has been more closely 
related to reserves and economic factors that govern the mining of 
base metals, and the post-W orId War II period records a vigorous 
increasing trend for gold (fig. 2) . .. 

What can be predicted for the future in terms of reserves and out­
put 1 Some expression of the total known and undiscovered gold 
resources in Utah is possible when based on available mine reserve 
data, past production records, and geologic inference. Such an esti­
mate indicates that Utah has total resources of known and undis­
covered materials that contain about twice as much gold as has been 
mined to date. Some of these resources are known, and others may 
be found in deposits in the Oquirrh-lTinta, Deep Creek-Tintic, and 
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WahWah-Tushar mineral belts. (See section on economic geology, 
p. 28, and fig. 8.) Since the open-pit copper mining at Bingham 
currently accounts for more than 90 percent of Utah's gold, the activity 
of this single district probably will dominate the gold output for the 
next several decades. (See section on copper, p. 75.) The vein gold 
districts in the State will continue relatively inactive, but the renewed 
activity at Tintic will almost certainly yield important quantities of 
gold. It appears likely that gold output will continue at its present 
levels unless economic factors change radically. 

IRON 

(By R. G. Reeves, Washington, D.C.) 

Iron ore is the prime raw material in the production of iron and 
steel, which in turn are basic to our present industrial economy. In 
addition to iron ore, huge quantities of fuel (coal of coking quality), 
water, and lesser amounts of limestone and other raw materials are 
required for the production of iron and steel. The iron and steel 
industries and their related manufacturing industries are most fully 
developed where iron ore and coal occur or can be brought together 
easily and cheaply. In 1961,54 percent of U.S. iron and steel produc­
tion was in Pennsylvania, Ohio, and Indiana; most of this was used in 
nearby industries. The vVestern States,t with 15 percent of the 
population (1960 census), produces only about 7 percent of the Na­
tion's iron and steel. In the Western States, production is concen­
trated in Utah, California, and Colorado, with minor steel production 
in Arizona, Oregon, and Washington. At the present time, most of 
the ore on which the western iron and steel industry is based comes 
from Utah, Wyoming, and California. 

Of the iron ore consumed in the United States, most (93 percent 
in 1961) is used in blast furnaces to make pig iron. Most of this pig 
iron and the remainder of the iron ore is used to make steel. Pig iron 
is mostly iron with some remaining impurities such as phosphorous 
and sulfur, depending on the composition of the ore and the blast 
furnace practices. Removal of impurities in the various steel-making 
processes may be costly and lead to considerable loss of iron or decrease 
in capacity, so the amount and nature of the impurities in the ore are 
often of greater importance than the absolute iron content. 

The processes, including types of furnaces, used in an integrated 
iron and steel plant depend largely on the composition of the ore. 
Also, blast furnaces and attendant steel furnaces should be a certain 
minimum size (currently about 800 to 1,000 tons per day for blast 
furnaces) to be efficient and competitive. Installations of this size 
require large quantities of iron ore (15 to 20 million tons during the 
life of the smallest practicable installation) of a reasonably uniform 
composition, both as to iron content and impurities. Exploitation of 
small deposits of a few hundred thousand to a few million tons are 
therefore not feasible unless the ore is suitable for, and within eco­
nomic transportation limits of, an established iron or steel plant. 

1 Includes for this discussion the States of Alaska, Arizona, Cal1fornia, Colorado, Hawaii, 
Idaho, Montana, Nevada, New Mexico, Utah, Wrushington, and Wyoming, 



90 MINERAL AND VVATER RESOURCES OF UTAH 

Large volume low-cost mining operations by open-pit methods are 
favored. 

Prior to World War II, 'almost all iron are was charged directly into 
blast and steel furnaces without beneficiation. In 1961, more than 80 
percent of the crude are 2 mined in the United States was beneficiated 
before use; such material comprised 55 percent of the are used in do­
mestic furnaces. The chief reasons for this were: (1) Threatened or 
anticipated exhaustion of available high-grade ore during 'Vorld War 
II, which stimulated beneficiation techniques and installations, (2) 
excessive fines (material under a given size, generally one-half inch) 
produced at some large-sca,le operationS', which could not be used 
satisfactorily in blast furnaces, and (3) improved furnace operation 
and efficiency resulting from the use of beneficiated material This 
use of such material instead of crude are is increasing, chiefly owing to 
this improved furnace operation and efficiency, and is expected to can­
tin ue to increase. 

World production of iron are in 1961 was 498 million long tons; 3 

that of the United States was 137 million long tons of crude ore. Of 
the are produced in the United States, 26 million long tons ,vas direct 
shipping ore, and the remaining 111 million long tons was beneficiated 
to produce 54 million long tons of usable are. Utah ranked fifth 
among the States in domestic production, producing 3,602,000 long 
tons. 

Mining of iron are in Utah commenced in 1852, but was sporadic and 
rather unimportant until the early twenties when the availability of 
Utah coking coal and other raw materials and the promise of suitable 
markets brought about the estahlishment of a blast furnace and other 
facilities near Provo (Larson, 1963, pp. 248-261). As a result, by 
1962, 67 million long tons of iron ore had been produced, with a value 
of $313 million. Except f'Ora few tens of thousands of tons, all of 
this production was from the I'ron Springs district. About three­
fourths of Utah iron are is used in the Geneva steel plants near Provo; 
the rest is shipped chiefly to Pueblo, Colo. 

Iron deposits and iron ores may be classified in many ways; on the 
basis of origin or form of the deposits, and on the basis of mineralogy, 
physical characteristics, grade, or by use of the ore. The iron deposits 
of lJtah aTe mostly massive and irregular, in which the iron are min­
erals have replaced principally sedimentary rocks, although locally 
igneous rocks have been replaced. "reins of iron are, although numer­
ous, widespread, and containing material of exceptional quality, are 
generally too small to be mined profitably. Both the irregular massive 
and vein deposits are related to intrusive bodies. Gossans formed by 
the leaching and oxidation of pyrite and other metallic sulfides, and 
"bog are" deposits of hydrous iron oxides deposited in lakes and 
swamps also constitute iron deposits in Utah. 

Iron ores are classed as hard, soft, or intermediate, depending on 
the amount of fines produced during mining, crushing, and handling; 
as Bessemer or non-Bessemer, based largely on the phosphorous con­
tent (Bessemer ore has less phosphorous) ; as direct shipping or crude 
ore, depending on whether or not beneficiation is needed before use 

2 The term "crude ore" in the Iron and steel Industry Is material that Is not benleficiated 
prior to use In blast or steel furnaces. "Usable ore" Is material that ma,y be charged Into 
furnaces, and consists of "direct shipping ore" and benefic1atedJ crude ore. 

3 A long ton is 2,240 pounds avoirdupois. 
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EXPLANATION 

Size of district or deposit: Production plus reserves, in long tons 

4t Large: more than 10,000,000 

• Intermediate: 2,000 ,ODD to 10 ,000 ,DOD 

• Small: less than 2,000,000 

Numbers refer to mines and districts listed in text 

FIGURE 20.-Iron in Utah. 
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in the furnace; as self-fluxing (produces a satisfactory slag during 
smelting); and in many other ways depending on the purpose for 
which the classification is intended. Most of the iron ore produced 
from Utah deposits is hard, high-grade, non-Bessemer, direct-shipping 
ore. 

The principal Utah iron ores consist of one or both of the iron oxide 
minerals hematite (70 percent iron) and magnetite (72 percent iron). 
Ores that contain siderite, an iron carbonate mineral (48 percent 
iron) ; "limonite," various hydrous forms of iron oxide; or iron sili­
cates are less common and less important. Pyrite and other iron 
sulfides are minor sources of iron as byproducts of other mining and 
Inetallurgicaloperations. 

Iron deposits and occurrences are widespread in Utah, and have 
been reported in at least 16 of the 29 Utah counties. The only known 
major deposits,from which almost all of the Utah iron-ore produc­
tion has been obtained, are those of the Iron Springs district in central 
Iron County. Smaller deposits occur in the Bull Valley-Cove Moun­
tain district, Washington County; in the Uinta Mountains in Daggett, 
Duchesne, Summit, and Uintah Counties; in the Wasatch Range, in 
Box Elder, Morgan, Salt Lake, Wasatch, and Weber Counties; and in 
the Bear River Mountains in Cache County. Gossans have been ex­
ploited for iron ore for flux in the Wah Wah Range and elsewhere 
In Beaver County; in Utah County near Eureka; near Lucin, Box 
Elder County; and southeast of Sevier, Sevier Cou~ty. Utah iron­
ore deposits have been described principally by Boutwell (1904), 
Leith (1904), Leith and Harder (1908), Butler and others (1920), 
and Crawford and Buranek (1943). Twenty-eight of the more im­
portant districts, deposits, and occurrences are shown in figure 20 and 
listed in table 5. These deposits are shown as large, intermediate, 
or small (fig. 20). As designated by Dutton and Carr (1947) for 
western United States iron-ore deposits, large deposits contain more 
than 10 million long tons, interp1ediate deposits have from 2 to 10 
million long tons, and small deposits have less than 2 million long tons. 

Table 5.-Iron ore districts, deposits, and occurrences in Utah 

Num- Name of district, deposi~, or 
ber occurrence, and location 

1 Iron Springs district, Iron County: 
T. 35 S., Rs, 12-]3 W., T. 36 S., 
Rs. 13-14 W., and T. 37 S., R. 
14W. 

2 Bull Valley-Cove Mountain dis­
trict, Washington- County: T. 
38 S., R. 17 W. 

3 Paragonah district, Iron County: 
Secs. 19,30, T. 33 S., R. 7 W. 

4 Central Wah Wah Range deposit, 
Beaver County: West-central 
part, T. 27 S., R. 15 W. 

5 Blonde Mountain (Iron Queen) 
depo!lits, Wah Wah Range, 
Beaver County: T. 29-30, S., 
R.15W. 

6 Iron Mine Pass deposits, Beaver 
County: Ser.. 19, T. 26 S., R. 11 
W. 

7 Rocky district, Beaver County: 
Sec. ~J T. 27 S., R. 11 W. ' 

8 Blue Mountains area, Beaver 
County: Southwest roOmer (!lecs. 
30 and 31), T. 29 S., R. 12 W. 

Type Reference 

Hematite-magnetite re- Leith (1904)1 pp. 229-237; Leith 
placement in limestone, and Haraer (1908): Mackin 
and magnetite veins. (1947, 1953); Granger (1963, 

pp.146-150). 
_____ do_ _ __________________ Leith and Harder (1908), pp. 90-

Massive magnetite re­
placement in intrusive 
volcanic rock. 

Probably brown "ore," 
gOSS8!l type. 

HrFm~~~nr:.Placements in 

Small, scattered pods of 
hematite in dolomite 
bed in Precambr lan(?) 
quartZite. 

Massive magnetite re­
placement in limestone. 

Hematite-magnetite re­
placements in limestone. 

92; Wells (1938), pp. 477-507. 

Young (1947), p. I, fig. 1; J. W. 
Powers, oral communication. 

Utah Mining Association, p. 30. 

Crawford and Buranek (1943), 
pp.13-14. 

D. M. Lemmon, oral communi­
cation, 

Hobbs (1945b), p. 95, pI. ~. 

Young (1947), p. 1, fig. 1. 
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TABLE5.-Ircm ore di8tricts, deposita, and occurrencea in Utah-Continued 

Num­
ber 

Name of diFtrlct, deposit, or 
occurrence, and location 

9 Mineral Range deposit, Beaver 
Countf: Central part, T. 26 S., 
R.8W . 

.10 McGarry district, Beaver County: 
Northeast part, T. 28 S., R. 9 W. 

11 Cave minet, Beaver County: Sec. 
12, T. 29 ::s., R. 10 W. 

12 Krotkilron (Iron Cap) mine, An­
telope Range}, Sevier County: 
Sec. 15, T. 26::s., R. 3 W. 

13 Spalding and Queen of the West 
deposits.t, Utah County: Secs. 9 
and 16, '1'.11 S., R. 1 W. 

14 Dragon and Black Jack Iron mines, 
Tintic district, Utah County: 

15 

16 

17 

Secs. 30 and 31, T.I0 S., R. 2 W. 

Levan area, Juab County: South­
west part, T. 14 S., R. 1 E. 

Copper· Mountain mine, Lucin 
district; BOl: Elder County: 
SOl'theast part. T. 7 N., R. 19 W. 

Wlllarddistrict, .HOl: Elder County: 
Sec. 13, T. 8 N., R. 2 W. 

1~ Mineral Point deposit, Cache 
Copnty: Secs. 24 and 25, T. 9 N., 
R.2E. 

19 Weber district, Weber County: 
About sec. 30, T. 6 N., R. 1 W., 
and sec. 30, T. 7 N., R.l W. 

20 Norway Iron Mining & Manu-' 
facturing Co. mine, Hardscrab­
ble district, Morgan County: 

21 
Northeast part, T. 3 N., R. 2 E. 

Mountain Lake deposit Salt Lake 
County: See. 2, T. 3::s., R. 3 E. 

22 Brighton-Park City area, Summit 
County: Sec. 30, T. 2 S., R.4E. 

23 Rhodes Plateau deposits, Wasatch 
County: Sec. 7, T.l N., R. 9 W., 
Uinta meridian.1 

24 Moon Lake deposit, Duchesne 
County: West-central part, T. 2 
S., R.13 E. 

2li SPring Creek deposIt, Daggett 
County: About secs. 14-15, T. 3 
N., R.22 E. 

26 Birch. Creek deposit, Daggett 
County: Sec. 3, T. 2,N., 1\; 17 E. 

27 Red Canyon deposit, Daggett 
County: Probably northwest of 
Dutch John in sees. 31-34, T. 3 
N., R.22 E.-

28 Pope Iron mine, Uintah County: 
.Bec. 21, T. 1 S., R. 21 E. 

29 Woodside deposits, Uintah Coun­
ty: Sec. 8, T. 2 S., R. 20 E. 

Type Reference 

Not glven _________________ Utah Mining Association (1959), 
p.30. 

_____ do ________ • ___________ _ 

iiJ.imonite," gossan ______ _ 

Manganiferous limonite in 
tuft breccia of the Bul­
lion Canyon volcanics. 

Manganiferous Iron ore ___ _ 

Gossan bodies at contact 
of monzonite intrusives. 

Not glven ________________ _ 

OiLimonite," gossan type __ 

Hematite-magnetite "fer­
ruginous schist" (re­
phcement b'Jdy, meta­
morphosed?). 

HematIte replacement in 
limestone. 

Hematite-magnetite re­
placement bodies in 
limestone. 

"Brown ore," probably 
gossan type. 

Contact metamorphic 
magnetite in Mississip­
pian limestone. 

Hematite masses at con­
tact of limestone and 
diorite. 

Hematite replacement of 
limestone "in and ad­
jacent to E.-W. fracture 
and breccia zones." Not given ________________ _ 

Do. 

Butler and others (1920), pp. 
530-531. 

Butler and others (1920), p. 546; 
Crawford and Buranek (1943), 
p. 17; Callaghan and Parker, 
1961. 

Crittenden (1951), pp. 47-48. 

Lindg,en and LOllghlin (1919), 
pp.258--261; Butler and others 
(1920), p. 415; Crawford and 
Buranek (1943), p. 15. 

Utah Mining Association (1959), 
p.55. 

Butler and others (1920), pp. 
492-493: Crawford and Buranek 
(1943), pp. 16-17. 

Butler and others (1920), p. 222; 
fig. 36, p. 221. 

Crawford and Buranek (1943), 
pp.I2-13. 

Butler and others (1920). p. 223; 
Crawford and Buranek (1943), 
p.11. 

Butler and others (1920), p. 226; 
Crawford and Buranek (1943), 
p.l0. 

Crawford and Buranek (1943), 
p.9; Calkins and Butler (1943), 
p.92. 

Boutwell (1912), p. 110. 

Boutwell (1904), p. 226, Butler 
and others (1920), pp. 602-603, 
Crawford and Buranek (1943), 
pp.5-7. 

Utah Mining Association (1959), 
p.41. 

LimonIte with manganese_ Boutwell (1904), p. 225. 

"Limonite," gossan type __ Crawford and Buranek (1943), 
p.8. 

Hematite vein. [More Utah Mining Association, P. 38. 
probably hematite lens 
in schist in the Precam-
brian Red Creek quartz-
ite (W. R. Hansen, 
oral communicatIon, 
1963»). 

Hematite replacement in Butler (1920), p. 603, Crawford 
Mississippian limestone and Buranek (1943), p. 7; 
or in shale of Uinta Kinney (1955) p.162. 
Mountain group. 

Hematite replacement in Butler (1920), p. 603; Crawford 
MiEs13sippianlimestone; and Buranek (1943), pP. 7-8; 
and brown oxide in Kinney (1955), pp. 161-162. 
limestone breccia; brown 
oJ:ide in shale breccia. 

1 All other descriptions refer to Salt Lake meridian. 

The Iron Springs district (No.1, fig. 20, table 5) is in south-central 
Iron County, 15 miles west of Cedar City. Iron ore was discovered in 
1849 (Larson, 1963, p. 248) and has been intermittently exploited 
since 1852, at first for small furnaces near Cedar City and continuously 
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from 1924 on a large scale for the blast furnaces at Ironton and later, 
Geneva, near Provo. 

The iron-ore deposits of the Iron Springs district are magnetite and 
he.matite replacement bodies in the. Jurassic Homestake Limestone 
Member of the Carmel Formation. The known deposits extend 18 
miles, from Three Peaks southwesterly to Iron Mountain, in an area 
about 3 miles wide. The ore bodies are clustered around three quartz 
monzonite intrusive bodies; from northeast to southwest these are the 
Three Peaks, Granite Mountain, an~ Iron Mountain stocks. 

Many of the ind1vidual ore bodies were exposed at the surface and 
have been known since early days. GeolOgIC studies of the district 
have been made by the U.S. Geological Survey (Leith, 1904; Leith 
and Harder, 1908; Mackin, 1947 and 1954; and Mackin and Ingerson, 
1960) and by company and private geologists. Magnetic surveys by 
the U.S. Bureau of Mines (Cook, 1950) and the several companies 
working in the district have disclosed blind· ore bodies or extensions 
of known ore bodies; these have been explored by the Bureau of Mines 
(Young, 1947, and Allsman, 1948) and by the companies, adding ap­
preciably to the ore reserve in the district. 

Reserves of all categories of iron ore were estimated by Dutton and 
Carr (1947) at 350 million long tons. Although many millions of 
tons have subsequently been mined, exploration has substantially 
added to these reserves, which are presently considered sufficient to 
maintain present or slightly higher-levels of production for at le,ast a 
century. 

The Bull Valley-Cove Mountain district (No.2) is in northwestern 
Washington County, 40 miles southwest of Cedar City and 20 miles 
southwest of the Iron Springs district. The iron deposits are in a 
west-trending area 5 miles long and 2% miles wide, with most of the 
deposits in the east end (Bull Valley area) and the west end (Cove 
Mountain area). The deposits were extensively prospected .. in the 
early 1900's and were later explored by magnetic surveys by private 
companies and by trenching and drilling by the Bureau of Mines dur­
ing World War II; reserves in the Bull Valley area (Granger, writ­
ten communication) based on results of the Bureau of Mines explora.­
tion were estimated at 1 million long tons and those in the, Cove Moun­
tain area at slightly 'more than l' million long tons (Selfridge, written 
communication). There has been no production from the area. 

The Bull Valley-Cove Mountain area is underlain by Mesozoic sedi­
mentary rocks, chiefly dark bluish-gray limestone and sandstone, that 
have been intruded by biotite syenite porphyry (Wells,1938). The 
intrusion arched, folded, and fractured the sedimentary rocks. V 01-
canic rocks, which are in part contemporaneous (latite flows) and in 
part younger (agglomerate, rhyolite flows) than the porphyry, sur­
round the a:rea. of sedimentary rocks and porphyry. 

The iron deposits are veins and replacement bodies of magnetite 
and hematite. Veins from 1 to 40 feet thick and over 200 feet long 
occur in the limestone, latite, and syenite porphyry (Wells, 1938, p. 
482). The replacement deposits are in the limestone along the south­
ern ed~e of, and in roof pendants within the biotite syenite J?orphyry 
intrusive body. The largest known replacement body is trIangular, 
300 feet by 400 feet along the base, with an exposed heIght of 300 feet. 

Small iron deposits~ which occur in theUinta Mountains (Nos. 23-
29), probably were first discovered by the Indians who used the ma-
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terial for paint (Boutwell, 1904). In 1879-80, 500 long tons of iron 
ore were produced from a deposit at Rhodes Plateau (No. 23) in 
Wasatch County, near the western end of the range about 25 miles east 
of Heber. Iron-bearing material was also mined from the Pope iron 
deposits (No. 28) in Uintah County near the eastern end of the 
range, about 20 miles north of Vernal, for use as flux at the nearby 
Dyer copper mine smelter (Crawford and Buranek, 1943). No other 
production has been recorded. The known deposits appear to be small 
and remote. 

The Uinta Mountains iron deposits are chiefly vein and replacement 
deposits of hematite and magnetite. Siderite (iron carbonate), as 
nodules in shale and replacing Paleozoic limestone, has also been re­
ported from the Rhodes Plateau area (Crawford and Buranek, 1943), 
and some "limonite" occurs in gossans. 

Small amounts of ore have been produced from deposits scattered 
throughout the Wasatch Range (Nos. 17-22) for smelter flux and 
for use in a small furnace near Ogden. Most of them are relatively 
inaccessible. They are mostly magnetite-hematite replacement or con­
tact metamorphic bodies in limestone, around the peripheries of in­
trusive bodies. They include deposits ~ast of Brigham (No. 18), 
Cache County; near Ogden (N o. 19) , Weber County; near Morgan 
(No. 20), Morgan County; and the Mountain Lake deposit (No. 21) 
at the head of Big Cottonwood Canyon, Salt Lake County. 

The Mineral Point iron deposit (No. 18) is in the southern part of 
the Bear River Range, Cache County, about 20 miles east of Brigham 
City. Intermittent, small shipments are reported of high-grade 
ore from a small ore body that contains pure, coarsely crystalline, mi­
caceous hematite that has replaced limestone (Crawford and Buranek, 
1943, p. 12). 

Iron deposits occur in the central and southern parts of the Wah 
Wah Range (Nos. 4-5), southwestern Beaver County, from which 
some ore was shipped to the copper smelter at Frisco for use as flux 
(Crawford and Buranek, 1943, pp. 13-14) . The deposits are small 
lenticular hematite and limonite replacement bodies in limestone. 

The Kr.otki Iron (Iron Cap) mine (No. 12), Sevier County, the 
Dragon and Black Jack iron mines (No. 14), southeast of Eureka, 
Utah County, and the Copper Mountain mine (No. 16) about 6 miles 
southwest of Lucin, Box Elder County, furnished small to moderate 
amounts of iron ore to nearby copper smelters for flux. All of these 
deposits are considered to have formed by the oxidation and leach­
ing of disseminated sulfides of iron and base metals (Crawford and 
Buranek, 1943, p. 15). Ores of this type are rarely suitable for use in 
the production of iron and steel owing to incomplete removal of the 
sulfur and base metals, and because of the generally small and irregu-
lar size of the deposits. . 

Reserves of all classes (measured, indicated, and inferred) of iron 
ore in Utah are estimated at 500 million long tons, of an average grade 
of about 55 percent iron. Most of these reserves are in the deposits of 
the Iron Springs district. Other significant reserves are known only 
in the Bull Valley-Cove Mountain deposits. The potential for undis­
covered deposits of importance in Utah is small. 

The Iron Springs, Bull Valley-Cove Mountain, and many of the 
other Utah iron-ore deposits have been examined and, where war-

26-803 0-69-8 
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ranted, explored. In the Iron Springs and Bull Valley-Cove Mountain 
districts, exploration has been intensive, and it is unlikely that any sig­
nificant ore bodies have been missed; this also holds true for most of 
the more promising deposits in other districts. 

The Iron Springs deposits are favorably situated with respect to 
transportation facilities, and contain ore of sufficiently high iron con­
tent to serve as blast furnace feed and ha,rd-lump open hearth ore. Re­
cent competition of beneficiated ore from neighboring States has caused 
some cutback in production, but the district should continue to be an 
important source of iron ore for the foreseeable future. 

LEAD, ZINC, AND SILVER 

(By T. H. Kiilsgaard and A. V. Heyl, Washington, D.C.) 

Lead, zinc, and silver are closely associated in ores, hence these 
metals are discussed together in this report .. Most Utah deposits yield 
ores containing more than one of these metals, and commonly all three 
of them. All three of the metals are widely used industrially, and the 
income derived from mining and processing each of them has con­
tributed enormously to the growth and development of the mining 
industry in Utah. 

Lead deposits possibly were known in the Territory of Utah as early 
as 1848-49 (Arrington, 1963, p. 196) and some attempts were made to 
mine them as early as 1858 (Romney, 1963, p. 48), but output was des­
ultory until 1870 when the arrival of the railroads stimulated the metal 
mining industry (Butler and others, 1920, p. 118). Some silver was 
produced prior to 1870, partly from placer gold, but zinc was not 
recovered until 1904 (Butler, 1920, p. 142). The yearly output of 
the recovered lead, silver, and zinc for the 1865-1961 period is shown 
on figure 2, and the total output and dollar values of these metals are 
as follows: 

Short tons Troy ounces Value 

Lead____ __________ ___ ______________ __ __ _______________________ 5, 111,423 ____ _________ _ $688,104.000 

~~';r~~=========~~=~============ ============================== ____ ~,_~~,_~~~_ --8i3~830~OO() ~~: :~: ggg 

The importance of Utah as a producer of silver is demonstrated by 
the fact that through 1960 Utah was the second-ranking State in the 
United States in output of silver (McKnight, 1962). The trend of 
silver output has been closely paralleled by that of lead. (See fig. 2.) 

Lead and zinc occur in many different minerals, but in deposits 
of primary ores the most common occurrences are as the lead sulfide, 
galena, and the zinc sulfide, sphalerite. Silver occurs as a minor con­
stituent in most deposits, primarily accompanying lead, copper, or 
gold. In lead sulfide deposits silver commonly occurs as "argentiferous 
galena," or as minute inclusions of any of several silver-bearing min­
erals. The values of silver in these deposits range widely, from those 
in which there are only trace amounts to those in which the chief 
values are in silver. For example, ores of the porphyry copper de­
posit at Bingham contain only a few cents per ton in silver yet because 



MINERAL AND WATER RESOURCES OF UTAH 97 

of the large tonnage mined the silver output is important. Deposits 
of lead and silver ores in Utah also normally contain some copper 
and minor amounts of gold. 

Most deposits of prlmary lead, zinc, and silver ores are oxidi~ed 
for varying depths below the ground surface usually extending to or 
near the level of the underlying ground-water table. In this zone 
galena is oxidized to a number of secondary minerals, the more com­
mon of which are anglesite and cerussite. The conversion usually 
takes place without appreciable migration of the lead. Removal of 
other more soluble minerals by meteoric water during oxidation com­
monly J;lroduces an enriched concentration of oxidized lead ores. 
SphalerIte, on the other hand, reacts quite differently during oxida­
tion. It converts to very soluble compounds, which are transported 
by acidified meteoric water until the solutions are neutralized and the 
zinc is precipitated as secondary oxidized minerals. Typical of these 
are smithsonite and hemimorphite, the latter one more commonly 
known as . calamine. These secondary ores form massive irregular 
replacement bodies or disseminated masses. Because of the differences 
in behavior during oxidation, bodies of oxidized lead ores and oxidized 
zinc ores usually are separate. 

Silver behaves somewhat like lead during oxidation. Primary ores 
of silver are dissolved and the silver is precipitated as secondary min­
erals in an enriched secondary zone. This secondary zone may be at 
the site of original primary ore deposition,· or it may be downward 
from the original site. Cerargyrite (hornsilver) is a common second­
ary mineral of silver, asis argentite and native silver. Below the zone 
of oxidation, the grade of silver in primary ore usually is less than the 
grade in overlying, secondarily enriched ore. Oxidized deposits of 
lead and silver ores commonly occur together, and in the early days 
of western mining these rich, near-surface deposits were particular~ 
attractive and were widely worked. At depth, the unoxidized countet; 
parts to many of these deposits were too low in grade to be profitably 
worked, and, after the near surface ores were worked out, the deposits 
were abandoned, or were workable only during periods of high metal 
prices. At other deposits the amount of silver diminished with depth~ 
but the ore bodies proved workable as primary lead deposits from 
which the silver could be recovered as a byproduct or coproduct. This 
type of deposit has, over the years, yielded far more silver than the 
oxidized ores. 

Most of the lead, zinc, and silver deposits of Utah are in the western 
part of the State, in the Basin and Range province. Of the many 
different types of deposits in the province the most productive have 
been replacement deposits in carbonate rocks. These sedimentary 
host rocks have been folded and faulted in varying degrees, and 
most have been intruded by igneous rocks of inte,rmediate to acidic 
composition. The lead, zinc, and silver mineralization appears to 
be spatially and genetically related to these intrusions. The replace­
ment bodies commonly are localized by fissures along- which ore has 
been deposited to form veins. Some replacement bodies are along 
oradiacent to these veins but many of the larger bodies have replaced 
especially favorable beds of the host rock and extend some distance 
away from the apparently associated veins. 
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Along the western side of the State there arc a few vein deposits 
in vole~Ulic rocks of Tertiary age. These veins have been worked for 
gold and silver, and have been mined only to shallow depths. Else­
where in the State, l~ad, zinc, and silver have bet.·n mined from other 
types of deposits, ineluding veins in quartzite, veins at t he fault contact 
of different types of rocks, veins in intrusive rocks, and other types. 

Lead, zinc, and silver ores ha ve be~n mined from muny deposits 
that range in size from prospects to major min~s. ~fost of the output 
of ore, however, has come from the 28 districts shown in table 6. 
The relative metal output and mineral r~serves of these mining dis­
tricts are eompured usmg the following classification, adapted from 
:McKnight and others (1962) : 

Districts of first magnitude: those in which production plus esti­
mated reserves total more than 1 million tons of lead, or 1 million 
tons of zinc, or fiO million 01l1H',(\.~ of silver. 

Dist.rict.s of second magnituti<.;: those in which production plus 
e~timated reser"e totals from f)0,000 to 1 million tons of lend, or 50,000 
to 1 million tons of zinc, or 5 to 50 million ounces of sil ver. 

nistrids of third magnitude.: those in which production plus re­
serves totu Is from 1,000 to 50,000 tons of lead, or 1,000 to 5,000 tons 
of zine, or 100,000 to 5 million ounces of siln~r. 

Districts of th£'sc thre~ magllitud~s ar~ named in table 6 and shown 
with cOI"responding numbers on figure 21. Individual districts arc 
ranked on the tabh:. in magnitude for (':\ch nwtnl. Thus, Park City, 
for example, ranks in first magnitude in lead and silver but second 
mag-nitude in zine. Distriets where output and reserves of metal are 
less than third rnacmitlHle in rank a 1'(' not shown on tIl(' map. 

In comhint.'d valu£', Ri percent of the l('ad, zinc, and silver produced 
in ("t.ah has COBW from tlw Bingham, Park City, and Tintic districts. 
The Bingham district (Xo. R, fig. 21, tahle H), which is widely known 
!\R a produ(,pr of COPPl'I". also is th£' leading' prOdll<"pr of lend, zinc, and 
~ih'er in 1Ttah. in terms of ('omhirwd output h:l\-ing yielded a total 
\'nlne for tlwsp nH'tals, through Innl, of $H07,.121 ,000. 

Or('s of t he distri(~t o('cur in a compl('x of minpral deposits, grouped 
ahout a mill('raliz~d porphyry stock. ~lirH'ralization in the deposits 
is zoned. Th~ cpntral porphyry area is cnriclw,d in ('opper, and is 
surrounded by a ZOlW ('nrielwd in lead, zinc, and silver. The lead, zinc, 
sih·er ore o(,curs in n~ins and as rpplaecnwnt deposits in calcarpous 
strata of t.he Oquirrh Formation. Over several (lecades ore from Ul1-
<It>rground workings in the distrid has aY{'raged abont 7 p('rc£'llt.lea.d, 
7 pprcent ZilW, less than 1 percent (,OPPPl', 7 Olll}(,(,S slin'.r ~r ton and 
0.10 Ollnce g-old 1)('1' ton (,Jarn~s and others, 1961, p. 95). Although 
t l1('re al'(, hllndn'ds of old lllillPS and prospect workill~rs ill the lpnd, 
zinc. and sih·er zone. most of the prodl1(·tion during recent years has 
COllW from tIl(' 1·. S. and tIl(' L:u"k mint'S, which ill W60, produced 
about. H.OOO tons of ore Iwr week. 

'I'll(' Park City district (Xo. fl. fig. 21. tahlp G) ranks S(>{'0Il<1 to the 
Bingham district in the comhined output of lead, zinc, and sil\'~r, hav­
ing a total \-ahlP, through 1!l61, of ~q·~;~,172,OOO. Th(' Park City dis­
tl'iet is approxirnat(>ly at tIl(' intpl'Spdion of the east-trending rinta 
:1)'('h and thl' llorth-trending ,,"asatch Range. In this ar~a sedim~l1-
tary rocks ran~yjng in ag-e from Cambrian· to Triassie are fold('d to 
form the llorth-trending Park City antidine, are complexly faulted, 



Map 
No. 

District County 

TABLE 6.-Principallead, zinc, and silver districts in Utah 

Magnitude of rank 1 
Type of occurrence References 

Lead Zinc Silver 
---1------------- ----------- ---- -----------------·----------------1---------<--·-----

2 
3 
4 
5 

6 

7 

8 

9 
10 

11 

12 

13 
14 
15 
16 
17 

18 

19 

20 
21 

22 

23 
24 

25 
26 
27 
28 

Ashbrook (Vipont mine)____ Box Elder ____________ _ 

Lucin ____________________________ do ________________ _ 
Lakeside_ ___________________ Tooele _______________ _ 
Carbonate______ ____ ___ __ _ _ _ _ Uintah _______________ _ 
Park City ___________________ Summit and Wasatch_ 

Big and Little Cottonwood__ Salt Lake ____________ _ 

American Fork______________ Utah _________________ _ 

Bingham____________________ Salt Lake ____________ _ 

Rush Valley (Stockton) _____ Tooele _______________ _ 
Ophir ____________________ ' ________ do ________________ _ 

Camp Floyd (Mercur) __________ Ao ________________ _ 

Gold Hill (Clifton) _______________ do ________________ _ 

~~}~~::-::::::::~~: :~~ij~~::::::::::~:: 
Tintic_______ _ __ ____________ Utah and Juab _______ _ 

West Tintic ________________ Juab _________________ _ 

Mount Nebo _____________________ do ________________ _ 

Gold Mountain _____________ Piute ________________ _ 
Ohio and Mount Baldy __________ do _________ ~ ______ _ 

San Francisco and Preuss_ _ _ Beaver _______________ _ 

Rocky (Old Hickory mine) _______ do ________________ _ 
Star ______________________________ do ________________ _ 

BradShaw (Cave mine) ___________ do ________________ _ 
Stateline_ _ _ _ ____________ __ __ 1ron __________________ _ 
Silver Reef (Harrisburg)_____ Washington __________ _ 
Tutsagu bet _______________________ do ________________ _ 

3 
3 

3 

2 
2 

3 

3 
3 
3 
3 
1 

3 

3 

3 

3 

2 

3 

3 

2 
2 

3 

3 
1 

3 

3 

3 
3 
3 
1 

2 

3 

2 
2 

3 

3 

3 
3 

3 

3 
3 

2 

3 
3 

3 
3 
2 
3 

Bedded replacement lenses and stockworks in lime- Peterson, 1942. 
stone. 

Replacement bodies adjacent to fissures in limestone__ Butler and others, 1920. 

Replacement bodies in limestone _____________________ _ 
Bedded replacement bodies and lodes along faults in 

limestone; veins in quartzite and diorite porphyry. 
Bedded replacement bodies, pipes and veins in lime­

stone; veins in quartzite and in shale. 
Bedded replacement bodies in limestone; veins in 

quartzite. 
Bedded replacement bodies along faults in limestone; 

disseminated bodies in quartz monzonite. 
Bedded replacement bodies along faults in limestone __ _ 
Bedded replacement bodies, pipes, and veins along 

fissures in limestone, and hornfels. 
Bedded replacement bodies in limestone and replace­

ment along veins. 
Replacement bodies along fractures in limestone; 

veins in quartz monzonite. 
Replacement bodies in limestone _____________________ _ 
Veins in limestone and in quartzite ___________ -______ _ 
Replacement bodies along faults in limestone _________ _ 
Bedded replacement bodies along faults in limestone __ 
Replacement bodies along fractures in limestone; veins 

in igneous rocks. 
Replacement bodies along fissures in limestone ______ ._ 

Veins, pipes, and bedded replacement bodies along 
faults in limestone. Veins in dacite _______________________________________ _ 

Replacement bodies in limestone; veins in quartzite 
and in dacite. 

Veins in quartz latite or at its contact witb limestone; 
breccia pipe in quartz monzonite. 

Contact metamorphic deposits in limestone __________ _ 
Replacement bodies and pipes along faults in lime-

stone. 
Replacement bodies along faults in limestone _________ _ 
Veins in volcanic rocks _______________________________ _ 
Deposits in sandstone ________________________________ _ 
Replacement bodies adjacent to fissures in limestone __ 

Do. 
Do. 

Boutwell, 1912, 1933. 

Calkins and Butler, 1943. 

Do. 

Boutwell, 1905; Hunt and Peacock, 
1948; James and others, 1961. 

Gilluly, 1932. 
Do. 

Do. 

Nolan, 1935. 

Butler and others, 1920; Nolan, 1935. 
Butler and others, 1920. 

Do. 
Lindgren and Loughlin, 1919. 
Lindgren . and Loughlin, 1919; 

Billingsley and Crane 1933. 
Butler and others, 1920; Stringham, 

11142. 
Butler and others, 1920. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Proctor, 1953. 
Butler and others, 1920. 

1 Rank is designated in magnitude as: first (1); second (2); and third (3); less than third is (-). 
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EXPLANATION 

Size of district: Product:ion plus r .eserves 

.. First magnitude (see text explanation) 

• Second magnitude 

• Third magnitude 

Numbers refer to districts described in text 

FIGURE 21.-Lead, zinc, and silver in Utah. 
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and intruded by diorite and diorite porphyry stocks. The lead-zinc­
silver ore bodies are principally along steeply dipping east- to north­
east-striking fracture zones and in associated bedded replacement 
deposits. Vein deposits were mined first and, near the surface, they 
commonly contained bonanzas of high-grade, oxidized silver ore. 
The more productive vein deposits were in the Weber Quartzite, al­
though in recent years much ore in the southeastp,rn part of the district 
has c.ome from veins in diorite. Bedded replacement. deposits in lime­
stone extend from 100 to 200 feet away from the fracture zones, are as 
TIluch as 800 feet in stope length, and average about 10 feet in thick­
~ess. The mor:e productive replacement deposits are in the Park City 
Formation, and a lesser number are in the Thaynes Formation. Ex~· 
pJoration during the 1950's disclosed replacement deposits in the 
underlying Humbug and Desert Formations. These findings have 
extended the productive life of the district and suggest that other ore 
bodies may occur 'where unexplored fracture zones cut the lower lying 
limestones. Replacement. deposits along hy.o subparal1el fracture. 
z.ones, the Ontario-Daly West and the Silver King, have produced most 
.of the lead-zinc ore in the district. 

The several mines aJong these zones haye been consolidated and are 
operated by the lTnited Park City Mines Co. Recent production has 
come from lower leve.1s of the Ontario mine, one .of the oJdest mines 
in the district. In the s.outheastern part of the district the May­
flower and Pearl vein systems are mined by the Hecla Mining Co. 
Typical ore c.onsists of galena, light-colored sphalerite, pyrite and 
some tetrahedrite. There is a suggestion of mineral zoning in the 
district: ruby silver minerals are common in the northeast. section, 
silver-lead-zil1c . ore in the central part, and lead-zinc-copper-gold 
.ores in the southeast section, the latter locally associated with the 
intrusive dioritic rocks.' ~ 

The Tintic district. (No. 17, fig. 2L table 6) contains two subdis­
tricts, tlwl\Iain Tintic and the East Tintic which have yielded through 
1961 lead, zinc, and silver having a combined value of $331,735,000. 
Ore was disc.overed in the Main Tintic district hl 1869 and since then 
m.ost. .of the silver-lead-zinc ore has c.ome from irregular replacement 
deposits in calcareous rocks of Paleoz.oic age that are folded into a 
br.oad. highly faulted, north-plunging syncline. These rocks are in­
truded by monzonite and quartz m.onzonite st.ocks and, in many 
places, are overlain by barren volcanic rocks. The replacement de­
posits occur in definite linear z.ones .or .ore channels, of which five major 
.ones are recognized. These zones trend northerly, are parallel t.o 
subparallel to the bedding, are continu.ous and extended in strike 
length,- and tend to persist across faults and through different strati­
graphic unjt.s. At. intersections with faults the deposits may enlarge 
in size and f.orm nearly vertical chimneys or pipes .of hig-h wade ore, 
SQme .of which have ranked as maior ore bodies. The water table is 
about 1,800 feet below the surface in much of the area and m.ost of the 
.ore above the water table is oxidized. Only one ore zone, the Chief, 
has been mined to any extent bel.ow the water table. More detailed 
descripti.ons of t.he geol.ogy and .ore dep.osits .of the district are given 
in Lindgren and L.oughlin (1919), Cook (1957), and Morris and 
L.overing (1961). 

The Tintic Standard, .one of the great silver-lead mines of the 
w.orld, is in the East Tintic subdistrict. Most.of the ore in this area 
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has come from replacement bodies in shattered, j asperoidized limestone 
at the intersections of low-angle and northeasterly trending faults 
(Lovering and MOorris, 1960', p.1134). 

During recent years production from the Tintic district has steadily 
declined. The last Oof the major mines, the Chief No.1, closed in 1956, 
because of IOow metal prices and high operating costs. During the 
late 1950"s, hOowever, the East Tintic subdistrict was intensely explored 
by the Bear Creek Mining COo., to further test discOoveries made by the 
U.S. Geological Survey. The Burgin shaft was sunk and much cross­
cutting and diamond drilling from these workings led to a major dis­
covery. Bush and Cook (1960', p. 1536) described one sulfide ore 
body, penetrated by four drill hOlIes, which has an average thickness of 
66 feet and which average 23.1 ounces of silver per ton, 23.1 percent 
lead, and 8.4 percent zinc. Estimates of ore reserves have not been 
publicly released but are considered adequate to sustain many years of 
substantial production. Possibilities of finding more ore in other 
parts of the East Tintic area are excellent. Elsewhere in the Tintic 
district the only known reserves are in the lower parts of the ChiefN o. 
1 mine, in the Mammoth mine, and in a, possible low-grade ore body 
of oxidized ore reported by Heyl (1963, p. B76) in the hanging wall 
of the lead vein of the Lower Mammoth mine, estimated to contain 
10'0',0'0'0' tons of ore averaging 12 percent zinc, and 1.5 ounGes silver per 
ton. 

Other districts in Utah have yielded important amounts of lead, zinc, 
and silver, but all of them are relatively small compared to Bingham., 
Park City, and Tintic. A few miles west of the Park City district are 
three formerly important silver-Iead-zinc districts, the BIg and Little 
Cottonwood district (No.6) and the American Fork district (No.7). 
Each had some productive mines in the 19'50"s, several of which might 
be reactivated under more favorable economic conditions. 

The western part of the Park City region and the nearby Cotton­
wood and American Fork districts are reported to contain oxidized 
zinc reserves. Many Oof these reserves are in mine dumps, the grade of 
which would depend, in part, on the amount of dump material handled, 
although many thousand tons of material averaging about 20' percent 
zinc are believed tOo be available. 

The Horn Silver mine in the San Francisco district (No. 22) has 
been one of the richest and most productive silver-Iead-zinc mines in 
Utah. Prior to World 'Var I it was one of the most famous silver 
mines in the west, but was operated only on a sm'all scale during the 
early 1950"s and now is idle. The mine produced from a replacem,ent 
ore body, localized along a fault, at the contact between lower 
Paleozoic limestones and volcanic rocks of Tertiary age. The 
oxidized minerals cerargyrite and plumbojarosite were important ores 
at the mine in early days, but sulfides also were produced. Later, the 
rare zinc sulfide wurtzite was a main mineral mined. A substantial 
reserve 'Of oxidized zinc ores remain in this mine that could be pro­
duced under favorable economic conditions. At the Cactus mine in 
the same district, re}atively low grade copper and silver ore has been 
mined from a steeply plunging breccia pipe formed along a· fault zone 
in quartz monzonite. 

Other mining districts east and southeast of the San Francisco dis.: 
trict include the Star (No. 24), Rocky (NO'. 23), and Bradshaw 
(No. 25). 
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In the Rush Valley (Stockton) and Ophir districts (Nos. 9 and 10) 
most Df the lead, zinc, and silver ore has come frDm bedded replace~ 
ment deposits in limestone or in hornfels, at the intersectiDn Df the host 
rocks with feeding fissures. Gilluly (1932, pp. 136-137) described 
SDme Df these Dre bDdies as being mDre than 2,000 feet IDng, and nDtes 
that over a period Df years Dre frDm the Ophir Hill CDnsDlidated mine 
averaged 6 percent lead, 4 percent zine, 1.3 percent CDpper, and 5.5 
Dunces Df silver per ton. During the 1950's twO. mines in the Ophir 
district, the Ophir and Hidden Treasure, produced ore, some Df it 
Dxidized; and fDur small mines in the Rush Valley district were 
productive, the Gisborn-Muirbrook, HDnDrine, Silver Eagle, and West 
Oalumet, the latter being the largest prDducer. 

In WashingtDn CDunty, the Silver Reef district (No.. 27) fDrmerly 
was an important producer of silver. The Dre was dDminantly 
cerargyrite (hDrn silver) and was largely restricted to sandstone strata 
that contained abundant carbonized plant remains. 

In the southwestern part of Washington County the Tutsagubet 
district (No. 28) has prDduced SDme Dxidized copper, lead, silver, and 
zinc ores in recent years. 

Deposits of Dxidized zinc minerals are widely distributed in the 
western half of Utah (Heyl, 1963, 'pI. 1), but only a few small Dnes 
are knDwn in eastern Utah. The Tintic group of districts (includ­
ing Nos. 16 and 18), Star and San Francisco districts, Ophir district! 
Big and Little CDttonwDDd district, Park City district, PrDmontDry 
district (magnitude less than third rank), and Lucin district (No.. 2) 
ha ve been the most -productive, and cDntain mDst of the known re­
serves. Most of the known high-grade Dre (containing 25 to 50 per­
cent zinc) has boon mined, but large quantities of low-grade material 
(10 to' 25 percent zinc) could be mined if methods of beneficiation and 
market conditiol1's were imprDved. 

AlthDugh few mine reserve data are available for lead, zinc, and 
silver, a combined estimate for the known reserves and undiscovered 
reSDurces is pDssible when based on available mine reserve data, past 
productiDn records, and geologic' inference. Such an estimate indi­
cates that Utah has total resources Df known and undiscDvered ores 
that contain as much silver and lead as has been mined to date and CDn­

tain about three times as much zinc as has been mined. These re­
SDurces are mDst likely in the Oquirrh-Uinta, Deep Creek-Tintic, and 
'Vah Wah-Tushar mineral belts. (See section on economic geolDgy, 
p. 28, and fig. 8.) 

MANGANESE 

(By M. D. Crittenden, Jr., Menlo Park, Calif.) 

Manganese is essential to an industrial economy. About 17 pounds 
are required for each ton of steel and small but essential quantities are 
also. used in the manufacture of dry cell batteries and industrial chem­
icals (DeHuff, 1960, p. 500). ConsumptiDn of manganese Dre in the 
United States nDW averages abDut 2 milliDn long tDns per year, more 
than 95 percent of which is used by the steel industry in the form of 
ferromanganese. But because the United States has limited quan-
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tities of high-grade ore (more tham 40 percent Mn) required for the 
production of ferromanganese, domestic production has seldom ex­
ceeded 10 percent of the annual consumption, and has often dropped 
to zero. Foreign supplies are abundant, readily available, and com­
paratively cheap during peacetime, hut have been curtailed or ser­
iously threatened during each national emergency. As a result, man­
ganese has been high on the list of strategic materials, and has been 
the subject of emergency measures and artificially high prices dur­
ing each World War, and the Korean conflict. 

Production of manganese ore in Utah (fig. 22) reflects this trend, 
showing peaks in 1918, 1944, and 1953. Starting in 1924, a local 
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FIGURE 22.-Manganese production in Utah. (Data from U.S. Bureau of Mines, 
supplemented by data obtained in the field.) 

market became available for low-grade ores (20 to 35 percent Mn) at 
the steel plant in Provo, and two additional peaks between wars 
resulted. 

From 1901 to date, Utah mine shipments total about 150,000 long 
tons of manganese ore of all grades, with a total value of approxi­
mately $2.5 million. Nearly two-thirds of this, or about 90,000 long 
tons, came from a single group of deposits in the Detroit district in 
the Drum Mountains (No. 20). (See fig. 23 and table 7.) Second 
largest production, about 23,000 tons, has come from the Little Grand 
district (Grand County, Nos. 47-52). The Tintic and Erickson dis­
tricts have shipped about 6,500 and 2,700 tons, respectively. The re­
maining production has come from more than 20 small properties, few 
of which have produced more than a, few hundred tons. 
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TABLE 7. List of manganese deposits in Utah 

1. Lakeview. 
2. Payday. 
3. Daggett Chief. 
4. Park City district. 
5. Michigan-Utah. 
6. Bingham district. 
7. Evans Lime quarry. 
8. Ophir Hill. 
9. Wildcat. 

10. North Tintic, Oxen, and Tip Top. 
11. Tintic Standard, Apex Standard, Iron King, Iron Blossom, and Black Jack 

(Empire). 
12. Trotter. 
13. White Cloud and Black Jack (Winberg). 
14. Benmore and Sharp. 
15. Deer Trail. 
16. Black Jack (Morgan-Cromar), and Black Rock. 
17. Indian Boy. 
18. Abraham Hot Spring. 
19. Black Diamond, Last Chance, and Guy Group.. 
20. Black Boy group (Staats and Pratt). 
21. Black Ledge. 
22. Orme. 
23. Black Jack (Kendall-Duvall). 
24. San Francisco district. 
25. Steelville and Spor. 
26. Susie Q. 
27. Black Jack (Skougard) 
28. Yellow Hornet. 
29. Noonday. 
30. Georgia and Jumbo. 
31. Blackbird and Blue Miami Moon No.1. 
32. Dry Canyon. 
33. Gilbert. 
34. Black Rock (Shotwell). 
35. Black Hawk and Joe Louis. 
36. Modena. 
37. Wallace. 
38. Black Beauty No.1. 
39. East of Kanab. 
40. Fullmer. 
41. Hutch Pasture. 
42. East side Boulder Mountain. 
43. Muddy River. 
44. East of Rochester. 
45. Cedar Mountain. 

Prices paid for manganese ore in Utah have increased from about 
$12.50 per ton of 40-percent ore in 1901 to $80.06 per ton of 4O-percent 
ore in 1959. This is equivalent, respectively, to 30 cents and $2 per 
long ton unit (22.4 pounds of metallic manganese). However, be­
cause the average grade of ore shipped from Utah has been 20 to 30 
percent Mn, the price on the open market has ranged from 20 to 30 
cents per unit. In contrast, Government support prices averaged 
70 cents in World War I, 80 cents in World War II, and $2.25 fol­
lowing the Korean conflict. The most recent period of price supports 
ended in 1959, and no manganese has been produced in Utah (or from 
other small deposits in the United States) since that time. Renewed 
production of manganese ore in Utah will probably require another 
relatively st3!ble period of artificial price supports ata level at least 
double that which n'ow prevails for ore from foreign sources. 
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Virtually all of the manganese ore consumed in t he United States 
is in the form of oxides, and t.his is the only type of ore that. is ordi­
narily marketable. Many mining areas of the west, however, contain 
significant quantitie..') of manganese carbonate minerals. An ~xample 
is -Butte, Mont., the largest domestic prodlleer. The availabilitl of a 
mill for earbonate ores at But.te made pos...'iihle t he purchase 0 such 
ores from other areas following the Korean c,onfiict. As a result, 
carbonate orcs are estimated to a(~col!nt for somewhere between a fift.h 
and a quarter of the production recorded from t.he Detroit district 
in Juab CA>unty. 

Most Ctah ores are low I?:rade, but amenable t.o concentration. 
Samples of ore from many deposits have been successfully tested by 
the U.S. Bureau of ~Iines (see references), but few of the oxide 
deposits have been larl-,TC enough to warrant installntion of milling 
equipment. The deposits in the Detroit district and some of those 
in southeastenl Utah are the principal exceptions. 

The manganese deposits of Chlh are of several geologic types. The 
type which has yielded most of the production comprises oxidized 
hydrothermal deposits associated with precious or base metals. These 
ores were derived mostly from mang-anf:>se carbonate which has been 
converted to the more readily marketable oxide by surface weather­
ing. The largp-St deposits of this type nrc in the Detroit district, at 
the north end of the Dnlm ~fountains near Delta (Nos. 19-20]. They 
consist of bodies of impure manganese carbonate 5 to 20 feet thiek 
f<:>rmed. by replaccf!lent of Cambrian limes.tones near tlwir in~ersec­
'tlOn WIth mmera.hzed fissures. ExploratIOn of the..')C depOSIts by 
diamond drilIintr wa..c; carried out by the C.S. Bureau of ~lin6..~ in 
1941 and 1945 (King, 1947; Crittenden and others, 1961). Ore bodies 
revealed by this work have been the source of the recorded produc­
tion from this district. Allowing for differences in trrade, and losse~ 
in mining, it seems probable that. the ~rp,ater part of t.he ore outlined 
by drilling' has heen re<~overed. ~Iost material remaining is ma.n­
ganese carbonate n,veraging less than 20 percent. ~f n. 

A few thousand tons of ore of this same type has been produced nt 
both the Tintir, Nos. 10-1a) and Erickson (Nos. 15-17) districts. 
Smaller quantities have also heen shipped from Bingham, Alta, and 
Ophir and are known at Park City. 

A second type of deposit, eoncent rated mainly in southeastern lHah, 
is associated with one or more horizons in the Uppf:>r ,Juras.'iic ~for­
rison and SUllnnerdlle Formations (Baker a.nd others, IH52). :\Ian­
ganese occurs in the~ deposits as thin veins. no<iulf:>.s and impregna­
t.ions of oxides in claystone and sandstone. Although individual nod­
ules assaying ::l5 to 45 percent ~In ean he obtained by hand picking, 
the average grade of material in the ground is about 10 lwrcent ~In. 
At t.he end of an extensive examinntion in 1!l40, it was estimated 
(Baker and others, IH52, p. 76) that tIl(> deposits in southeastern Utah 
contain ahout 350,000 tons of material ('ontaining 4 to 10 percent ~In, 
about 100.000 tons of material containing 10 to ;~o percent ~rn, and 
perhaps 15.0()() tons containin~ more than 30 per('pnt ~rn. Hecent 
production of material Hxeraging 40 to 42 percent ~In was obtained 
hy milling. The amount of low-~rrnde ma.terial rPlllaining in this 
area is large, but widely scattered. The costs of milling make it un-
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likely that production can be obtained except during periods of arti­
ficial price supports. 

A third type of deposit in Utah consists of veins of oxides depos­
ited directly by rising hot waters or hot springs. Such deposits (fig. 
23) are most commonly found in igneous rocks; a group near Rich­
field (Nos. 28-30) and springs near Delta (No. 18) and Lehi (No.7) 
have yielded a smallfroduction. 

Known reserves 0 manganese oxide in Utah are capable of yielding 
a few thousand tons of 40 percent ore per year for several years. 
Geologic conditions are not favorable for the discovery of very large 
low-grade or concealed deposits of manganese oxide. 

In contrast, the metal mining distrIcts of Utah probably contain 
manganese carbonate resources amounting to many million tons. Re­
covery of these resources will depend on the combined value of the 
manganese and the associated base and precious metals. 

MERCURY 

(ByL. S. Hilpert, Salt Lake City, Utah) 

Mercury, which in the mineral industry generally is called quick­
silver, is the only metal that is liquid at ordinary temperatures. This 
property plus its high specific gravity, high electrical conductivity, 
uniform expansion rate, and other properties has stimulated a world­
wide demand that has persisted for many centuries. Uses for the 
metal in the past were largely for the amalgamation of gold ores, the 
lnanufacture of detonators, and use in mercury boilers. Recently the 
demand has been largely in electrical apparatus, as cathodes in the 
electrolytic preparation of chlorine and caustic soda, in special paints, 
industrial control instruments, pharmaceuticals, poison sprays, and 
bactericides (Pennington, 1960). 

The mining and processing of mercury differs from other metals in 
the relative SImplicity and low cost of extracting the metal. The ores 
are roasted at the mines in retorts or furnaces and the mercury is 
collected in condensers from the flue gasses. It is bottled for shipment 
in steel flasks, which in the United States contain 76 pounds of metal. 

Utah is not an important producer of mercury although occurrences 
of the metal were known to occur in the State as early as the 1860's 
or 1870's (Butler and others, 1920, p. 541; RaymondJ 1874, p. 277). 
The total yield through 1943, the last year of recorded. production, 
is about 3,700 flasks, having a total value of about $160,000 (table 8). 
This is only about 0.1 percent of the total output of the United States 
(Bailey, 1960). 

Mercury generally occurs in near-surface veins and fractures as the 
sulfide cinnabar (HgS) and to some extent as the native metal, and 
is associated. with iron sulfides, and minor amounts of the antimony 
and arsenic sulfides, stibnite (Sb2 Ss ), realgar (AsS) and orpiment 
(As2Ss). Less commonly it occurs in aSSOCIation with gold and base 
metal sulfides, but such occurrences are generally not of much im­
portance. The deposits in Utah are exceptions because most of them 
are associated with gold or base-metal deposits and such deposits have 
yielded nearly all the mercury. 
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TABLE S.-Mercurv produoed in Utah, 1886-1961 

Year 

1886 _________________ _ 
1887 _________________ _ 
1888-92 ______________ _ 
1908 _________________ _ 
1004 _________________ _ 
1005 _________________ _ 
1006 _________________ _ 
1007 _________________ _ 
1908-32 ______________ _ 
1933 __________________ ;' 

Flasks 1 

87 } 
2126 

o 

14\ 745 
1,133 
1,009 

437 
o 

(8) 

Sold value Year Flasks 1 

$8,308 1934-35 ______________ _ 
0 o 1936_ - _______________ _ 25 1937-39 ______________ _ 0 1940 _________________ _ 53 131,292 1941. ________________ _ 

1942-43 ______________ _ 19 
(I) 1944-61. _____________ _ <') o 

<I) TotaL ________ _ 63,700 

Sold value 

0 
1,998 

0 
9,374 
3,515 

(8) 

--------------
6160,000 

J A Bask contains 76 pounds, except 76~ pounds lor period from 1886 to May 31, 1004, and 75 pounds for 
perlodfrom June 1, 1904-<17. 

I Difference between district total and amount listed for 1886. 
a Data withheld. 
'No recorded production. 
6 Estimate. 

Source: U.S. Geological Survey Mineral Resources of the United States 1886-1921, and U.S. Bureau of 
Mines Minerals Yearbook 1922-61. 

Four or more mines, all in the western part of the State, have yielded 
mercury in Utah (fig. 24). The most productive property was the 
Sacramento mine in the Camp Floyd (Mercur) district, Tooele County 
( Gilluly, 1932). More than 3,000 flasks of mercury were extracted 
from the ore between 1903 and 1907, when the ore body was exhausted. 
According to Boutwell (1907), the mercury occurred in cinnabar in 
a shoot associated with a gold vein near the contact with a porphyry 
dike. Other occurrences in the district were not rich or extensive 
enough to warrant exploitation. 

The Lucky Boy nune near Marysvale, Piute County, produced the 
first mercury in Utah in 1886-87. The deposit was found in the early 
1880's and yielded more than 200 flasks of mercury before it was ex­
hausted. It was unique because the ore was constituted largely by the 
:rare sulfoselenide and selenide minerals, onofrite [Hg (S, Se)] and 
tiemanp.ite (HgSe) and a little cinnabar. The ore body was a replace­
ment along the bedding of the Permian Kaibab Limestone on the west 
side of the Tushar fault.. The body probably was related to the same 
fracture zone as the Door Trail gold deposit which occurred several 
hundred feet below the Lucky Boy (McCaskey, 1912, p. 914-915; 
Callaghan and Parker, 1962). Other occurrences of mercury have been 
reported near Marysvale in the gold-bearing Ohio and Mount Baldy 
districts, but no mercury has been recovered from them (Butler and 
others, 1920 p. 541; Lindgren, 1906, footnote, p. 90) . 

Since 1907, less than 200 flasks of mercury have been produced; the 
yield has been sporadic and the records are poor. Most of the metal 
probably has come from the Probert (Congar Hill) mine, Tooele 
County. This deposit, which was discovered in the early 1930's 
(Crawford and O'Farrell, 1932), was loca.lized on a fault, and con­
sisted mostly of cinnabar associated with a barite vein in fractured 
dolomite. 

Some mercury also may have been produced near the head of Timpie 
Canyon in the Stansbury Range, Tooele County, where a vroperty 
was being operated in 1958 at an occurrence reportedly consIsting of 
some mercury ore in brecciated dolomite (Rigby, 1958, pp. 124-126). 

It is possible that some mercury may also have been produced by 
the Cina-mine property, Iron County, in the late 1950's or early 1960's. 
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EXPLANATION 

'5<' Mercury mine X Mercury prospect or occurrence 

FIGURE 24.-Mercury in Utah. 

This property possibly is the Marietta or Stratton prospect (NIineral 
Resources of the United States, 1914, pt. 1; p. 329). At this I?roperty 
cinnabar is disseminated in opalizecl seams in tuff along wIth pods 
of native sulfur, in the hanging wall of a fault that separates the tuff 
from underlying dolomite. 
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Mercury has also been reported in a few other localities in the State, 
but none are of economic importance. These include occurrences of 
native mercury in the Gold Springs district, Iron County (Butler and 
others, 1920, pp. 106, 566) ; and In the Bingham distrIct, Salt Lake 
County, where some cinnabar and native mercury were found locally 
in lead ores. 

Utah's mercury resources are quite limited and probably of little 
commercial importance. Some spDradic production can be expected 
at times Df high mercury prices, but it is unlikely any large deposits 
will be found. 

MOLYBDENUM 

(By R. U. King, Denver, Colo.) 

Molybdenum is a metal of great importance to our modern ferrous 
Inetal industry. It is a silvery white metal, somewhat softer than 
steel, and has a melting point of about 2,600 0 F'ahrenheit, which is 
higher than all other metals except tungsten, rhenium, osmium, and 
tantalum. It is ductile and is resistant to' acids and to oxidation at 
ordinary temperatures. Its chief value, however, derives from the 
beneficial properties of hardness, toughness, and resistance to CDrro­
sion and wear it imparts to alloy steels. In this respect, molybdenum 
compares favorably with other alloy metals such as vanadium, 
chromium, tungsten, and nickel. 

About 75 percent of the molybdenum consumed in the United States 
goes into steel, the remainder going into special alloys, metal ,products, 
chemicals, pigments, and lu'bricants. New. and in part seemingly 
exotic uses for molybdenum in the nuclear power field, space tech­
nology, and missiles industry give promise of increased demand in the 
future for this versatile metal. 

Molybdenum is widely distributed over the surface of the earth. 
In the rocks of the earth's crust, it_s abundance, according to recent 
estimates, is about 2.5 parts per million (0.00025 percent). It is 
found in trace amounts in the igneous, metamorphic, and sedimentary 
rocks, in soils, in ground water, oceans, and hot springs, and in plant 
and animal tissues. It occurs in nature only in combinRition with 
other elements, such as sulfur, oxygen, tungsten, and lead. 

The most common molybdenum minerals fDund in nature are molyb­
denite (molybdenum disulfide, MoS 2 ) , powellite (calcium molybdate, 
CaMo04 ), wulfenite (lead molybdate, PbMo04 ), molybdite (molyb­
dic oxide), ferrimolybdite (FeMo03.nH20), ilsemannite (a water 
soluble Dxysulfate Df mDlybdenum), and jordisite( n (amorphous 
molybdenum disulfide). Of these, only molybdenite is currently ex­
plDited although some wulfenite was produced and molybdite and jor­
disite may become· econDmically important in the future. 

The first commercial production of molybdenum in the United 
States wasbetween 1898 and 1906 from wulfenite-bearing vein de­
posits in Arizona and New Mexico. Production resumed in 1914 and 
l~as incr:eased,~ith few _~xc~ptiQ!ls, t<! ~_~mr_!,ent ~nnl!.al ra~!..e of rrlOre 
than 66 million pounds. From two-thirds to three-fourthS' of this 
production comes from the Climax molybdenite deposit in Colorado 
and the balance is entirely the byproduct of copper milIling operations 
in the western states. Utah's current output is about half the N a-

-, -- - - -

26-803 0-69-9 
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tion's byproduct molybdenum production and, to date, Utah has 
yielded a few hundred million pounds o~ the metal. M;0reover, Utah 
consistently ranks second to Colorado In the productlon of molyb­
denum concentrates and the value of molybdenum produced in the 
State has ranked over the past 10 years between sixth and ninth in 
dollar value of Utah's mineral commodities. 

Significant production of molybdenum in Utah began in 1936, with 
the byproduct recovery of molybdenum froID: ~he copper ore at 
Bingham. Prior to thIs date only small quantItIes of molybdenum 
had been made from scattered deposits. For example, in 1916 a few 
hundred pounds of molybdenum were mined at the City Roc~s mine 
in the Alta district, Salt Lake County, and a small productIOn was 
reported from the Reaper mine in the Clifton (Gold Hill) district, 
Tooele County. 

Molybdenum deposits are of five genetic types: porphyry deposits 
in which metallic sulfides are dispersed through relatively large vol­
umes of altered rock; contact metamorphic zones and tactite bodies 
of silicated limestone adjacent to intrusive granitic rocks; quartz 
veins; pegmatites and aplites; and bedded deposits in sedimentary 
rocks. 

Most molybdenum in the United States has been produced from 
porphyry deposits. The Kennecott Copper Corp.'s Bingham Canyon 
mine is in such a deposit and accounts for all of the molybdenum 
currently produced in Utah. Contact metamorphic deposits commonly 
contain molybdenum in association with other metals such as tungsten, 
and bismuth. Four deposits of this type are known in the State, 
but the molybdenum content has been too small to warrant 
exploitation. 

Several molybdenum-bearing quartz vein deposits occur in the 
State, but have not been exploited because of limited size or low 
lllolybdenum content. The molybdenum mineral in these veins may 
be molybdenite associated with other metallic sulfides or wulfenite 
associated with the oxidized :portions of lead and zinc ore bodies. In 
some places pegmatites contaIn appreciable molybdenite, but those in 
Utah apparently do not. 

Bedded deposits in sandstone contain small quantities of molyb­
denum, commonly in association with uranium. (See peneconcord­
ant deposits in section on uranium, p. 124.) The molybdenum content 
generally amounts to no more than a few hundredths of a percent, 
and to date it has not been recovered. The small quantity of moly­
bdenum in this type of deposit is generally detrimental because it may 
interfere with the recovery of the uranium, and must be removed frOlll 
the circuits during milling. 

Fifteen deposits or occurrances of modybdenum in Utah are shown 
on figure 25. Most of the deposits contain scarcely more than trace 
amounts as accessory minerals. With the single exception of the 
Bingham Canyon deposit, only small quantities of molybdenum have 
been produced from these deposits. Molybdenum is reported to occur 
at a number of additional localities (Bullock, 1960), but the location 
of some are indefinite and other localities a,pparently record min­
eralogic occurrences of academic rather than economic interest. 

At the Bingham mine (see fig. 25, locality No. 1) , molybdenite oc­
curs in small quantities in seams and grains associated with dissemin-
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FIGURE 25.-Molybdenum in Utah. 

ated copper sulfides in hydr.othermally altered quartz m.onz~nite. The 
molybdenite content .of the .ore pr.obably averages ab.ou~ 0.04 percent 
based .on statements .of the Kennecott C.opper C.orp. (1961) c.oncern­
ing copper-m.olybdenum rati.os in the concentrates (00: 1.5). In 
spite .of this l.ow c.ontent .of molybdenum, the large t.onnages· .of .ore 
mined makes the Bingham mine the second largest m.olybdenum pr.o­
ducer in the United States, a p.ositi.on it is likely t.o maintain f.or s.ome 
time. . 
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Molybdenite and its oxidation product, powellite, occur in small 
quantities with copper sulfides, pyrite, and quartz in veinlets and 
disseminated in a chImney -like breccia zone at the OK mine (No. 11) 
in the Beaver Lake district, Beaver County (Butler, 1913; Butler and 
others, 1920). A high grade pocket of molybdenite a few tens of feet 
in size adjacent to . the breccia zone was extracted, but no other out­
put is recorded. The quartz monzonite, which surrounds the breccia 
zone at the OK mine, is altered over an area of about a half square 
mile. Some potential for large low-grade disseminated copper-molyb­
d:enum deposits exists in the weak sulfide mineralization that pene­
trates the altered quartz monzonite country.rock. 

Four other mining districts in Beaver County have molybdenum 
associated with deposits of other metals, but have had no recorded 
production. At the Cactus mine (No. 13) in the Preuss district, 
molybdenite associated with chalcopyrite and pyrite in a quartz­
sericite gangue is disseminated in small amounts in a breccia zone in 
altered quartz monzonite (Butler, 1913). At the Major (bismuth) 
mine (No.9) in the Granite distrIct, small quantities of molybdenite 
and bismuthenite occur with pyrite, fluorite, and contact metamorphic 
minerals in a tactite zone near quartz monzonite porphyry (Butler and 
others, 1920). At the Harrington Hickory mine (No. 10) in the Star 
(Rocky) district, wulfenite occurs in small quantities associated with 
copper-Iead-silver ores in replacement bodies along fissures in lime-
stone (Butler and others~ 1920). At the Horn Silver mine (No. 12) in 
the San Francisco distrIct, wulfenite occurs in the oxidized parts of 
lead-zinc ore bodies (Butler and others, 1920). The ore bodies are in 
replacement veins and fissure veins along the Horn Silver fault, and 
contain galena, sphalerite, and a little copper. The source of the 
molybdenum in the wulfenite is not known but is thought 'to be from 
molybdenum-hearing galena. The Horn Silver mine is credited with 
significant lead and silver production in past years but there is no 
recorded production of molybdenum. 

The copper and uranium ores at the Happy Jack mine (No. 14), in 
the White Canyon area, San Juan County, contain small quantities of 
molybdenum in the form of ilsemannite (Gruner and Gardiner, 1952). 
The ore occurs as bedded deposits and replacements of fossil plant ma­
terial in siltstones and sandstones of the Triassic Shinarump member 
of the Chinle formation. Small amounts of molybdenum also are 
present in the uranium ores of the Frey No.4 mine (No. 15), in the 
Red Canyon area, San Juan County (Gruner and Gardiner, 1952). 
Both jordisiteand ilsemannite have been identified in this bedded 
uranium deposit in sandstone. The molybdenum content of the ore in 
these two deposits is probably not more than a few hundredths of a 
percent. 

Molybdenum occurs in veins and in contact metamorphic deposits 
in the Little Cottonwood (Alta) district, Salt Lake County (Hess, 
1908; Butler and others, 1920). In the Alta-Gladstone vein (No.5), 
about 2 miles southwest of Alta, molybdenite occurs with pyrite in 
pegmatitic quartz. The molybdenite content of the vein is a few hun­
dredths of one percent. At the Continental Alta (Michigan-Utah) 
mine (No.4) and the adjoining City Rocks mine, 1 mile east of Alta, 
wulfenite occurs with oxidized ores In a crushed zone of siliceous lime­
stone in contact with granite (Hess, 1908). A few hundred pounds of 
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molybdenum were mined in 1916 from the wulfenite deposits in the 
Alta district; no further production is recorded. 

Ilsemannite occurs in a thin dark-colored sandstone bed 'at the base 
of a blufl' about 2 miles west of Ouray, Uintah County (No.7). The 
mineralized zone is a lenticular body limited to less than 100 feet in 
depth (Hess, 1925). No data are available as to the grade of the 
molybdenum content, but presumably it is low. 

Molybdenum in the minerals, molybdenite, jordisite, ilsemannite, 
and umohoite (hydrous uranium-molybdenum oxide) occurs in asso­
ciation with uranium ores in several vein deposits in quartz monzonite 
in the Marysvale district (No.8) (Kerr and others, 1952; Kerr, 1957), 
Piute County. The molybdenum content is not of economic impor­
tance, and none has been recovered. 

At the Reaper mine (No.6) in the Clifton (Gold Hill) district, 
Tooele County, molybdenite and powellite occur in contact meta­
morphic replac~ment deposits in marble ( Nolan, 1935). The molyb­
denite is in radiating crystalline aggregates and is surrounded com­
monly by its oxidation product, powellite. Although selected samples 
containing several percent molybdenite probably could be obtained, 
the average grade would be low. 

A prospect .on Arthurs Fork (No.3) in sec. 6, T. 2 N., R. 2 E., 
Morgan County, contains traces of molybd~nite associated with ura­
nium and thorium oxides in migmatized biotite gneiss of the Precam­
brian Farmington Canyon Complex of Eardley (1959). (See seCJtion 
on thorium and rare earths below). 

Wulfenite is reported to occur, in the oxidized' parts of lead and zinc 
ore shoots at t,he Tecoma mine (No.2) in the Lucin district, Box Elder 
County (Butler and others, 19'20). The ore bodies are in a contact 
metamorphic zone between limestone and quartz monzonite. 

The known reserves of molybdenum in Utah are almost exclu­
sively at Bingham. Although the production data and reserve figures 
for this mine are not published, the recently announced $100 million 
expansion program of the company is proba:bly indicative that the mine 
will continue the present rate of output for the next several decades. 
The ore reserve necessary to supply such an output would contain sev­
eral hundred million pounds of molybdenum, assuming the grade will 
continue to average 0.04 percent molybdenum. No other reserves are 
known in the State at this time. The best hope for finding -additional 
resources is in porphyry-type deposits particularly in the San Fran­
cisco district and adjacent areas, Beaver County. Bedded deposits 
~n sedimentary rocks that contain molybdenum with uranium ores in 
one or more of the minerals, jordisite, ferrimolybdite, or ilsemannite, 
'are another possible source of byproduct molybdenum. 

THORIUM AND THE RARE EARTHS 

(By J. W. Adams, Denver, Colo.) 

Thorium and the rare earth metals are treated together in this 
report as they are commonly associated in nature and are closely in­
terrelated economically. 
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Thorium is a silver gray metal that, like uranium, is the parent 
of a series of radioactive decay products ending in a stable isotope 
of lead. Its geochemical behavior, however, is quite different from 
uranium in that it tends to be dispersed rather than to be concentrated 
in significant deposits, and it is relatively stable in the weathering 
process. 
. 'The chief uses of thorium are in magnesium alloys and in the 
manufacture of gas mantles. A major potential use is In atomic reac­
tors where thorium may be converted into a fissionable uranium iso­
tope by neutron capture. The use of thorium for nuclear energy is, 
however, in the experimental stage and is in competition with rela­
tively cheap, abundant uranium (Kelly, 1962, p. 25). 

The rare earth metals comprise the 15 elements having atomic 
numbers 57 to 71, including lanthanum (La), cerium (Ce), praseo­
dymium (Pr), neodymium (Nd), promethium (Pm)vsamarium 
(Sm), euroJ?ium (Eu), gadolinium (Gd), terbium (Tb) , dlsprosium 
(Dy), holmIum (Ro), erbium (Er), thulium (Tu), ytterbIum (Yb), 
and lutetium (Lu). One of these, promethium, is not known to occur 
in nature. Yttrium (Y), with atomic number 39, is also classed with 
the rare earths because of its chemical similarities and geochemical 
affinities. 

The first seven elements listed above (La through Eu) are included 
in the cerium group of rare earths, so-called because cerium is their 
most a:bundant member. The remaining eight elements (Gd through 
Lu) together with yttrium are calle<;l the yttrium group. The two 
groups are also referred to respectively as the "light" and "heavy" 
rare earths. 

The properties of the members of the two groups are suffiGiently 
distinct to cause one group to predominate over the other in most 
minerals, even though all or nearly all are ordinarily present (Olson 
and Adams, 1962). The rare earths have many industrial applica­
tions such as in the steel industry, nonferrous alloys, glass manufac­
ture and glass polishing, sparking alloys, and carbon electrodes for 
arc lights and projection lamps. Rare earth requirements are, how­
ever, relatively small compared to many other metals, domestic con­
sumption in 1958 being only about 1,600 short tons of rare earth 
oxides (Baroch, 1960, p. 687). The rare earth industry is developed 
almost entirely around the cerium group elements, primarily cerium, 
lanthanum, praseodymium, and neodymium. Although considerable 
research is being directed to finding uses for yttrium and the heavy 
rare earth elements the current demand for these is small. 

The marketing of ores of thorium and the rare earths is difficult 
as there is no established market comparable to those of the more 
widely used metals, and prices of their ores are generally determined 
by negotiation between buyer and seller. Detailed information on 
the economic factors of thorium and rare earths is given in a recent 
publication of the U.S. Bureau of Mines (Kelly, 1962). 

Thorium and the rare earths are vound in a large number of miner­
als, but only a few of these have been found in sufficient concentration 
to be used as ores. The most imJ?ortant source mineral for thorium is 
monazite, a phosphate of the cerIum group rare earths. The thorium 
content of this mineral is variable, but commercial monazite com­
monly contains between 3 to 10 percent thoria (Th02 ) and 55 to 60 
percent combined rare earth oxides (Kelly, 1962, p. 5). Other poten-
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tial. sources of thorium are thorianite, thorite, and thorogummite, and 
multiple oxide minerals such as euxenIte. 

Monazite is also the principal ore mineral of the rare earths, but 
important deposits of bastnaesite, a rare earth fluocarbonate, are cur­
rently being mined at Mountain Pass, Calif. Both monazite and bast­
naesite contain dominantly cerium group elements. Minerals in which 
the ~trium group predominate include xenotime, and yttrium phos­
phate, and euxenite. 
. Minerals containing thorium and the rare earths are found in many 
geologic environments, but primary concentrations of ore grade are 
uncommon. Most of the world production of these elements h3!s come 
from placer deposits in which monazite and other heavy minerals have 
been concentrated in sands formed from the weathering of igneous and 
metamorphic rocks. Sea beaches along the coasts of Brazil, India, and 
Florida, 'and stream placers in the southe3!stern United States and 
Idaho are among the best known deposits of this type. SOime sedimen­
tary rocks contain placer deposits that were formed along ancient 
beaches or river banks. Such consolidated, or "fossil," placers are 
known in sandstones of Late Cretaceous age at a number of localities 
in Utah. where they have been investigated primarily asa source of 
titanium (Dow and Batty, 19'61).' (See section on ti,tanium.) 
These localities are shown in figure 26 and are (No.1) south of Esca-
lante in G. arfield C.oun. ty, .. (No. 2) .in the southe. rn par.t of th .. e Ka. iP. aro­
wits Plateau i~J{ane COl!nty, (~p. 3) sout;heas~ of Emery in E:rp.ery 
County, and (No.4) on the· southwestern flank of the Henry Moun­
tains. Fossil placers in these areas contain la,rge tonnages of rock 
composed of quartz, feldspar, titanium minerals, magnetite, zircon, 
and monazite grains cemented by ferric' iron and carbonate minerals. 
The deposits show anomalous radioactivity, much of which is caused 
by the thorium in the monazite. The highest known a,verage radio­
activity is 0.21 percent equiv:alent Th02 and occurs in a deposit in the 
Henry Mountains. The deposits examined were estimated to contain 
a total of 1,043,000 tons of rock with an average radioactivity equiva,­
lent to 0.09 percent Th02 (Dow and Batty, 1961). This level of radio­
activity is approximately what would be produced if the rock con­
tained L3 percent monazite containing 7 percent Th02• However, as 
some of the measured radioactivity. of these rocks may come from 

I . other sources, such as uranium in ZIrCOn, the actual monazite content 
may be appreciably lower...._ ._ 
'Ano~her potential source of Ithe rare eal"ths in sedimentary rocks is 

the Meade Peak Phosphatic Shale Member of the Phosphoria Forma­
tion of Permi~n age, which is widespread inJlorthern~nd no:r;th-cent:ral 
Utah (see sectiOn on phosphate, p. 195 and fig. 40). Some phosphorIte 
layers in this member may contain abnormal concentrations of certain 
elements including both yttrium and lanthanum (Gulbrandsen, 1960). 

Minerals containing thorium and rare earths have· been found in 
pegmatites in two areas of Utah. One of these is the Sheeprock Moun­
tains in Tooele County (No.5) where samarskite and an unidentified 
thorium-bearing mineral have been reported by Cohenour (1959, pp. 
118-119). Samarskite is also found as a constituent of granite in the 
same area (Williams, 1954, p. 1388). The other area is east of Willard 
(No.6) in Box Elder County where pegmatites in Precambrian rpcks 
contain cyrtolite, a variety of zircon inwhich appreciable amounts of 
uranium, thorium, and the rare earths are present. 
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Both monazite and xenotime, associated with uraninite and molyb­
denite occur in small, local, biotite-rich pods a.nd layers in migmatized 
biotite gneiss at a prospect on AI'Ithurs Fork in Morgan County (No.7). 
The gneiss is part of the Farmington Canyon Complex of Eardley 
(1959) of Precambrian age. 

Thorium and rare earths have been found in vein deposits in the 
San Francisco district (No.8) and at the Sunrise property in Beaver 
County (No.9). 

What may be a third vein-type occurrence is at the Century mine, 
Park Valley district, Box Elder County (No. 10) where monazite, 
arsenopyrite, galena, gold, and pyrite are reported by Bullock and 
others (1960). Rare-earth-bearIng apatite occurs in the magnetite 
deposits and associated tactite zones at the Smith mine in Iron County 
(Olson and A<!lams, 1962) (No.ll). 

Thorium is associated with iron and manganese oxides along frac­
ture zones in volcanic rocks in the Monroe area, Sevier County (No. 
12). A radioactive zone containing a disseminated thorium-bearing 
mineral has been found in agglomerate in the Wah Wah Mountains in 
Beaver County (Olson and Adams, 1962 ) (No. 13) . 

Several of these deposits were discovered, through their radio­
activity, during the intensive search for uranium, but their tl).orium 
and rare earth potential have not been investigated further. ' 

It would appear, however, that the monazite deposits in the con­
solidated or "f'ossil" placers described by Dow and Batty (1961) rep­
resent the most important thorium and rare earth resources in Utah 
and that these elements could be valuable byproducts if these depofjits 
were mined for titanium or zirconium. . 

The rare earth potential of the phosphate rock deposits of Utah 
also should be considered, for although these elements occur in small 
amounts in the rock and may be difficult to recover, avery large ton­
nage of phosphorite is mined and processed annually. 

TITANIUM 

(By J. W. Adams, Denver, Colo.) 

Titanium is a relatively abundant element, but one which only re­
cently has come into commercial im1?ortance. It does not occur in 
nature in its metallic sta.te, but is distrIbuted widely in the earth's crust 
in the form of oxide and silicate minerals. Two oxide minerals, ilme­
nite (FeTi03 ), and rutile (Ti02 ) are the chief sources of titanium and 
are mined from both primary deposits of these minerals in igneous 
rocks and secondary deposits in beach or river sands. 

Titanium metal is heavier than aluminum, but lighter than steel. 
Together with its alloys it is used chiefly in aircraft and missile appli­
cations where weight-saving is important. Nonmilitary uses are based 
largely on the resistance of titanium to oxidizing acids and sea water 
(Ogden, 1961). In addition to metallic utilization, much of the ore 
consumed annually goes into the manufacture of titanium dioxide 
paint pigments, welding rod coatings, ceramics, and chemicals. Ilme­
nite ores are used almost exclusively for pigment manufacture, and 
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rutile ores for the production of metallic titanium and welding rod 
coatings (Stamper, 1960, p. 889). 

Most of the ilmenite and some of the rutile used in the United States 
are from domestic sources. Major primary deposits of ilmenite, such as 
that in the Sanford Lake district,N ew York, are associated with gab 
broic and anorthositic rocks; both ilmenite and rutile are mined from 
anorthosite bodies in Virginia (Rogers and Jaster, 1962). Both of 
these minerals are recovered also from beach sands along the Atlantic 
seaboard. 

Significant deposits of primary titanium ore have not been reported 
in Utah, but sedimentary deposits of titanium-bearing black sandstone 
similar to those found in other Rocky Mountain States (Houston and 
~Iurphy, 1962) are present in several areas. These deposits, which are 
weakly radioactive, are fossil beach placers that contain very fine­
grained ilmenite, zircon, monazite, and other heavy materials concen­
trated by erosion, winnowing, and redeposition from older rocks. 
These minerals, together with grains of quartz and feldspar, are ce­
mented to a highly indurated state with ferric iron and carbonate 
minerals and form a dark-colored, dense rock which occurs as large 
lenses in sandstones of Late Cretaceous age. The black sand deposits 
were concentrated by wave and wind actIOn along the beaches of the 
eastward-retreating Late Cretaceous sea. With further retreat of 
the sea, the black sand accumulations were buried under a succession of 
younger nonmarine sediments which are wholly or partly eroded away 
where the deposits are now exposed. 

In __ Utah, the known titaniferous black sandstone deposits are in the 
Straight Cliffs Sandstone and the Ferron Sandstone Member of the 
Mancos Shale in Emery, Garfield, and Kane Counties (see fig. 26, Nos. 
1 4 inclusive). Sixteen of these deposits have been studied by Dow 
and Batty (1961) who estimate a total of 1,043,000 tons of rock with 
an average grade of 17.98 percent Ti02 • Preliminary tests by the 
U.S. Bureau of Mines indicate that the ores from Utah may be bene­
ficiated to yield titanium and zirconium products of marketable grade. 
Recovery of the Ti02 contained in the black sandstone ranged from 
41.2 to 61 percent (Dow and Batty, 1961), but beneficiation is con­
sidered difficult because of the extremely fine grain size and the vary-
ing degree of alteration of the constituents. _ 

Utilization of these deposits for titanium is hampered by inade­
quate tonnage avaIlable in anyone deposit and the relatively great 
distances between the various groups of deposits. Interest in their 
development might increase with the discovery of additional deposits 
in a single area, or by materially augmenting the resources by explora­
tion of inadequately known deposits. Exploration for additional 
deposits is greatly simplified because they are confined to specific 
stratigraphic horizons: all known deposits are in sandstone laid down 
during regressions of the sea; never during transgressions. They are 
especially conspicuous bee'ause of their dark color and commonly form 
prominent outcrops because of their resistance to erosion. In addi­
tion' their anomalous radioactivity facilitates their detection; many 
of the known deposits in the Western States were found during air­
borne reconnaissance for uranium by the Atomic Energy Commission. 
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TUNGSTEN 

( Ry D. ~r. Lemmon. :\lenlo Park, Calif.) 

Tunf.,TRten metal is light gray, very heavy, and has the highest melt­
ing pomt of the metals (about 3410° C., 6170° F.). It is use..d in alloy 
steels for high-h~mpe.rature applications, in tun~TSten carbide for cut­
ting tools and armor-piercing shells, as pure metal in lighting and 
elect.ronics, and in "arious chemicals for dyes, inks, and fluorescent 
lamys. 

·L.S. consumption in 1962 was 13,691,000 pounds of contained tung­
sten (86:~,100 units of 'V03 ), of which domestic ores provided 8,280,000 
pounds. Traditionally part of the U.S. supply comes from imports; 
only from 195a to 1956, at a premium-guaranteed price, has domest.ic 
produetion exceeded consumption. The al1t.ime maximum annual yield 
was 15,833,000 pounds of contained tungsten in 1955. 

The price of concent.rate..c; has rnnbred widely over the yenrs de­
pending upon demand and availahility of imports. Quotations for 
dorm~st.ic scheeJite in ,July 1963 were 816 to 818 per short. ton unit of 
"\VO:r, in contrast to a Government stockpile price of $63 in 1951-56 
and a war-induced price of 885 in 1916. Out.put is quite sensitive to 
price; Ht t.he .low rat~c;. prevailing since 195?, few tun~TRt..en mines ha ve 
boon worked 1Il the l;Illted States, and none In Utah. 

Since 191·1, when tungsten was first produced in rtnh, total output 
is 437 short. tons of coneent.rat.e containing 60 percent of '''''03 (26,220 
units of ""03 ), less than 0.2 percent of total "G.S. production in t.hat 
period (C.S. Bureau of }Iines ~Iinerals Yearbook, 1956). Some pro­
duction was reported in 1914-18, 1938, 1940-47, and 1951-56; t.he 
maximum annual rate being 84 tons of concentrate in 1954. Tungsten 
has been of minor importance in Ct.ah mining. 

In nature, tungsten does not. occur as nat.ive metal, but is chemically 
combined in about a. dozen minerals, of which the commercially im­
port.ant ones are ferberite (Fe"\\ro .. ), wolframite ({Fe, 1\ln)""O.), 
huelmerite (lIn'VO .. ), and scheelite (Ca'VO,,). The tungsten o~.s 
contain only small amounts of these minerals. 

Tungst.en is found in rtah mostly in contact-metamorphic deposits 
of garnet and other silicates formed at places along cont.acts of granitic 
intnlsive rocks with invaded limest.one. The known deposits are small 
a.nd are most.1y low grade, averaging less than 1 percent of 'V03 • 

Tun~ten minerals have been ident.ified in 21 deposits or dist.ricts 
in nt.ah. Twelve of tlwse have be(>n producti,·e. The known occur­
rence.c; are described briefly in the following not.es, listed by c,Qunty; 
the number in parent.heSE:'s following names refers t.o the rna.p (fig. 27), 
and in some instancffi represents several clo~mly spaced deposits. 

OCCLRREXCES BY COL"N"l'Y 

Reat·(~l' rO'lmt.'l'-- -Tllll~yStell deposits of Beaver (\ml1t,Y are clustered 
about. g'1'anitic intl'lIsin>s of the San Fl'an('i~('o. Hoekv, and Star dis­
tricts west. of ~Iilford, a.nd in the ~Iill(>ral ~Iol1l'ltains ~(Hobbs, 194!)b). 
Th~ pril.H'ipal production was from t.he Old Hickory mine (Xo. 14) 
wllJ(~h ywlded (),()OO tOIlS of sorted ore containing' o.n percent of ""0:1 

in 19 .... 1-1·l, TIl(' COPJWI' King' mille (~o. If)) at the 11m-tIl p(}(yt' of the 
Star distrid was worked during' 1 !l42----!4 for a yield of 1,100 tons of 
0.72 pen'put. ""0:1 and·l,200 tons of o.a;) }>(>l'eent 'YO:1• Xo output was 
ma.(Ie from o('currences at· tlw Little )[av Lilly (Xo. 15) alHI C"1oppel' 
Ranch mines (Ko.la). ~ 
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EXPLANATION 

Districts, principal mines, or prospects 

1. Grouse Creek Mountains 8. Metals Coalition 15. Copper King 
2. Newfoundland Mountains . 9. Trout Creek 16. Creole 
3. Gold H~ll: E.H .. B. , B. Estelle, 10. T~nt~c Western 17. Pass Canyon 

Fraction Lode (Desert Tungsten) 18. Garnet 
4. Gold Hi'll: Reaper 11. House Ran&e 19. Louise 
5. Oph~r: . Ophir Hill 12. Cupric 20. Ryan Creek 
6. Alta: Emma, South Hecla 13. Copper Ranch 21. Beaver Dam Mountains 
7. Alta: Mountain Lake 14. Old Hickory 

FIGURE 27.-Tungsten in Utah. · 
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In the San Francisco Mountains the Cupric mine (No. 12), ex­
tensively explored in 1941-43 (King and Wilson, 1949), was estimated 
to have indIcated and inferred reserves of 4,000 tons averaging 0.35 
percent. of WOs (Hobbs, 1945b). Other occurrences of scheelite are 
known in limestones on both sides of the granodiorite intrusive. . 

On the east side of the Mineral Mountains, the Garnet mine (No. 
18) and the Pass Canyon mine (No. 17) yielded respectively in 1943-
44,562 tons containing 356 units of W03 ' and 191 tons containing 179 
units. On the southwest side of the Mineral Mountains, a little pro­
duction also was made from the Creole (No. 16) and T'wo R's mines. 

A little huebnerite is .present at the Louise claims in qua.rtz veins, 1 
to 6 inches thick~ in the Tushar Mountains (No. 19) about 10 miles 
east of Beaver (Butler and others, 192; Everett, 1961, p. 42}. 

Bow' Elde'l' Oounty.-Scheelite ore containing several percent of 
WOs has been produced from small bodies of tactite on the west side 
of the Grouse Creek Mountains (N o. 1), north of Lucin. First 
worked during World War I, the deposits have yielded about 6,000 
units of WOs, principally from the Lone Pine mine, and partly from 
the Magnitude and Rocky Pass mines. 

In the Newfoundland Mountains ( No.2), small lenses of scheelite­
bearing tactite were prospected in 1955-56 and about 400 tons of ore 
containing 1.25 percent of WOs were removed (Everett, 1961). 

Grand Oownty.-A little scheelite with fluorite is reported in a fault 
between granite and sandstone at the Ryan Creek prospect (No. 20) 
in sec. 24, T. 22 S., R. 25 E. 

J'ltab Oounty.-Scheelite is present in late Precambrian rocks at 
several prospects on the north side of1he mouth of Trout Creek (No. 
9) in the Deep Creek Range. At the three principal occurrences, 
scheelite occurs along a fault in limestone at the Trout Creek mine, 
with beryl in small quartz veins at the Apex mine, and as fracture 
coatings in schist at the Bacon mine. 

In the West Tintic district, at the south end of the Sheeprock Moun­
tains, the Tintic Western mine (also known as Desert Tungsten) (No. 
10) was worked through a 400-foot shaft in 1942-44, and 7,198 tons 
of ore containing 6,734 units of WOs were mined. Scheelite was dis­
seminated in six limonite veins 1 to 11h feet thick, confined to a pend­
ant of limestone in monzonite (Hobbs, 1945a; Wilson, 1950). 

Millard Oounty.-In the House Range, south of Marjum Pass, many 
small bodies of scheelite-bearing tactite border a quartz monzonite 
stock (No. 11) (Gehman, 1958). They replace individual beds in 
gently dipping Upper Cambrian limestone. The bodies are mostly 
low grade, and none are large. More lenses of the same type mig-ht 
be found at depth but profitable exploitation is hindered by the hIgh 
cost of exploration and production from such bodies. 

In 1941-43, shipments to Metals Reserve Co. in Salt IJake City were 
1,191 tons containing 1,104 units of WOs ; in 1952-56, shipments from 
six properties to mills were reported to be 5,506 tons containing 3,611 
units ofWOs (Everett, 1961). 

Salt La,ke Oounty.-A little scheelite occurs in the Alta district, 
",Vasatch Mountains, in tactite in the Great Western and Big Cotton­
wood tunnels of the Mountain Lake mine (No.7) (Crawford and 
Buranek, 1944), and in the South Hecla mine (No.6) with sulfides as 
a small replacement lens in limestone. The rare mineral tungstenite 
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(tungsten sulfide) was found in small amounts at the Emma mine 
(No.6), the only known locality (,Vells and Butler, 1917; Calkins and 
Butler, 194:{). 

Scheelite is disseminated in stockworks of the Little Cottonwood 
stock f~o. 6) which may contail~ large tonnages of very lo,\"-~rade 
material averaging 0.02 percent of 'V03 (Erickson and Sharp, 1954; 
Sharp, 1958). 

Tooele r'ounty.-The Gold Hill district has produced about 12,500 
units of 'V03 , more than any other district in Utah. The principal 
output, made during 'Vorld 'Val' II, was from tactite deposits north­
northwest from Gold IIill : the E. H. B., B. Estelle, and Fraction Lode 
mines (No.3). In 1915-17, 1,972 units of 'V03 were produced at the 
Reaper mine (No.4) from a pipelike mass of pegmatite (Nolan, 1935). 

In the Ophir Hill mine, Ophir district. (No.5), southern Oquirrh 
Mountains, a little low-grade srheelite ore was found in 1954-55 in 
limestone of the Cambrian Ophir Shale, and small amounts of ore 
were shi pped. 

On Green's Ridge, Sheeprock M~ollntains, in sec. 23, T. 10 S., R. 6 W., 
Harris (1958) reports mineralized pods and stringe~ in altered late 
Precambrian quartzite near Tertiary granite. They contain limonite, 
relict pyrite, magnetite, chlorite, and fine-grained scheelite. 

Uta.h Co'unty.-A little scheelite in tactite is on the l\fayday Exten­
sion claim (No.8) of Metals Coalition Mining Co. on Deer Creek 
north of American Fork Canyon. In 1943, shipment was made of 77 
tons containing ao units of 'V03 • 

lVa.~hinqton C01mty.-A little noncommercial scheelite is present in 
Precambrian gneis..c; on the southwest side of the Beaver Dam Moun­
tains (No. 21). 

RESOURCES 

The tungsten deposits now known in Utah are small and with low 
content of tungsten. Greatly increased ore reserves must be found be­
fore tungsten mining can be important in the State. Reserve estimates 
compiled in 1958 showed stockpiled and indicated ore in Utah to be 
11,740 tons averaging 0.6 percent of W03 (Everett, 1961, p. 18). The 
most likely area for finding larger tonnages, hut of low grade, appenrs 
to be the House Range. 

At high priees, it is expected thnt the past pattern of production 
from {Hah could be repeated. 

URANIUM 

(By L. S. Hilpert, Salt Lake City, Utah and M. D. Dasch, Washington, D.C.) 

Uranium consists of a mixture of the isotopes r 238
, 1~235, and 

1~234. The relatively abundant isotope L"238, which can be converted 
to plutonium, and r 235 are the prinCipal ingredients used in fuel for 
nuclear reactors for power, testing, research, nnd propulsion; and for 
weapons. Minor amounts are 8;lso used in the chemical, ceramic, and 
electrical industries. 

Uranium is widely distributed in t.he UniteAl States in roeks of nearly 
all ages and type,s. Principal deposits are in sedimentary rocks, par­
ticularly contmental sandstone and conglomerate, but important ones 
also are in continental and marine limestone,. in lignitic coal and 
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associated carbonaceous shale, and in phosphorite and marine black 
shale. Some important deposits also occur in veins. Summary dis­
cussion of the di ft'erent occurrences are given by Finch (1955) t Schna­
bel (1955), Stocking and Page (1956), and Butler, Finch and Twen­
hofel (1962). 

Uranium is a commodity of great importance to Utah, but since the 
initial discovery of minable uranium m Utah the industry has had 
a varied existence, first stimulated by the demand for radium, then for 
vanadium, and finally for uranium. These periods are reviewed 
briefly. 

Uranium mining in the State dates from the early years of this 
century following the discovery by the Curies of radium and its asso­
ciation with uranium. Uranium deposits of the so-called carnotite 
type were found in southeastern rtah about 1900 and first shipments 
of ore were made in 1904 (Boutwell, 19(5), but production was spo­
radic until the late forties because of changing market demands. 
Initially the ores were mined primarily for radium, which occurs in 
all uranium ores in amounts of about 1 gram for every 200-300 tons of 
ore containing 2 percent U 308 • In 192:~, the price for radium colla psed 
after high-grade ore from the Belgian Congo entered the market; 
thereafter mining almost ceased until the midthirties, except for a 
small amount of ore produced for therapeutic purposes. During the 
radium-mining period Utah produced only a few thousand tons of 
selectively mined and hand sorted ore that probably averaged between 
2 and 3 percent U 308 , Through 1926, the total radium extracted 
from the Nation's ores was e..'ltimated to be 250 grams (Hess, 1929, p. 
268), of .whi,ch Utah's yield was about 5 perce~t (R. :po Fischer, or~l 
commUnIca.tlO,n) \or roughly 12 to 15 grams. 1 he d<>llar value of tlus 
ore was hased almost entirely on the radium content. During the 
most productive period from 1909-23, the price on the world market 
for the elemental radium content in purified salts ranged from $70,000 
to $180,000 per gram (Tyler, 1930, p. 41), the most expensive mineral 
commodity ever mined for commercial purposes (Koschmann, 1962, 
p.17). 

Relatively little radium was extracted after 1926, and since World 
War II other radioisotopes have largely replaced it. The dollar value 
of the ore cannot be estimated because the mining companies extracted 
the radium and only the refined product entered the market. 

In the midthirties, increasing demand for vanadium stimulated pro­
duction of carnotite ores untIl early 1944 when the market for va­
nadium became glutted. During the vanadium-producing period 
about 108,000 tons of ore was mmed, primarily for the vanadium 
(R. P. Fischer, written communication). The mill tailings from this 
ore were treated for the recovery of the uranium during the latter part 
of, and after, 'Vorld 'Val' II until t.he material was exhnust~d in 1947. 

After 1944 there was a lull in mining until 1948 when the At.omic 
Energy Commission established a guaranteed price schedule for 
uranium ore wit.h addit.ional benefits and bonuses.1 This stimulated 
exploration and mine development that resulted in establishment of the 
uranium mining industry. At the end of 1962, this industry had pro­
duced about 9 million tons of ore with the contained uranium and 

1 See Atomic Energy Comm1Bsion Regulations. pt. 00. Domestic Uranium Program Clrcu· 
lars 1 to 6, Inclusive, Apr. 9, 1948; June Hi, 1948; Feb. 7, 1949; and. June 27, 19~1. 
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coproduct radium (excluding vanadium) valued at about $250 million. 
This ore was removed from literally thousands of deposits, many of 
which were mined as a single enterprise. The mine production data 
are summarized in table 9. 

TABLE 9.-Uranium ore production in Utah., 

Years Short tons 1 Value 12 Years Short tons 1 Value 12 

1904-36 _______________ (3) «$1,000,000 1937-44 _______________ 6108,000 6500,000 1957 __________________ 1,075,759 $29,774,340 1945-47 _______________ (1) (8) 1958 __________________ 1,239,767 38,582,682 1948-49 _______________ 
Q 13, 504 9248,825 1959 __________________ 1,210,654 37,310,452 1950 __________________ 
Q 44,219 9953,430 1960 __________________ ,1,089,757 27,843,154 195L _________________ 961,058 91,539,199 1961 __________________ 1,098,783 25,734,215 1952 __________________ 910 176,209 Q 4,224,971 1962 __________________ 781,955 23,653,000 1953 __________________ 0194,035 95,557,993 1954 __________________ 0394,000 o 10,731, 776 Total 1955 __________________ 9607,170 916,984,021 (rounded) ____ 9,000,000 250, 000, 000 1956 __________________ 926,273 25,214,342 

1 Data from U.S. Bureau of Mines Minerals Yearbooks, except as noted. 
2 F .o.b. mine value, base price, grade premiums, and exploration allowance; vanadium excluded. 
3 Few thousand (estimated). Mined principally for radium. 
« Estimated value of coproduct radium. 
5 Data from R. P. Fischer. Mined principally for vanadium; later processed for uranium. 
e Estimated value of byproduct uranium. 
7 Few thousand (estimated). 
8 Not Significant. 
9 Preliminary figure compiled from file data by courtesy of the U .E!. Atomic Energy Commission. 
10 Includes 5,106 tons listed for 1948-52. 

Mine output started to decline after 1958 as the result of a saturated 
uranium market; the decline was brought about by lapsing of some 
fringe benefits, restrictions on mine allotments, and the lowering price 
paid for mill concentrates. The bonus paid for initial production of 
uranium ores from new mines terminated February 28, 1957, and 
payments made for contained V 20 5 were discontinued on ores that 
were too low in vanadium for efficient vanadium recovery. In 19'62 a 
stretch-out program for domestic uranium procurement for the 
January 1, 1967, to December 31, 1970, period was announced which 
defers delivery for some ore contracted for de,livery before 1967, and 
specifies a reduction in the price paid for some concentrates to $6.70 
per pound for the years 1969-70, Inclusive.2 . 

Uranium deposits in Utah occur in rocks of many ages and lithologic 
types. Three general types, namely, peneconcordant, vein, and 
bedded deposits, are important in Utah and are described below. 

The most abundant and most productive type are the peneconcord­
ant deposits. These occur mainly in continental sedimentary rocks, 
mostly in sandstone and conglomerate, and generally conform with 
the bedding, but were emplaced after the rocks were deposited. They 
are generally elongate, tend to occur in clusters, ,and range in content 
from less than a ton of ore to more than a million tons. All the ore 
during the radium and vanadium producing periods came' from this 
type of deposit. They were generally called carnotite deposits before 
1950, and some which have yielded copper have been referred to as red 
bed copper deposits. The grade of the deposits ranges from trace 
amounts to several percent uranium, but the average grade of the 
ore is about 0.25 percent U 308 , 

2 U.S. Atomic Energy Commission Press Release &56, Washington, D.C., and Grand 
Junction, Colo., Nov. 17, 1962. 
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The mineralogy is complex and varies between deposits depending 
on the relative contents of uranium and vanadium or uranium and 
copper, and the degree of oxidation. The vanadiferous uranium 
deposits genernlly range in U:V ratio from about 1:1 to 1 :15 and 
contain traces of copper and other metals, but in general the copper 
content is less than in the nonvanadiferous deposIts. The so-called 
nonvanadiferous deposits actually contain small amounts of vanadium 
and also minor amounts of copper and other metals, but locally contain 
as much us several percent copper. " 

~ea,r or n.t the surface the vanadiferous deposits consist la.rgely of 
the uranyl vanadatffi, carnotite and tyuyamunite, and various vana­
dium minera.1s; and the nonvanadiferous deposits conta,in the uranium 
hydrous oxide, ~uere1ite." When mu~h copper is nresent the min­
erals are commonly the hydrous phosphate and hyurous sulfate of 
copper and uranium, namely torliernite and johannite respectively, 
and hydrous carbonates of copper. 

Below the surface und generally below the water table the un­
oxidized analogs of these mmerals are pri~cipally uraninite, coffinite, 
montroseite, and micaceous vanadium silicates in the vanadiferous de­
posits; uraninite in the nonvanadiferous deposits; and uraninite and 
various amounts of iron and copper sulfides where much copper is 
present. The mineralogy is discussed more completely in IIess (1933), 
'Veeks and Thompson (1954), Finch (1959), and Garrels and Larson 
(1959) . 

The "peneconoordant deposits are nearly all "in the Colorado Plateaus 
provinC'.-e (fig. 28) and principally in rocks of ~Icsozoic age. About 
80 percent of "Gtah's uranium has come from deposits in the Triassic 
Chinle Formation, a,bout 15 percent has como from the Jurassic Mor­
rison FOrffi<'ttion, and the remaining 5 percent has come from various 
other units. 

Deposits in the Chinle are at or near the base in several somewhat 
discontinuous sandstone units, chiefly the ~foss Back and Shinarump 
~I~mbers a.nd, to a I~r extent, the Temple Mount.ain l\fember and a 
local sandstone -unit. in the Monitor Butte member (Stewart, 1959). 

The lar~er deposits are clustered in ancient sandstone-filled stream 
channels concentrated along the northeastern pinchouts or margins 
of the sandstone units (Johnson, 1959a and 1959b). These clusters 
constitute relatively elongate areas, or belts, whic.h contain the princi­
pal deposits in the Chinle Formation. Most important of these is the 
~foab uranimn belt which, through 1961, yielded about 65 percent 
of Utah's"uranium. The I-,TeOlogic relations of the deposits in tliis belt 
and others in the Chinle are defined and discussed by Fineh (1959). 

The uranium deposits in the Chinle in different plnct'S are "anadif­
erous, nonnmadiferous, or cupriferous. The vanadIferous deposits oc­
eur chiefly in the Libson Valley (No.1, fig. 28) nndl\[onument Valley 
(No.2) areas, San .Juan County; and in the San Rafnel Swell area (No. 
!l), Emery County. l\fost of these deposits have a {T:V ratio of about 
1 :3. The Libson Valley area (No.1), San .Juan County, also contains 
most of the nonvanadiferous deposits, and the cnpriferolls deposits are 
mostly in the "Thite Canyon area (Xo. 4), San .Juan County. The 
U: Cu ratio in these deposits generally ranges from 1:1 to about 1 :3. 

The uranium deposits in the ~{orrison formation are nearly all in 
the Salt 'Vash member, which crops out throughout many parts of 

26" 803 O-fi9 - 10 
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southeastern Utah. This member is an alluvial fan deposited on a 
broad plain by a system of braided streams that diverged tD the north 
and east (Craig and others, 1955). Near its southwestern source the 
Salt Wash Member is a conglomeratic sandstone but to the northeast 
it lw--eomes mud..~one;. between, it is mostly interbedded sandstone 
and mudstone. The princi~al uranium deposits are in relatively thick 
sandstone lenses with some mterbedded mudstone. These lenses repre­
sent old complexes of sand-filled stream channels. 

The most. important deposits occur in such lenses in the Green Ri\·er 
area (No. !», Emery County; in the Polar and Beaver ~fesa area 
(Xo. 6) and Yellow Cat area (No.7), Grand County; Lisbon Valley 
area (No.1) and Cottonwood "Tash area (No.8), La Sal Creek area 
(No.9), and Cane Creek area (Xo. 10), San .Juan County; and on 
t he east side of the Henry :Mountains ( No. 11), Garfield County. 

The Salt 'Vash ores are nearly all yanadiferous, the U:V ratio gen­
erally ran~ing from 1:2 to 1 :15 and averaging about 1 :4. 

In additIOn to the depositS in the Chinle arid Morrison Formations, 
scatterp<l peneconcordant deposits OCCllr in other sedimentary forma­
tions ranging in age from Permian to Tertiary. :Most of these de­
posits are in sandstone, are small, and have yielded little ore. 
~Iineralogically they al'e nearly all similar to the Chinle and ~forrison 
deposits. One exception, the Yellow Chief, is a fairly large deposit 
in we,ste.rn .Juab County. 

The Yellow Chief is in a valley that sepnrat.es Spor ~follntain from 
the main part of the Thomas Range. lJp~r Tertiary lava flows and 
tuffs in the valley are interbedded with clastic sediments derived from 
nearby ranges. The host rock for the uranium ore is a massive. 
tuffaceous, conglomeratie sandstone, locally called the Yellow Chief 
sandstone. It was deposited in a fluvial environment and is probably 
late ~fiocene or early Pliocene in age (Bowyer, 1963, pp. 17-18). 
The or~ min~.ral is betn.-uranophane, which IS a secondary uranyl 
silicate that fills pore spaces and c.-Oats the sandst.one particles; dep­
osition, for the most part, was stratigraphically controlled. This 
uranium deposit differs from others in fluvial strata in that carbo­
nac-eous matter is inconspicuous or lacking, iron sulfides are sparse, and 
beta-urnnophane is t.he only uranium mmeral present in significant 
amounts. Bow'y~r (1963, p. 21) sug-gests th~ beta-uranophane may 
have been formpd by concentration in the host rock by va.dose and 
ground water, following erosion of the uranium-be.armg fluorspar 
bodies of Spor ~fountain; or it may have been altered from coffinite 
or uraniniro after these primary uranium minerals were precipitated 
from magmatie fluids. 

In nddition to peneconcordant deposits, H.'in-type deposits in {Thlh 
have yielded important. amounts of ore. This type of d~posit. include..c:; 
fracture fillinW3, stock works, mineralized breccia, and fracture zones 
ill roeks of all kinds, and pegmatite dikes. ~fost. of t.hese deposits are 
hydrothermal in origin. 

In rt.ah, uranium-bearing vein deposits are in the Basin and Range 
province and at the western edge of the Colorado Plateaus province 
(flg. 28). :Fluorite and uranililll-lx"''l.ring minerals a.re closely asso­
eiated in several of these deposits, and in some areas the discovery of 
uranium can be attributed t.o earlier fluorspar mining. 

The ~farysvale urtLnium area in northern Piute C--ounty and southern 
Sevier County contains the most import.ant vein deposits in Utah, and 
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provides t.he outstanding example of fluorite-hearing uranium ores in 
the United Shltes. In this area, lower to middle Tert.iary Bullion 
Callyon Volcanics were inntded hy middle Tertiary qua,rtz monzonit~~ 
grnnite, and related int.rusin~ rocks, a.nd con~red hy upper Tertiary 
)fount. Belknap Rhyolit~. Following- deposition of the ~Iount Belk­
llap Rhyolite, t.lw uranium deposit ..... were empIaeed as ,-eins in the 
monzonite, as irrchTular nul.."5PS a.t t,lw base of t he ~[ount Belknap 
Rhyolitp" and as fracture fillinbJ'S and coatings in the Bullion Canyon 
Volcanies. 

Most important, are t.he deposits, or veins, in t.he monzonite, which 
con..c;ist of t.he mineralized parts of a set of sh~ply dipping northeast­
trending faults and fractures. The ,rein material consists of fillings 
of the open space in fault, broceia and of fracture coatings by the prin­
cipal ore mineral pitchblende and ntrious minor secondary uranium 
oxidf.'s, and associated fluorite, ilsemannite, quartz, and pyrite. The 
veins range from about 1 inch to a feet thick and pinch and swell along 
the strike and dip. They have been mined along the strike for about 
1,000 feet and to a dept.h below the surfa~e of about 800 feet.; they have 
supplied mo~t. of the ore from Utah's vein-type c}(>;posits. 

The prineipal producing mines are within a relatively small area on 
the sout.hwestern margin of a quartz monzonite intrusive. 

Deposits in the ~[ount Belknap Hhyolite are in highly argillized 
zones aho"e the veins in the monzonite. - These deposits are irregular 
in form a.nd range from a few feet to 100 feet. or more in width tlnd 
len~rt,h, and from a few feet. to several tens of feet thick. Mineralogi­
eally they are similar to the veins in monzonite but the ore minerals are 
more finely disseminated and the ore is rather pockety. The best de­
posits generally overlie places where the eonta('t between the rhyolite 
and monzonite is fairly flat. Ore from the deposits in the rhyolite as 
well as in the monzonite veins average~" about 0.20 to 0.25 percent U 30I!. 

Deposits in t,he Bullion Ca.nyon Volcanics a.re smaJL seaHel'ed, and 
unimportant economically. -

The geology and minern.lo~ry of the Marysvale uranium deposits are 
discussed more completely by Walker and Osterwald (1956) and 
Kerr and others (1957). 

In the Indian Creek area of eastern Beaver County erratically dis­
tributed uraninite apd secondary uranium minerals have been mined 
along an intensely argillized fault zone. The z"n~, which contains 
f1uorIt.e, separate~ '['(>l,t,iary )IOllllt, Belkna.p Hhy te from Tt'I1:iary 
Bullion Canyon Yolcani(·s. SOllle uranium also is prpsent ill shear 
ZOIl{,S ill ~Iollnt, Belknap Hhyolitt> and t.uff, and in fra.et.llres in t.he 
Bullion Ca.nyon Yoleani('-s. 

In the southern part of the Wah Wah Mountains, western Reaver 
County, uraninite and some autunite are present in rhyolite porphyry 
in association with fluorite pods adjacent to the faulted contact with 
Paleozoic carbonate r()(~ks and in fragmental rhyolitic tuff that, in 
places, direct ly overlies earbonate rocks. 

In the Thomas Rang-e fluorspar district of western Juab County 
uranium is present in fluorspar pipes that cut Paleozoic dolomites. 
The uranium apparently is mostly in th.e crystal lattice of the fluor­
spar, but in places secondary uranium mInerals coat fracture surfaces 
in dolomite. Samples of rock contain from 0.003 to 0.33 percent 
uranium, but due to metallurgical problems, the material currently 
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is nonamenable to commercial extraction of uranium (Staatz and 
Osterwald, 1956, pp. 133-135; 1959, pp. 52-59; Sharp, 1963, p. 14). 

West of the Thomas Range in the Honeycomb Hills, uranium min­
erals are disseminated along bedding planes and fractures in a 
Tmtiary welded rhyolitic tuff. . 

In northenl 'Vashington County, some uranilllil ore has been mined 
from breccia. zones in the Permian Kaibab Formation near the Hurri­
cane fault. The ore mineral is principally autunite. 

A small amount of uranium ore has been mined in eastern Box Elder 
County, where disseminated uraninite occurs in biotite-rich pegmatitic 
pods and layers in gneiss of the Precambrian Farmington Canyon 
Complex. 

In addition to peneconcordant and vein deposits, uranium is pres­
ent in low concentrations in bedded deposits. This type of deposit 
conforms with the bedding of the host rocks, is generally coextensive 
with the host unitt and was probably formed contemporaneously with 
it. Deposits of this type occur principally in phosphorites and in 
dark marine shales. 

Most important, and probably the only ones of this type that are 
economically important, are the phosphorites, in whic~ uranium oc­
curs as a substitute for calcium in the phosphate mineral, carbonate­
ftuorapatit~ (Gulbrandsen, 1960a). Although deposits of this type 
have not been mined for uranium content in the United States, some 
uranium is recovered as a byproduct from such deposits mined for 
phosphate in Florida. 

In Vtah, the most important deposits of this type occur in sever~l 
zones III the l'Ieade Peak PhosphatIC Shale ~fember of the PhosphOrIa. 
Formation. The ~Ieade Peak is almost coextensi\·e with the Phos­
phoria. in northern Utah (fig. 28) a.nd the general distribution, strat­
igraphy, and relations of the-phosphatic units are described by Cheney 
(1957) and McKelvey and others (1959), and are disCussed in the -

section on phosphate (p. 195). Few data are available on the uranium 
content of the phosphatic zones of the Meade Peak in Utah, but 
studies indicate that the uranium content generally can be correlated 
with the phosphate content (Gulbrandsen, 1960a). According to 
Gulbrandsen (written communICation, 1963), the content in the phos­
phate units in the ~Ieade Peak l\Iemoor in Utah, containing at least 18, 
24, and 31 percent PzO!l, respectively, averages 0.005, 0.007, and 0.01 
percent. uranium, respectively. This is a. somewhat. lower grade than 
is found in the Phosphoria farther nort.h (Swanson, 1960, p. 1366). 

In dark marine shales local concentrations as high as 0.005 percent 
uranium have been found in the basal shales of the Gardner dolomite 
and Brazer Limestone (Duncan, IH5a). These occurrenc.es1 however, 
are spotty and the grade generally ranlIes from aoout O.Out to 0.004 
percent uranium in these shales and others. Although these shales 
are Mlther widespread it is doubtful if the uranium will he of eco­
nomic significance within the foreseeahle future. 

As of ,January 1, 1963, the U.S. Atomic Energy Commission esti­
mated the uranium mine reserves in etah were 3 million tons of ore 
that averaged 0.29 percent VaOs.3 This reserve, which is mostly in 
the Chinle and ~forrison Formations deposits in southea .. ')wrn ~Ttah, is 

a John A. Patterson, add~88 before the National Western Mining Confere~, Denver, 
Colo., Feb. 8, 1963. 
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only adequate to sustain a mine yield for 3 years at the 1956-62 rate 
of extraction. During this perIOd the reserves have progressively 
dropped from It high of 7.5 million tons in 1956. The drop is partly 
the result of mine depletion, but is mostly the result of l~k of explora­
tion and development, caused hy the saturated uranium market. As a 
result, the mining companips have severely curtailed exploration and 
have only attempted to develop reserves near the mining faces. Al­
though the reserves have grndually become depleted, the picture can be 
reversed when the market. becomes more favorable. The resource 
potential is actually g-reat enough to sustain mining for many years. 

The greatest and most readily tapped potent.ial of additional ura­
lliumdppili'ilt~ is in t he Chinle and ~[orrison Fonllation~, which may 
contain resources at least several times as great a.c;; have been mined. 
These deposits, however, will be more costly to find, develop, and mine 
than in the past because they will largely occur at depths 1,000 feet and 
more below the surface. 

1\{ost of the future uranium resources probably will be found in 
the ~{oab uranium belt, the most favorable parts in it being relatively 
narrow, northwest-trending bands that are parallel to the north­
eastenl margins of the ~foss Back, Shinarump. and 1\fonitor Butte 
~lpmbl)I-S of t.he Chillle Format ion (Fine.h, 1 U;)U, pI. 10; ,J ohn:-;{)ll~ 1 U59a, 
pI. ()). Areas wit hin t h('se bands which have the grpatest potential are 
the Lisbon Valley and San Hafael areas (Xos. 1 and 8). Importa.nt 
lw;ourc('s al~o likely will be found in the Shinarump )Iembcr of the 
(~hinle in a we:-;terly trPIH.ling helt in ·the "'hite Ca.nyon area. (Xo. 4) 
a.nel in a. nort.hwpst~rly t rpndillg' lX'lt in the )Ionument Valley a.rea 
(~o. 2) (Finch, IH;'!), pI. 10). Important resources also will be found 
in t.lw Salt ""ash ~reIllhcr of t 11(' )[orrison I~"'ormation. ~Iost. favorable 
arc lloriherly trending zones or channel syst~ms on the (,,,,'lsterll flanks 
of the San Rafael Swell a.nd lIenrv )Iountains (Xos. 5 anel11) (.John­
son, H)!)9a, pI. 7). Ot.her areas containin~ resonrces in the Salt Wash 
are principally Polar and Bpaver ~{~sa (No.6), Yellow Cat (No.7), 
Cottonwood 'Yash (No. R), La Sal Crpek (Xo. 9), and Cane Creek 
(No. 10). Some important. resourcps also may be found in vein de­
posits in the l\farysval~ and Indian Creek areas in Piute, Sevier, and 
Beaver Counties, and in the Tertiary sediments in the western part of 
tho State. 

Very large tonna.ges of uranium occur in the ~Ie[Hle Peak Pho...';­
phat ic Shale )fplllhel' of the Phosphoria Formation in northern l~tah 
(table 10). If the need is g"reat, much uranium could be r~covered 
from this source most readily as a byproduct of phosphate mining 
operations. 

'fAIIU: lO.-Uranium r(,8erves in the Jleade Peak Pllosphatic Shale J[ember of 
the Pllo.'1p1ioria. Formatio/l in. Utah 

Cutoff ('on tent of P, 06 In hf'ds 3 feet or more thick 

More than 31 perct'nt and above entry levrL .............. . 
More than 31 pt'rccnt and rrom pntry Level to 1,000 (E'et below. 
:More than 24 percent and above entry leve!.. .............. . 
More than:l4 percent and rrom "ntry Irvrl wl,OOO feet lx>low. 
MorC' th~n 18 J)f'r<'t'nt and ahove entry levI'L .............. . 
~ore than If! perct'nt and rrom entry level to 1,000 rE'et twlow. 

I ModU!ed from data compiled by W. C. Gere. 
I Estimates by R. A. Gulbrand!leD. 

Reserve or rock ! 
(rounded long 

tons) I 

39,000.000 

~:~:~I' 400, 000. 000 
2,800,000.000 
1. 13.'1.000.000 

Uranium 
grade 

(percent) , 

0.01 
0.01 
0.007 
0.007 

I 

:t:ranlum con· 
't4>nt (rounded 

long ton~) 

0.005

1 
0.00.'1 

3,900 
4.000 

6.'1,000 
28.000 

140.000 
57.000 
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VANADIUM 

(By R. P. Fischer and J. D. Vine, Denver, Colo.) 

About 2,000 short tons of vanadium have been consumed annually 
in the United States in recent years. Three quarters of this has been 
used in special engineering, structural, and tool steels as an alloy to 
control grain size, impart toughness, and inhibit fatigue. The other 
principal domestic uses have been in nonferrous alloys and chemicals 
(U.S. Bureau of Mines, 1960; Busch, 1961) . 

Utah is second to Colorado in the production of domestic vanadium 
ore. The ore mined in Utah has yielded vanadium pentoxide con­
centrates containing about 6,000 short tons of vanadium, representing 
about 10 percent of the total domestic production and 6 percent of 
the total world production. The value of vanadium pentoxide in 
these ores is estimated at about $7 million, and the vanadium con­
centrates from Utah ores had an estimated value of $22 million. 

Only about half of the vanadium ore mined in Utah has been 
milled in Utah; the rest has gone to mills in Colorado. Since 1961, 
however, vanadium-bearing ferrophosphorus slags from phosphate 
rock mined in Idaho have been milled in Utah to obtain vanadium 
concentrates, and this practice may yield a substantial production of 
vanadium concentrates in Utah in the future. 

Deposits of vanadium and uranium in sandstone are the only pro­
ductive vanadium deposits in Utah. Two other types of deposits­
vanadiferous I?hosphate and vanadiferous shale-are potential sources 
of vanadium l1l lJtah. These three types of deposits are described 
briefly below and their distribution is shown on figure 29. (See also 
sections on uranium, p. 124, and phosphate, p. 195.) 

Mining of the vanadium-uranium de:posits in sandstone in Utah 
began in the early 1900's, but until the mId-1930's these mining opera­
tions were sl?oradic and ore production was small. The ore was mined 
mainly for Its radium content, but a little byproduct vanadium and 
uranium were obtained. During the late 1930's and early 1940's these 
deposits were mined more intensively and mainly for vanadium. 
Since the late 1940's these deposits, as well as many similar ones that 
contain uranium but little or no vanadium, have been mined inten­
sively for uranium. . Vanadium has been recovered as a coproduct 
or byproduct from most of the ore that contains about 1 percent or 
more V20 5 • 

All of the productive vanadium deposits in Utah are in the south­
eastern part of the State. Most of them are in the Morrison Forma-

! tion of Jurassic age; a few are in the Ohinle Formation of _TriassiQ 
age. The host rocks are lenticular beds of continental sandstone that 
contain rather abundant carbonized plant fossils. The ore minerals 
impregnate the sandstone and replace the plant fossils. The primary 
ore minerals consist of oxides and silicates of vanadium and uranium; 
all of these except the vanadium silicates oxidize to a variety of sec­
ondary minerals. 

The ore bodies are tabular l'ayers that lie nearly parallel to the 
bedding of the sandstone. They range from small masses only a .few 
feet across, containing only a few tons of ore, to bodies several'hun­
dred feet across, containing thousands of tons of ore; the ore layers 
average a few feet thick. Ore bodies tend to be clustered in small 
areas as shown on figure 29. 
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3· Yellow Cat B. Cane Spring 
4. Cactus Rat 9· Rattlesnake 
5· Squaw Park 10. La. Sal Creek 
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EXPLANATION 

vanadium-uranium deposits in sandstone 

II. Lisbon Valley 16. Montezuma Canyon 
12. Dry Valley 17· Cottonwood Canyon 
13. East Canyon lB . Butler Hash 
14. Peters Hill 19. Monument Valley 
15. Monument Canyon 20. Trachyte Creek 

Outcrop of Phosphoria Formation or Deseret Limestone 

Sampled exposure: .. Deseret Limestone, • Chainman Shale, X Manning Canyon Shale 

FIGURE 29.-Vanadium in Utah. 
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Deyeloped reserves of vanadium-bearing ore in the ~[orrison and 
Chinle Format.ions in sontheastern rtah contain a little less than 1,000 
short tons of recoverable vanadium, representing nearly a 2-year 
supply at the rate of mining in recent years. Potential resources in 
undiscovered deposits, however, probably eontu.in several thousand 
tons of vanadiwn, but these deposits will be increasingly costly to 
find and mine. Likely the production of this type of ore will decline 
gradually durinr the next few years. The outlook for their discovery 
and minmg wil be influenced chiefly by economic conditions in the 
uranium-mming industry in the future. 

The known deposits of vanadiferous phosphate and shale occur in 
the northern and western parts of Utah (fig. 29). The total amount 
of contained vanadium in these deposits IS large-perhaps tens of 
thousands of torts of vanadium-but sampling of these deposits for 
vanadiwn has not been adequate to obtain a quantitative appraisal or 
even a good estimate of the grade of the contained vanadium. 

Somo of the phosphate rock mined from the Phosphoria Formation 
of Permian age in Idaho, ":"yoming, and ~Iontana contains 0.2 to 0.3 
percent vanadium pentoxide (VzOs the conventional reportin~ nnit. 
in tlw vanadium industry). Yanadium has been recovered from some 
of this rock, both from operations manufacturing fertilizer and also 
from slags obtained in making elemental phosphorus. ~finable phos­
phate rock a.lso occurs in the Phosphoria Formation in northern 
Utah (p. 195), but t his material probably is a little lower in vanadium 
eontent than that in the states to t.he north. Phosphate rock of po­
tent.ial value also occurs in the lower part of the J.)esCI'et LimeBtone 
of Mississippian age in west-central Utah; this material might aver­
age about 0.2 percent V 20:; (Duncan, 1953, pp. 61-67; Morris and 
Lovering, 1961, pp. 99-104). 

Some thin beds of shale associated with the phosphate rock in the 
Phosphoria and Deseret. Formations contain 1 percent or more V 205, 

but la.yers of shale thick enough to mine probably average les::; than 1 
percent VzO;). Yanarliferow.; shale beds also occur in the Chainman 
Shale of ~Iis.."issippian age and the l\Ianning Canyon Shale of l\fissis­
sippian and Pennsylvanian ages in weste-rn Thah (Davidson and 
Lakin, 1961, 1962.) Because of the relatively low vanadium content 
and metallurgical difficulties, it is unlikely that any of these shales 
will be exploited for vanadium alone in the foreseeable future. In 
places, however, these shales also contain unusual concentrations of 
other elements---chromium, fluorine, molybdenum, nickel, selenium, 
uranium, and zinc (Gulbrandsen, 1960; Davidson and Lakin, 1961, 
1962) ; ultimately two or more of these metals might be profitably re­
coverable as coproducts from these rocks. 

ANTIMONY AND OTHER MINOR METALS 

(By M. D. Dasch, Washington, D.C.) 

Antimony, arsenic, bismuth, cadmium, selenium, and tellurium 
fire recovered primarily as byproduct.s during the smelting and re­
fining of met.allic ores. Product.ion figures of smelter byproducts in 
lJtah are, for the most part., unavailable. Indeed, if annual stat.istics 
were released, they would be misleading, for, although much of the 
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ore processed by Ctah smelters eornes from local mines, some of the 
ore originates in neighboring- states-in parts of Arizona, California, 
Colorado, Idaho, Nevada, and ~fontana. 

The characteristics, uses, and production of antimony, arsenic, and 
bismuth are discussed by element in the following paragraphs. The 
occurrences of these elements in Utah are then summarized by mining 
district, rather than by individual commodity. The uses, production, 
and ocCUrrenCR.,8 of cadmium, selenium, and tellurium are discussed 
separately by eommodity. A resource statement for all six elements 
condudes the discussion. 

Antimony is an element that can occur in several different forms, a 
property referred to as allotropy. In the common form, it is a brittle, 
tin-white materia.} with a metallic luster. It occurs rarely in the nat ive 
state, more commonly as the mineral stibnite, a steel-gray crystalline 
antimony trisulfide. 

Antimony is alloyed with certain metals in order to harden them and 
to inhibit corrosion. In 1961, the most recent year for which complete 
production statistics are available, the greatest consumption outlet for 
antimony was as antimonial lead for use in batteries. Significant 
quantities of the element were also used in cera.mics and glass, in flame­
proofing chemicals and ~ompounds, and to an increasing extent in 
plastics. Although antimony possesses no indispensable properties, it 
IS technolof!ically superior to other elements in many of its uses. Fur­
thermore, It is relatIvely cheap and can be substituted for more ex­
pensi ve metals. 

Antimony is found in two types of deposits: one type is simple both 
mineralogically and structurally, the other is eomplex. The simple 
type eonsists predominantly of native antimony, stihnite, and in plac.es 
their oxidized equivalents. The minerals occ·ur in siliceous gangue 
and may be, aceompanied by small <tuant it.ies of pyrite and other me~al 
sulfides. Examples in lJlah of thIS simple type of deposit are: the 
Antimony Canyon (Coyote Creek) deposits, Garfield County; the 
Dry La.ke antimony mine, Box Elder County ~ and the antimony de­
posits west of Gunlock, Washington County. In the eomplex type of 
deposit, ant.imony commonly is present in sulfo-salt..c; of copper, lead, 
and silver, or in sulfides of copper, lead, zinc, and silver. The anti­
mony is locked within the complex crystal lattice of certain ore min­
erals such as tetrahedrite (copper-antimony sulfide). Stibnite less 
commonly is the principal antImony mineral in these complex ore 
bodies. Antimony mined in the lTnite<! Stat~.,8 has come almost en­
tirely from the complex type of deposit (White. 1962, p. 1). Exam­
ples of these eomplex ores are some that are mined in the Park City, 
Tintic, and Bing-ham districts of lJtah. Antimony generally is a 
byproduct, at t.imes a coprodllet, rE.',covered from metallic ores, espe­
cially those of lead. Commercial antimony ores rnng-e from low 
grad~..s of 1 to 2 percent ant.imony to high grades of 71.!i per('~nt. or 
nearly pure stibnite. 

Antimony was mined in Ptah about lRRO, when stibnite was first. 
shipped from the Antimony Canyon (Coyote Creek) deposits in Gar­
field County. Prodnetion from this locality was sporadie and was 
limited to periods when antimony prices were hig-h, as in 1906 and 1007. 
A little ant.imony was mined in lTtah b~tween 1915 and 1917, in re­
sponse to needs of 'Vorld "Tar I, some of it from the Dry Lake anti-
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mony mine, Box Elder County. Ore was also shipped from this 
mine during World War II. Although byproduct antimony has been 
recovered at several Utah smelters (Utah Mining Association, 1959, 
p. 22), production information is unavailable. 

Arsenic is a brittle, poisonous, allotropic element that is widespread 
in small quantities. In the common form, it has a near metallic luster 
and is tin white or silver gray; exposure to air turns it black. Arsenic 
seldom occurs in the native state. More commonly it is found in one 
of three minerals: orpiment (arsenic trisulfide), realgar ( arsenic 
monosulfide), and arsenopyrite (sulfarsenide of iron). Arsenic also 
is mineralogically associated with copper, lead, cobalt, nickel, iron, 
and silver, with or without sulfur. 

Arsenic is recovered as a byproduct during treatment of copper, 
lead, and less commonly, gold and silver ores. No domestic deposits 
are mined only for arsenic content at the present time. Elemental 
arsenic has not been recovered as a byproduct in this country in recent 
years. Instead, the element has been produced and consumed as ar­
senic trioxide or arsenious oxide, commercially called white arsenic. 
It is used primarily in the manufacture of calcium and lead arsenate 
insecticides. Since 1944 there has been a marked decrease in its con­
sumption, owing to public preference for less toxic organic insecticides, 
such as DDT. The only extensive application of white arsenic, other 
than as a poison, is in glassmaking. 

From 1923 through 1947, Utah was second and at times first in 
domestic white arsenic production; rank was not given for the State 
during the years preceding and following this span. Several Utah 
smelters produced arsenic, from the early part of the century through 
1959. The Garfield smelter of the American Smelting & Refining Co. 
and the Midvale smelter of the U.S. Smelting Refining & Mining Co. 
recovered white arsenic from lead ores shipped from the Tintic dis­
trict and from other parts of the State. In Tooele, the International 
plant or the Anaconda Go. recovered white arsenic over a period of 
years. From 1953 through 1958, only the Midvale plant was re­
ported as recovering white arsenic. In 1959, it was dIs'mantled and 
sold, and since that year there has been no report of arsenic production 
in the State. 

Bismuth is a brittle, reddish-silver element that has a metallic luster 
andis chemically similar to antimony and arsenic. Small quantities 
of it are widely distributed throughout the world. Native bismuth, 
bismuthinite (bismuth, trisulfide), and a number of other bismuth­
bearing minerals generally are found in stringers and pockets in hy­
drothermal veins. In some places, bismuth enters into the crystallat­
tice of certain ore minerals, such as galena (lead sulfide) .. Few de­
posits are concentrated enough to be mined solely for bismuth. Most 
of it is produced as a byproduct of lead ores, and to a . lesser extent of 
copper, tungsten, and gold ores. 

In 1961, 35 'Percent of the bismuth metal consumed in the United 
States was used in pharmaceuticals, and in other industrial and labora­
tory chemicals. Sixty-one percent was used in fusible and other types 
of alloys (Spencer and den Hartog, 1962, p. 344). In the future, bis­
muth may become increasingly important in nuclear and electronic 
applications, and in thermoelectric elements and liquid metal reactors. 
Although other metals can be substituted for the element in some of its 
uses, bismuth has a relatively stable position in the present economy. 
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Bismuth production in Utah was reported as early as 1871. Lead 
ores from the Tintic district were smelted at the Bingham Junction 

,plant of the U.S. Metals Refining Co. earlier in the century, and for 
many years the lead bullion was sent to Indiana where bismuth was 
recovered as a byproduct. In 1914, one lot of bismuth ore was shipped 
from the Clifton (Gold Hill) district, Tooele County. Bismuth re­
covery has been reported at various times by other Utah plants: the 
Ga~field smelter of the American Smelting & Refining Co. (prior to 
1959) ; the International plant at Tooele, of the Anaconda Co.; and 
the Midvale smelter of the U.S. Smelting Refining & Mining Co. 
Utah production is not mentioned specifically after 1948 in the U.S. 
Bureau of Mines Minerals Yearbook. 

Antimony, arsenic, arid bismuth often occur within the same mines 
or mining districts. The significant deposits have been adequately 
summarized in two U.S. Geological Survey mineral investigations re­
source maps and accompanying texts: Antimony (White, 1962, pp. 
4-5) and bismuth (Cooper, 1962, p. 12). Many of the localities were 
originally reported by Butler and others (1920). Occurrences of 
these three elements are discussed below, alphabetically by county and 
by district or deposit, and their locations are shown on figure 30. 

Beaver Oounty: Granite dist'T'iot (N.o. 17): In the Major (Bis­
muth) mine, bismuth (bismuthinite) and molybdenum are present in 
tactite near a Tertiary quartz monzonite p<>rphyry intrusive. A little 
ore containing 7 percent bismuth was ShIpped :£rom the Granite 
district in 1871 (Blake, 1885, p. 654) . 

San Franci800 di8trict (No. 19) : Antimony (sulfantimonides) and 
arsenic (sulfarsenides) are associated with lead'and zinc 'Ore minerals 
in the Horn Silver mine. The ore bodies occur as replacement de-
posits in volcanic rocks. ' , 

Sta'f' dist'T'iot (No. 18) : Bismuth (bismuthinite) is present in the 
St. Mary's mine, and is associated with lead, silver, and copper ores. 
The ore bodies ' replace limestone, near a , Tertiary quartz monzonite 
stock. Arsenic and antimony have also been reported frDm the 
district. 

Bow Elder OO'tli'Tbty: Dry Lalte antirruYn1!J mine (White, 1951, pp. 
21-22) (No.2): Concentrations 'Of stibnite and antimony oxides occur 
irregularly in a quartz vein and in brecciated limestone near the vein. 
The ore averaged 10 :percent antimony. About 100 tons of antimDny 
have been produced sInce the mine was first opened in 1897. 

Near Newfoundland (N'O. 3) : High-grade bIsmuth ore is associated 
with copper (HDvey, 1905, p. 375). 

Garfield, Oount,!!: Antimony distriet (Richardson, 1908; Traver, 
1949; White, 1951) (No. 14) : The Antimony Canyon (CoYDte Creek) 
deposits have been mined for stibnite and for antimony oxides. 
Antimony minerals occur as veinlets, irregular masses,and dissemina­
tions, in and near faults and fractures. The ore is limited primarily 
to a sandstone unit that 'Overlies a boulder conglGmerate. Realgar and 
other arsenic-bearing minerals are also present. BefGre 1917, .1,200 
tGns 'Of hand sorted 'Ore containing 600 tons of stibnite was mined 
(White, 1951, p. 22). Pr'Oduction ITom this locality has been sporadic. 
A concentrating mill was bliilt in 1906 at the nearby town of Anti­
mDny to· process the local 'Ore. Soon after its completion antimony 
prices dropped and it was never reported in 'Operation. Several 
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smaller antimony deposits are located about 5 miles north of Anti­
mony Canyon. 

Juab Oownty: Detroit district (No. 12): Bismuth has been re­
ported from the E.P.II. claim. It occurs with copper, gold, and silver 
In replacement veins in limestone that is cut by monzonite porphyry 
dikes. 

Tintic district (No.9) : Antimony, arsenic, and bismuth have been 
reported from ores of many mines in this district. Complex sulfide 
deposits, oontaining lead, copper, silver, gold, and zinc, are in Paleo­
ZOIC carbonate rocks. 

We8t Tintic di1Jtrict (No. 11): Antimony and arsenic occur in 
quartz-complex sulfide veins carrying lead, copper, and zinc. The 
ore bodies are in Pal~ozoic limestone and granitic rocks. Bismuth is 
reported from two mines where' the principal metals are tungsten and 
O'old. 
~ Salt Lake Oounty: Bingham district (No.6): Antimony (tetra­
hedrite) and bismuth occur in copper ore..c; and associated lead, zinc, 
silver, and gold ores. 

Little Ootton1()ood (Alta) district (Kasteler and Hild, 1948) 
(No.5): Sedimentary rocks, rangin~ from Cambrian quartzite to 
Carboniferous limestone, are cut by Igneous dikes and stocks in the 
Little Cottonwood district. Ore bodies, associated with fissure sys­
t.ems, replace the carbonate rocks. The district primarily has pro­
duced ~opper, lead, gol~ silver, and zinc. The South IIecla mine, 
entered by the Dwyer Tunnel, was, at one time, one of the major 
sources of bismuth in the United States. The element generally occurs 
in the mineral bismuthinite. Eighteen thousand pounds of bismuth 
was produced from the mine between 1912 and 1925, and 11,861 pounds 
was produced between 1944 and 1945 (Kast~ler and HiId, 1948, 
P{>. 3, 4). In 1947, 3,494 pounds' of bismuth was recovered in the 
LIttle Cottonwood district probably from the same workings (Mat­
thews, 1947, p. 761). AntImony also has been recovered from the 
South Hecla mine; 3,866 pounds were produced during 1944 and 1945 
(Kasteler and Hild, 1948, p. 4). In 1920 the Sells Tunnel produced 
8,517 pounds of bismuth from copper-silver ore; arsenic and antimony 
were also reported (Heike.s, 1922, p. 67). 

S'Ib111J1nit County: Park Oity distriot (No.4): Antimony (tetra­
hedrite), arsenic, and bismuth minerals are associated with lead, zinc, 
copper, silver, and gold in veins and replacement deposits in limestone, 
quartzite, and intrusive porphyry. 

Tooele Oounty: Camp Floyd (Mercur) district (No.7) : Antimony 
(stibnite) and arsenic (realgar and orpiment) are associated with 
silver, gold, mercury, and c0'pper in silicified Paleozoic limestone. 

(fUlton (Gold Hill) distrzct (Nolan, 1935) (No.8): The Clifton 
district, organized in 1869, has been a source of gold, silver, copper, 
lead, and zinc ores. Two mine~, the ·Gold IIill m,ine of the Western 
Utah Copper Co., and the U.S. mine of the United State$ Smelting, 
Refining & Mining Co., produced large quantitie~c:; of arsenic in the 
past ~ they are inactive at the pre.sent tIme, Arsenic replacement 
deposits are J>resent in the ~Iississippian Ochre ~[ountain Limestone. 
The ore bodIes occur in roof pendants enclosed by quartz monzonite, 
and are primarily composed of arsenopyrite; they are associated with 
ore shoots valuable for lead and silver content. Scorodite (hydrated 
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iron arsenate) is extensively developed in some places as an oxidation 
product of arsenopyrite. Gntil about 1920, arsenic in ores of the 
Clifton district was valueless to the producer and was not recovered. 
Retw~n 1920 and 1925, about 9,000 tons of metallic arsenic was 
recovered from processed ore..c;. In 1923, the Salt Lake Insecticide Co., 
Salt Lake City, began manufacturing calcium arsenat{' from Gold Hill 
ores (IIeikes and Loughlin. 1925, p. 76) ; it shut down in 1924. In 
1943 and 1944, the Gold IIill arsenic deposits were again mined. 
Several thousand tons of arsenopyrite, averaging about 23 percent 
arsenic, was shipped monthly to lIidvale for arsenic recovery (Mat­
thews, 1945, p. 754). 

Bismuth is present in several min~ in the Clifton district. In the 
Wilson Consolida~d mine, native bismuth, bismuthinite, and the 
oxidation product, bismutite, occur with gold ore in a limestone. 
Shipments of bismuth ore were made from this deposit in 191-1· and 
un" . 

South of Gold Hill, at the southern end of the Deep Creek ~:loun­
tains, antimony (stibnite) is as..c;ociated with cinnabar (White, 1951, 
p.22). 

Utah County: Ea8t Tin-tic district (No. 10) : Antimony and arsenic 
are present in Paleozoic carbonate rocks with com~lex sulfide ore..c; that 
contain lead, zinc, ('opper, and silver. In the ~orth Lily mine, bis­
mut.h occurs wit.h lead and silver in limestone replacement deposits. 

Washington County: Bull Valley di.~trict (~o. 21) : The arsenic 
minerals, realgar and orpiment, are present in a. breccia zone that 
crops out in the streambed of Arsenic Canyon (Butler and others, 
1920, p. 598). 

West of Gunlock (White, 1951, p. 22) (No. 22): Stibnite and 
antimony oxides are sparsely distributed in st.ringers and pockets in 
a silicified limestone. The ore averages about 1 percent antimony; 
a few tons were shipped from the deposit in 1918. 

Cadmium is a soft, ductile, bluish-white metal that is produced 
commercially from two sources. One is a rather rare, yellow to orange 
cadmium sulfide mineral, greenoekite. The mineral cOIlllllonly oceUI'S 

as a. powdery co~ting OIl. zinc minerals, especially sphalerite. The 
other source COnsISts 01 zllic sulfides such as sphaterIte, where cad­
mium is in solid solution with the mineral. 

Zinc sulfides may contain up to 1.4 percent cadmium. Ores mined 
in the western United States, however, generally carry no more than 
0.25 percent of the metal (Lansche, 1960, p. 157). No cadmium­
bearing ores have been min'cd specificnlly for the meta.I. It is recovered 
solely as a smelter byproduct, mainly from zinc ores, but also from 
ores of other metals, such as lead and copper, that contain some zinc. 

The uses of cadmium have remained relatively unchanged since 
1907 when the metal was first produced in the United Stares. It is 
used prima.rily in electropln.ting, especially in transportation and com­
munications equipment, and in fasteners. Significant quantities of 
t he metal are consumed in the product.ion of pibTffients, c.hemicals, and 
alloys. 

The United States Smelting. Refining- & l\:lining Co. first recovered 
cadmium at the Midvale lead smelter about 1918. Recovery of pri­
mary metallic cadmium and some secondary metal was rer>rted from 
the Midvale plant through 1955. The International Smelting & 
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Refining Co. also produced cadmiunl 'at its smelter in Tooele, Utah, 
during the 1950's. 

Cadmium deposits in Utah are seldom mentioned in the literature. 
In the Star district (No. 18), Beaver County, greenockite replaces 
and coats sphalerite in the Moscow mine (Butler 1913, p. 93). Zinc 
ore has been reported to contain appreciable cadmium in the North 
Lily mine of the East Tintic district (No. 10), Utah County. 

Selenium, an allotrov.ic element that is related to sulfur and tel­
lurium, is widely distributed in small quantities in the earth's crust. 
It occurs as a brick-red amorphous powder, a brownish-black glassy 
mass, a gray metallic crystalline mass, or as red crystals. Selenium 
can act either as metal or nonmetal, electrical conductor or insulator, 
hydrogenator or dehydrogenator, colorant or decolorant. It is highly 
toxic and is the only element that may be present in healthy plants 
in guantities lethal to browsing animals. 

Selenium .rately occurs in the native state. Most commonly it is 
in a combined form in native sulfides and selenides, and is associated 
with copper, ir~n, uranium, and other metals. No known selenium­
bearing ores have been profitably mined solely for the element. Copper 
sulfide minerals are the most common source of selenium, although 
lesser quantities are recovered from lead-smelter flue dusts. 

Of the selenium produced in 1961, 30 percent was used in high­
purity form, chiefly in electronic applications, and 60 percent waS used 
as a commercial grade in the chemical, rubber, metallurgical, ceramic, 
and glass industries (Wessel and others, 1962, p. 1378). 

In 1950, the Kennecott Copper Corp. installed facilities at the Gar­
field copper refinery to recover selenium from copper ores mined 
primarily in the Bingham district. Before that date, selenium­
bearing anode slimes had been shipped outside the State for further 
processing. 

Selenium is present in a number of Utah mining districts. It oc­
curs with gold and silver ores in the Gold Springs-State Line region 
(No. 20), Iron County, and in the Bully Boy and Webster mine in the 
Ohio district (No. 15), Pinte County (Butler and others, 1920, pp. 145, 
556) . Selenium is present in the gold-producing Golden Reef mine of 
the San Francisco district (No. 19), Beaver County (Butler, 1913, 
p. 95). It also occurs in mines of the Silver Reef district (No. 23), 
Washington County; analyses made of the silver ores about 1881 
averaged 0.23 percent selenium (Butler and others, 1920, p. 592). 
Selenium is present in porphyry copper ores of the Bingham district 
(No.6), Salt Lake County. One hundred tons of blister copper treated 
at the Garfield smelter yielded about 56 pounds of selenium (Butler 
and others, 1920, p. 347). Information has not been published re­
cently on the selenium content of ores treated at the Garfield plant, 
which are almost exclusively derived from the Bingham mine. Tieman­
nite (mercury selenide) and onofrite (sulpho-selenide of mercury) 
constituted the bulk of the mercury ore produced at the Lucky Boy 
mine; Mount Baldy district (No. 16), Piute County (Butler and 
others, 1920, pp. 107, 552). (See section on mercury, p. 108.) 

Tellurium is a toxic, tin-white element that resembles antimony in 
appearance and is related to sulfur and selenium. It is neither wide­
spread nor concentrated in large quantities. It rarely occurs in the 
native state, but is present in more than 40 minerals, none of which is 
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processed solely for the element. Tellurium is recovered as a by­
product of copper and lead ores, and is commonly associated with 
gold and, in places, with silver. 

Only small quantities of tellurium are required in its many appli­
cations. It is used in the ceramic, chemical, metallurgical, and rubber 
industries. Tellurium was satisfactorily substituted for selenium 
when that element was in short supply during the early 1950's. The 
future of tellurium is uncertain. It is potentIally useful in thermo­
elements, which convert heat from solar energy or radioactivity to 
electricity, and which may bocome increasingly important in space 
travel. The Kennecott Copper Corp. has conducted research on the 
recovery of tellurium at. the Garfield copper refinery, but there is no 
recent production record. 

Tellurium is associated with gold ores in several Utah mining dis­
tricts (Butler and others, 1920, pp. 145, 386, 552, 556): the Gold 
Sprin~-State Line region (No. 20) in Iron County; the Bully Boy 
and "ebster mine in the Ohio district (No. 15) and the Lucky Boy 
mine in the ~Iount Baldy district (No. 16), Piute County; and the 
Golden Gate mine in the Camp Floyd (Mercur) district (No.7), 
Tooele County. Tellurium is present in copper ores of the Bingham 
district (No.6). One hundred tons of blister copper processed at the 
Garfield smelter yielded about 5.54 ounces of tellurium (Butler and 
others, 1920, p. 347). 

The production of antimony, arsenic, bismuth, cudmium, selenium, 
and tellurium, is, for the most part, dependent upon the mining, smelt­
ing, and refining of major metallic ores. Antimony and bismuth are 
recovered from lead ores; arsenic and tellurium are produced fFom 
copper and lead ores; selenium is recovered from copper, and to a 
les.')er extent, lead ores; and cadmium is obtained from ZInC ores. These 
six elements will be produced as long as Tintic, Park City, Bingham, 
and the many other mining districts In Utah continue to supply major 
metals. The production 'of byproducts is relatively inflexible, and 
problems arise when the demand IS great. 

The few mines exploited prin(·.ipally for one or more of these minor 
elements have limited resources. Antimony resources in the simple 
type of deposit are of low grade. The Antimony Canyon (Coyote 
Creek) deposits, Garfield County, average 1 to 2 percent antimony. 
The remaining ore contains at least 1,500 tons and perhaps 10,000 tons 
of the element. 

In the deposits ~-St of Gunlock, Washington County, material aver­
aging about. 1 percent ant.imony may contain several thousand tons of 
the element. The Dry Lake antimony mine has est.ima.ted resources of 
250 tons of antimony in hi#!h-~rade ore and an additional 300 tons in 
low-grade ore and dumps (White, 1951, pp. 21-22). The two Jargest 
arsenic producers in the Clifton district, the Gold IIill mine and the 
U.S. mine, have substantial resources. 

Two potential sources of selenium are present in Utah, Phosphoria 
shales a.nd seleniferous uranium ores. Large resources of low-grade 
selenium and ot.her metals are present in carbonaceous shale beds with­
in the ~Jeade Peak Phosphatic. Shale ~lember of the Permian Phos­
phoria Format ion. (See seetion on phosphate, p. 1D5, fig. 40.) Car­
oonaceousshales from two phospha.te mines in the CrawfOl·d ~Iollntain 
area (~o. 1), Hich County, ranged from 0.01 to 0.0:37 pereent selenium 
(Rosenbaum and others. 195~. table B). 

26 803 0-69 .. II 
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For many years, seleniferous uranium ores have been recognized as a 
potential source of industrial quantities of selenium. Carbonaceous 
uranium ores from the Temple Mountain district (No. 13), Emery 
County, were analyzed for selenium content. Forty samples from 
mines within the district assayed from 0.01 to 0.113 percent selenium 
(Rosenbaum and others, 1958, table B). At present the selenium is not 
recovered from these and other uranium-bearing materials. 
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NONMETALLIC AND INDUSTRIAL MINERALS AND 
MATERIALS RESOURCES 

INTRODUCTION 

(By L.S. Hilpert, Salt Lake City, Utah) 

The nonmetallic and industrial minerals and materials resources 
are widely distributed throughout the State but, until recent years, 
have contributed only a small part of Utah's mineral production. 
Since the mid-1950's the output has increased markedly, which prom­
ises these minerals will become increasingly important in the minerals 
industry. From the standpoint of past production, the most impor­
tant nonmetallics have been sand and gravel, stone, common salt, clay 
and potash, in decreasing order. The output of these minerals and 
materials and others will likely continue to increase to satisfy the 
demands of an increasing population and industrial expansion. Pot­
ash output will probably increase sharply. Underground mine de­
velopments in the Paradox basin in southeastern Utah are nearing the 
production stage, and recent interest has been growing in the estab­
lishment of facIlities for extracting potash and other byproducts from 
the brines of Great Salt 'Lake. Byproducts recovery will probably 
play an important part in the development of some nonmetallics, such 
as phosphate. New uses found for various nonmetallic materials will 
probably p~ay a part in the d~velopme!lt of some. cQmmodities. _as ,has 
happened In other s~ates wIth bloa,trng materIals for hghtvv-eIght 
aggregate, for example. As will Decome apparent in the foIIowing 
sections, Utah has tremendous resources in several nonmetallic com­
modities. New uses found for them or the discovery of special quali­
ties in any of them might be factors that will lead to their. use and the 
establishment of new industry. 

ALUNITE 

(By R. L. Parker, Denver, Colo.) 

Alunite is a hydrous sulfate of potassium and aluminum 
[KAI3 (S04)zOHs]' Commonly. iteontains variablearnounts of 
sodium in substItution for potassium, and varieties that contain more 
sodium than potassium are termed natroalunite. It is white or pale 
shades of gray, red, brown, or yellow and occurs both as coarsely 
crystalline aggregates and dense compact earthy masses resembling 
clay. 

Alunite has long been used abroad as a source of potash alum. The 
~ineral, however, l;tas been ,particularly intriguing to indust!ial chem­
Ists and metallurgiSts for Its components, potaSSIum, alumInum, and 
sulfur, all marketable commodities. A patented process for the 
recovery of potassium sulfate and alumina from alunite was devel-
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oped by Kalunite, Inc. (Fleischer, 1944), and a plant utilizing this 
process was constructed at Salt Lake City during World War II for 
the processing of alunite from Marysvale. Although alunite is not 
now domestically competitive with other sources of potassium salts 
and alumina, the material represents a future resource. 

Alunite in Utah was first discovered in 1910 in the Tushar Moun­
tains a few miles west of Marysvale, Piute County (Butler and Gale, 
1912), but little was mined until 1915. Prices increased sharply when 
German exports of potash were shut off, and during the period 1915-20 
several alunite deposits in the Marysvale region produced at least 
262,000tons of ore amounting to 4 to 7 percent of the U.S. production 
of potash (Callaghan, 1938). The sales value of the potash was close 
to $4 million. Resumption of imports in 1920 low~red prices and 
resulted in closure of the alunite mines in Utah. 

With the onset of W orId War II alunite was considered as a po­
tential source of alumina, and a joint· program of exploration of the 
deposits at Marysvale was conducted by the U.S. Geological Survey 
and U.S. Bureau of Mines (Hild, 1946). A plant for the recovery 
of alumina and potassium sulfate was constructed at Salt Lake City 
by the Defense Plant Corp., and about· 37,000 tons of ore was mined 
for testing purposes (estImated value about $700,000). With the 
easing of the war crisis, interest in alunite again subsided, and between 
5,000 and 10,000 tons have been mined since, presumably for use in 
fertilizer (estimated value about $200,000). 

The largest resources of alunite in the United States are in Utah. 
~fost of the alunite deposits are in Piute County within, an 8-mile 
radius of Marysvale. Other deposits are in Beaver County about 10 
miles northeast of Beaver and in Washington County in the Bull 
Valley district northwest of St. Georg-e. . Extensive alunitic alteration 
is reported from the White MountaIn area about 10 miles south of 
Frisco in Beaver County. 

Two types of alunite deposits, vein and replacement, are found in 
the Marysvale area. The vein deposits consist of fine- to course-crys­
talline alunite in one or more filled fissures in the Bullion Canyon 
V olcariics of Miocene ( ~) age. These deposits are found ill the Tushar 
Mountains in the upper reaches of Cottonwood Creek about 7 miles 
southwest of Marysvale (fig. 31). Principal v:eins are nearly vertical, 
trend N. 35° W., and in many places are 15 to 25 feet wide (Callaghan 
and Parker, .. 1962a). 

The replacement deposits are mostly in the Antelope Range north 
of Marysvale. They are irregularly shaped bodies in which the host 
rocks of th~Bullion' Ca,nyon V ~lcanicsJlaye ~n altere(ttoaJ).~gre­
gate of alunite, quartz, and clay minerals. Most of these deposits are 
apparently distributed circumferentially about an intrusive quartz 
monzonite stock. The depOsits are irregular in grade, size and shape, 
and replace either tuff beds or flows in the formation. Most depos,its 
contain potassiumalWlite, bu} a few contain the J'Odic variety, na: 
troalunite (Callaghan and Parker, 1961b, 1962; Willard and Cal­
laghan, 1962). 

Resources of alunite in the Marysvale region are estimated at 3,740,-
000 tons 'Of material with an average alunite content of about 54 per­
cent (about 20 percent AI20 s), (U.S. Bureau of Mines and U.S. Geo­
logical Survey, 1948). Additional lower grade resources in the region, 
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as compiled from Thoenen (1941), total more than 26 million tons 
of material oontaining at least 20 percent alunite. 

The Sheep Rock alunite deposit in Beaver County is at the west base 
of the Tushar Mountains about 10 miles northeast of Beaver (Lough­
lin, 1915; Callaghan and Parker, 1961a). It is a replacement body in 
the Pliocene(~) Mount Belknap Rhyolite, which has boon replaced by 
an aggregate of alunite, quartz, and kaolinite over an outcrop area 
1,200 feet long and 900 feet wide. No production has been recorded 
from the deposit, but resources were estimated at 2 inillion tons of 
alunitizoorock with an average grade of 34 percent alunite (Thoenen, 
1941). 

A prominent alunite vein occurs at Beauty Knoll in the Bull Valley 
mining district about 40 miles northwest of St. George, Washington 
County (Crawford and Buranek, 1948). The vein, reportedto be ap­
proximately 25 feet wide and 1,500 feet long, strikes northwesterly, is 
nearly vertical, and is exposed over a vertical dishtnce of about 300 
feet. The deposit, which contains both pink and white crystalline 
alunite in a matrix of gray to white dense aphanitic alunite, was esti­
mated by Frank H. Gunnell of the U.S. Bureau of Mines (in Crawford 
and Buranek, 1948) to contain nearly 500,000 tons of 80 percent alu­
nite. No production has been reported. 

A widespread occurrence of alunite has recently been reported by 
Stringham (1963) in an east-west trending zone 5% miles long and 
% to 1112 miles wide on the east and west sides of White Mountain 
about 10 miles south of Frisco and 15 miles west of Milford in Beaver 
County. The alunite mineralization is similar to the replacement de­
posits at Marysvale. Fine-grained alunite, kaolinite, and quartz 
replace the primary minerals of ash-flow tuff in the White Mountain 
area. Little is known, however, about the grade of the alunite or 
potential resources of alunite in thi,s area. 

Most of the major alunite deposits in the Marysvale reg-ion probably 
have been discovered by the extensive prospecting and exploration 
during both World War periods. Hope for extending alunite re­
sources lies in the discovery of deposits in other areas of alunitic 
alteration such as the areas near Frisco (Stringham, 1963). 

BARITE 

(By D. A. Brobst, Denver, Colo.) 

Barite (BaS04 ) is a relatively soft, generally white to gray, heavy 
crystalline mineral that has a specific gravity of 4.5. It occurs in vein, 
replacement, and residual deposits either alone or more commonly in 
association with quartz, chert, jasper, fluorite, celestite, and various 
·carbon9,te and metallic sulfide minerals (Brobst, 1958, p. 82). 

The United States annually consumes between 1 and 2 million tons 
of barite, about 90 percent of whic}l is wound to minus 325 mesh for 
use as mud in drillIng deep oil wells; The heavy weight of the mud 
assists in the drilling- process and in controlling high oil and gas 
pressures at depth. The other 10 percent is used both as barite and 
In the preparatIOn of barium compounds in a great variety of products 
and industrial processes. Among these are pigments (lithopone) , 
filler in paper, textiles, rubber goods, asbestos products and linoleum, 
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heavy aggregate for concrete, paving material, electronic equipment, 
ceramics, and glass manufacture. The quality standards of the crude 
barite vary for different uses (Brobst, 1960, pp. 62-63). 

Only. a few thousand tons of barite have been produced in Utah and 
all of It during the 1959-61 period. Most of it came from the Garrick 
mine, about 10 miles east of Trout Creek, Juab County; most of the 
remainder came from the Horn Silver mine, Beaver County, and the 
Barium, Inc., mine, Emery County (fig. 32). The geology of these 
occurrences is not known. A partly exposed deposit in the Straw­
berry area, Wasatch County, consists of barite masses in fractured 
Mesozoic rocks where they are exposed under the upper plate of the 
Charleston thrust (Arthur Crawford, oral communIcation) .. Other 
deposits consist of a barite vein, as much as 10 feet thick, at the Probert ' 
mercury mine, western Tooele County (see section on mercury, p. 232), 
and a barite vein about 1 foot thick in the Silver Island Range, western 
Tooele COllllty (Anderson, 1960, p.161). 

Barite also is a common accessory mineral in many metal mines 
where it could be recovered chiefly as a byproduct in the minin~ of 
vein and replacement deposits of copper, lead, zinc, and precIOUS 
metals. It is especially abundant in the Tintic district, Juab County 
and the San Francisco district, Beaver County, principally at the Horn 
Silver mine. The locations of these and other districts, mines, and 
occurrences in which barite has been reported are shown on figure 32 
and listed in table 11 by counties. 

TABLE ll.-Barite localities in Utah 

Beaver County: 
1. Antelope district. 
2. Beaver Lake district, Cactus mine. 
3. Granite district. 
4. McGarry district. 
5. Newhouse district, southern Utah mines. 
6. San Francisco district, Horn Silver mine. 

Box Elder County: 
7. Rosebud district. 

Emery County: 
7a.Barium, Inc., mine. 

Iron County: 
~. Iron Sprinp district. 

Juab County: 
9. Mount N ebo district. 

10. Tintic district, Boss Tweed, Carissa, Centennial Eureka, Gold Chain, 
Grand Central, Iron Blossom, Mammoth, Opohonga mines. 

lOa. Garrick mine. 
Morgan County: 

11. Argenta district, Carbonate Hill mine. 
Piute County: 

12. Deer Creek district. 
13. Mount Baldy district, Lucky Boy mine. 
14. Ohio district, Bully Boy and Webster mines. 

Rich County: 
15. Swan Creek district. 

Salt Lake County: 
16. Big Cottonwood district. 
17. Bingham district. 
18. Little Cottonwood district, Albion mine, Flagstaff "Mountain. 

Summit County: 
19. Park City district. 

Tooele Counily: 
20 .. BlUe-Bell district, Morgan mine. 
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TABLE n.-Barite localities (" Utah-Continued 

Tooele County-Continued 
21. CUfton (Gold Hill) district, Christmas Mining Co., Garrison Monster and 

Reaper mines. 
21a. Probert mine. 
22. Dugway district. 
23. Mercur district. 
24. Ophir district, Ophir Canyon, Buft'alo, Chloride Point mines. 
24a. Silver Island. 

Utah County: 
25. American Fork Canyon district, Bog, Dutchman, and Pacific mines. 
26. East Tintic district, North LUy, Tintic Standard mines. 

Wasatch County: 
27. Strawberry area. 

Weber County: 
28. Argenta district. 

Most of these localities are listed by Bullock and others (1960, p. 67) 
and are described in the references pertaining to the base-metal and 
precious-metal districts. 

The barite resources of Utah cannot be "developed adequately under 
the economic conditions prevailing in 1963. :Most of the known barite 
in Utah is associated with base- and precious-metal deposits and can 
be produced only as a byproduct. Such byproduct sources ate not 
generally attractive to steady users of barite because available sup­
plies are tied to the fluctuatmg demand for the principal products. 
This is even more true in Utah than elsewhere, because the deposits 
are far from the Nation's major barite markets and the high cost of 
shipping further reduces its value. Larger deposits in whICh barite 
is the ma.jor product are available in neighboring and other states t.hat 
are closer to the markets. A geographic shift in industrial demand 
for barite, or the discovery of new deposits consisting predominantly 
of barite could alter significantly the economic position of this 
commodity. 

CLAYS 

(By S. B. Patterson, Beltsville, Md.) 

Clays mined in Utah include halloysite, a form of kaolin used in 
making petroleum catalysts and light-colored brick; fire clay for 
low-heat duty refractory products; bentonite used for drilling mud, 
foundry sand bonding material, roofing material, laundry compounds, 
mineral wool, lining of stock tanks, reservoirs, and irrigation ditches, 
and other purpose..'l; fuller's en Ii h for decolorizing oils and greases, 
absorbents, and other purposes; and common clay and shale for mak­
ing brick, tile, other structural clay ~roducts, and lightweight ag­
gregate. Total production of clay in ~tah in 1961 was 143,000 short 
tons valued at $1,080,000. In that year, Utah ranked as the 36th 
state in tonna.ge and 26th in yalue of clay produced. Anlilable ton­
~age and value figures :for clay ppoduced in past years are not com-
parable, because of inconsistencies in reporting certain types of clay; 
I~owever, the value of day produced in 1961 is above the yearly average 
SInce '\Vorld War II. 

The suitability of clays in Utah for various uses depends on physical 
~roperties which are controlled by the mineral and chemical composi­
tIOn of the day. Clays are natural earthy materials composed of very 
fine particles (clay minerals) that are principally hydrous aluminum 
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silicates, but may contain small amounts of iron, magnesium, potas­
sium, sodium, calcium, and other ions. The clay minerals that occur 
in Utah include kaolinite, halloysite, dickite, montmorillonite, illite, 
and pyrophyllite. N onclay minerals and other impurities are present 
in all clays in varying quantities. Quartz or other forms of sihca and 
feldspar a~e the most co~mon impurities in clay deposits; alunite is 
abundant In some deposIts formed by hydrothermal processes; some 
sedimentary clays contain appreciable amounts of organic material; 
and most deposits contain one or more types of iron or titanium-bearing 
minerals. For most uses, the value of the clay varies with the purity 
of the clay mineral present; however!· for some products, as, for exam­
ple, bloating clays, nonclay minera shaving. certain properties are 
important. Physical properties of clays, one or more of which makes 
t.hem suitable for different uses, include: plasticity; bonding strength; 
color; vitrification range; deformation with dryIng and firing; gela­
tion, wall-building properties, and viscosity of slurries; swelling ca­
pacity; etc~ The composition, mineral structure, methods of identi­
fication, and testing of various clays for different uses has been ~um­
marized by Murray (1960), and books by Grim (1953; 1962) contain 
detailed information on these subjects. 

UTAH OCCURRENCES 

Halloysite.-Nearly all the catalytic-grade halloysite produced in 
the United States is from the Dragon mine, which is about 2 miles 
south of Eureka, Juab County, Utah (fig. 33). The mine ig controlled 
by the Anaconda Co. and is operated by the subsidiary Dragon Con­
solidated Mining Co. The clay is processed in the Filtrol Corp. plant 
in Salt Lake City. Mining of the halloysite started about 1931, but 
was sporadic and unimportant until 1949 when research by the Filtrol 
Corp. proved that after treatment the clay is useful as a catalyst in 
the refining of crude oils (Kildale and Thomas, 1957, p. 94). Since 
then, through 1962, the mine shipments have averaged nearly 60,000 
tons per year and total about 765;000 tons. The mine output for the 
1931-62 period is listed in the following table: 

TABLE 12.--"':Ha~lo1l8ite 8hipment8 from the DragOfl, mine, 19S1-6! 1 

Year Tom Year Tons 

1931-39~ ___________ ..; ____ • ___________ _ 1M 196fL _____________________ .;.__________ 84,157 
12, 1315 1957 ______________________ ..;__________ 66,867 
26,970 19M1 ________________________________ ..; 55,959 
50,928 1959 ____________________ ..;____________ 50,287 
65,417 UJ60_________________________________ 52,243 
66, liM 1961 __________________________ ..;______ 37,089 
80,195 1962 _________ .________________________ 50,444 

65,449 1----
Total (1931~)---------------- 764,850 

1940-49 _____________________________ _ 
1950 ________________ ~ _______________ _ 
1951 ________________________________ _ 
1952 ________________________________ _ 
1953 __ .: ________________ .: ____________ _ 
1954 ________________________________ _ 
1955 ________________________________ _ 

1 By permission of the .Anaconda Co. 

The halloysite occurs in two large pipelike bodies in lower Paleozoic 
limestone near the contact with monzonite porphyry. The clay prob­
ably formed by replacement of limestone by hydrothermal processes 

. associated with the introduction of the porphyry. No information on 
the reserves of halloysite in the Dragon mine have been published, but 
recent mining activity indicates that the deposit is not exhausted .. 

Halloysite deposits occur at several other localities in Utah, namely: 
(1) Packard Peak, 1 mile north of Eureka, Juab County; (2) the Fox 
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clay deposit, on the west side of the south extension of the Lake Moun­
tains, Utah COWlty; (3) in the Park-Bingham tunnel, 3 miles south­
east of Park City, Wasatch County; and (4) in the Bull Yalley ~{oun­
tains, 'Vashington County. A substantIal tonnage hus been mined 
from the Packard Peak deposit since 1961, when o:r;>erations started. 
This clay has been used with other clays in makmg light-colored 
brick. The Fox clay deposit also has been mined for brick, and the 
deposit in the Park-Bingham tunnel yielded some material for URe as 
a catalyst. There is no recorded production from the Bull Valley 
deposit. 

Fire claY8.-Clays suitable for use in low-heat duty refractory prod­
ucts are present in several parts of Utah. ~{uch of the Utah clay used 
for refractories is mined in the Five Mile Pass area and in the Lake 
Mountains, Tooele and Utah Counties (llyatt, 1956, pp. 1-53). Other 
potential sources of fire clay are the extensive hydrothermal alunite­
kaolinite deposits near Marysvale, Piute CoWlty (Kerr, and others, 
1957) and possibly south of Frisco).. Beaver County (Stringham, 1963) 
(see section on alunite, p. 151). :::sedimentary cl~ys ()(',cur in the Da­
kota sandstone of Cretaceous age near Escalante, Garfield County, the 
Barney deposits in north-central Garfield County, and deposits near 
~Ionticello, San ,Juan County (Van Sant, in preparation). A dickite­
type kaolin deposit located 30 miles northwest of St. George, Wash­
ington County is noted by Kerr and Kulp (1949, pp. 38-39). Prob­
ably the highest grade fire clays in the State are in the Barney deposits 
(Van Sant, in preparation). In addition, pyrophyllite, a high tem­
perature refractory mineral, occurs in clay PIts in the vicinity of Luke 
~Iountain at the north"'w'est end of Utah Lake (Ehlmann, 1959). At 
t.his locality, late Paleozoic shales, which eontain from 40 to 70 per­
cent pyrophyllite, are believed to be hydrothennally altered; gen­
erally the oc.currences are spatially related to fa.ults. Pyrophyllite 
aJso occurs sporadically in less abundance elsewhere in the ~fnnning 
Canyon shale, the Long Trail Shale ):femoor of the Great Rlue Lime­
stone, and in a shale member of the. Precambrian Big Cottonwood 
Formation (Ehlmann, 1959). There is no known production of pyro-
phyllite in the State. . 

BellJon1Je rind ful]~r'('? earth .. -Bentonite occurs at several l()('.alities 
in Utah (fig. 33). 'A bed of nearly whitp bentonite, in a series of varie­
gated sandstones and siltstones, north of Redmond, is mined and proc­
es.<;ed in a plant at Aurora, Sevier County. Bentonite deposits in shale 
of Cretaceous age are also mined north of Cannonville, Garfield Coun­
ty, and processed there. Other bentonite deposits occur near Tropic 
and Henrieville, Garfield County, in partR of Emery and Grand Coun­
ties near Green River, and in the northwestern part of Box Elder 
County. Extensive bentonit ie sedimentary rockR of ~{esozoi(' and Ter­
tiary a~e in the southern half of Utah probably contain lar~p resources 
of bentonite. flowever, many of theS{' deposits nre in remote areas, 
and others nre too low grade for profitable pxploitution. . 

Fuller's earth is mined nea.r Aurora, Sevier County, and proce~d 
in the plant that pr~pares the Redmond bentonite. The deposit is 30 
to 40 feet thiek and is probahlv formed from decomposed dacite (Craw­
ford and Cowels, 1932). Also, undeveloped fuller's earth deposits 
oc.cur near Mayfipld, Sanpete Connty, and others may be pre..'ient near 
Vernal, Uintah County. . 
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rommon clmJ8 and 8hale8.-Deposits of clays and shales suitable for 
making brick, tile, and other heavy structural products are scattered 
t hroughollt the State (fig. a3). The materials used for this purpose in­
elude: th~_ clays that accumulated in the basin of Pleistocene Lake 
Bonneville; shales from the ~Ianning Ca,nyon Shale and Great Blue 
FOrlnation and other formations of Paleozoic age; clays a..'lSOCiated 
wit.h cqal beds of Cretaceous age; weathered schists; a.nd clay deposits 
formed by hydrothermal processes. Also red silty clay is mined near 
IIenefer, Summit County, for use in heaVy clay products. Plants using 
common clays at HarrisviIleiMurray~ Sandy, Ogden, Provo, Salt Lake 
City in the Utah and Salt Alke V' alleys, and at Smithfield in Cache 
Valley, are adequately supplied by the above sources. 

Some clays, shales, and other materials in 1Jtah are suitable for 
bloating, when heated to about 1150° C. to form lightweight ag-gregate. 
Recently, from the Frontier Formation shale has been mIned and 
bloated near 'Vanship, Summit County, for use in lightweight aggre­
gate. Lightweight aggregate is discussed more fully on p. 185. 

Reserves of common clays now used appear to be adequate for 
several years, and very large resources are available when current 
sources are exhausted. Deposits of common clay occur at many 
places in north-central Utah in the basin of Pleistocene Lake Bonne­
ville (Hunt and others, 1953; Williams, 1962); however, much of 
this clay contain~ large quantities of alkalies and alkaline earths and 
is of little value for ceramic products (Greaves-Walker, 1911, p. 277). 
Deposits of common red clay near Henefer used in making red brick 
(Stringham and Cahoon, 1959) are presumably large, and deposits 
developed on ancient soils located in the northern part of the Utah 
Valley may also be large and suitable for several structural clay 
products (Hunt and others, 1953, pp. 58-59). Very large resources 
of common clay are present in shales of Cretaceous age in the east­
central part of the State (Hyatt and Cutler, 1953). These shales 
and common clays at several other localities (Van Sant, in prepara­
tion) are located far from existing markets and, therefore, have little 
immediate value. In addit.ion to the bloating clays now mined at 
Wanship, there are several other possible sources of this type of clay. 
Bloating materials in the vicinity of Salt Lake City have been investi· 
gated by Anderson (1960). Clays from deposits in the eastern part 
of l7tah County may be suitable for lightweight aggregate (Hyatt, 
1956, p. 66), and some bloating was noted in clays from a few scat­
tered localities that were tested for refractory properties (Van Sant, 
in preparation). 

ECOXOJIIC COXSIDER..\TIONS AND RESOLRCE POTENTIAL 

One bTf'OUP of clays in Utah is suitable for structural clay products, 
low-heat duty refractories, and lightweight aggregate that prima.rily 
suppl ies l~.{l markets, and a second hTf'OUP IS a.lso used l~tlly but 
(',ompetos with cla.ys from other States for distant markets. l\fost of 
the clays for local markets are made into heavy, low-cost products, and 
tho clays used must be inexpensive and located close to proces..')ing 
plants and consumers. This economic control results in the concen­
tration of plants a,nd clay pits in the nlost densely populawA:l north­
eentral part of the State (fig. 33). The group of clays capable of 
eompeting for distant markets includes eata.Iytic-grade halloysite, 
fuller's eurth, and bentonite. Tho value of these clays depends pri-
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marily on quality, chemical and physical properti~ and "availability 
of transportation facilities, and to a lesser extent on their location with 
respect to local markets. The catalytic halloysite is made into a 
product "'hich competes with high-value catalysts made from other 
materials. Fuller's earth and bentonite both have special propertieg 
and are in demand in other states which lack deposits of t.hese clays. 

Supplies of clay currently used in lTtah a}?pear adequate for the 
immediate future, and probably new discoveries will keep pace with 
demands for most ty~s of clay. Resources of common clay and shale 
are virtually inexhaustible, though depletion of local deposits and 
changing consumer requirements will, no doubt, result in periodic 
adjustment in the raw materiuJs used for structural clay products. 
The prospects for future supplies of bloating materials are _generally 
good, because clay and shale of several types occur in the State, but 
very few investigations have been made, and no real basis for apprais­
ing the future of this material exists. Present sources of low-grade 
refractory clays will probably continue to meet demands for some 
time, and other clays suitable for t.his purpose are present at several 
localities less favorably located with respect to plants and markets. 
The prospects for the discovery of large favorably located deposits 
of clay suitable for hig~-lieAlt du~y refract~ry products are .not good, 
and most of these materials "used 111 Utah Will probably contmue to be 
imported. Bentonite and fuller's earth resources a,re probably ade­
quate for many years. Deposits are known at severnl .localities ot~er 
than where they are now m1l1ed, and thorough prospectmg and testmg 
would probably reveal large resource.." of these clays. The total 
resources of halloysite are virtually unknown; however, the Dragon 
mine remains in operation and other deposits are worked or have 
been prospected, and supplies are probably adequate for the State to 
maintain its position as the leadmg producer of this mineral for 
several years. 

New demands for Utah clays can he expected as research on deposits 
progresses and information on size, quality, and physical properties 
becomes available. Many deposits cannot be appraised for several 
uses because they have not been adequately studied, and others have 
been investigated only by private interests and the information on 
them has not be,en released. Improving clays by beneficiation may 
also develop new markets. Removal of impurities in halloysite from 
the Fox deposit in Utah County produced a material closely 
approaching standards for puper-grade clay (Hyatt, 1956, p. 61). 
Methods of beneficiation may eventually be developed for other types 
of clay. Po~ibly a product of value for severn} ~Ises co~l~ he o~talned 
if the potassIUm were removed from the alumte-kaohnlte mixtures 
which occur in several deposits. 

FLUORINE 

(By M. D. Dasch, Washington, D.C.) 

Fluorine is a corrosive, pungent, poisonous, greenish-yellow gas that 
attacks, among other things, glass, metal, and asbestos. The principal 
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fluorine-bearing minerals in Utah are fluorite and fluorapatite. Fluo­
rite (CaF2 ), commercially called fluorspar, is the most important 
source of fluorine in the United States and fluorapatite (Call (PO .. )sF), 
the major phosphate mineral, has a large potential as a byproduct 
source of fluorine. In northern Utah fluorapatite is present In com­
mercial phosphate rock. Fluorapatite also occurs in replacement iron 
ore bodies in southwestern Vtah, and fluorine is recovered in proces­
sing the ores. 

Fluorite commonly occurs as well-formed, translucent or transpar­
ent cubic crystals which range from clear, or colorless, to shades of 
yellow, green, purple, blue, black, brown, and rarely, red. This mod­
erately hard mineral is softer than quartz and harder than calcite, 
two minerals with which it is intercrystallized in many places. Fluor­
ite is heavier than calcite and quartz, a useful property when the ore 
is upgraded by gravity methods. Fluorite occurs as crystal aggre­
gates or in granular, compact, or earthy masses. In Utah it generally 
IS of the massive type, although well-formed cubes are present in some 
deposits. 

Fluorite occurs in veins as the chief constituent or, more commonly, 
as a gangue mineral associated with metallic ores, especially lead and 
silver. It also is found as bedded replacement deposits in limestone 
and dolomite, as cement in sandstone, and as cavity' and joint fillings 
in granitic rocks. In Utah, fluorite occurs primarIly in vein deposits 
and less importantly, as replacement deposits. 

The most important use of mined fluorite, or fluorspar, is in the 
production.of hydrofluoric acid. The mineral is pulverIzed and com­
bined with sulfuric acid to form hydrogen fluoride (hydrofluoric 
acid) and calcium sulfate. The acid is used in the productIOn of, high 
octane gasoline, in the manufacture of synthetic cryolite and alumi­
num fluoride which are used in the extraction of aluminum from 
bauxite, and in other fluorine compounds. 

Second in importance is the use of fluorspar as a flux in the manu­
facture of steel. Before 1954 the amount used in steel production 
was much greater than that used in making hydrofluoric acid. Since 
1954, however, the quantity used in acid production has equaled or 
been greater than that used in the steel industry. This shift reflects 
the growth of the aluminum industry, the need for hydrofluoric acid 
in th.e petroleum industry, and an increase in the production of fluorine 
chemicals. R~cent developments in the use of oxygen converters by 
the steel industry suggest that more fluorspar will be used as this 
method increases in importance. 

Considerable nmounts of fluorspar also are consumed in the manu­
facture of glass, enameled products, and fluorine plastics. Organic 
fluorides are used as refrigerants, aerosol propellants, sol vents, and 
in many other ways. Fluorocarbon chemistry has as.cmmed increasing 
importance in developments for the electrical industry. No adequate 
substitutes have been found for fluorine in it.c; primary industrial uses. 

Fluorspar generally is concentrated, after mining, by mechanical 
methods such us hand-sorting, screening, washing, gravity separation 
by jigs and tables, and heavy-medium sink-float or froth flotation. 
The concentrates are then marketed as acid, ceramic, and metallurgical 
grades, which have the following specifications: 
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~lnlmum 
~t:.arket grade per~nt Other spectftcattons I Prlmaryuse 

CaF, 

Actd ______________ VI Limitations on st1tca~clum carbon- Manufacture of hydrolluortc 
acid and alumlnum. 

Ceramlc. ____ . ____ 1M 
ate, and sulfide su r content. 

Limitations on Iron oxide content. __ ._ Manufacture of glass 
enameled products. 

MetallurgicaL ____ 60 Penalties Imposed for excessive stllca Manufacture of steel. 
content. 

I Specifications on ImpurIttes are otten negotiable between 100 buyer and seller. 
t Approximate. 

and 

utah's fluorspar production from its inception in 1918 through 196~ 
totals about 155,000 tons valued at about $3,750,000. Through 1958 
its recorded production had amounted to only 1.5 percent of the totai 
U.S. production (McDougal, 1960, table 3). As shown in fig. 34, 
the small output between 1918 and 1924 came from a single 
mine, the Silver Queen in Tooele County. Production in the 
period from 1935 to the midforties came principally from three 
mining districts in Beaver County and since 1948 the major part 
of the production has come from mines in the Thomas Range, 
,T uab County. Lowered prir,88 in 1953 brought production down 
sharply, and conversely, production increased markedly under in­
creased demand from steel mills and the stockpile purchase program 
between 1955 and 1958. With the termination of the purchase pro­
gram at the end of 1958, fluorspar mining in Utah was interrupted 
for a year, and then resumed on a small scale. 

The significant fluorspar localities of Utah are described in summary 
form in the following paragraphs and their locations are shown on 
figure 35. 

The Thomas Range fluorspar district (fig. 35, locality Nos. 3-6) on 
Spor :Mountain in western ,Juab County IS Utah's largest fluorspar 
producer. A dozen mines in the district have yielded a total of 144,000 
tons of ore from 1943-62. The fluorspar occurs in a north-trending 
belt principally in Ordovician and Siluran dolomites and less impor­
hlntly, in Tertiary volcanic rocks. The fluorspar deposits are along 
faults and in intrusive breccia bodies, and are classified as pipes, veins, 
and disseminated deposits. The pipes have yielded more than 99 per­
cent of the production (Staatz and Osterwald, 1959, p. 46). V~ins 
are common but only three have yielded fluorspar (Staatz and Grif:­
fitts, 1961, p. 944) ; the disseminated deposits are low grade, spotty, 
and have not been mined. The ore is purple, brown, or white, and 
occurs as pulverulent masses or boxworks containing 6r)-95 percent 
fluorspar. It is radioactive and locally conta.ins as much as 0.33 per­
cent uranium (Staatz and Osterwald, H)59, p. 5~). Beryllium deposits 
OIl the ea."tern and west.ern fla.nks of Spor 1\lountain, along the pe­
riphery of the fluorspar district~ contain 10w-g-rade fluorspar that may 
furnish some byproduct fluorine. Only traces of beryllium, however 
are associated with the high-gradp fluorspar in the central part of 
Spor ~Iountain. 

Three areas have yielded fluorspar in Bp..a,ver Count.y, the Indian 
Peak district, the Pine Grove district, and the Star dist.rict (fig. 35). 

Production in the Indian Peak district came from the eastern 
side of the Indian Peak Ra.nge. Fluorite. a.nd assoeiated calcite and 
quartz, are concentrated along fauIts and shear zones in altered 
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Tertiary volcanic rocks, and along the contact with a quartz 
diorite stock (Thurston and others, 1954, pp. 6-16). The Cougar 
Spar nline (X o. 15) produced several t.housand tons of concentrate 
during World 'Var II; smaller tonnages were shipped from the Blue 
Bell (No. 14), JB (No. 16), and Utah (No. 17) mines at that time. 
The ore, whIch averaged about 40 percent CaF2 , was concentrated 
before shipment. 

The Pine Grove minin~ district in the Wah Wah Mountains, 
western Beaver County, mcludes the ~{onarch (Staats) fluorspar 
area. Fluorspar, in places coated with uranium minerals, occurs 
along the faulted and brecciated contact of intrusive Tertiary rhyo­
lite porphy~ and Cambrian limestone. About 3,500 tons of fluor­
spar were mmed between 1935 and 1946; hand-sorted ore shipments 
averaged more than. 85 percent CaF2 (Thurston and others, 1954, 
p.17). 

In the Star district, central Beaver County, fluorspar is known at 
18 localities. Fluorspar is locally associated with sulfide minerals, 
and ()(',curs as fissure fillings in quartzite, intrusive quartz monzonite, 
and Paleozoic limestone; in some areas it replaces limestone nea,r the 
contact with quartz monzonite. Small quantities of fluorspar have 
been produced from the Brown Thrush, Fluorine Ledge, and Manassa 
(No. 10) ; Virginia Nos. 2 and 3 (No. 11); and Quartzite (No. 12) 
(Thurston and others, 1954, PE. 19-24). 

At the Rain Bow mine (No.8), southeastern Millard County, 
fluorspar fills fractures in limestone. This mine produced some 
fluorspar in 1947 (Davis, 1949, p. 510). 

The Silver Queen (Wildcat) mine (No.1) in central Tooele County 
produced about 1,200 tons of high-grade ore (Thurston and others, 
1954, p. 45) containing from 85 to 97 percent CaF2 (Burchard, 1933, 
p. 21). At this deposit( fluorspar occurs in veins along fissures in 
Carboniferous limestone; in places the limestone has been replaced 
by fluorite. 

Many deposits in the Marysvale uranium area, northern Piute 
County, contain fluorite veins, and fluorite occurs in broad altera­
tion zones (Kerr and others, 1957). The veins are in Tertiary intru­
sive quartz monzonite and related igneous rocks and the fluorspar 
is commonly associated with quartz and uranium minerals, primarily 
pitchblende. In 1949, a carload of fluorspar ore was shipped from 
the Bullion ~{onarch mine (No.9) (Davis, 1951, p. 524). 

The Blue Spar property (No.7) in Grand County near the Colo­
rado border is the only property in p,astern Ptah from which fluor­
spar has been shipped: A few tons of ore were mined in 1948 (Davis, 
1950, 'p. 539). 

Other fluorRpar ()(',currences are known in 'Utah, but their small 
size or low grade has made t.hem unprofitable to mine. These scat­
tered small oc.currenr,e.<:; are shown on figure 35' and are mainly in 
areas mined (or other min~ral commodities (ThurRton and others, 
1954, table 3). Fluorite. for example, is pmsent in the ~fystery 
Sniffer uranium mine in Beayer County (Wyant and Stugard. 1951, 
written communication), and in severa1 tungsten mines in the Granite 
dist.rict of Beaver C.ounty (Crawford and Buranek, 1945, pp. 29, 46; 
Butler and others, 1920, p. 534). 

The known fluorspar reserves in rtah have be.t>n e..c;;timated at about 
450,000 tons with a minimum grade of 40 percent CaF2 (Thurston 
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and others, 1954, p. 1). This material is in rather small deposits, 
when compared with those in other States. Exploration for, and 
study of, fluorspar in Utah, however, has been limlted and the poten­
tial for new discoveries is good. 

The greatest potential for future discoveries in the known fluor­
spar districts of Utah is in the Thomas Range and the Indian Peak 
Range. Staatz estimated in 1950 that 62,000 tons of indicated and 
300,000 tons of inferred fluorspar reserves remained in the Thomas 
Range (Thurston and others, 1954, p. 48). Thurston estimated that 
t.he Indian Peak Range had reserves of about 50,000 tons of 40 per­
cent CaF 2 (Thurston and others, 1954, p. 49). 

The Monarch (Staats) area in'the Wah Wah Mountains very likely 
will yield more fluorspar; perhaps the clayey low-grade ore can be 
profitably processed in the future (Thurston and others, 1954, p. 49). 
Most of the known fluorspar pockets in the Star district, however, 
have been mined as a byproduct of the metallic ores. No new de­
posits are known to exist in or near the Silver Queen (Wildcat) mine. 

A fluorspar locality in the Dugway district, Tooele County, pri­
marily on the Bryan, Lauris, Rattler, and Black Maria claims (No. 
2) is a potential source as a byproduct from sulfide ore. The fluor­
spar is present in veins in Cambrian quartzite and limestone as an 
,important gangue mineral of sulfide ores, second only to quartz 
(Staatz and Carr, in preparation). 

Phosphate rock is a large potential source of byproduct fluorine, 
for it contains about 2 to 3.5 percent fluorine in the form of fluora­
patite. The 15.5 million tons of phosphate rock mined every year 
in the United States contain more than 500,000 tons of fluorine (Gro­
~an, 1960, p. 374). In ,northeastern Utah, the Permian Phosphoria 
formation and its partial stratigraph.ic equivalent, the, Park City 
Formation. (see 'outcrop pattern, fig. 3q), contain phosphorit,e beds 
with a combined thickness of up to 50 feet containing more than 18 
percent P 20 5 (Swanson and others, 1953, fig. 11) . Fluorinevery likely 
will become an important byproduct of future phOsphate recovery. 
Large quantities of phosphate rock are mined in Rich County, and 
phosphate has recently been produced from Uintah County. (See 
phosphate section, p. 195.) 

To ,date, commercial recovery of fluorine from phosphate rock 
in a form other than as fluosilicate, has been on a small scale. A 
recent study, of methods for the recovery of fluorine from such rocks 
offers some promise (Hall and Banning, 1958). In 1960 the 
lJnited Heckathorn Co. recovered 1 to 3 percent fluorine from 
phosphate rock at a wet-process phosphoric acid plant at Garfield. 
Synthetic cryolite was, produced from the fluorine (McDougal and 
Roman, 1961, pp~ 489, 491). . . . . 

Re:Rlacementiron_ore deposlts In the JurassIe,)IomestakeLlme-
stone in the Iron Springs district (fig. 35) , south -central Iron County, 
contain less than 1 percent fluorine as fluorapatite. In order to pre­
vent air pollution, fluorine is currently being extracted during the 
processing of this ore at the Geneva steel plant in Provo (Engineer­
ing and Mining Journal, 1958, p. 154) . 

Work of Griffitts and Rader (1963) indicates the beryllium de·posits 
of Spor Mountain contain as much or more fluorine than beryllium. 
This fluorine represents a potential resource if recovery is technically 
feasible or requIred. -
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GEM MATERIALS 

(By ~1. D. Dasch, Washington. D.C.) 

C.rem materials aro minerals and closely allied natura.lly occurring 
substances that are used as g-em stones or as ol'namental stones. Gem 
stones are used for personnl adornment. Ornamental stones are used 
for ornamental objects sHch as vases or statuettes, and for other dec­
orati"e purposes. 

Gem materials generally possess one or more of three major quali­
ties: beauty, det~rmined by personal taste; durability, determined b)' 
hardnes.') and lack of ready cleavage; and rarity. Three other qualI­
t.ies that may be equally important are portability, fa..')hion, and 
"make," that is, the degroo to which workmanship has enhanced the 
natural attributes of the raw material. The terms "precious" and 
"semiprecious" are used by some to distinguish gem materials on 
their recognized value. Precious gem ma,terials must exhibit all three 
of the major qualities-beauty, durahility, and rarity-whereas semi­
precious materials must possess one or two of the major attributes. 
For centuries, diamond, emerald, ruby, and sapphire have been re­
garded as precious gems. Although these gem stones do not occur 
in Utah, semiprecious gem materials are abundant. 

From 1906 through 1916, $103,600 of gem materials was produced 
in Ctah. 'Vith few exceptions, figures of State production between 
1917 and 1954 are not available. The output of gem mat~rials 
steadily increased from 1955 through 1958, and totaled $68,000. Pro­
duction of t.his 4-year period was nearly doubled in one year, 1959, 
when l~tah shipped $134-,000 of gem materials. During that year 
Vtah led the Nation in out.put of petrified wood with 200 tons valued 
at $60,000. Production of gem materials dropped to $72,000 in 1960, 
rose slightly to $73,000 in 1961, and increased again to about $75,000 
in 1962. 

During 1961, the most. recent. year for which detailed production 
figur~-s are available, Vtah shipped gem materials from 18 of the 
State's 29 counties, and led the country in obsidian production-
42,000 pounds valued at $13,000. The State was fourth in petrified 
wood production and sixth in agat~ output (IIartwelI and B~tt, 1962, 
pp. 586, 587). Juab County produced $21,500 of gem materIals, more 
than twice any other county. Agate and petrified wood were shipped 
from Garfield Connty, which ranked second in importance. From 
~fillard County came $7,765 of gem materials, mainly obsidian, and 
from rtah County came S2,!)OO, primarily variscite and- calcium 
carbonate, commercially called onyx (IIowes, 1962, pp. 1043, 1050, 
1051,1056). 

Production trends of Utah gem materials are dependent upon 
known deposits, the discm·ery of new ones, and the current demand 
for specific commodities. .Jet. was mined in significant quantities 
during the early 1920's when it was fashionable ~'). mourning jewelry; 
today it is not in vogue and no market for it exists. Pyrope garnet 
from t.he Nunljo Indian He~n'ation, topaz from the Thomas Hange, 
and varisc.ite from :several 'localities in we.~enl Utah have b~,en 
produced sporadically since the turn of the century. Agate, jasper, 
find petrified wood, eurrently in demand, were little ment.ioned earlier 
in the cent.ury. Obsidian, first worked in Utah by the Indians, has 



170 MINERAL AND WATER RE&OURCES OF UTAH 

been produced commercially since the early 1940's, and "onyx~) has 
been quarried sinee the early 1950's. 

In "Gtah, gem materials are produced by both amateur and 
professional collectors. The gem industry, for the most part, is 
operated by individuals, rather than by large companies. For 
this reason, production information is incomplete, and the loca­
tion of individual deposits is often vague. The following discussion 
of Utah gem localitIes does not pretend to be a complete listing; 
it merely summarizes some of the better known occurrences. CA>m­
modities arc described alphabetically, and the approximate locations 
of si~TJ1ificant deposits arc shown on figure 36. 

Azurite and malachite, the azure. blue and bright green copper 
carbonate minerals that commonly occur together in the oxidized 
zone of copper deposits, are the alteration products of other copper 
minerals. Azurite is less common than malachite and occurs as 
transparent to subtransIucent prismatic erystals and radiating spher­
ical groups. Malachite occurs in translucent to opaque botryoidal 
and stalactitic masses. Both minerals, though soft are used exten­
sively for ornamental objects, such as vases and table tops, and 
occasionally for jewelry. Azurite and malachite occur in the near­
surface parts of many copJ?er deposits of lJtah; those localities 
containing gem-grade materIal, however, are not always specified. 
Some of the copper ore mined from Bingham (fig. 36, locality No.7) , 
Salt Lake County has been used as gem material (Ball, 1941, p. 
1402). Excellent. quality azurite .and malachite were recovered In 
the 1940's from the DiXIe Apex mine (No. 27) west of St. George, 
Washington Count.y (Ball, 1945, p. 1561). Small specimens of deep­
blue azurite sandstone from the La Sal district (No. 46), south­
eastern Utah, have been suggested for finishing doorways and for 
ornamental purposes (Sterrett, 1907, p. 1214). 

Two gem vaneties of beryl, a hard transparent to translucent beryl­
lium aluminum silieate, are present in small amounts in lJtah. 
Aquamarine occurs as long sl"nder crystals of bluish-green beryl. 
Rlue beryl containing patches of gem-qualit.y mat.erial. later reported 
as aqnamarine, is present in gulch gravels on Ibapah Mountain (No. 
11), in Tooele or .Juab Counties, western l~tah (Sterrett, 1909, p. 
811). The beryl-bearing gravels very likely were derived from beryl 
that occurs in quart.z veins r or pegmatiteJ in the Ibapah stock of 
t.he Deep Creek Range (Butler and others, 1920, p. 112). One beryl­
bearing pegmat.ite OCc.urs in Fift.eenmile Canyon near the southwest­
ern margin of the stock, Juab County (see section on beryllium, p. 71) . 
.1lorqanite oc.curs as squat, tabular crystals of pale pink to deep rose 
beryl. On the west side of Spor Mountain (No. 13), we..crtern ~Juab 
County, morganite is associated with topaz and garnet in Tertiary 
rhyolite flows (Staatz and Griffitts, 1961, p. 943). In the Topaz 
Mountain amphitheater (No. 15), a drainage basin at the southeast 
end· of the Thomas Range, rose-red beryl crystals are attaohed to 
topaz erysta.Is and to lit.hophysal cavity walls in Tert.iary Topaz 
Mount.ain Rhyolite of Erickson, 1963 (Palaehc, 19:34, p. 14; Erickson, 
1963, p. 32). 

Garnet includes a group of six minerals with similar physical prop­
erties, crystal forms, and a basic chemical formula in whieh elements 
replace one another to form a series. Two garnets are produced in 
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. ' Deposit of gem material (Numbers refer to localities mentioned in ,text) 
A Azurit'e Q Cryptocrystalline quartz 
Ba Aquamarine (One or more varieties: 
Bm Morganite agate, chalcedony, jasper 
C Calcite, referred to as "onyx" petrified wood, di~osaur 
G Garnet, unspecified bone) 
Gp Pyrope Qa Amethyst 
Gs Spessartite Qs Smoky quartz 
J Jet R Banded rhyolite 
L Labradorite S Scheelite 
M Malachite 
Ob Obsidian 
Op ~al 

T 
V 

Topaz 
Variscite 

'FIGURE 36.-Gem materials in Utah. 
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Utah. Pyrope, a magnesium aluminum silicate and the most popular 
mineral of the garnet group, occurs in mafic igneous rocks, such as 
peridotite and serpentine. It is a hard mineral that ranges in color 
from deep red to nearly black. Pyrope is produced by Indians from 
topsoil and gulch gravels from the Navajo Indian Reservation in San 
Juan County, Utah, and northeastern Arizona. The deposits are 
associated with rocks of funnel-shaped volcanic vents in the vicinity 
of Comb Ridge. At Moses Rock (No. 48) garnet-bearing material 
is present in a dikelike body, and garnets which have weathered from 
the outcrop occur in small patches of alluvium. At the Mule Ear 
deposit (No. 47) garnets are scattered through alluvium (Gregory, 
1917, pp. 146-147; Kiersch, 1955, pp. 91-94). Spessartite is a manga­
nese aluminum silicate that occurs in granite, quartzite, and rhyolite. 
It is a hard garnet that ranges from brown to red. Production of 
rough spessartite ·from San Juan County was reported during 1907 
(Sterrett, 1908, p. 810). Spessartite also is present in the Topaz 
Mountain amphitheater (No. 15), where, it occurs with topaz in 
lithophysal cavities in (in the rhyolite of Topaz Mountain) (Sterrett, 
1909, p. 842). Garnets of an unspecified type and varying quality are 
present 3 to 4 miles ,west of the Topaz Mountain amphitheater (No. 
14). They are as much as 1¥2 inches in width and are found in rhyo­
lite cavities (Patton, 1908, p. 190). On the west side of Spor Moun­
tain (No. 13), garnets occur with beryl and tonaz in Tertiary rhyolite 
flows (Staatz and Griffitts, 1961, p. 943) " 

The organic gem stone. jet, is' a black variety of lignite or brown 
coal that is incompletely coalified and retains some woody structure. 
Jet is soft, light in weight and, because it is homogenous and com­
pact, takes a velvety polish and is tough enough to be worked on a. 
lathe. The most important source of jet in North America is in the 
Henry Mountains, southern Wayne County. It forms disklike inclu­
sions in a narrow coal seam found along the precipitous sides of 
Coaly basin (No. 36) on the northwest flank of Mount Ellen. Con­
siderable quantities of jet were mined from this locality in the 1920's 
and used for ornaments and for mourning jewelry. Although the 
gem stone no lo~ger is in vogue, a California dealer was selling 
specimens from Coaly basin as late as 1956 (Sinkankas, 1959, p. 
605). 

Labradorite, a calcium-sodium aluminum silicate of the plagioclase 
feldspar mineral group, occurs in both extrusive and intruSIve igneous 
rocks. It is moderately hard and characteristically exhibits a beau­
tiful play of colors. Fine straw-yellow labradorite is present north­
east of the Clear Lake Railroad Station (No. 19), east-central Millard 
County. Small squarish fragments, many of them flawless and 
more than an inch wide are abundantly distributed in crumbly 
andesite. Material from this locality often appears on the market; 
in 1947 brilliant cut stones sold for $3 to $6 a carat in Salt Lake 
City (Sinkankas, 1959, p. 149). 

Obsidian is a volcanic glass t.hat forms from acid magmas or lava 
which cooled so rapidly that crystallization was not possible. Most of 
it is black, but it may also be brown, red, or green; it is transparent 
to translucent and has the same hardness as window glass. Primitive 
peoples used the rock for fashioning arrowheads and for orna­
mental purposes. Today, transparent and variegated pieces are cut 
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as gem st'Ones. Utah 'Obsidian CDmes primarily fr'Om sDuthern Millard 
CDunty, where cDnsiderable quantitles have been mined near Black 
RDck (N'O. 21) since the early 1940's. The IDcality is well knDwn fDr 
flowenng Dr snowflake obsidwn, a black variety with bluish-gray spots 
c'OmpDsed 'Of radiating needle-shaped crystals In clusters called spher­
ulites. West 'Of the· Black R'Ock Railr'Oad Stati'On is an abandDned 
Indian arrDwhead-chipping grDund littered with numerDUS fragments 
'Of obsidian. At WhIte MDuntain (N D. 20), near Black Rock, black 
and red varieties 'Occur bDth separately and mixed. Obsidian als'O 
is present in B'OX Elder CDunty S'Outh 'Of Pr'Om'Ont'Ory (No.3) (Sin­
kankas, 1959, p. 507) . 

True onyx is.a fDrm 'Of chalcedDny, a varietY-Df quartz. It is hard 
and is typified by straight J?arallel bands 'Of c'Ontrasting c'OI'Or. Un­
f'Ortunately, the term onyifJ IS als'O used in referring to a special kind 
'Of limestone, sometimes called onyx marble. Limestone is c'Omposed 
primarily 'Of calcite, 'Or calcium carbDnate, which is col'Orless when 
pure. In contrast to quartz, calcite is a S'Oft mineral unsuita;ble f'Or 
use as gem stones. Fine-grained masses of calcite dep'Osited frDm 
cDld water sDluti'Ons are fairly tough, hDwever, and are suitable f'Or 
table t'OPS, bookends, and 'Other decDrative purp'Oses~ In recent years 
'Onyx prDductiDn has been reported from several counties in Utah. 
NDne 'Of these deposits appear to be true 'Onyx. F'Or the sake 'Of con­
sistency with P'OPular usage the inc'Orrect term "'Onyx" will be c'On­
tinued in this discussion. 

Translucent green 'Onyx has 'been quarried at Hatch (N'O. 32), 
s'Outhwestern Garfield C'Ounty. Large flawless blocks have als'O been 
mined 'On Mamm'Oth Creek (N'O. 31), 1112 miles sDuth 'Of Hatch. Tw'O 
'Onyx deposilts have been w'Orked in Utah C'Ounty. Dark and light 
amber 'Onyx has been quarried near PelicanP'Oint 'On Utah Lake (N 'O. 
10), and beautiful translucent yell'Ow, 'Orange, buff, and white 'Onyx 
has been mined near Lehi (N'O. 9) ~ In Tooele County, white, pink, 
lavender, and yeH'Ow 'Onyx has been produced frDm veins, up tD 4,500 
feet IDng, in the Cedar MDuntains (ND. 4) south 'Of L'Ow. Onyx has 
been quarried near Grantsville (N D. 5), Tooele CDunty, and used fDr 
terrazzD, chicken grit, and StUCCD, as well as f'Or 'Ornamental pUrpDseS 
(Sinkankas, 1959, p. 556). 

Opal is an amDrphDus mineral; that is, it has nD definite crystalline 
structure. It is deposited in cavities and cracks as a gelatinDus fDrm 
'Of silica that IDses SDme 'Of its water c'Ontent up 'On hardening. Opal 
occurs in igneDus, metam'Orphic, and sedimentary rDcks, and its fDr­
mati'On 'Often is assDciated ,with v'Olcanicactivity. The mineral is 
mDderately hard, transparent tD· 'Opaque, and is white, Dr 'One 'Of a 
number 'Of cDIDrs. PreciDus 'Opal has an internal play 'Of delicate 
cDIDrs; CDmmDn 'Opal may be cDI'Ored but it dDes not exhibit these 
internal reflectiDns. Opal frequently' is a replacement material in 
fDssilized wood. An Dpalized wood ·neld alDng the CDIDradD River 
valley extends from western CDIDradD intD eastern Utah (ND. 42) 
(Sinkankas, 1959, p. 116). Opal alsD has been repDrted frDm several 
meta~l mines in the State. 

Quar:tz, an 'Oxide 'Of silic'On, is the mDst CDmmon 'Of minerals and 
occurs in nearly every rDck type. It is hard, may be transparent, 
translucent, Dr 'Opaque, and cDmmDnly is colorless Dr white,althDugh 
it may be anycolDr when impure. Quartz can be separated intD tWD 
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categories: phenoorystalline or vitreous varieties and oryptocry8tal­
line varieties. Phenocrystalline quartz has a luster similar to broken 
glass, and individual crystals can be distinguished with· the unaided 
eye; selected material is faceted as gems. Cryptocrystalline quartz 
is massive and the indistinct crystalline structure can be seen only 
with a microscope; several varieties are used for ornamental purposes 
or cut as cabochons. 

Two phenocrystalline varieties have been produced in Utah, 
amethyst and smoky quartz. Amethyst crystals are colored violet or 
purple, probably by the presence of manganese. Small quantities of 
amethyst have been produced in the Dugway area, northwestern 
Utah (Ball, 1948, p. 548), in the La Sal Mountains, southeastern 
Utah (No. 46)~ and in the San Rafael swell, Emery County (Ball, 
1943, p. 1520). 'Smoky quartz crystals are shades of yellow, brown, or 
nearly black. Pockets of lustrous dark smoky quartz crystals are 
present in pegmatites of the Mineral Mountains ( No. 22), eastern 
Beaver County. Gem-grade material from this. area has been 
satisfactorily faceted (Sinkankas, 1959, p. 377). 

Oryptoorystalline varieties that have been produced in Utah in­
clude severa:l forms of ohaloedony, jasper and silicified 'Wood and 
bone. Chalcedony lines or fills rock cavities. It was deposited I from 
aqueous solutions and may contain some opal. Common chalc~dony 
has a waxy luster, is transparent or translucent, and is dull gray, 
blue, brown, or white, and often is botryoidal or mammillary In 
shape. Agate, or variegated chalcedony, is the more colorful and 
more sought variety, due to various coloring inclusions. It is a com­
mon constituent of many gravel deposits. The contrasting colors of 
agate may be banded, irregularly clouded, or distributed throughout 
the mass. Distinctive agate patterns are referred to by popular 
names: visible impurities, generally manganese oxide, form the moss­
like patterns in moss agate,. distinct angular bands are characteristic 
of fortifioation agate,. and impurities which take on feathery shapes 
are typical of plume agate. J as~r, a variety of impure opaque cryp­
tocrystalline quartz is red, and less commonly yellow, blue, or green. 
The coloring material typically is iron. Petrified wood is a term 
loosely applied to wood that has been replaced by mineral matter, 
commonly some form of silica. Wood that has been mineralized 
by a variety of quartz, such as agate or jasper, properly should be 
termed silicified wood. It is generally used for ornamental objects, 
such as bookends, table tops, and rarely as a unique building stone. 
Petrified wood contributes substantially to the gem industry of Utah. 
Most of it occurs in Triassic Petrified Forest and Shinarump Mem­
bers of the Chinle Formation. Dinosaur bone, likewise, is often re­
placed by varieties of quartz,. Agatized bone has been cut as cabo­
chons and used for ornamental objects. Most dinosaur bone occurs 
in the Jurassic Brushy Basin Member of the Morrison Formation. 

Varieties of cryptocrystalline quartz occur together in many places. 
For this reason, they will be discussed by deposit, rather than 
by cryptocrystalline variety. 

Juab County: agate and jasper are present on the north slope of 
the Drum Mountains (No. 16) (Sinkankas, 1959, p. 376) ; moss agate, 
plume agate, and jasper are reported from near ,Tericho (No. 17) 
(Ball, 1948, p. 547; Sinkankas, 1959, p. 376) ; fine fortification agate 
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<>Ceurs in seams and veins in low hills about 1::l miles south of Levan 
(No. 18) (Sinkankas, 1959, p. 376). Beaver County: black agate 
with blue bands has been found in Blue Valley, south of Bp~lver (No. 
2::l) (Sinkankas, 1959, pp. 37(')-377). Iron County: excellent red and 
vellow moss agate is present in the area surrounding Cedar Breaks 
National :Monument (No. 30); chalcedony geodes, up to 2 feet in 
diameter, occur in the vicinity of Newcastle (No. 24) (Sinkankas, 
1959, p. 377). 'Vashington County: a~ate and petrified wood are 
prpsent northwest of Cast.le Cliff StatIOn in the upper reaches of 
Beaver Dam 'Vash (No. 25) (Sinkankas, 1959, p. 510); common 
gray chalcedony occurs a..'; vein fillings and geodes in basnltic rocks 
near the town of Central (No. 26), and over 500 p()unds of material 
was produced from one basalt cavity (Sinkankas, 1959, p. 377). 
Kane County: petrified wood has been reported in the vicmity of 
Kanab (~o. 28); agate and petrified wood are present near Order­
ville (No. 29) (Hartwell and Waters, 1958, table 2). Garfield 
County: agate, agatized wood, and dinosaur bone are reportoo from 
the vicinity of Escalante (No. 33) (Thomson and others, 1956, table 
1) ; petrified logs, some measuring from 10 to 12 feet in diameter, are 
abundant in the Circle Cliffs area (No. 34). Reportedly this is one 
of the finest pet.rified forests in the country (Sinkankas, 1959, p. 377). 
'Vayne County: agate, jasper, dinosaur bone, and petrified wood are 
present in the vicinity of Torrey (No. 35) (Thomson and others, 
1956, Ulble 1) ; petrified wood and small but fine agate pebbles are 
scattered over several square miles west of Hanksville (No. 37) 
(Sinkankas, 1959, p. ::l76). Emery County: agate has been collected 
from t.he Castle Dale area (No. 39) (Hartwell and 'Vaters, 1958, 
t~ble 2) ; chalcedony, agate, jasper, silicified wood., and dinosaur bone 
nre present in t.he ,} urnssic Morrison Formation- about 5· miles south 
of 'V"oodside (~o. 40), and in t.he San Rafael Swell (No. 38) :30 miles 
southwest of Green River (Sinkankas, 1959, p. 376). Grand County: 
jasper, agate, and dinosaur bone are reported from the vicinity of 
Thompson (No. 41) (Hart.well and Blankenbaker, 1958, table 2); 
agate, chalcedony, petrified wood, and silicified dinosaur hone occur 
5 miles north of ~loab (No. 45) (Sinkankas, 1959, p. 376); jasper, 
petrified logs up to a foot in diameter, agatized clams almost 5 inches 
long, and siHcified dinosaur bone are present in the hills along the 
Colorado River near Cisco (No. 43) (Smkankas, 1959, p. 376) ; exten­
sive beds of red, pink, and flesh- and salmon-colored agate are 7 miles 
sout.h of Cisc,O (No. 44) (Kunz, 1893, p. 774). 

Rhyolite is a fine-grained voleanlc rock primarily composed of 
ort.hoclase feldspar and quartz. When porous rhyolites absorb water 
that contains oxides of manganese and Iron, recurrent waves of infil­
trationlroduce colorful banded patterns in shades of cream, brown, 
red, an yellow. The bands, which are seen when the rock is broken 
open, parallel the exterior planes of t.he rhyolite blocks and are 
curved toward the interior. The rock is called banded rhyolite, or 
more popularly, "wonderstone." It is used for making coarse orna­
ments, sueh as bookends, and less eommonly for makin~ cabochons. 
Boulders of good 1uality "wonderstone" are present in the upper 
reaches of Beaver )am "Tash (No. 25) northwest of Castle Cliff 
Station, western 'Vashington County (Sinkankas, 1959, p. 509-510). 

Scheelite, calcium tungbi.ate, is a valuable ore mineral of tungsten 
26-803 (). 69 -I:l 
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that occurs in pegma.tite.'3, contact metamorphic deposits, and in veins. 
Transparent s('heelite ran he cut into moderately hard, brilliant gems 
that resemble diamonds. Deposits of the mineral have been mined 
in the )fineral ~lountains (Xo. 22), eastern Beaver County. Rich 
orange-brown scheelite crystals wit.h clear tips are present in the area 
and Sinkankas (1 H5!), p. 460) reports that he cut an 8-carat stone 
from gem-quality material. 

l'opaz~ an aluminum fluosilicate, occurs as crystals that are very 
hard, transparent, and occur in a wide range of color. Numerous 
topaz crystals are pre.'3ent at Topaz ~{ountain amphitheater (No. 15), 
a favorite collecting locality smce 1884. The mineral occurs with 
~lartz fluorite, garnet, and beryl in lithophysal cavities of Tertiary 
Topaz){ountain Rhyolite of ErIckson, (1963) the uppel1nost volcanIC 
unIt in the Thomas Range (Erickson, 1963, pp. 30-32). Well­
developed crystals weather out of the rhyolite and are scattered over 
the ground and concentrated in washes. They are clear and color­
less and, in places, sherry-brown before exposure to the sun. Most 
specimens are a fraction of an inch in length and flawless cut stones 
seldom weigh more than several carats. In the northeastern part 
of the Thomas Range (Xo. 12) topaz is found in a rhyolite similar 
to that nt the Topaz ~fountain amphitheater. Gray opaque crystals 
from this locality measure as much a...c; 2 inches in length and clear 
specimens measure as much as 1 inch (Sinkankas, 1959, pp. 102-
103; Patton, 1908, pp. 177-192). Topaz, as,c;ociated with garnet and 
beryl, also is p~sent in Tertiary rhyolite flows on the west side of 
Spor ~{ountain (No. 13) in the Thomas Range (Staatz and Griffitts, 
1961, p. 943). 

Vari'?cite~ a hydrated aluminum phosphate, is deposit.ed in breccias 
or cavit.ies where phosphatic meteoric water reacts with aluminous 
rocks at or near the surface. It occurs as crusts, rounded nodules, 
veinlets, and fine-grained masses. Since its discovery in America 
it has, at one time or another, been called amatrice, utahlite, lucinite, 
and chlor-utahlite. Variscite is a soft, translucent to opaque, green to 
colorles.'3, mineral that generally occurs with white phosphatic ma­
terial, chert, and chalcedony in a dark to light green matrix stone 
of intricate and varying patterns. Although variscite resembles 
turquoise and is used similarly in jewelry, it is softer and does not 
wear as well. Significant quantities of variscite have been mined in 
Ctah and during the peak yield in 1909 and 1910, Utah and Nevada 
together produced about 12,500 pounds of variscite worth $62,000 
(Sterrett, 1912, p. 1077). At the Utahlite mine (No.8) west of 
Fairfield, rtah County, variscite and associated rare phosphate 
minerals were disc.()vered in 1894, in nodules and concretions in brec­
ciated zones in a black limestone (Sinkankas, 1959, p. 231-232). At 
the Amatrice mine (No.6), eastern Tooele County, fissured and brec­
ciat~d zones in limestone and quartzite contain variscite (Sinkankas, 
1959, p. 233-234). The Lucin deposit C~o. 2) in western Box Elder 
County was first opened for gold, but has produced variscite since 
1909. Balls, nodules, veins, and seams of variscite and associated 
phosphates occur in sheared and brecciated zones in a Carboniferous 
quartzite. Sman cavities contain perfectly formed crystals of var­
iscite which, although too small to he used as gems, are valued for 
their un iquene.c;;s (Sinkankas, 1959, pp. 232-233). Two other variscite 
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deposits haye been reported in Box Elder County, one near Prom­
ontory (Xo. 3) (Ball, 1941, p. 1401) and the other near Snow­
ville (No.1) (Foshagandothers, 1954,p. 605). 

Gem materials, such as barite nodules, tourmaline, and willemite, 
have been reported in the State, but information about specifie 
deposits is incomplete. 

Resource figures for rtah gem materials are not available. There 
is no indication that deposits of those materials currently in demand 
will soon be exhausted. Agat~ is abundant throughout much of 
southeastern Utah-in Emery, Garfield, Grand, Kane, and Wayne 
Counties. Petrified wood, jasper, and chalcedony also are plentiful. 
The pyrope garnet field yields a high percentage of rough ~rnets 
but a low pereentage of flawless material. Rough garnets, whIch are 
not present in large enough quantities to merit production for use 
as abrasives, are b~,st marketed in novelty pieces, rough ring settings, 
and small ornaments (Kiersch, 1955, p. 94). Topaz, obsirlian, 
"onyx," and variscite continue to be supplied from a number of 
deposits, several of them only recently discovered. If demand were 
renewed, jet would he available. The possibility of new gem dis­
coveries in unexploited areas of Utah is excellent. 

GYPSUM AND ANHYDRITE 

(By C. F. Withington, Washington, D.C.) 

Gypsum and anhydrite are formed by precipitation of calcium 
sulfau, from natural saline water. They occur in considerable quan­
tities in many parts of the United States, and resources of both 
minerals are great, though many deposits are too far from con­
suming cent~rs to be worked profitably. Gypsum is the more use­
ful of the two minerals; about 9.5 million tons were produced 
in the United States in 1961. Comparable figures are not avail­
able for anhydrite production, but probably no more than 200,000 
tons were produced in 1961. 

Most gypsum mined in the United States is calcined for plaster, 
which is used primarily in the manufacture of wallboard, lat.h and 
other prefabricated gypsum products. Uncalcined or raw gypsum 
is used in portland cement as a setting retarder, and as an agricul­
tural minera1. Gypsite is used extensively a..c;; a soil conditioner. An­
hydrite is used in the lTnited States as an agricultural mineral and to 
a lesser extent as a retarder for portland cement. In Europe anhy­
drite is used in makin~ sulfuric acid.and R:~!!1onium sulfate. 

Gypsum, hydrous calCIUm sulfate (CaSO •. 2H20), is one of the 
softe.c;;t minerals, and can be easily scratched with the fingernai1. 
Pure gypsum is generally white or light to dark gray; impurities 
may color it pink, black, green, or_yellow. 

Anhydrite, calcium sulfate (eaSO.), occurs as fine- to ooarse­
grained masses or as lenses or beds within gypsum deposits. Calcium 
~ulfate was originally deposit~d as anhydrite, but hydration by sur­
face and ground waters ha~ altered it to gypsum. In semiarid 
climate such as that found in Trtah, hydration has seldom progressed 
more than 30 feet below the ~urface, and in many places, anhydrite 
may be found mixed with gypsum on the outcrop. 
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The most common form of gypsum is massive rock gypsum, a 
compact aggregate' of small crystals. Alabaster is a compact, very 
fine-grained gypsum. Other varieties include satin spar and selenite, 
neither of which are abundant nor economically important. The 
presence of selenite in gypsum deposits is detrimental for most uses 
as the selenite crystals cannot be ground fine enough to be used for 
plaster. 

Gypsite is earthy secondary gypsum mixed with silt, sand, and clay. 
Gypsum sands are m3lde up of crystals that have been transported 
by wind and deposited in dunes of remarkable purity. 

Utah has an abundant supply of gypsum, but few deposits have 
boon developed. Since 1882, aD- estimated 4.1 million tons with a 
value of about $11.8 million has been produced. The first deposits 
to be exploited were along Salt Creek near Nephi, Juab County 
(Stone and others, 1920, p. 261), and were worked almost continu­
ously from 1882 until the early 1940's for plaster and for portland 
cement retarder. Small production also has been reported from a 
deposit east of Levan, Juab County. A deposit of gypsum dune 
sand was worked briefly in the 1940's for portland cement retarder. 
Present production is from two deposits in Sevier County that are 
being worked by open-pit methods. 

The resources of gypsum in Utah are among the largest in the 
United States. Beds within 30 feet of the surface and at least 
4 feet thick contain an estimated 2 billion tons of material that aver­
ages more than 85 percent gypsum. Most of these resources are in 
the southern and eastern parts of the State. The reserves of 
gypsum for any given deposit depend on the depth at which anhy­
drite is present, for even a few percent of anhydrite mixed with 
gypsum will render the deposit useless for plaster. 

Gypsum-bearing rocks are widely distributed in the State and are 
found in several stratigraphic units, as shown in table 13. The dis­
tribution of these potential resources is described below by geographic 
regions.' . 

TABLE 13.-Distributioo of st,ratigraphic units that contain gypsum beds in Utah 

Geograpbic regions and counties ( ) 

GeolOgic 
Southwestern Northeastern period Southeastern East-central Central (Juab, 

( Grand and San (Emery and Sanpete, and (Iron, Kane, and (Duchesne and 
Juan) Wayne) Sevier) Wasbington) Ulntah) 

Summerville 
formation. 

Jurassic Arapien shale_ Curtis forma-
tion. 

Carmel forma- Carmel forma- Carmel forma-
tion. tion. tion. 

Moenkopi for- Moenkopi for-
mation. mation. 

Triassic 
Thaynes forma-

tioD. 

Permian Kaibab forma-
tion. 

Pennsylva- Paradox mem-
nian. ber of Her-

mosa forma-
tion. 
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DISTRIB'(;TION OF GYP8U~[ AND AXHYDRlTE 

In southern lTtah the gypsum and anhydrite-bearing Paradox 
~{ember of -the Hermosa Fonnation of Pennsylvanian age underlies 
most of t.he Paradox basin, which was an elongate, northwest-trend­
ing basin of deposition for saline minerals during Pennsylvanian 
t.ime. The basin deposits now under} ie most of Grand and San 
Juan CoWlties, parts of the adjacent counties (see fig. 37), and extend 
into nort.heastern Arizona, northwestern New Mexico, and south­
WPAc;tern C.!Olorado. In the Paradox ~fember ,three units {Wengerd 
and ~fatheny, 1958, pp. 2065-2075) contain calcium sulfate. The 
upper unit contains only thin lenses of no economic importance and 
the ba..c;al unit cont.ains some thin calcium sulfate beds that crop out 
only along the canyon of the San .Juan River in San Juan County 
(No.1, fig. 37). Principal gypsum resources are in the middle unit, 
which consists chiefly of salt (sodium chloride) with some calcium 
sulfate, dolomite, and black shale. The unit crops out along the edge 
of the Paradox basin in southern Grand County and northern San 
.Juan County. Thick beds of gypsum of the middle unit also are 
exposed along the San Juan River in southern San Juan County (No. 
2, fig. 37), where Wengerd and ~fat.heny (1958, p. 2061) show that 
gypsum is in beds as much as 40 feet thick. 

In the sa.lt antioline region of sout.hern Grand County and northern 
San Juan County, the middle unit of the Paradox Member crops out 
along the bottoms of Salt, Onion Creek, CasUe, and Moab Valleys. 
These valleys are as much as 25 miles long and 2 miles wide. They 
trend northwest and are underlain by elongate pief('.-ement-type salt 
masses that formed when the salt in the Paradox Member was 
squeezed upward. The valleys developed as a result of the solution 
and removal of salt due to near-surface weathering, and the accom­
panying collapse of adjacent roc.k strata. Solution removal of the 
salt also permitted residual accumulation of the less soluble' gypsum 
impurities in the salt. 

A tremendous tonnage of gypsum and anhydrite is availa.ble in 
each of the salt, anticlina.1 valleys but the exact amount can only be 
detennined by eareful exploration. The bedded gypsum of the Para­
dox Member is faulted and fractured and so int.imately mixed with 
shale and limestone that it might be difficult to find a large tonnage 
of easily a('~ssible material that would average 85 percent or more 
gypsum. Most of the area in which the gypsum occurs, however, is 
readily accessible, and exploration of the deposits would not be diffi­
cult. 

In Salt Valley (No.3) the gypsum is light to medium gray, lami­
nated to massive, and interbedded with dark gray siltstone (Elston 
and Shoemaker, 1960, p. 52). The surface of the gypsum has been 
weathered to gypsite. A mantle of buff gypsite blankets t.he original 
exposure..." and covers much of the floor of the va.lley, so t.hat more 
gypsum appears to be present than is the case. Dane (1935, p. 31) 
reported t.hat some of the gypsnm is dark blue, suggest.ing the pres­
ence of some anhydrite in t.he outcrop. 

Onion Creek and Fisher Valley probably have the best exposed 
but least accessible gypsum in t.he middle unit of t.he Paradox. 
Gypsum as much as 70 feet thick is exposed along Onion Creek (No. 
4). The gypsum in bot.h valleys is white to light gray, but badly 
faulted and fractured and mixed wit.h black shale. 
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Some _gypsum crops out in the southeastern end of Castle Valley, 
Grand County (~o. 5), as an almost. circular mass that surrounds a 
plug of igneous rocks. At least a 30-foot thickn~ of contorted, 
faulted, and fractured gypsum is exposed. This material is mixed 
with black shale and thin beds of limestone. Additional prospecting 
along the floor of the valley would probably reveal additional gyp­
sum. 

In Moab Valley, west 9f Moab, gypsum is exposed in a mound that 
rises about 50 feet above the valley floor ( No.6) . The gypsum is 
faulted and fractured and mixed with black shale, sandstone, and 
thin limestone beds. Additional ~psum deposits probably are pres­
ent under the thick mantle of alluvlum. 

The Cane Creek anticline west of Moab V-alley has not undergone 
as extensive deformation as the other salt anticlmes and the calClum 
sulfate is not exposed at the surface. Anhydrite, however, has been 
reported directly overlying the salt in holes drilled by Texas Gulf 
Sulfur Co. in development of a potash deposit (No.7) (Fogarty and 
Tippie, 1961, p. 54). 

Gypsum in the middle unit of the Paradox is exposed in two 
places in the canyon of the Colorado River in San Juan County near 
Gypsum Creek (No.8) (Baker, 1946, p. 23). The extent of this 
nearly inaccessible ~psum is unknown. 

In San .Juan (onnty, gypsum in the 1foenkopi Formation of 
Trias..sic a~rc has been r~ported by Anthony :mu ot her~ (1955) from 
t.wo a.reas (Xos. 9 a.nd 10). The gypsum is in thin lenticular heds 
that. crop out. in the middle of cliffs, and as suc.h are not of e.conomic 
imp0l1ancc. 

In east-cent.ral lTtah l-,Typsum beds in the Cannel arid Summerville 
Fonnations, both of .Turas..'lic age, can be t.raced for about 50 mile..c; 
nlon~ the west flank of the San Rafael Swell, an clonl-,rate n0l1h-tnmd­
ing dome about 70 miles long and 30 miles wide. The Carmel ranges 
in thickness from 320 to 650 feet, and consists of beds of green shale 
and sandstone, gray limestone and white gypsum. Gypsum beds 
are found only in the upper part of the formation and range from 
less than 1 to more than 30 feet in thickness. 

The Summerville Formation is about 1,000 fe(~t above the Carmel 
and consists of thin uniform beds of sandstone and siltstone, and a 
fairly persistent uppermost bed of white to reddish or greenish 
gypsum as much as 10 feet thick. This bed almost has an alabaster 
texture. 

Outcrops of gypsum along the west side of the swell have been 
described by Lupton (1913) and some of those on the north edge 
of the swell by Gilluly (1929). Seven beds of gypsum ranging from 
1% to 17 feet in thickness are present on the south side of Cedar 
Mountain, Emery County (No. 11) (Gilluly, p. 101). Much of this 
gypsum is impure, but a few beds are reported to be clean and 
hard. Along the San Rafael River at Fullers Bottom, Emery 
County (No. 12), Lupton (p. 225) reports two gypsum beds, the 
npper one 30 to 35 feet. thick and fairly pure; the lower one, 10 
feet below the base of the upper one, is 7 feet thick, and is reported 
as "very pure." Some 10 miles southeast of Ferron (No. 13) a 
single bed of relatively pure gypsum 11 feet thick outcrops in Horn 
Silver Gulch (Lupton, p. 226). 
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In Cold 'Vash, 20 miles east of Eme.ry, the Carmel Formation (Xo. 
14) has more than 35 foot of gypsum exposed near the top of the 
fonnation. About 8 miles southeast of Emery in Colt Gulch (No. 
15), the gypsum is in three beds one of which contains 10 feet of al­
most pure white gypsum (Lupton, p. 228). 

A gypsum and shale sequence about 50 feet thick is exposed on 
Muddy Creek, Wayne County (No. 16) (Lupton, pp. 228-229); 
gypsum of unknown extent has been reported at Last Chance 
Gulch (No. 17); a bed of gypsum in the Summerville Formation 
about 8 foot thick is present in the wall of a canyon northwest of 
Caineville (No. 18). 

The gypsum in the nort.hern {>art of the swell is readily accessible 
to rail and highway transportatlon by about 10 miles of uniml?,roved 
road extending west from "C.S. llighway 6-50 and the raIlroad. 
Most of the exposures on the west side of the swell are accessible by 
unimproved roads that extend east from State Highway 10. In both 
the Carmel and Sumnleryille Formations, the resources are estimated 
to be about 50 million tons. Much of this material probably will not 
be in demand for many years, however, for the dIstance from con­
sumin~ oonters and transportation would prevent the use of this 
matenal for a'!>?thing except as soil conditioner. 

In cent.ral l, t.ah, gypsum in t.he middle pa.rt of the Arapien shalc 
of Jurassic age crops out on the eastern side of the north- to north­
east-trending Seyier VuJley in Seyicl', Sanpete, and .Tuah Conntic...". 
The Arapien is divided int.o fiye units (Hardy 1H52, p. 15), the 
middle lmit of which eontains one or more beds of gypsum inter­
bedded with bluish-gray, caleareous sha.le, thin limestone beds, and 
thin-bedded ca.1careous sandstone. Lent-ieular masses of h"YPSUIll eml 
be traced laterally from.3, few hundred feCIt. to a, few mil~$. 

Although the Arapien is exposed along much of the length of 
Sevier Valley, gypsum is found in only a few isolated sf>Ots. The 
most sout.herly and also t.he best exposures are east of Sigurd in 
Sevier ('Alunt.y. In this vicinity the Arapien is complexly faulted and 
folded in a series of en echelon folds that trend north-northeast. 
Only one of the several gypsum beds is thick enough to be eonsidered 
economie. This bed is as much as 100 feet thick, but averages about 
25 feet in thiekness. Two miles south of Sigurd (No. 19), t.he gyp­
sum in this bed consists of badly weat.hered masses of selenite 
erystals. The crystals are as much as 6 inches in diameter and so 
intergrown that t.hey appear to be a solid mass. The gypsum mined 
hy the Bc..."twall Co. (No. 20) and 1;.8. Gypsmn Co. (No. 21 at. Sigurd 
is whJt.e, massh'e. and fine grained, interbedded wit.h t.hin~ calcareons 
shale. Thick se.ctions of gypsum oc.cur in the axe." of t.he folds. Be­
low the top foot or so the gypsum a veragc..." 90 to 96 percent pure. 
Near the contaet between gypsum and anhydrite, 30 to 40 foot below 
the surface, t.he gypsum reaches a purity of 99 percent. 

A short distance north of the mining area nme beds of gypsum are 
present in a 740-foot-thiek seetion of light blue, gray, buff, and red 
ealcareous shales and sandstones. The gypsum beds range up to 15 
feet in thickness and average less than 3 feet. North of Si~rd and 3 
miles east of Salina, Sevier County, a gypsum bed whieh dIPS steeply 
eastward ean be traced for 3 miles (No. 22) (Stone and others, 1920, 
p.267). 
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East of Gunnison, Sanpete County, gypsum crops out along the 
south side of Twelve ~file Creek (~o. 23). Four beds of gypsum that 
range from less than a foot to as much as 1112 foot in thickness are 
interbedded with gray, calcareous shale (Hardy, 1952, pp. 88-89). 

About 5 miles east of Levan on Chicken Creek (No. 24), IIardy 
(1952, p. 95) reports a gypsum bed as much as 15 feet thick. The 
gypsum is massive, white, and mott led with grayish shale and is trace­
able for 4 miles (Stone and others, 1920, p. 267). 

Several other occurrences of gypsum 'have been reported along 
Chicken Creek (Stone and others, 1920, pp. 265-266). The largest 
deposit, about a mile and a half east of Levan at the mouth of 
Chicken Creek, (No. 25) is a lenslikemass at least 200 feet thick, 
exposed along the steep vaHey wall for about 200 feet. The extra­
ordinary thickness of the gypsum is probably due to plastic flowage 
into the crest of a fold. The gypsum is white and mottled with light 
brown seams of shale. Other similar bodies of gypsum have been 
reported further east in the canyon of Chicken Creek (Stone and 
others, 1920, p. 267). Although these deposits apparently have been 
prospected by adits, there is no recorded production. 

The Araplen is poorly exposed between Levan and Nephi. An 
extensive lens of gypsum has been worked by open-pit methods (No. 
26) about a mile and a half east. of Nephi on the south side of Salt 
Creek. The gypsum deposit, a lens truncated abruptly on all sides, 
consists of a distorted mass of coarsely crystalline gypsum, mottled 
with brown shale. It is 250 to 300 feet thick and extends up the wall 
of the canyon 400 feet. The heds are. at the crest of a fold and are 
nearly vertical. A similar lens of gypsum occurs about 2 miles north 
( No. 27). Several ot her small lenses of gypsum have been reported 
in the vicinity of Salt Creek (Eardley, 1933, p. 333). Only one 
appears to contain enough gypsum to be of economic interest. This 
lens (Xo. 28), which is similar to those that have been mined, is 
about 4 miles northeast of Xephi, the nearest railroad terminal. 

fn southwestern Utah, four formations, the Kaibah Format.ion of 
Permian H1!f', t he ~foenkopi of Triassic nge, nnd the Carmel llnd 
Curtis bot h of .lurassic age, contain gypsum in sout hwestern Utah. 

The Kaibab Formation consists of white to yellowish, massive some­
what dolomit.ic limestones. in part cherty, and locally gypsiferous 
(Gregory, 1950a, pp. 52-53). The gypsum is white, pink, and gray, 
and in t.he southern part of 'Vashingt.on County occurs as both thick 
and t.hin beds and lenses; as nodules in limestone; as cement for 
sandstone grains; and as coatings on fissures. Ree..c;ide and Bassler 
(1922, pp. 69-77) show that the distribution of gypsum in the Kaibab 
is spotty. About 50 feet of white gypsum is present near Virgin" 
Canyon, one-half mile south of La Verkin, Washington County (No. 
29). A 4-foot-t.hick bed of white g"ypsllm and numerous beds of pink 
~psum are exposed in the Kaihab a few mile.c; sout.h of St.. George 
(Xo. 30) .. npar t.hp THah-Arizona line. On the eastern edge of the 
Pine VaHey ~Iollntains, northeast of Toquerville (No. 31), as much 
as 150 feet of gypsum and anhydrite are present. in the Kaibab (Cook. 
1957, p. 31). The area probably does not have a ~t tonnage of 
gypsum because of t.he nPAlr-surface presence of anhydrite. 

Gypsum occurs in thin beds throughout much of the Moenkopi 
formation, but none of these beds are very extensive. The most gyp-
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siferous part of the formation is in the Shnabkaib Member, where 
massive, fine-grained gypsum occurs as beds and lenses as much as 4 
feet thick (Gregory, 1950a, p.114). 

Gypsum has also been reported in the Carmel Formation of .Jurassic 
age. On the east flank of Pine Valley Mountains (No. 32) a pproxi­
mately 225 feet of gypsum and gypsiferous shales are present at the 
base of the formation. The gypsum is in 31t least two beds; an upper 
one about 20 feet thick and a lower one about 10 feet thick, separated 
by aJbout 50 feet of shale and limestone. 

By far the most extensive gypsum deposits are in the Curtis forma­
tion of Jurassic age. The Curtis crops out discontinuously from 
Cedar City, Iron County, southward into Washington County, and 
eastward into Kane County. A basal gypsum bed in the Curtis 
ranges in thickness from less than 6 feet to as much as 101 feet in the 
crest of anticlines. An exposure in Cedar Canyon (No. 33) men­
tioned by Thomas and Taylor (1946, p. 25) showed 101 feet of mas­
sive resistant white alabaster apparently in one bed. About 4 miles 
east of Kanarraville (No. 34), Gregory (1950b, p. 84) reported about 
92 feet of gypsum mixed with day. 

In the northeast corner of Washington County (No. 35), the 
gypsum in the Curtis has thinned to about 6 feet, is white to gray 
and contains lenses of red silt (Gregory, 1950b, p. 89). Southward 
in Washington County, the gypsum thickens to 15 feet. In an 
exposure 11 miles west of Orderville and also further eastward 
in Kane County (No. 36) the gypsum is in a 30-foot thick bed 
(Gregory, 1950a, p. 125). About 3 miles southwest of Orderville, 
Kane County (No. 37), Gregory (1950a, p. 126) reported three beds 
of gypsum, ranging from 3 to 16 feet In thickness and separated 
by sandstone and shale. 

The gypsum in the Curtis thickens eastward, and 3 miles east of 
Glendale (No. 38), Gregory (1950a, p. 126) reported a 28-foot­
thick bed of white, massive gypsum-part of it a waxlike alabaster. 

Eastward from Glendale, the area of the outcrop of the Curtis 
becomes relatively inaccessible. According to Gregory (1951, p. 29), 
the gypsum is a persistent stratigraphic marker that ranges in 
thickness from 3 to 16 feet. Near Cannonville (No. 39), on the 
border of Kane and Garfield Counties, two thin beds of gypsum, 
both impure, are present (Gregory 1951, pp. 57-58). Eastward 
the Curtis becomes less gypsiferous, and in the eastern parts of 
Kane and Garfield Counties gypsum is absent (Gregory and Moore, 
1931, p. 22). 

In northeastern Utah, thin beds of gypsum have been reported in 
both the Thaynes Formation of TrIassic age and the Carmel 
Formation of Jurassic age. The gypsum in the Thaynes is restricted 
to thin veins of satin spar and beds of gypsum. Gypsum beds in 
the Thaynes exposed at the surface are only a few feet thick along 
Lake Fork Creek (No. 40), but beds as much as 10 feet thick are 
found in the subsurface (Huddle, Mapel, and McCann, 1951). 

I{inney (1955, p. 78) reports four thin, impure beds of gypsum, 
generally white, light pink, or light green, and none more than 2 
feet thick, in the Carmel FormatIOn along Whiterocks River (No. 
41) and a single bed, 2 to 4 feet thick, along Steinaker Draw east of 
Leota (No. 42). 
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OTHER OCCURRENCES 

Gypsite and gypsum sand are found in several places in Utah. 
Small and impure deposits of gypsite are adjacent to nearly all out­
crops of gypsum but are not exploitable. In Millard and Tooele 
Counties, however, gypsum sand and gypsite occur either singly or 
together to form deposits of economic interest. 

In Millard County, a;bout 8 miles west 01 Fillmore, gypsite extends 
over several square miles (No. 4~) (Dennis, Maxey, and Thomas, 
1946, pI. 1). The gypsite is in beds of greenish-gray gypsiferous 
clay, with beds of granular gypsum as much as 7 feeb thick in the 
upper part. The maximum thickness of the gypsite is 20 feet. It 
was formed by the evaporation of calcium sulfate-bearing waters. 
Gypsum sand, formed by the winnowing of crystals of gypsum from 
the gypsite, has collected in dunes as much as 10 feet thick. Stone 
and others (1920, p. 269) estimated the dunes contained as much as 
450,000 tons of pure gypsum. This material was mined briefly dur­
ing the 1940's for use as a portland cement retarder. Although many 
millions of tons of gypsite are ptesent, the low-grade gypsiferous 
clay presently is useful only locally and as a soil conditioner . 

. South of Great Salt Lake, near Knolls ( No. 44), Tooele County, 
Jones (1953) described a series of large dunes that consist of fine­
to very fine-grained. gyp~um crystals,. calcareous. oolites, lesser 
amounts of shell and algae fragments, and quartz sand. The gypsum 
forms approximately 65 percent of the sand, and the calcareous oolite, 
30 percent. . The gypsum probably originated from selenite crystals 
which were broken down and transported to the present location by 
t.he wind. The amount of gypsum is not known, but because of im­
purities the material probably could be used only locally as a soil 
conditioner. 

LIGHTWEIGHT AGGREGATE 

(By Richard Van Horn, Denver, 0010.) 

Lightweight aggregate is any material that is suitable for pro­
ducing a concrete that is-significantly lighter in weight than concrete 
made with a sand and gravel. The lightness is imparted by voids 
(empty spaces) that are in the aggregates. In Utah, pumice, vol­
canic cinders (scoria) and perlite deposits have been used as sources 
for lightweight aggregate. Other possible sources include deposits 
of pumicite (volcanic ash), obsidian and other siliceous volcanic 
glass, vermiculite, diatomaceous earth ( diatomite) , clay, shale, and 
byproducts from industrial processes, such as slag. Diatomite, 
pumice, and volcanic cinders may contain sufficient voids in their 
natural state and only have to be crushed and sieved to be used 
as a lightweight aggregate. Voids are imparted to the other mate­
ria.ls by heating them, using one of several manufacturing procedures. 
Distribution of deposits and reported sources of these materials are 
shown on figure 38. 

Large-scale commercial production of pumice and volcanic cinders 
in Utah started in 1947, although small amounts had been produced 
earlier. From 1947 through 1961, some 328,000 short tons of pumice, 
pumicite, and volcanic cinders were produced with a value of $985,-
000. The 1961 production of 60,000 short tons value at $95,000 was 
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used entirely for lightweight aggregates in concrete. Perlite 
production was first reported in Utah in 1948, but annual production 
figures have been revealed only for 1951 and 1962; in those years, 
production was 3,000 tons valued at $16,000 and 900 tons valued 
at $3,000. Of the perlite produced nationally in 1961, 50 percent 
was used for aggregate in lightweight building plaster, 16 percent for 
concrete aggregate, 21 percent for filter aids, and 13 percent for 
insulation and other miscellaneous uses. 

The principal sources of lightweight aggregate in Utah have been 
the pumice and cinder deposits in Millard, Beaver, and Utah Coun­
ties, and the perlite deposits in Beaver and Millard Counties (Nack­
owski and Levy, 1959; Buranek and Needham, 1949). AddItional 
deposits of pumice, pumicite, perlite, and other siliceous volcanic 
glasses are probably present in the siliceous volcanic rocks in the 
south western part of the State. Volcanic cinder deposits west of 
Fillmore (Gilbert, 1890) and others south of Parowan ( Gregory, 
1950a, 1951) are of . basaltic composition. Although the quality 
of these deposits are mostly unknown, they constitute a large poten­
tial source of lightweight aggregate. 

Diatomaceous earth is used principally for filtering agent, insula­
tion, adsorbent, and pozzolan. Although, only small amounts have 
been produced in Utah .(Wimbler and Crawford, 1933), there are 
extensi ve deposits in the sedimentary rocks of the State. Most of 
these occur in the white marl deposited in Pleistocene Lake Bonne­
ville (Gilibert, 1890; Bissell, 1963, pp. 117, 120, 121; Dorsey Hager, 
1963, oral communication) and contain many impurities. The Mc­
Cornick soil (Wilson, 1959, pp. 38, 39) of eastern Minard County is 
developed on these diatomaceous deposits. In addition to the ones 
shown on figure 38, there are probably many other deposits within 
the. confines of the old lake, which is outlined on figure 4. Small 
deposits of diatomaceous earth not associated with Lake Bonneville 
have been reported in southwestern Sevier County (Wimbler and 
Crawford, 1933) and in southwestern Garfield County (Crawford, 
1951) . SuitaJbility of these dePQsits for use as lightweight aggregate 
has not been evalua;ted. 

Two deposits of vermiculite of unknown extent and suitability for 
use as lightweight aggregate are in the northwestern part of the State 
(Nolan, 1935, p. 115; Buranek and Needham, 1949). Both deposits 
are associated with igneous rocks. Vermiculite is used principally as 
a source for insulatIon and as a soil conditioner, although mInor 
81mounts are used as a source for lightweight aggregate. 

Many of the clay deposits discussed in the clay section may be 
suitable for sources of lIghtweight aggregate. The use of expanded 
clays for lightweight aggregate is increasing rapidly, for these ma­
terials are widespread and processing costs are competitive with na,t­
ural lightweight materials. In processing, the clay particles expand 
and glaze slightly, so that the finished product tends to a,bsorb less 
water. This results in further desirahle properties in fabricated 
produots· such as requiring less cement, having lower shrinkage, less 
finish~d weight, and lower shipping costs. Shale beds in the North 
Horn, Colton, and Green River formations have bloating character­
istics (Hyatt, 1956, p. 66) and may be possible sources of lightweight 
aggregate. Part of the Manning Canyon shale also has blo8lting 
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characteristics according to Anderson.1 Lightweight aggregate is 
made by expanding shale, from the Frontier Formation mined near 
Pe()a, Utah, about 30 miles east of Salt Lake City. 

The --demand for lightweight aggregate for the past 20 years, as 
reflected by produotion figures, has been erratic but in general has 
increased. The demand will probably. continue to increase in the 
future. The use of lightweight aggregate in prestressed and pre­
fabricated concrete structures, a relatively new development, may 
have broad applications in the construotion industry. For example, 
its use in the building of large structures reduces the load on reinforc­
ing steel, permits easier handling, and lowers transportation costs. 
The good acoustical and thermal insulating properties also account. 
for the increasing demand for lightweight aggregate. IIi the 
future, depletion and unavailability of normal sand and gravel 
deposits, because of expanding urban growth, will favor further 
growth in use of lightweight aggregate. 

LIMESTONE AND DOLOMITE II 

(By H. T. MOrris, Menlo Park, Calif.) 

The natural-occurring carbonates of. calcium and magnesium­
limestone and dolomite-are among the most abundant and most 
widely used of all our mineral resources. In some form or other 
they occur in all parts of the United States and throughout the 
World, and are produced from countless localities. Their low 
cost, relative accessibility, and their chemical and physical char­
acteristics make them basic resources for a wide variety of industries 
including agriculture, manufacturing, construction, and smelting. 

In Utah, limestone and dolomite are quarried for use as basic raw 
materials in the production of cement, lime products, calcium carbide, 
chemicals, and refractories, and are crushed or pulverized for con­
crete aggregate, roadstone, fill material, flux stone, coal mine rock 
dust,filtration, railroad ballast, riprap, poultry ~it, and filler. 
According to Patterson (1960, p. 463), the calcined limestone prod­
ucts, quicklime' and hydrated lime, alone have more than 7,000 essen­
tial uses. 

The limestone and dolomite produced on a continuing basis in 
Utah are principally used as fluxstone in smelting and for manufac­
turing cement. Of 1,621,128 tons of limestone and dolomite produced 
in the State in 1961, which was valued at $2,815,852, nearly 70 per­
cent was used for these purposes. A large part of the remainder was 
burned for the production of lime. The value of lime produced in 
Utah in 1961 is $2,626,000, but the value of cement is not reported 
to avoid disclosure of individual company confidential d'ata (Howes, 
1962, p. 1029). 

Limestone, which is largely calcium carbona;te or calcite, is chiefly 
formed in shallow marine waters by organic and inorganic precipi­
tation and the mechanical accumulation of limestone or organic-

1 Anderson, P. L., 1960, Bloating clays, shales and! slates for lightweight aggregate, Salt 
Lake City, and vicinity, Utah; University of Utah unpublished thesis. 

2 Includes Itme, cement rock, calcite, and aragonite, excludUlg dimension stone. 
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detrital sands. To a lesser extent an impure variety of limestone, 
termed "marl," which contains calcite, clay, and some carbonaceous 
matter, is formed in lakes and rivers. Dolomite, consisting of about 
55 percent calcium carbonate and 45 percent magnesium carbonate, is 
formed in the oceans in a manner similar to lImestone, but also is 
commonly derived from the replacement of the calcium carbonate of 
limestones by magnesium carbonate carried in hydrothermal solu­
tions. Veins of calcite, dolomite, and aragonite, which is a variety 
of calcium carbonate, are also formed by natural heated solutions, 
especially hot springs. 

Most deposits of limestone and dolomite contain chemical and 
mechanical impurities. Chemically, all gradations exist between pure 
limestone and pure dolomite, t.he intervening rocks being tenned 
"magnesian lime..c;tone," "dolomitic limestone," and "limy dolomite." 
In addition, iron carbonate and manganese carbonate commonly are 
intimately admixed with the calcium and magnesium carbonates of 
the prinCIpal rocks. The mechanical impurities consist of sand, clay, 
iron minerals, chert nodules, and shale partings. Thus siliceous, 
sandy, or cherty limestones and dolomites contain considerable quan­
tities of silica; ferruginous limestones contain iron compounds; and 
argillaceous limestones and dolomites contain shale or dispersed 
clay. ~Ianganiferous, pyritic, and other types of limestone and dolo­
mi te are less common. 

In general usage the term "limestone" denotes a rock consisting of 
nt least 50 percent of the carbonates of calcium and magnesium 
(Twenhofel, 1932, p. 283) ; however, to the lime manufacturer, and 
to most other commercial users, the eontent of calcium and magnesium 
carbonate must. be at least 80 percent for the rock to be termed a lime­
stone (Pettijohn 1957, p. 381). Rocks containing more than 95 per­
cent calcium carbonate are termed "high-calcium limestones." They 
are used chiefly in the manufacture of cement, lime, and chemicals, 
and should contain less than 2 percent magnesium carbonate and less 
than 3 percent of alumina, silica, and other insolubles. The high­
calcium lime required by the sugar industry to neutralize the free 
acids in the juice of sugar cane and sugarbeets must also be free from 
impurities that would impart a taste to the finished product. 

Limestones containing 10 percent or less of magnesium carbonate, 
less than 1.5 percent of silica, and no more than 0.5 percent of sulfur 
and 0.1 percent of phosphorous are used as flux or "stone" in the 
smelting and refining of iron and other metals. A silica content as 
high as 5 percent is sometimes permitted. Dolomitic limestones con­
taming more than 10 percent of magnesium carbonate are unsuited 
for flux and the manufacture of lime, and are unfit for manufacture of 
cement, but. they are useful for concrete a#!A'fegate, roadstone, ballast, 
riprap, agriculturallime..<;;tone, and many other purposes. 

Dolomite, especially those varieties containing relatively large quan­
tities of iron oxide and only small quantities of calcite, silica, and 
alumina, is widely used as a refractory lining in place of ma#-,TJle..c;ite, 
the more expensive n('..arly pure magnesium carbonate. Iron is com­
monly added to iron-deficient Yariet.ies, often in the form of iron sul­
fide as the dolomite is eal('ined~ IIig-h-purity dolomite is also used 
in the manufacture of hig-h-magnesium construction limes and rock 
wool, and in the recovery of magnesium from sen water. 
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Cement rock is a low-magnesium limestone containing clay ~nd 
silica in the correct proportions to make Portland ~ment. Cement is 
made by crushing and firing the cement rock to incipient fusion. 
Large tonnages of cement rock are mined in Utah, but elsewhere much 
cement is made from appropriate mixtures of limestone and clay or 
shale. High-calcium limestone is also used to "sweeten" cement rocks 
containing excess silica and alumina. 

The calcite and aragonite deposits of Utah occur as hydrothermal 
veins consisting almost entirely of crystalline calcium carbonate. 
Some of the aragonite is used as building stone (see section on stone.z 
p. 222), but most of the calcite and aragonite is crushed or pulveriZed 
for use as poultry grit, fluxing stone, coal mine rock dust, roofing 
granules, whiting, and aggregate, or is burned for the production of 
lime. 

In Utah, limestone and dolomite are such abundant commodities 
that the overriding factor in the location of most of the quarries, pits, 
and mines is the proximity to transportation facilities and markets. 
In the western and northern parts of the State, which also contain 
the largest ct'nters of population, carbonate rocks form the principal 
part of a sequence of sedImentary rocks of Paleozoic age that is from 
15,000 to 45,000 feet thick. The greater part of this seq}Jence is l.ime­
stone, hut dolomite is pre(lominant in bp(h~ of :\Iiddll' ages and Late 
Cambrian, Late Ordovi('ian, Silurian, and Devonian agp. Jfueh of 
this limestone and dolomite contains deleterious quantities of dwrt, 
sand, shale, and other impurit ies, hut more than adequate supplies of 
the speeial g-rades of limestone and dolomitp ar(' available for all com­
mereial uses. In the east-cent ral and southeastern parts of rtah, 
limestone is far less abundant, but the requircm~nts of this sparsely 
populated area are easily met from sources elsewhere. 

The principal rock units from which limest.one is produced in lJtah 
a.re t.he Teutonic, Dagmar, and IIerkimer Limestones of Cambrian age, 
t.he De~<;cret. and Great. Blue Format.ions, and the equivalent Brazer 
Formation of lIississippian agc, the Flagstaff Limestone of Tertiary 
age, a.nd limest.one o<-Hit ic sands which are dunes and near shore sedi­
ments in modern Great. Salt Lake. Dolomite is produc.ed from the 
Bluebird and Cole Canyon Dolomites of Cambrian a~e, t.he Fish IIuYcn 
Dolomite of Ordo\ricia.n age, the Laketown Dolomite of Silurian age, 
and the 'Va.ter Canyon Dolomite of Devonian age. All of t.hese for­
mat.ions are widespread throughout northern and western parts of 
tho State (see table 1), and many exposures are adjacent to highways 
and railroads where the principal quarries have been developed. 

The chief source of cement. rock in Utah is the Twin Creek Llm€',stone 
of .J urassic age (fig. ~9). This formation consists of silty and argil­
laceous limestone and shale and thus contains the principal ingredients 
required for the manufacture of cement. It is cxpo..c;;ed chiefly in the 
'Vasatch and adjacent ranges. An equinllent umt, the Carmel For­
mation, is exposed widely in sout.hern and southeastcrn lJtah, and 
locally eonta.ins potential cement roek in its lower portion. 

The prineipal quarries and mines in Utah that produce, or han.' 
produced, limestone, dolomit(', cement rock, calcite, and aragonite are 
shown on figure ~9. In Ca.che County the Amalgamated Sugar Co. 
qua.rri€'Ac;; t.he Brazer Limestone in Providence Canyon (fig. ~9, loc. 1) 
for use in sugar refining plants in lTtah and Idaho ('Vi1liams, 1958, 
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p. 82). In ~.f:illard County the Cricket Limestone & Dolomite Co. has 
(~ned a quarry in earbonate rocks of Late Cambrian age in the 
Cricket ~{ountams near Black Rock (loc. 2). In July_ 1958 it was 
announced that the ColumbiaAlenevn Division of the United States 
St~l Corp. would mine about 70,000 tons of fluxing stone annually 
from this deposit (Ctah ~:lining Association, 1959, p. 60), but the 
quarry was inactive in 1963. 

In Mor~n County cement rock is produced by the Ideal Cement 
Co. from two quarrie..s in the Twin Creek Limestone at Devil's Slide 
(loc. 3). The value of the cement, which is processed in a plant ad­
jacent to the quarry, is estimated to be several million dollars per 
year (Ftah l\:lining Association, 1959, p. 62). Crushed limestone from 
this quarry is also sold for various uses in the construction industry 
and in agriculture. Cement rock is also produced at another qua.rry in 
the Twin Crook Limestone in the 'Vasatch ~:lountains in Salt L'l.ke 
County (loc. !». This quarry is operated by the Portland Cement Co. 
of Utah and the cement rock is proces..c;;ed in a.plant in Salt Lake City. 

Also in Salt Lake County, near Garfield (loc. 4), recent calcareous 
oolitic sands are mined by Kennecott Cofper Corp. for fluxing stone 
for their smelter nearby and as a source 0 lime. The oolite sand pits 
are reported by Eardley (1938, table 17) to consist of 90.7 percent 
aragonite and 3.2 percent dolomite. Similar oolitic sands were for­
merly mined at the south end of Stansbury Island near Grantsville 
(loc.9). These sands were used as fluxing stone at the United States 
Smelting Refining & Mining Co. smelter at Midvale, and as a source 
of lime until the smelter closed in 1958. 

In Sanpete Count~y a quarry in t.1le Flagstaff Limestone on the Wa­
satch Plateau near Redmond (loc. 6) yields limestone for use in the 
refinery of the Gunnison Sugar Co. at Gunnison. Some of this lime­
stone has been burn~Ai for l~laster and chemical lime. 

About 70 percent of Utah's production of lime is derived from 
limestone and dolomite produced in Tooele County (Utah Mining 
Association, 1959, p. 88). In the Stansbury Mountains near Flux and 
Dolomite (loc. 7) the Utah Lime & Stone Co., a div~sion of the Flint­
kote Co., produces limestone from quarries in the Great Blue Forma­
tion and dolomite from the Fish I-Iaven and Laketown Dolomites 
(Rigby, 1958, pp. 130-131). In addition to the rock calcined for the 
production of hme and deadburned dolomite, much rock is sold as 
crushed limestone and dolomite for various uses in the smelting, chem­
ical, cement, construction, coal mining, and sugar industries. 

In the southern LakesidE! MountaIns near Delle (loc. 8) the Utah 
Marblehead Co., a subsidiary of the Marblehead Lime Co. of Chicago, 
has established Utah's newest major rock quarry, which began pro­
duction in 1958. The principal product of the quarry is dolomite, 
which is produced from the Fish Haven, Laketown, and Water Canyon 
Dolomites and calcined to produce deadburned dolomite and other 
refractory products for use by the Columbia-Geneva Division of 
United States Steel Corp. The reserves of dolomite at the quarry 
site are reported to be 20 million tons; the calcining plant is reported 
to have a capacity of 410,000 tons of raw rock annually (Kerns, and 
other,1959,p.949). 

Ara~onite is also produced in Tooele County in the Cedar Mount.ains 
near Aragonite (loc. 10). At this locality, the Utah Calcium Products 
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Co. mines this orthorhombic form of calcium carbonate from a vein 
cutting the Oquirrh Formation for the product.ion of poultry grits and 
lime supplement in cattle feed. Some of the aragonite is also used as 
building stone, decorative aggregate, and roof granules. 

l.Ttah County is Utah's 1arlZ'est source of cMlshed limestone and 
dolomite. Most of the crushed stone is produced from the Keigley 
quarries of the Columbia-Geneva Division of the "United States Steel 
Corp. at 'Vest Mountain, near Payson (loc. 11), which yield about 60 
percent of the total output of crushed limestone from the State of Utah 
(Utah Mining Association, 1959, p. 96). The limestone is quarried 
from the Teutonie, Da~Tffiar, and Herkimer Limestones, and the dolo­
mite from the Bluebird and Cole Canyon Dolomites. Most of the 
crnshed rock is used as fluxing stone, but large amounts are also sold 
for roadstone, coal mine rock dust, and chemical uses. Production 
from the Keigley quarries averages about 360,000 tons per year; re­
serves are estimated to be adequate for 50 years (Bullock, 1962, !? 86). 

Quarries in the Lake Mountains also contribute to the productIOn of 
limestone and calcite from Utah County. The Lakeside Lime & Stone 
Co. quarry near Pelican Point (loc. 12) is o~ned in the Deseret 
I.limestone. According to Crawford and Buranek (1951, pp. 26-27), 
chemical analyses of the rock average 53 percent CaO, 0.87 percent 
MgO, 2.77 perc,cnt Si02 ; however, much of the limestone quarried con­
ta.ms less than 0.5 percent MgO and 1.0 percent Si02• It is used chiefly 
for the production of lime, but some crushed limestone is also sold for 
fluxing stone, whiting, and coal mine rock dust. The Utah Lime & 
Stone Division of the Flintkote Co. also operates a quarry in the 
Pelican Point area (loc. 13) in the Deseret Limestone. The crushed 
limestone from this quarry is also used for fluxing stone, whiting, pock 
dust, and for the production of lime. 

Large calcite veins in the Pelican Point area (loc. 14) are mined by 
Roger Cedarstrom for processing as poultry grit and cattle food sup­
plement. The veins are vertical, from 1 to 12 feet wide, and have been 
mined to depths of 300 feet. The mines yield about 2,000 tons of 
calcite per year (Crawford and Buranek, 1951, pp. 24-26). 

Many inactive or abandoned limestone and dolomite quarries are 
found throughout L'"tah. The great majority of these were small op­
erations that provided lime and stone for local use, such as the Evans 
travertine quarry in the Traverse Mountains south of Salt Lake City 
(loc. 15). Others are quite large a.nd apparently were abandoned 
because of increased costs related to exhaustion of easily accessible 
limestone of acceptable composition, quarrying problems, or increased 
transportation costs. The quarries of the United States Smelting, 
Refining, & Mining Co. (loc. 16) and the American Smelting & Refin­
ing Co. (loc. 17) at Topliff bec,ame inactive when the calcareous oolitic 
beach sands at GrE",at Salt Lake were developed as a source of limestone, 
and the branch of the Union Pacific Railroad to Topliff was abandoned 
shortly afterward in 1938. Near sites of heavy construction, lime­
stone and dolomite quarries are temporarily operated for the pro­
duct.ion of limE"~c;tone aggregate, fill, roadstone, and riprnp', which are 
utilized in the constructIOn of dams, causeways, and simIlar installa­
tions. Some of these quarries, like the Sout.hern Pacific Railroad 
quarry in t.he Great. Blue and Oquirrh formations in the northern 
Lakeside Mountains (loc. 18), have yielded tremendous quantities of 
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limestone and other rocks during the relatively short period of their 
active production. 

The limestone, dolomite, and cement rock resources of Utah are vir­
tually inexhaustible. Current exploration for new sources is, in gen­
eral, directed toward thc discovcry of largc deposits of easily quarricd 
limestones and dolonlites t.hat are essentially free of chemical and 
me.chanical impurities. .A second major considerat ion is the proximity 
to transportat.ion facilit ies and markets. Fairly accessible cxposures 
of the various stratigraphic units that elsewhere produce limestone 
and dolomite are still undeveloped. In addition, other strati~aphic 
units offer promise of fut.ure production. ..A.mong these are hlgh-cal­
eium limestones in the ~Iadisoll Limeb'tone of nort hern Utah, the Fitch­
,-ille and Gardison Limestones of centrall~tah, and any of several lime­
stonc units of Cambrian age in western Utah. 

TIl(' Simonson Dolomite and Guilmctte Formation in westen) and 
centrallTtah are sandy in part, but the sand-free parts of these forma­
tiOll~ lun-c not. been extensively used as a source of high-magnesium 
dolomite for which t.hcy seem to be suit()d. The Twin Creek Limestone 
will ('ont.inue t.o be the dominant source of cement rock in l~tah, al­
tho\lgh the arg-illaceolls limeRton()s of the Pogonip, Opohonga, and the 
Garden City Formations would sc()m to warrant investigation n11d 
developmcnt. 

The resources of vein calcite and aragonite in Utah are distinctly 
limited; howpver, thc known deposits have adequate reserves for many 
years. 

PEGMATITE MINERALS 

(By J. W. Adams, Denver, Colo.) 

Pegmatites can be a source of minerals of economic nllue: theY"are 
commonly dik()like bodies found in crystalline illt rusive and meta­
morphic rocks and are dutraetprizP,d by large, but extremely variable, 
grain size. ~rost pegmatites are granitic in composition, having as 
their dominant minerals quartz, feldspar, and mica. They range from 
a few inches to thousands of feet in length, and may have a simple or 
complex assemblage of minprals. 

Pegmatites are considered to have formed from late fluid fractions 
of crystallizing magmas: fluids that are enriched in some constituents 
in comparison with earlier erystallized fractions or parent rock. )Iany 
valuable elem()nts such as beryllium, lithium, cesium, niobium, tunta­
lum, tin, zirconium, the rare earths, and scandium may be effectively 
concentrated, and crystallize as accessory minerals of the pegmatite. 

l\fost pegnmtites are minecl for feldspar or mica with or without 
recovery of whntl'n'r valuable accessory minerals may be preRent. In 
a few areas, howen'l', rnining is primarily for th()sc acc~ssory minerals, 
notably those of bprylliulll and' lithium_ -.. Somc IH.'gmat.itcs are now 
mined solely for qlUu1z for IISP in the building trade~. 

Nearly all pegmatites of pconomic intere~t are zoned: that is, they 
exhibit roughly <'OIH'cntric layers of contrasting nlinernlogy and tex­
ture which commonly surround a llUe]PUS 01' "core" of nearly pure 
quartz. In such zoned pegmatites !'-pecific minera.ls are apt to be more 
abundant. wit hin eerta in zones rat her than hping generally dispersed 
t.hroughout the l'ntire body. PeglJlntitps showing little or no zoning 
are, howe,-cr, much more numerous than the zoned pegmatites. 



MINERAL AND WATER RESOURCES OF UTAH 195 

Pegmatites are found in sen~ral areas in t~tah, notably ncar "Til_ 
lard, Box Elder County, in De\"ils Ilollow ncar ~IorO'an, ~Iorgall 
County, and in tlu> Shcepl'o<.:k Hangp amI at (il'anite ~loulltain in 
Tooele COWlty. Rare earth minerals occur in pegmatites in the \Vil­
lard and Shecprock arpas (sep spctioll 011 tllOl'illm alld rarc earths, 
p. 115 and fig. 26), some scrap-grade mica in the )Ior~an occurrence 
(Buranek,.1942c) an~ beryl-bearing pegmatites have been described 
from Gramte ~{ountam (Hanley and otIiers, 1950, pp. 121-122). 

There has bef'n no rpeorded product ion of valuable minerals from 
pegmatites ill Ctah, but the large areas of Precambrian cI')'stall ine 
rocks exposed in the State may contain undiseovered ppglllatite de­
posits of econOlnic signifieance. 

PHOSPHATE 

(By W. C. Gere. Salt Lake City. Utah) 

The element 'phosphorus is not found in a free state in nature, but 
is combined WIth oxygen and other elements into phosphate com­
powlds. The major primary occurrence is disseminated in igneous 
rocks in the mineral fluorapatite (CaF) Ca. (PO.h, and less abun­
dantly in chlorapatite, monazite, and xenotime. 'Veathering of the 
igneoUs rocks releases phosphorus, much of which ultimately IS trans­
ported to the oceans where carbonate fluorapatite phosphate minerals 
are precipitated through biologic and other chemical activity. In fa­
vorable marine environments concentrations of such deposits may form 
important off-shore resources. In ancient oceans that transgressed 
over many present land a.reas, similar deposit-I;) wero huried beneath 
younger sedimentary rock material, and were compacted into rock 
strata called phosphorite. In general, these strata maintain a rather 
unifonn phosphate content and thickness over many square miles. 
Through uplift and erosion these phosphorites are now exposed at the 
surface in many parts of the world. Another source of phosphate is 
anima.l excrement and body parts high in phosphorus content, such as 
bird and bat guan<>s, that accumulate Wlder highly arid climatic con­
ditions or in protected cavenlS and caves. In less arid environments 
t he water-soluble phosphates are readily leached by meteoric waters. 
The phosphonls may be redeposited by the phosphatization of adja­
cent rocks in forms of carbonate fluorapatite in calcareous rocks, or 
aluminum phosphate in clay shales. Igneous apatites, guano deposits, 
and phosphatized rocks are mined in many parts of the w6rld, but 
the greatest resource consists of the marine phosphate rocks. 

Northern Utah is included in the western phosphate field (fig. 40), 
which also includes eastern Idaho and adjacent parts of Montana, 
Wyoming, and ~evada and is one of the major phosphate areas of the 
Cnited States. Phosphorites in this field are in marine formations 
of ~fississip'pian and Permian age, the latter containing the major 
part of the phosphate resources. 

PhosphatIC shales in r()('ks of ~Iississippian age were first recog­
nized in Ogden Canyon (Blackwelder, In10, p. 543), and have been 
ohs(,ITe(l from l()('alities as far north as southern Idaho, as far east 
as the Crawfol'(l ~IollntaiJls, and as far south as the Confusion Range. 
On the basis of pre~eJlt in format ion, only two widely separated locali-
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ties (see fig. 40) contain sufficient phosphate to be considered as 
future rescl'\'es; the Laketown Canyon area, Rich County, and the 
East Tintic ~fountains area in Juab County (Cheney, 1957a., pp. 12, 
13, a5). The phosphatic unit oonsists of thin interbeds of pelletal 
and oolitic phosphorite, siltstone, claystone, chert, carbonate rock, 
and rocks containing mixtures of two or more of these lithologies. 
The rocks are usually carbonaceous suggesting deposition in a re­
h"tricted marine environment. The thickness of the phosphatic inter­
val is quite erratic due perhaps to erosion prior to the deposition of 
the overlying rocks, or to being deposited on an irrebTUlar surface. 

The great phosphate deposits of Permian age in the western phos­
phate Held were discovered in the Utah portion along Woodruff 
Creek,.Rich County, in 18VD, by prospectors seeking gold ore (Jones, 
1907). Subsequent studies of the origin, nature, and extent of the 
phosphate deposits and related rocks have provided valuable infor­
mation for exploration and development of this resource area (Gul­
brandsen, 1960; Cheney and Sheldon, 1959; McKelvey and others, 
1953 and 1959; Cheney, 19570. and 1957b; and llansfield, 19-27). 

The phosphatic units include pelletal, oolitic, bioclastic, and nodu­
lar phosphorite, concretionary and bedded ehert, siltstone, claystone, 
carbonate rock, and mixtures of these rock types. The local variabili­
ty of rock types is coupled with regional variations in amount of 
diluting impurities, so t.hat only in places are the beds rich enough 
in phosphate 1:0 warrant development. Apparently the configura­
tion of the basin of deposition changed frequently, and even minor fluc­
tuations produced differences in rock types and phosphate content. 
Because of the reducing conditions, large amounts of organic material 
were preserved which contributes the darker colors to the rocks. The 
accumulation of significant amounts of vanadium, chromium, urani­
um, and trace amounts of many other elements( see sections on fluo­
rine, p. 162 vanadium, p. 133 and uranium, p. 124) is associated in part 
with this carbonaceous organic matter (Gulbrandsen, 1960, pp. 8~ 
86). The carbonaceous content decreases shoreward so that a halo 
of lighter colored phosphorites and related sedimentary rocks appears 
in the shoreward facies, accompanied by a decrease in phosphate and 
traoo element content, with few exceptions. The Mississippian and 
Permian rocks are similar in lithologic types and appearance. 

Two phosphatic shale units are recognized in the Permian rocks in 
the western phosphate field the ~leade Peak ( lower), and Retort 
(upper) -Phosphatic -Shale lfembers of the -PhosphorIa Formation. 
In much of l,;tah t.hese two members extend as tongues into the lighter 
colored carbonate rocks, sandstones, anel siltstones of the Park City 
Formation, and the entire interval has h~cn c.alled by the latter name. 
Only in northerrunost Utah where the major rock types are chert, 
phosphatic and cherty shales, and minor carbonate rock is the name 
Phosphoria Formation applied. Although the Retort (upper) Phos­
phatic Shale Member is present in tHah, it is poorly developed and 
sparsely phosphatic. The major "C'tah reserves aTe in the l\feanl) 
Peak Phosphatic Shale Member. . 

Bat guano is commonl'y found on the floors of CllVCS und ('a,·erns of 
Utah, especially in the western part.. The deposits vary in thickness 
and purity and, at most places, only very smal tonnages are available. 
Because the material is easily' produced and requires no treatment, it 
can be exploited for its easIly soluble phosphate llnd other organic 
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fertilizer eont~J1t. Some prospecting- activity has taken place at the 
two localities shown on figure 40. The more northerly loeality con­
sists of two small islands that are nesting areas for waterfowl. The 
best known and perhaps the most import.ant locality is the Tahernacle 
~Iountain area in T. 22 S., H. 6 'V., of the Salt Lake meridian, ~lillard 
County, where guano is distributed irregularly along the floors of lava 
tubes and crevasses in the volcanic rocks over an area of several 
square miles. In the few areas prospected the average thickness of the 
gua.no is 1.75 feet. Impurit ies ll1elude wind-blown silt and rock falls 
from the walls and roofs or from the collapse of lava tubes. 

ECONOlIlC8 

Phosphate rock is a term llsed in commerce for rock cont.aining one 
or more phosphate minerals of sufficient grade and composition to 
pennit tlwir use, eit.lwr dirt.'ctly or after conccntration, in the manu­
facture of cOlnmercial phosphatic products. About 70 percent of the 
phosphate produced in the world is utilized as agricultural fertilizer, 
and IS baSIC to the food supply of the world. Phosphate ores are 
classified. according to g-rades amenable to processing by industry. 
Phosphate ('ont('nt is calculat('d and expressed l·ither as triealeium 
phosphate, Ca3 (PO')2, also referred to as bone phosphate of lime 
(BPL), or more commonly as phosphorus pentoxide, P 205 ; 1 percent 
p 205 eClllals ~.18 pprcent Ca:! (PO~) z. Pure carbonate-finorn patite 
contains 39.1 pereent P 20:\. High-grade (acid grade) rock must 
conta in a minimulIl of :~ 1 percent P 2(),,: llll'd i um-g-rade (fn rllaee grade) 
requires 24 pereent P:l>:;: and low-grade roeks, ('ontaining- at least 
18 percent P:!05, may hl' utilized by blending- or henefieiation. Except 
for many ~rl.1ano deposits, the phosphates mnst bp proeess(ld to free the 
phosphorus from the fluoride to form a wat~r ~olllhle product. Guano 
from which the water soluble phosphates have been leached must also 
lw, pro('es.~<l. 

For fertilizer product, the simple application of sulfuric add to 
phosphate rock is the most widely used procedure today. This opera­
tion yields "s\lperphosphate,~' containing 20 percent P 2011 • Triple 
superphosphate is made by the addition of more sulfuric acid to fonn 
phosphoric acid. The phosphoric acid is filtered and app1ied to 
phosphate rock. to yield a product containing 41 to 48 percent avail­
able P 2 011 most of which is water soluble. Presently, there is a definite 
trend to produce less superphosphate and more triple superphosphate. 
Phosphoric acid also is combined with postassium and ammonia com­
pounds to form potassium phosphates and ammonium phosphates. 

Various impurit.ies reduce the value and limit the use of some phos­
phate rocks. Organic cont~nt is remo,·ed from western phosphate 
rocks by calcining and, to a,"oid exceg;iye aeid consumption, carbon­
ate content is held to the minimum consistent with economic mining. 
Iron oxides and alumina content, and for some uses, magnesium con­
tent are restrict~d. In electric furnac~ operations, high carbonate 
content requires exccssi'·e silica flux, and iron oxide content, above a 
few percent, ('auses cxcessiye loss of phosphorus in the slag. 

Electric and blast furnace operations require phosphate rock aver­
aging about 2-1 percent PZO II • The rock is smelted with coke and sili­
ceous flux to produce elemental phosphorus, ferrophosphorus and 
calcsilicate slags, and carbon monoxide. The phosphate is volatil­
ized, condensed, and collected as elemental phosphorus, which is uti-
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lized by the food, drug, and chemical industries, and is also used to 
make triple superphosphate. Although furnace operations are ex­
pensive, the purity of the product results in a lower freight cost per 
unit of P 20a. 

In the processing of phosphate rock a number of byproducts and 
potential byproducts may be recoverable. Some uranium has been 
recovered from plants processing Florida phosphates, and fluorine is 
removed both to prevent pollution and to recover a byproduct. Fer­
rophosphorus slag provides a concentration of v,anadlUm, chromium, 
and other metals. Additional roasting of the ferrophosphorus slag 
from the western phosphate field has yielded concentrations of as 
much as 15 percent VZ0 6, 10 percent CrZ03, and 40 percent PzOs, all 
of which may be recovered in the future as byproducts. Ferrophos­
phorus slag from the Food Machinery Corp. furnace operation at 
Pocatello, Idaho, was utilized for recovery of vanadium at the Sus­
quehanna Minerals mill west of Salt Lake City during 1962, and the 
Vitro Chemical Co. Salt Lake plant is presently recovering vanadium 
from the FJIC slag. The phosphate rock also contains a number of 
other elements that may at some future time he considered worth 
extracting as a byproduct. These include molybdenum, nickel, se­
lenium, sIlver, zinc, and zirconium, all of which oecur in concentra­
tions greater than in most common rock (Gulbrandsen, 1960, pp. 
82-86) . 

'Vestern Phosphates, Inc., located 14 miles west of Salt Lake City, 
manufactures triple superphosphate, ammonium phosphates, and 
phosphoric acid. This company has been in operation since 1954. In 
excess of 130,000 tons of th~,se products are distributed annually over 
the area from the ~1issis.."ippi Hiver west to California and· Canada 
to Mexico. Prepared phosphate rock is obtained from the San Fran­
cisco Chemical Co. mine north of Vernal, Utah; sulfuric acid is de­
livered by pipeline from the Kennecott Copper Corp. smelter; and 
ammonia, ammonium sulfate, Hnd ammonium nitrate are received 
largely from the United States Steel Geneva plant at Orem, Utah. 

PIWDUGTIOX 

The C"nited States is the leaning producer of phosphate rock, con­
tributing 18,559,000 long tons of the world production of 43,770,000 
in 19()1. Of this amount 2,772,000 tOllS were produced from the west­
(~rn phosphate field, and :374,406 tons from the "Ctuh portion. Utah 
output increased to 8;~5,859 tons in 1962 with the opening of new 
mining operations in the Vernal area. Ctah presently ranks third 
in the westenl field after Idaho and Montana, and fifth in the nation. 
Vtah production figures are as follows (modified from U.S. Bureau of 
~1ines data) : 

Phosphate Value 
rock mined 
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Phosphate rock. has been produced intermittently in Utah since 
1907, and most of the tonnage has been mined from the Crawford 
~'Iountains in Rich County. After 1 year of operat ions, the Brush 
Creek area north of Yernal, Cintnh County, has ue<.'ome sP('ond in total 
production, ahead of the Diamond Fork area in Ptah County and the 
Park City district in ""asateh County. 

In Rich County during the yeftrs 1907-12 and 1915-20, Bradley 
Bros. produced 18,050 tons of phosphate roek by underground methods 
from the northern part of the Crawford ~Iollntains. Since 1954 the 
San Francisco Chemical Co. has produced 1,5B2,72B tons (:372,337 
during 1962) from th(\ Bradley claims alRo by und(\rground mining, 
the highest total production in rtfth. The Pearl & Tol1and Phosphate 
Co. mined about 1,6f>O tons during 1951-5:3 from a small operation in 
the southern part of the Crawford ~Iountains, and in 1954-55 the 
.J. R. Simp]ot Co. recovered 57,802 tons from the central part. of the 
range by strip mining. The rock contains high to medium grades of 
P 20:\. 

A reported tonnage of 16,225 tons has been mined by strip methods 
at the Little Diamond Fork area in Ptah County. ~redil1m-grade rock 
was shipped by the Garfield Chemieal & ~lanufa('tllring Corp., during 
the perIods of 1941-42, 1946-48, and 195:3, to steel plants near Provo 
and to fert·ilizer companies. 

During 1962 the San Francisco Chemical Co. also started prodnction 
from the" IIumphrey claims in the Brnsh Creek area north of Vernal, 
Cintah Connty, Ctah. Large tonnages (463,522 in 1962) IUl\-e been 
reeovered by stripping methods. The company owns two plants for 
preparation of the rock for shipment ~ one at Lpefe, ,Yyo., to process 
rock from the Crawford ~fountains and the Leefe min(\ in 'Vyoming, 
and the other adjacent to the Brush Creek operations. At both plants 
the ore is erushed, caleined, deslimed, and lwneficiated to :31 pen'eut 
P 205 0 

~linor produetion from the Park City mining district in 1942 has 
been reported but the details are unknown. 

RESERVES ANI> I>ISTRIBrTION 

Estimates of the phosphat~ rcsen'es of Utah, derived from differing 
criteria, have been publIshed by 'Villiams (1939), 'Villiams and IIan­
sen (1942), and Mansfie1d (1942). 

The resen-es in this report are restricted to grades of rock that are 
presently exploited in the westenl phosphate field. Available geo­
logieal and analrticaJ data for eaeh area serve as the basis for the 
estimates shown In table 14. 
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TABLE H.-Utah phosphate reserves in zones at least S feet thick 

PERMIAN: MEADE PEAK PHOSPHATIC SHALE MEMBER 

Above entry level (rounded to near~t Within 1,000 feet below entry level 
60,000 long tons) (rounded to ne&re8t 600,000 long tom) 

County 
Medium 
grade 1 

24+percent p.o. 

Low grade 1 High grade Medium Low grade 1 
18+percent 31+ percent grade 1 18+J>ercent 

P.O. p.o. 24+ percent p.o, p.o. 

Rich____________________ 39,1150,000 1196, 6150, 000 1 3M,315O, 000 40,600,000 144,000,000 
Uintah_ ________________ ____________ 616, 360, 000 1,679,000,000 ____________ 19s, 000, 000 
Daggett_ _ ______________ ____________ 70,6150,000 2M, 260, 000 ____________ 29,000,000 
Salt Lake__________ _____ ____________ 2, 900, 000 12,000,000 ____________ 9,600,000 
Utah___________________ ____________ 2, 7150,000 3,700,000 ____________ 13,600,000 
Wasatch ________________ ____________ I, oro, 000 6,600,000 ____________ 3,600,000 
I>uchesne_ ____ _ _ _ ______ _ ____________ _____________ _ 1500, 000, 000 _______________________ _ 
Summit_ _ ______ ________ ____________ ______________ 6,260,000 _____________________ _ 

Totals ____________ 39,160,000 78G,260,000 2,817,060,000 40,600,000 397,600,000 

MISSISSIPPIAN: BRAZER FORMATION AND EQUIVALENTS 

232, 000, 000 
700, 000, 000 
96, 000, 000 
40,000,000 
18, 600, 000 
26, (0),000 
14,000,000 
11,000,000 

1,136, 600, 000 

Rich____________________ ____________ 1,300,000 1,300,000 ____________ 4,600,000 4, 600, 000 
Juab _____________________________________________ _ 2, 100, 000 ____________ _________ ___ 7,000,000 

Totals- -_____________________ _ 1,300,000 3,400,000 ___ _ _ _ _ _ _ ___ 4, 600,000 11,600,000 

GUANO 

Millard ___ --nn nn _ -- -/- __ m _m __ 1 __ n_ n __ -- _ n I 1~ 0001 __ - - -- -- - ---1- -- - - - -- -- --1- - ----- - -- - - --

1 For calculations of anyone grade cutoff, no bed was used more than once, btlt the same bed may be aver­
aged with adjacent beds for dlft'erent grades. 

A dept.h cutoff of 1,000 feet below entry may appear excessive, but. 
Utah rock has been mined to a depth of :300 feet. The tonnages shown 
below entry level are of doubtful value in the foreseeable future, as­
specially the medium- and low-grade rockR, which may more logically 
be considered as resources. 

The reserve estimates are purposefully conservative because the 
available analytical data are from samI,>les that have mostly been col· 
lected from surfac~ trenches. 'Veathermg agents leach the lime from 
phosphate rock, thus yielding P:!05 analyses higher than will be found 
m rock beneath the zone of weathering. A varIation of up to 6 percent 
P20~ has been encountered in weathered zones in some areas. No at­
tempt has been made to translate this faetor into the reserve estimates. 
An estimat~ for the guano deposits in Millard County is included al­
though tonnages appear te be small and the value of these deposits 
is questionable. The fact that. much of the material contains 10 per­
cent water-soluble P 205 plus some nitrogenous compounds and does 
not require additional proce.c;sing justifies recognition as a resource. 
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Fi~ure 41 reflects the pattern of phosphate deposition in the Per­
mian ~Ieade Peak Phosphatic Shale :Membel' of the Phosphoria Forma­
tion in the {;tah portion of the western field. 
Rich Oounty 

The richest deposits and the bulk of Utah's reserves are located 
in Rich County. Permian phosphate rocks are exposed throughout 
the length of the era wford ~:Iountains (Richardson, 1941, pp. 44-48) 
along Woodruff Creek in a structurally complicated exposure (Gale 
and Richa.rds, 1910, pp. 513-530), and both MISSissippian and Permian 
phosphorites are found at Laketown Canyon. The Mi~issippian de­
posits in Laketown Canyon are too small to support an independent 
operation, but they may be recovered in conjunction with Penman 
deposits less than 1 mile to the east. Underground mining methods 
must be utilized to recover the major reserves in Rich County. The 
San Francisco Chemical Co. is presently producing phosphate rock 
from the Ora wford Mountains. 
U intah 0 ounty 

The M:~Hle Peak Phos~llatic Shale ~rember is exposed along much 
of the south slope of the Uinta Mountains where in places dip slopes 
as much as 3 miles wide have formed on this unit (Kinney, 1955, pp. 
162-173). The beds dip southward beneath the umta Basin and, to 
the north, have been completely eroded from the Uinta Mountains. 
A considerable tonnage may be recovered by strip mining on the dip 
slopes. This is an area of anomalous phosphate deposition (fig. 41). 
The maximum concentration of medium-grade phosphorite occurs 
from Rock Creek eastward to the vicinity of Little Brush Creek. To 
the .east of this area, the phosphate content decreases rapi~ly and 
the shale interval disappp"ars near the Utah-Colorado line. West of 
the Rock Creek-Brush Creek area the phosphorites are rapidly diluted 
with clay, silt, and carbollatematerial, and, although the shale interval 
thickens, medium- to low-grade beds 3 feet or more thick are not found 
in the western part of the county. The San Francisco Chemical Co. 
is mining rock In the Brush Creek area by strip methods. 
Daggett County 

The )ft'adl' Peak Phosphatie Shale ~Iembl'r is also exposed along 
the nort h slope of the {~mta l\Iountains, where the ro('ks (lip llorth~ 
ward bell()ath the Grpen Hiy('l' basin. The exposures are terminated 
to the east, by th(l!Cinta Fault (IIansen, H);')5) and to the west by 
eoncealmcnt beneath rocks of Tertiary or Q,ua.ternary age. All anom­
alous thickness of medium-grade rocks is found in the easternmost 
exposures (see fig. 4-1), a northward ('ontinuat.ion of the Dintah 
County occurrence previously mentioned. 
Salt Lake County 

In Dry Canyon, northeast of Sa.It Lake City the Meade Peak 
Phosphat ic Shale ::\Iember contains ;~ feet of nH~(iium-grade and 1:--~ 
feet of low-g-rade rocks. The outcrop exte.nds about 7 miles up the 
canyon. Other localities in Salt Lake C{)Unty are apparently too 
lean to be considpred as reserves. 

Utah Oounty 
Tn th~ eastern part, a. band of th~ ::\feade Peak Phosphati('. Shale 

)femher, is expos()d irr()gularly over a. dist ance of 21 milps, but only 
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that part in the ,·icinity of Little Diamond Cre{lk is known to contain 
significant amounts of medium- to low-grade phosphate rock. An 
anomalous thickness of sandy phosphorite occurs nt the base. ~Iore 
than 16,000 tons of phosphate rock has been mined from this area by 
the Garfield Chemical & )lanufacturing Co. 

lVasatch County 
Two localities contain medium- and low-grade phosphate rocks of 

sufficient thickness to be included in the reserve estimate. North of 
lfidway, a sandy phosphorite bed 3.5 feet thick contains an average 
of 26.7 percent P 205, but such sandy phosphorites generally have 
limited areal distribution. Low-grade beds, over a feet thick, are 
exposed along the soutlnn~h"tern flank of the Uinta l\{ountains. 
Duchesne County 

The ~Iea<le Peak Phosphatie Shale ~lember is pxpose<l along the 
south flank of the l~inta ~Iountains in the western half of the county .. 
To the east, the ~leade Peak is concealed beneath Tertiary rocks. 
l\lost of the exposur~s in the western part include 5 to 6 feet of low­
grade phosphate rock. 

Summit Oounty 
Several bands of tIl<' ~reade Peak Phosphatic Shale ~1ember erop 

out in Summit County. However, only at Franson Canyon near the 
we.stern margin of t~le rintn ~Iountams do the rocks contain low­
grade phosphate rock in excess of 3 feet in thickness. 

J'UIlb Oounty 
According to Cheney (1957, p. 35) t.he basal part of the Deseret 

Limp,stone of 1fissi!=;sippian age in th~ East. Tintic }fountains is phos­
phatic. Reserve estimates are restricted to the immediate area of t.he 
sample locality unt il additional data become anlilable to determine 
the distribution of phosphate in these rocks. 

M illard County 
A small resource is represented by the guano deposits at the Taber­

nacle Mountain locality. 

Other areas 

As shown on figure 41, the ~Ieade Peak Phosphatic. Shale ~Iember is 
exposed in many areas of llort hwestern Ctah. The loeat ion and dis­
tribution of the phosphat ic formations ha '"e only recently been out­
lined (Stokes, HW:3) and analytical data arp not yet available to 
determme resourcc-", in this part of the State. 

OUTLOOK 

Ftah should experielH'l> a ~radual increase in production of phos­
phate rock as the dema.nd for the western product continues. ~{ost 
of the production and the hulk of the resen"es are in Hich and Pintah 
Counties. Increased production of acid-~rade rock from the Craw­
ford Mountains and development of the Laketown Canyon deposits 
is anticipated. The Brush Creek a.rea in Uintah County, with vast 
deposits amenable to stripping and beneficiat ion, should continue as 
a. major producing locality. Low-cost electric power would place the 
Vernal area in a highly competitive position fbI' development of a 
furnace operation. . . 
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Industry has and will continue to find impro,-ed and more efficient 
lllethods of recm-eI'Y, beneficiation, and IH'occssinF" of this resource. 

~r neh remains to be learned concerning t I H.' { tahphosphate re­
sources. The u.S. Geological Survey is presently mappIng phosphate 
areas and collecting IH.'W sample data. The results of this work, 
especially in northwestern {'tah and in the central 'Yasatch lIoun­
tams, should siJ.,Tniticantly increase the resen'e figures presented here. 

REFRACTORY MI~ERALS 

(By K. n. Ketner, Denver, Colo.) 

Kyanite, andalu8ite, and topaz are aluminous silicate minerals and 
magne8ite and brucite an~ magnesium minerals; bot h (rroups are used 
as raw materials in the mallufaeture of refractories that ha\'e useful 
chemic~tl and physical properties at· ,-ery high temperatures. Silica, 
principally in the foml of quartz, also has refractory uses and is dis­
cussed in a following section, page 218. Although "Ctah has limited 
known resources and litt Ie production of t he aluminous silicate and 
magnesian refractory minerals, intensified search for them has not 
been made. 

Uses and specifications were recently summarized for all refrac­
tories by Clark and )IcDowell (1960), for kyanite, andalusite1 and 
topaz by Foster (1960), and for mal-,rnesite and brucite by 'Vlcken 
(1960). 

ALU:Mlxors REl'RACTORIES 

J{ya,llJte commonly occurs in re~ionally metamorphosed aluminous 
rock's, and andalu.~iie is more likely to be found where highly a.lumi­
nous rocks are altered locally by contact with granitic intrusives. 
Topaz is commonly associated directly with granite and rhyoli!e. 

In Utah the only rocks sufficiently metamorphosed to contaIn kya­
nite are some of the Precambrian roc.ks that crop out in the Uinta 
Mountains, the northern 'Vasatch Mountains between Salt Lake City 
and Brigham City, and in several ranges of the Great Basin including 
t.he Grouse Crep.k, H~lft Ri vel", and Deep Crook R~\.nges. (Sec ~O'S. :3, 
4: amI!)). Kyanitc has becn reporte<l in t IH' nJ'(>U~c Creek Range in 
regionally lllet alllorpho;::pd rocks «'ra wford and ot hers, 1 nIH), (See 
fig. -14). (ir:lnitie intrllsin's and rhyolite pxtrusive rocks are COlllJllOn 
in lllany ranges of tliP (ireat Basin alld a considembll' deposit of 
:\l}(lalu~ite is known to he associated with one of the grallitic intrusin>s 
in the Dpep Cn'pk Hange (Xolan ID;~:); Kemp and Billingsley, IDIH), 
A larg(' low-grade deposit of topaz is associatpd with rhyolite ill tIl(' 
Thomas Bange (Staati~ and Ostel'wald, In!)!)). 

The laq!p arPHS of regionally JIletal1lorpho~ed Precamhr'ian rocks 
ha.n~ not hpell thoronghly explored for kyanite and related minerals 
but the grpat prpdominance of silici(, ()\'er aluminolls roeks in the Pre­
cambrian SYstem of l"tah militatps somewhat against disco\"crv of 
large deposits. .Although the contact zones of granitic intrusives in 
the Great Basin have been thoroughly investigated for met.aliferous 
deposits, they have not yet been prospected thoroughly for andalu­
site, Minable deposits might be found but the scarcity of highly 
aluminous sedimentary rocks in the eastern Great Basin is somewhat 
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discouraging. Although topaz is a common mineral in the volcanic 
rocks of the Thomas Range and elsewhere, the known deposits are too 
low grade to be of importance as sources of refractory material. 

Utah has not produced any of these minerals for refractory use 
because the known deposits are not of sufficiently high grade and 
large size. The outlook for discoveries of large deposits of high 
alumina refractories in Utah is not favorable. 

MAGNESIAN REFRAOTORIES 

The minerals magnesite (MgCOs) and brucite (Mg(OH)2) com­
monly are formed where limestone, dolomite, or serpentine are en­
riched in magnesium by contact with magnesian waters emanating 
from intrusive rocks. Unaltered, or primary, sedimentary deposits 
formed by precipitation of magnesium carbonate on the floor of the 
sea or of lakes are less common. Synthetic brucite increasingly is 
produced from sea water and mineral brines which contain high con­
centrations of magnesium. 

In the part of Utah occupied by the Great Basin there are wide­
spread limestone and dolomite formations and abundant intrusive 
igneous rocks. The large, commercially successful magnesite deposit 
at Gabbs, Nev., is in similar terrane. Magnesite veins have been re­
ported in the San Francisco mining district of Beaver County (Butler, 
1913) and in the Fish Springs district of Juab County (Crawford, 
1941, p. 18). Both deposits are small and the only production of 
magnesite was. a limited amount in 1941 from the Fish Springs dis­
trict. 

In view of the widespread association of limestone and dolomite 
with intrusive rocks and the difficulty of distinguishing valuable de­
posits from common limestone or dolomite, it seems quite possible that 
large magnesite~brucite deposits are present in Utah and still await 
discovery. However, the increasing production of synthetic brucite 
in competition with natural brucite indicates that only deposits of 
superlative quality can become commercially successful. 

SALINES 

(By R. J. Hite, Salt Lake City, Utah) 

INTRODUCTION 

The term "salines" is widely used but loosely defined. In this re­
port it applies to all mineral salts which have been precipitated from 
,vaters of marine or continental origin by evaporation. Deposits of 
salines are usually referred to as "evaporites," and by the terms of 
this definition, gypsum and anhydrite and some limestone and dolo­
mite deposits are included. However, because of their singular im­
portance these latter commodities are discussed separately in other 
sections of this report. Deposits of saline potassium minerals are re­
ferred to as "potash," as are other potash deposits of different origin 
such as al"llnite. (See section on alunite, p. 151.) All saline deposits 
were derived by precipitation from concentrated solutions or brines. 
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X atural brines are found in several environments in Ctah and also 
nre commercially exploited for their mineral content. 

Although sahne deposits contribute substantially to this country~s 
mineral production, up to now Utah~s production has been small in 
view of Its large potential saline resources. In 1961, rtah produced 
some $3,187,000 wOl1h of salt and $1,990,000 worth of potash, each 
slightly less than 2 percent of the national production. Xo production 
was listed for sodIUm carbonate, sodium sulfate, magnesium com­
pounds, lithium, bromine, and boron. 

One of the first minerals used in Ctah was common salt (sodium 
chloride), first by the Indians and later by the Mormon settlers. Most 
early develoRments of the saline mineral industry were concentrated 
around the breat Salt Lake. Salt (sodium chloride) was extracted 
from the lake brine by solar and artificial evaporation and also from 
saliniferous mud flats surrounding the lake. A small percentage of 
early salt J>l'oduction ill the State <'arne from opencut mines in the 
vicinity of Salina, Nephi, and }Ianti. The reported production of 
sodium chloride in Utah for the period of 1879 through 1961 is about 
6.6 million tons of product valued at $34 million. 

Saline mineruls have a wide variety of uses und the most widely 
used and best known is common salt (N aCI) . Because of the dietary 
dependence of man and animals on thIS mineral, it has played an im­
portant role in the development of many countries and civilizations. 
Today, however, dietary use consume,g less than 5 percent of this 
country's production, while ahout 70 percent is ut,ilized by the chemi­
cal industry, particularly in the manufacture of chlorine, caustic soda, 
and soda ash. Other uses indude food preservation, ice manufacture, 
ice removal, and use in textiles and dyes, ceramics, etc. A new and 
indirect use of salt deposits is as underground storage sites for pe­
troleum products. The estimated storage capacity III salt de(>?sits 
for petroleum products that wus available for use in the l;nited States 
ill 1958 was 36 million barrels. This storage spaee can be created 
cheaply (about $2 per barrel of capacity) by simply dissolving the 
salt WIth fresh water (Pierce and Rich 1962, p. 77). Storage space 
of this type is also well suited for the disposal of radioactive wastes. 

The production of potash in Utah 'began in 1916 with extraction 
by several solar salt plants utilizing brines of Great Salt Lake. Up 
to 1961, Utah had produced 1.3 mIllion tons of crude potash sa.lts, 
containing 770,000 tons K 20 equivalent, valued at $26 million. In 
1917 the Solvay Proce&':l Co. began potash production from a new 
plant at Salduro station, utilizing brines from the Salduro Marsh, 
now known as the Bonneville Salt Flats. Utah-Salduro Potash 00. 
acquired Solvay's inte~.sts in 1918, and became the largest producer 
of potash in the United States in 1920. In 1921, the Salduro plant 
was shut down and brine operations were idle unti11938, when opera.­
tions were resumed at a new plant by Bonneville, Ltd., which is now 
a division of the Standard Magnesium ('.to.; output has continued 
without interruption since then. The effiuent from the potash plant 
contains a high concentration of magnesium chloride that has been 
discarded, but plans for the recoverY' of 33,000 tons of magnesium 
chloride yearly, from the discarded effluent have been announced. 

Bedded deposits of potash were discovered in Utah in 1924 (Dyer, 
1945) at the northern end of the Paradox basin, by wells drilled for 

26-803 069 - 15 
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oil and gas. Since that time there have lw~n numerous periods of 
exploratIOn for potash. After ext{>nsive drilling, the Texas Gulf 
Sulphur Co. installed surface facilities and began sinking a shaft in 
1961 on a potash deposit on the Cane Creek antic.1ine south of ~Ioab. 
Production, which is scheduled to stnrt in 1964, is initially planned 
for an annual output of 550,000 tons of muriate of potash. 

Potash, an essential nutrient for plant growth, is most widely used 
in the fertilizer industry, hut it also ha.8 widespread use in t.he che,m­
icaI, ceramic, petrolenm, munitions, and pharmaceutical industries. 

Although many other types of saline minerals are present in Utah 
they have not yet been exploited by industry. Such ex,ploitation may 
be near, however. Recently it was reported by the Salt Lake City 
Tribune (Oct.. 19, 1963) that plans are being laid for the extraction 
of lithium, sodium sulfate, and possibly magnesium from brines of 
the Great Salt Lake. 

BEDDED DEPOSITS 

Utah has numerous bedded deposits of saline minerals. Most of 
these, with the exception of se,-eral salt crusts resulting from the 
desiccation of Lake Bonneville, occur in the subsurface and range in 
age from t.he Pennsyh-anian to Recent. 

j'Ui'flr/O,i' J/embl'I' of th(' !iel'/)/o.'«(/ FOI,///([tioll.-TIlP most (Oxtl'llsin> 
s:dine dl'posits in rt:ih are in the Pennsyh-anian Paradox :\Iemher of 
the I-Iermo:-;a Format ion, ill t he Paradox basin, ill t hl' sout lleast ('orner 
of the Stah'. (~ec fig. -l-~.) The Paradox '\fpmber contains a thick 
eva.porite se<I.uence of limeA"tone, dolomite, anhydrite, halite (NaCl), 
potash depoSIts, and interbeds of dark org'anic-rich shales. The salt­
bearing' facies of the Paradox Jfembpr nlri(>s greatly in thickness. 
The m-aximum original depositional thiekness may have been about 
7,000 feet, hut. suhsequently it has been thickened in the salt anticlines, 
some of which contain as much as 14,000 feet of &'lline-bearing rocks. 
'n1is large basin extends into Colorado and :x ew Mexico, and the part 
underlain by salt in Utah cO\-ers an area of about 6,500 square miles. 
Potash deposits occur in neAlrly three-fourths of this area. 

The halite beds and associated potash deposits of the Paradox 
Jlemhl'l' arp ('om}><.mcllts of a :o:cl'ips of eyaporite cyeles (IIite, Inn}), 
At least 29 of these cycles have been recognized and 18 are known to 
contain potash deposits. Of the 18 cycles, 11 contain potentially 
valuable potash deposits. Only two pot~sh saIts, sylvite (KCl) and 
carnallite (Kel· ~IgCI2· 61120), are present in large quantities. Car­
nallite because of ifs low KzO content (16.!) percent) is not at present 
considered a commercial ore of potash in the Cnited States. Several 
of these deposits are remarkable in size. One has been traced through 
an area 110 miles long and about ;·30 miles wide, and locally has a. pene­
trat ion thickness in excess of 400 feet. In the Salt Valley anticline 
this deposit. was ('orpd in the Defense Plant ('orp., Reeder 1 well (sec. 
4, T. 22 S., R. 19 E.), through a. thickness of ahout aoo feet of alter­
na.ting beds of syh-it.e and carnallite. One select interyal of sylvite, 
7 feet thick. :\yerages ~O.6 percpnt 1\:20. J[any of the carnallite beds 
are excppt ionally rich and constit lite a potentia I SOlll'CP of ma:,..rnesium. 
Acc.ording t_o Severy and ot hers (l9:lD),.t he deposit in the vicinity of 
the weB may contaIn 57,500 tons of magnesium ehlOI'ide alld 55,100 
tons of potassium chloride per acre, and because of its thickness and 
mineral content, may be particularly amenable to solution mining. 
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The salt derosits in the Paradox basin in Utah haye not been utilized 
directly by the mineral industry except in the preparation of artificial 
brines used for drilling fluids. Indirectly, the salt. underlying the 
:Moab Valley anticline near )foab has been used by the Suburban 
Natural Gas Co. for storage of petroleum products. 

The salt :tIHl potash deposits of the Paradox ~'1ember underlie broad 
areas at some depth. They are thickest and nearest to the surface 
along a series of northwest-t rending salt anticlines. In some of the 
anticlines, the salt beds have been complexly folded and faulted and 
have moved upward above their normal stratigraphic position. It is 
in theS(~ s.tructures that minimum depths to potentially exploit-.: 
able depOSIts may be l()(~ated. Shallowest known occurrence of salt 
beds is In tllP Salt Valley anticline at a depth of 750 feet. ~linimum 
known depth to potash deposits of economic imp0l1anee is about 2,400 
feet

i 
although there are several areas of potentially shallow depths. 

T I.e deposit being- developed by the Texas Gulf Sulphur Co. (see 
fig. 42) on the Cane Creek anticline is high-grade sylvite. According 
to company information l the ore body averages 11 feet thick and 25 
to 30 percent KzO. Throughout an area of some 12 square miles the 
potash horizon lies Ht depth:.; of ,1,000 feet or less. lTsing the l1-foot 
average thickness, this area might contain about 230 million tons of 
potash-bearing rock. 
Preus8 Sand8tone 

Salt beds of Jurassic age are present in north-central Utah in the 
Prcus." Sandstone (fig. 42) whieh consists of interbeds of red sandstone, 
siltstone, shale, anhydrite, and halite. The presence of salt in the 
Preuss is known almost entirely from subsurface information, 
although the formation crops out in many places. South of Henefer, 
brackish water in water wells drilled in an area of Preuss exposure, 
plus local surface efflorescences of sodium chloride (T. E. Mullens, 
oral communication, 1H63), indicate the probable presence of under­
lying halite deposits. Two deep oil and gas test wells, the Ohio Oil 
Co. No.1 "Tilde, in the XEVtSE% sec. 9, T. 2 N., R. 5 E., and the rtah 
Southern Oil Co. No.1 Hatch in sec. 28, T. 6 N., R. 8 E., confirmed the 
presence of halite. In the X o. 1 Wilde, halite was encountered at 
8,200 feet and continued at least to 8,635 feet below the surface, and 
Peterson (1955, p. 76) has described 700 feet of halite with interbeds 
of anhydrite and sandstone in the I-Iatch well. Geophysical logs in 
both the 'Vilde and Hatch wells indicate the salt is impure. In this 
respect, it is probably similar to Preuss salt in southeastern Idaho 
which contains a high percentage of shale fragments. 
ArapienShale 

Deposit:-; of halite oecur in central Utah in the Arapien Shale of 
III urassic a~e (fi~. 42), but because of limited information, the distribu­
tion of the halite is conjectural and probably much more widespread 
than shown. IIardy (1952 divided the Ara.pien into five lith~ 
logic nnits and designating each unit by letter. The salt deposits 
occur in his units E and B. The Arapien salt is interbedded with red 
shale and siltstone, and much of the salt contains finely disseminated 
red clay as an impurity, which imparts a red color to the halite. An 

1 Vital statistics Texas Gulf Sulphur Co. potash plant, prepared tor International Con­
terence on Saline Deposits, Moab, Utah, Nov. 4, 1962. 
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analysis of rock salt from the Poulson Bros. mine near Redmond is 
as follows (Gilliland, 1951) : 
Constituent: PerOM' NaCl ____________________________________________________________ 95.60 

SlO~---_________________________________________________________ 2.16 
80. ______________________________________________________________ 1.10 
Ca _______________________________ ._______________________________ .51 
Fe.Aloxlde ______________________________ ~_______________________ .04 
~g______________________________________________________________ .04 
1,_______________________________________________________________ .OS 

Total __________________________________________________________ 99.48 

The total thickness of salt beds in the Arapien is unknown although 
Hardy (1952, p. 62) mentions at least 200 feet exposed in an abandoned 
pit east of Redmond. The salt in the Arapien is found in several 
localities only a few feet below the surface and thus has 1;>oon amenable 
to opencut mming. At present, only mines operated by Poulson Bros. 
are active in the area. Most of the material from these mines is 
utilized as stock salt. 

Green Ri1~'e1' and Uinta F ormatio11..fI 
,Deposits Qf saline. minerals occurjn the Uinta .Basi~ in both the 

Ulnht and Green Rn'er Fonnations of Eocene age. PIcard (1957) 
described a "saline faci~.s" in the lJintn Formation eharacterized by 
disseminated crystals of sodium carbonate minerals, that ranges in 
thickness from 500 to 1,555 feet. This facies transcends the forma­
tional. boundary between the Uinta and Green River. The Evacua­
tion Creek lfember is the lateral equivalent of the "saline facies" 
in the eastern part of the Uinta Basin and has abundant solution 
cavities (Cashion and Brown;,. 1956) which were probably originally 
filled with nahcolite (NaHCu:). In 1951, the first significant beds 
of sodium minerals were encountered in a Sun Oil CO. well in the 
NE%NE14 sec. 22, T. 9 S., R. 20 E., Uinta special meridian. The well 
was cored continuously through all but the uppermost part of the 
"saline facies" and penetrated numerous blebs, streaks, and beds of nah­
colite, the la,tter ran¢ng from a few inches to a foot or more in 
thickness. The nahcol ite zone in the well is approximately 525 feet 
thick, the top of which is 1,745 feet below the surface. The best 
mineralized interval is 5 feet thick and averages 60 percent naheolite. 
Another well, drilled by the Ilavenstrite Oil Co. in 1956 in the same 
section, also penetrated the nahcolite zone. Recently a well drilled 
by Continental Oil Co. in the NE1ltS'VlJtNE1.4 sec. 17, T. 4 S., R. 4 
W., Uinta special meridian, may also have penetrated bedded deposits 
of sodium minerals. Descriptions of core from this well, as reported 
in the Utah Oil Report (1962, vol. 12, No. 19), mention numerous 
intervals of "brown calcite" (probably a sodium carbonate mineral) 
between the depths of 2,902 and 3,582 feet. Geophysical logs of the 
well indicate at least three possible deposits {)f sodium salts. The 
mineral is most likely nahoolite although the geophysieal lo~ sug­
gest it is possibly n hydrous mineral such as trona (Na2C03 ' NaIICOa • 
2R20). .. 

Ahulely C'reek Formation.-The Pliocene (?) ~luddy Creek Forma­
tion of southwestern Vhl,h may be salt. bearing, because it eontains ex­
tensive heds of halite in southea."tern Xevada near the Ctah State 
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line. Raborg (1886, p. 640) reported that 1,000 tons were produced 
from a "mountain of salt" in the southwestern part of Utah Territory 
for use in the silver mills at Leeds. This salt may come from a de­
posit in the )Iuddy Creek formation, as it crops out nearby and as 
other formations in the surrounding area are not known to be salt 
bearing. 

Sodhl.n1· 811lfate depmlit 'Underlying Grea,t Salt Lake.-The bed of 
tlH~ Great Salt Lake IS locally underlain by a thick deposit of mirabi­
lite (N a2SO" '10HzO), which was discovered during" construction of 
the railroad causeway from Promontory Point to Lakeside during 
the early 1900's. Extensive coring of the lakebed along the route in 
1957-·59 provided addit.ional detail concerning this deposit (Eardley, 
1962), which extends west from Antelope Island a distanee of 9.5 
miles. In cross section the deposit is wedge shaped and attains a 
maximum thickness in excess of;32 feet offshore from Antelope Island. 
1 ts north-south dimensions are unknown, so the boundarIes shown 
on fi~"Ure 42 are conjectural. About 20 percent of the mirabilite 
depOSIt consists of interbedded clay layers, 1 to 7 inc.hes thick. The 
ma.ximum depth from lake bottom to the top of the deposit is about 
35 feet. 

seRFACJo~ DEPOSITS 

Xurnerous surfaee cnlsts and layers of saline minerals occur in the 
western half of the State, and are the result of the desiceation of an­
eient. Lake Bonneville and the Great Salt Lake. The best known and 
most. extensive of these are the Bonneville Salt Flats, which eover 
about 150 square miles around Salduro station. The deposit reaches a 
maximum thickness of about 5 feet and is a white, porous, coarsely 
crystalline mesh of halite crystals. A ehemical analysis of the soluble 
portion of the bed is as follows ( Nolan, 1927, p. 35) : 
Constituent: Percent 

~ _______________________________________________________________ 0.07 
Ns ______________________________________________________________ 3S.AS 
Cs _______________________________________________________________ 1.20 
lIg______________________________________________________________ _ 10 
SO, ______________________________________________________________ 2.88 
Cl _______________________________________________________________ 58.98 
COa ____________________________________________________ - _________ ~one 

A smaller deposit, covering an aren of about 25 square miles, occurs 
to the north, between the Sih-er Island Ran~e and Lucin station. No 
analyse..c;; a.re available for this salt bed but it IS probably similar in com­
position to the Bonneville Salt Flats. 

Large areas sun'olmding the shore of Grent Salt Lake are described 
as salt flats on many maps. In most. cases these are areas of highly 
saliniferous soils a.nd muds and no erystalline bodies of salt are known 
to be present. 

'Vi thin the State, particularly f he western half, there are nnmerons 
other closed and semlclosed drainage basins whieh contain waters that 
t.end to become saliJl(.~ unless flushed out by O\-erflow or le .. akage. 
'Vaters that are completely evaporat.ed leave an efflorescence or crust 
of mineral salts on lake beds. Re('urrPllt.ly these salts are taken back 
into solution unless the deposit is thick oj· is covered by a protective 
layer of sediments. Such deposits are somet.inw.s used locally. 
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BRINEB 

'Vaters containing a high concentration of dissolved solids are an 
important source of saline minerals, and saline waters containing dis­
solved solids in excess of 35,000 parts per million are classified as brines 
(Winslow and Kister, 1956). Most connate waters generally fall in 
this category, but brin~ that are exploited for mineral salts usually 
exceed this concentration. In this country brines are an important 
source of common salt, potash, bromine, boron, lithium, iodine, mag­
nesium, and soda ash (sodium carbonate) but thus far Utah brines 
have been processed for potash and salt only. Connate brines are 
common in many formations in Utah, but at present only those found 
in the Paradox Member of the Hermosa Format.ion nnd in lake bed.." 
of the Salt Lake ~,sert, have had sufficient concentrat.ion and favor­
able composi,tion to he regarded a potential source of saline minerals. 
The Great Salt Lake is the only known source of surface brine in the 
Stare. 

Paradox 7nemoer of the HerJ'1Wsa Formation.-High densi~y brines 
associated with tne evaporites of the Paradox member of the Hermosa 
formation are commonly found in the Paradox basin of southeast 
Utah. There brines have exceptionally high concentrations of 
dissolved solids and are a potential source of salIne minerals. The fol­
lowing analysis, which is typical of these brines, is from a sample col­
lected from a well drilled by Delhi-Taylor Oil Corp. on the Seven Mile 
anticline in sec. 18, T. 25 S., R. 21 E., Grand County, Utah: 

Po"', "fIr Constituent: .«,4oft. AI______________________ 66 
Fe______________________ 760 Iln______________________ 260 
Ou______________________ 6 
Pb______________________ 6 
Zn______________________ 60 
0. ______________________ 52,700 

)lC---------------------- 89,200 Na______________________ 5,990 
It _______________________ 18,800 
IJ_______________________ 66 
~____________________ 849 

Po"', PfIr 
Constttuent-Continued .m4oft. 

BOOa----_______________ 1,010 
80~____________________ " 
01 ______________________ 241,000 
F_______________________ 25 
Br______________________ 8,080 1________________________ 42 
B_______________________ 660 

Total dissolved sollds__ 866, 000 
I>eD!dty ___________ .__________ 1.881 

The Paradox brines could be avery attractive mineral resource, 
if brine reservoirs of appreciable volume can be found in the evapo­
rites. In most cases the reservoirs encountered have been incapable 
of sustained brine production. 

Artificial brines, prod~ce<J ~ dissolving 8Od~~!!l chloride from Jhe 
Parado~ Memb:er; a:re being used by the pet~leum industry for drill­
ing through the salt dePOSIts Tn tlie Paraaox basin. At the present 
time, the Moab Brine Co. in Moab is producing an artificial brine from 
the salt underlying Moab Valley. No data IS available on the com­
position of this brine. 

Great Salt Lake Desert.-Brines from the Great Salt Lake Desert 
have been important contributors to Utah's saline mineral industry. 
These brines are found in both porous, coarsely crystalline salt beds 
and in cl!y beds, and occur over a large part of t.he Great Salt Lake 
Desert. The depth to brine horizons in both crystalline salt and clay 
varies but most are within 5 feet of the surface. Deeper brine zones 
have been penetrated in the desert (Bonneville, Ltd., pumps brine 
from depths as great as 1,200 feet from several wells near Salduro) t 
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but little has been published about their chemical composition or the 
volumes involved. 

The chemical composition of the brines is relatively uniform 
throughout the salt beds and the average dissolved solid content is as 
follows (adapted from Xolan, 1927) : 

Parla per 
Constituent: m(lHofl Cl _____________________________________________________________ 192,000 

IC _____________________________________________________________ 10,600 
~g____________________________________________________________ 6,300 
SO,____________________________________________________________ 5,200 

Brine composition is dependent on the location respective to the 
edge of the desert flat where dilution from springs or rainfall may 
occur. The most concentrated brines are found in the lowest topo­
graphic depressions. 

The composition of the brines in the clay layers is much more 
variable. The following analysis is n composite prepared by Nolan 
(1927, p. 39) of 126 separate brine samples from the clays: 

Parlaper 
Constituent: mmlon Cl ___________________________________________________________ 96,150 

Br___________________________________________________________ 0 
1____________________________________________________________ 0 
80,__________________________________________________________ 4.08 
COa- - ___ - __________ - ________ -- ___ - ___ - __ - _____ -_ -__ _________ _ 0 BOs_________________________________________________________ 0 
Na _________________________________________________________ y 57,300 
K ___________________________________________________________ 2,940 
J.l___________________________________________________________ 2 
Ca ___________________________________________________________ 1,051 
8r___________________________________________________________ 0 
l'tlg__________________________________________________________ 1, 910 

Brine from the Great Salt Lake.-The Great Salt Lake is the largest 
existing body of concentrated brine in North America. According to 
Hahl and Langford (1963) the lake brine, during the period October 
1959 to September 1961, had nn average volume of 10 million acre-feet 
and a concentration of 266,000 p.p.m. dissolved solids. The latter 
amounts to about 4.4 billion tOilS of dissolved minerals of whieh about 
500 million tons are magnesium chloride (MgClz) and 91 million tons 
potash (K20). A signIficant part of this consists of potassium and 
magnesium. Detailed brine analyse..,) and the hydrology of the lake 
are included in the water resource section of this report. 

The composition of the Great Salt Lake brine is generally similar 
to ocenn water except that the salinity is much higher. The relative 
proportions of the major constituents of both waters are shown below 
as ratios compared to chlorine: 

Ratio 01 element to chlorine (bllweight) 

Sodium (r.;a} ______________________________ - ____________________ -- ---- ____ - __ 
Potassium (K) _______________________________________________ - _________ - __ 
Magnt'slum (:\<Ig). __________________________________________________________ , 

Bromine (Rr} _________ -- -- ------ __ --------- __ ------------- ---- -- __ ------ -- --I 

~U~I~~ {fl)::::::::::::::::::::::::::::::::::::::::::::: ~:::::: ~:::::: _:::: 

I No data. 

Sea water Great Salt 

1:1.8 
1:5 
1:15 
1 :29'2 

1:413 I 
1:100,000 

I.ake 

1:1. 7 
1:32 
1: 18 

(I) 
1:4,900 
1:3,700 

Source: Composition of sea water, Sverdrup et a1.; Salt Lake brine, Hahland Langford. 
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From the above data certain differences between the lake brine and 
ocean water are noted. If ocean water were concentl'ated to the same 
density as the brine, the composition of both would be much the same 
in respect to sodium and magnesium; lithium, however, would be about 
six times as abundant in the lake brine. The lake brine, on the other 
hand,shows a deficiency in potassium and boron. The latter deficiency 
is characteristic of most waters in the Bonne\·iIle Basin and su~gests 
the improbability of concentrated borate deposits occulTing in western 
Utah. The scarcity of exposed ign~ous rocks in the drainage basin may 
account for the relatively low boron content in the brine. 

RESOURCE POTENTIAL 

The future of the saline mineral industry in Utah appears excep­
tionally bright. Since its beginning, the industry has shown a slow, 
steady growth, but the next decade should bring a large expansion. 
The production of potash from bedded deposits in the Paradox basin 
will be a major factor in this expansion. A conservative estimate of 
resources, based on the meager data available in Lisbon Valley anti­
cline, Gibson dome, Lockhart anticlinp, Rustler dome, and Se"en ~file 
anticline, is about 200 million tons of K 20. Only syh'ite deposits 5 
feet or more thick with an average grade of at least 20 percent K 20, 
and less than 4,000 feet below the surface are ineludpd in this estimate. 
Other areas, such as Castle Valley, Cache Valley, l\loab Valley, and 
Salt Valley anticlines, are not included in the resource estimate. 

Tremendous amounts of potash and other salines are present in 
the brines of the Great Salt Lake Desert, but only n small portion of 
these resources have been developed. The large potential resource of 
saline minerals in the brine of the Great Salt Lake will no doubt 
recei"e greater attention in the future. Additional resources of bedded 
salines most probably were deposit~d in ancient Lake Bonneville, as 
shown by the mirabihte bed undE-rlying Great Salt Lake at depth. The 
salt industry, for which the State has nearly unlimited resources, 
should continue at a slow, steady rate of growth. The indirect use 
of salt deposits as storage sites for petroleum produ.cts or radioactive 
wastes, could create a new industry in Vtah. In this respect, the salt 
deposits in the Preuss Fonnation, because of their proximity Ito a rail­
road a.nd t.o the industrialized 'Vasatch front, 5eC·m most. promising. 

SAND AND GRAVEL 

(By Richard Van Horn. Denver. Colo.) 

Sand and gravel deposits consist of unconsolidated rock fragments 
which have been moved and sorted by natural processes so that most 
of the finer and very coarse fragments have been separated from them. 
Sand and gravel are widely used in the construction industry because 
they provide strength, durability, and bulk at low unit cost. Because 
they nr~ so abundant, so universally used, and relatively low p~iced, 
their mlllern} resource value has not always been fully apprecIated. 
Value at the source for washed and screened material is generally 
less than a dollar per ton, and transportation charges may easily ex-
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ceed the material cost. For this reason, the industry is widely 
dispersed. 

About 167 million short tons of sand and gravel valued at $99 mil­
lion was produced in ["tah from 1906 to 1962 with some production 
from each county. in the State. In 1962 about 20 million short tons 
valued at $21 nlllJion were produced. Of this total, 8 million short 
tons were for paving, 7 millIon short tons were for building construc­
tion, and 4 million short tons were for fill. Industrial sand, which 
includes molding, blast, fire or furnace, and engine sand accounted 
for 23,000 short tons (M. II. Howes, written communication, July 
1963) . 

The large quantities of sand and gravel used in the State reflect 
the abundant supply of high quality material available to the con­
sumer at low cost. ~fuch of the material can be used with minimum 
screening, washing, and crushing; transportation costs are minimal 
because of the proximity of many source areas to transportation facil­
ities and to the principal users. 

A variety of natural processes produce rock debris, move it~ sort it, 
and redeposit the debris either as heterogeneous mixture or In more 
familiar forms such as mud, silt, sand, and gravel. The quality of 
individual sand and gravel deposits depends largely on the strength 
of individual grains or fragments and on sorting processes that con­
centrate materials into preferred sizes. The strength factor is related 
directly to the kinds of rocks that contribute deoris; rocks such as 
granite, basalt, gneiss, quartzite, limestone, and sandstone :provide 
stronger and more durable d~l.bris than do shale, tuti', and SdllSt. 

Many of Utah's better sand and gravel deposits formed along the 
ancient shorelines of ice age lakes. In this environment, vigorous 
stream erosion in the highlands produced abundant debris from even 
the most resistant rocks. Energetic streams reduced the larger sized 
blocks to useful sizes and comminuted the softer rocks. The lake 
shore provided optimum winnowing of the finer materials by both 
water and wind action, and ample space was available for develop­
ment of thick sand and gravel deposits in the deep water near the 
stream mouths. In western Utah extensive good deposits of this 
type, some of them more than 100 feet thick, formed near the Bonne­
ville and Provo shorelines of Pleistocene Lake Bonneville (Gilbert, 
1890), at elevations between 4,700 and 5,200 feet above sea level (figs. 
4 and 43). 

Other deposits of sand and grave] formed adjacent to valley glaciers, 
along ancient and modern stream valleys and to a limited extent as 
dunes, caused by wind action. Flood plains and terraces along most 
perennial streams contain intermittent important sources of sand 
and gravel. These are limited in size and dIstribution in the narrow 
mountain valleys and steep-walled canyons, but generally are less well 
sorted than the lake deposits. Allunal fan deposits are present in 
many parts of the State where steep-gradient tributaries enter more 
gently sloping valleys of larger streams. They are extensively de­
veloped in western ["tah where the alluvial fans occur between the 
bedrock of the desert ranges and the deposits of Lake Bonneville. 
The fans are extremely variable in composition, are generally poorly 
sorted, and are partly cemented by caliche. 

Glacial deposits, mainly in the form of moraines and some till, are 
present in scattered places in the high mOWltain valleys, principally 
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Sand and gravel, including lake, stream, and glacial deposits 

... Dune sand deposits 

(Compiled in part (NE 1/4, NW 1/4, and SW 1/4) from Geoloeic map of Utah 
(1961, 1963, in press), W. Lee Stokes, editor; and from Barosh (1960), 
Butler (1913), Butler and others (1920), Eardley and .Beutner (1934), 
Kiersch (1955), Richmond (1962), Varnes and Van Horn (1951). See list 
of references at back of chapter.) 

FIGURE 43.-Sand and gravel in Utah. 
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in the Uinta and Wasatch Mountains. These deposits are largely a 
heterogeneous mixture ranging in particle size. from clay to boulders, 
except where they were reworked locally by melt waters under and 
around the margins of the ice. The glaCIal deposits are grouped with 
the lake ttnd stream deposits on figure 43. 

Dune sands are scattered in the broad valley bottoms and basins in 
the western and southern parts of the State. The principal ones, of 
quartzose type, are shown on figure 43. 

Ample and varied sources of sand and gravel exist in most sections 
of the State. Selection of the best available source in a given area 
can be simplified with an understanding of how deposits form, and 
search of logical sites of deposition. 

The market for sand and gravel has progressively expanded up to 
the present and will probably continue to increase in the future, par­
ticularly in the expanding urban areas. The resources of sand and 
gravel are ample to supply the market in the foreseeable future. 
Large construction projects, such as the Flaming Gorge Dam, make 
large but temporary demands on normally little developed deposits 
away from the large urban areas. Much of the material in the east­
ern and southern parts of the State is in presently inaccessible c'an­
yons. Locally, some sand and gravel deposits are becoming unavail­
able for use in some of the rapidly expanding urban areas. In such 
areas, more expensive crushed rock, lightweight aggregate, or other 
materials may partially supplant sand and gravel in the construction 
industry. 

SILICA 

(By K. B. Ketner, Denver, Colo.) 

The chemical compound silicon dioxide, or silica, is most abundant 
in the earth's crust, and most minerals contain some silica. Quartz, 
the pure silica mineral, is found in a wide variety of rocks, and is the 
major or only constituent in some. Because of its abundance and many 
useful properties, such as hardness and chemical stability, silica has 
important industt:ial uses as 'an ingredient in some glass, chemicals, 
alloys, fluxes, abrasives, refractories, filters, and railroad ballast. The 
chemical properties of silica used in glass, chemicals, alloys and flux 
are extremely important. For example, in many uses, the allowable 
content of minor amounts of impurities is rigidly specified. In the 
manufacture of glass, iron content cannot exceed 0.03 to 0.08 percent 
for most quality glasses, and alumina content is limited to 0.2 percent. 
The maximum allowable lime and magnesia is about 0.05, and the 
combined alkali content about 0.01 percent. Similar restrictive spe­
cifications apply to the content of phosphorus, arsenic, manganese, 
boron, and cobalt in silica to be used in the manufacture of silicon, 
silicon carbide, and other industrial chemical use. 

The physical properties of silica used as abrasives, refractories, 
filters, and ballast are as important as chemical properties. Sand­
blasting requires well-sized materials free from clay or other minerals 
that would form dust. Silica for refractory use shOUld be sufficiently 
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pure and sound to withstand high heat and stress. Size specifications 
vary widely according to each of the many refractory uses. Silica in 
the form of diatomite is used as filter material. The chemically inert 
and physically porous qualities of diatomite are important in this use. 
Uses and specifications of silica are described in much greater detail by 
Murphy (1960), but because industrial requirements are not uniform, 
producers usually obtain exact specifications from potential customers. 

Forms .of silica occurring in Utah in presently useful quantities 
and grades are quartz-bearing sand, quartz-bearing gravel, quartz, 
sandstone, and quartzite. Low-grade deposits of diatomite, a highly 
porous, fine-grained form of silica, are known in the Cenozoic rocks 
of Utah but they are not now competitive with similar deposits in 
Nevada and California. Sands and gravels with high quartz con­
tents are now in use in Utah where the refractory and abrasive qualities 
of the contained silica are needed but where high purity is not impor­
tant. (See section on sand and gravel, p. 215.) 
Ut~h's princ~pal reserves of pure silica are in sandstone andquarltz­

ite formations (fig. 44). Much of this will be used in Ioca] marKets 
as construction material, but selected parts of several formations could 
be utilized as chemical or industrial material. The silica of most 
of these formations must be crushed and screened before use, but it 
has the advantage of purity unequaled by the unconsolidated deposits. 
Table 15 indicates the trend in production from sandstone and quartz­
ite units in Utah, and includes both construction and industrial rna· 
terial. The use of large amounts of quartzite for railroad ballast 
accounts for the very large production of quartzite in 1958-59. The 
principal continuing industrial use is for refractory material for 
foundry sands in the smelting industry. 

TABLE i5.-Grushed sand8tone and quartzite produced in Utah, 19,50-61 1 

Year Short tons Value Year 

1950 __________________ 
193,140 $88,014 1957 __________________ 

1951 __________________ 
69,272 80,009 

1958 __________________ 
1952. _________________ 24,278 55,873 1959 _______ h _________ 

1953 __________________ 
(2) (2) 1960 __________________ 

1954 __________________ 23,786 87,772 1961 __________________ 
1955 __________________ 215,361 287,070 1956. _________________ 121,669 347,482 TotaL _________ 

1 Data from U.S. Bur. of Mines Minerals Yearbook, 195!HJ1. 
I Data unavailable. 

Short tons Value 

122,200 $126,800 
10,089,400 10,119,500 
1,785,000 1,805,000 

74,234 81,186 
121,677 178,203 

12,840,017 $13, 256, 909 

Sandstone and quartzite deposits are widespread sheets or strata 
having nearly uniform characteristics. Once a suitable stratum is ' 
selected on the basis of physical and chemical characteristics, pit or 
quarry sites can be chosen by equating mining and trans:portation­
charges with slight differences from place to place in composItion and 
physical properties. 

Siliceous formations or units with a high silica content can be 
roughly evaluated by determining the content of several elements that 
are generally considered deleterious for most industrial uses. These 
elements are principally aluminum,jron, magnesium, calcium, sodium, 
potassium, tItanium, and manganese. Table 16 lists the content of 
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EXPLANATION 

Outcrops of principal quartzites: 

" Active silica quarry in Navajo Sandstone ~ 
Devonian Stansbury Formation 

/' 
Ordovician Swan Peak or Eureka-quartzite 

/' 
Cambrian quartzite 

~ 

Active quarry in quartzite 

ES K 

Reported refractory mineral locality: 
A-Andalusite, K-Kyanite, H-Hagnesite 

FIGURE 44.-Silica and refractory minerals in Utah. 



Geologic 
system 

Cretaceous _______ 

Jurassic __________ 

Triassic __________ 

Ordovician _______ 

Cambrian ________ 

Precambrian _____ 

TABLE 16.-Spectrographic analyses oj 8 deleterious elements in 13 silicious sandstones and quartzites in Utah 

[0, not detected] 

Number 
Deleterious elements (average content or range in content, in percent) 1 

Formation of 
samples Al Fe Mg Ca Na K Ti 

Dakota Sandstone ______________ 7 0.8 0.3 0.04 0.08 0.03 0.2 0.05 

Bluff Sandstone _________________ 5 1.0 .3 .2 1.0 .08 .7 .05 
Summerville Formation _________ 16 .9 .3 .4 2.0 .08 .7 .03 Curtis Formation _______________ 2 2.0 .5 .5 3.0 .5 2.0 .07 
Entrada Sandstone ______________ 12 .8 .3 .4 .7 .1 .8 .04 
Carmel Formation ______________ 4 2.0 1.0 .7 2.0 .2 1.0 .1 
Navajo Sandstone 5 1.0 .2 .08 .3 .1 .7 .04 
Kayenta Formation _______ - --_ -_ 3 1.0 .4 .7 1.0 .3 1.0 .06 
Wingate Sandstone ______________ 12 1.0 .3 .2 .4 .2 1.0 .07 

Swan Peak Quartzite ___________ 10 0.15-.7 0.15-.7 0.015-.07 0.02- .2 0 0 .005- .02 

Tintic Quartzite _________________ 7 .3-3.0 .07-.5 .02-.1 .015- .07 0- .07 0-1.5 .015- .1 

Mutual Formation ______________ 5 .7-1. 5 .2-.5 .07-.1 .02- .03 0- .05 0-1.0 .05-.1 
Big Cottonwood Formation _____ .19 .3-1.5 .1-.7 .02-.3 .01- .07 0- .05 0 .02-.2 

1 Spectrographic data are approximate only. 
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these elements in 2 or more samples taken from each of 13 of the 
principal siliceous sandstones and quartzites in Utah. 

The analytical data indicate the siliceous units are generally quite 
free of deleterious materials and that silica sourCes of exceptional 
purity are present in parts of the Precambrian Big Cottonwood and 
Mutual Formations, the Cambrian Tintic QuartzIte and the Ordo­
vician Swan Peak Quartzite. Detailed physical properties of quartzite 
in these units, however, such a;s grain size, E1trength, porosity, thermal 
response, etc., are not yet known. 

In the Wasatch and Uinta Mountains and in some ranges of the 
Great Basin, such as the Grouse Creek, Raft River, and Deep Creek 
Ranges, the principal siliceous rocks are Precambrian and Cambrian 
quartzites. In the Bear River Range and in many ranges of the Great 
Basin a prominent siliceous formation is the Ordovician Swan Peak 
and its correlative, the Eureka Quartzite. In the Stansbury Range 
an i~'Portant quartzite formation is the Devonian Stansbury Forma­
Ition. The outcrops of tJhese Quartzites are shown on figure 44. On the 
Colorado Plateau and in southwestern Utah, the principal siliceous 
rocks are Triassic and Jurassic aeolian formations such as tJhe Win-
grute .~avu.jo" En~ra_g.a, a~Q. Bluff 1~~ndstQne_(fig: 5 and_tal?~eJ). __ _ 

Although detaIled StudIeS of CrItICal chemIca1 -and phySIcal prop-
erties of Utah silica deposits remain to be done, the obvious 'abundance 
and variety of siliceous rocks clearly show that silica ~sources in 
Utah 'are more than ample for any need, excepting possibly high qual­
ity glass sand. Careful sampling of the pureSt formatIOns will be 
necessary to determine whether the exactIng specifications of glass 
sand can be met. 

STONE 

(By W. R. Hansen, Denver, 0010.) 

Utah, over the years, has had a relatively small and unsteady but 
growing production of stone (fig. 45) . From 1900 through 1962 Utah 
produced nea~br 59 million short tons of -stone valued at more than 
$66 million. Utah's modest past production, however, in no way re­
flects the vast resources of this commodity within the State; stone 
resources of Utah far exceed foreseeable consumption. Most popula­
tion centers in the State, moreover, are within short haulage distance 
of stone suitable for a wide variety of uses. Every county in the State 
contains potentially marketable stone. Many deposits have never been 
studied or evalU'ated. Important occurrences are shown in figure 41), 
Stone production of Utah has been mainly in three categoIj~: 
(1) crushed and broken stone, (2) dimension stone, 'and (3) field 
stone. 

UTAH PRODUOTION OATEGORIES 

Orushed and broken 8tone.-The bulk of Utah stone production has 
been quarried, crushed, and broken for such uses as road "metal," 
railroad ballast, concrete aggregate, riprap for impeding erosion, rub­
ble, and various chemical and metallurgical uses. Crushed and bro­
ken stone are obtained in Utah from a wide variety of igneous, sedi­
mentary, and meta'morphic rocks. 

Suitability of a formation for use as crushed stone depends chiefly 
on three factors, outlined by Kiersch (1955, p. 27) as follows: ( 1) 
_physical an~ cheII.1ical qualities of the rock, pertinent to the intended 
use; (2) unIfornnty of the available workIng face: and (3) textural 
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FIGURE 45.-Utah stone production, 1900-62. 

and structural characteristics that influence the crushing character of 
the rock. The rock. should crush to firm, roughly equidimensional 
particles, with minimal powdering. Highly abrasive rock types, such 
as quartzite, may be undesirable for some crushers. 

Bonding quality is important if the crushed stone is to be used as 
aggregate. Limestone, which is abundant in Utah, ordinarily makes 
ideal concrete aggregate, and limestone or basalt generally adhere to 
bitumen better than do granite, sandstone, or conglomerate, although 
all these rock types may m'ake suitable aggregate. 

Stone to be used as· riprap ideally consists of irregular cobble- to 
boulder-size fragments which are free of incipient fractures or planes 
of weakness and are resistant to freezing, thawing, and abrasion. Stone 
suitable for use as ripr~p is widespread in Utaih and resources in mostt 
counties of the State are virtually inexhaustible. 

26-803 0-69 -16 . 



224 MINERAL AND WATER RESOURCES OF UTAH 

42·1?1r4_' ___ ,-______ ~1~1~3' 

I Qz:Qz Qz, 
; QzJ;;~z 
; 

B -0 X , 

'~ 
41· if-------+--""'ic.....r;;:)-~ 

'I 
1/ 

~: 
it St Ge r 

37" 1 __ 
114' 

o 

;t>.r px 
o i 

, L E 

EXPLANATION 

20 
! 

4Q 
! 

60 Miles 
J 

Symbols mark quarry sites or significant localities of the following stone types: 

Ar Aragonite Ls Limestone Rh Rhyolite 
B Basalt Mb Marble S1 Slate 

Dol Dolomite Ob Obsidian S8 Sandstone 
Fs Field stone Ox Onyx Tf Tufa 
Gr Granite Qz Quartzite Tv Travertine 

FIGURE 46.-Important Utah building stone occurrences. 

37· 



MINERAL AND WATER RESOURCES OF UTAH 225 

Broken stone quarried from attractively colored Utah rock fonna­
tions has become increasingly popular in recent years for use in dec­
orative rubble walls, facings, and fireplaces, ~specially in homes and 
other small structures where acc.ents· or specIal archItectural effects 
are desi rod. 

Dirnen.~Wn 8tone.-Vtah's production of dimension stone extends 
back to pioneer days. Dimension stone includes blocks, sheets, and 
slabs of rock in either rough or finished forms that satisfy dimensional 
requirements for structural, decorative, or monumental purposes 
(Currier, 1960, p. 7). Production in Vtah has included building 
stone, monumental stone, paving blocks, curbing, and flagging, quar­
ried from basalt, granite, limestone, marble, quartzite, rhyolite, sand­
stone, schist, slate, travertine, -and tufa. Of these types, limestone, 
sandstone, and granite have been used most widely. 

In the past, dimension stone was used extensively as building blocks 
cut to support the full weight of a superincumbent structure. High­
bearing strength, therefore, was e..c;sential; other desirable qualities 
such as pleasing color and texture were secondary. Nowadayst sup­
porting struct.ural elements consist more commonly of reinforced con­
crete or steel, and stone is used chiefly for textural variations and 
accents. 

Field stone.-Field stone has been used as a building material in 
Utah since pioneer days; its popula.rity has increased in the past few 
years. Cobbles and boulders are split or roughly trimmed for use in 
rubble veneers and walls in both exteriors and interiors of residences 
and small commercial buildings. 

Field stone is collected in mnny localit.ies from varied geologic en­
vironments, and the so-called gleaning of st.one has. become a sizable 
business. Much field stone is taken from conrse alluvial deposits at 
the mouths of canyons, particularly in the Salt Lake City-Ogden area. 
It also is collected at Holiday Park on the upper Weber River in 
Summit County and from the Yellowstone River area in Duchesne 
County. In some areas ready supplies are nearly exhausted. 
Reportedly) some field stone is taken from outcrops of Knight Con­
glomerate \ Eocene). R~ugh-texturP .. d quartzite off 1 leasing fonn and 
color is collected from talus slopes at the foot 0 cliffs and ledges 
~art.icularly from Precambrian terranes in the Raft River and Grouse 
Creek Ranges, Box Elder County. 

CHIEF ROCK TYPES 

Dollar values of four major types of stone produced in Utah, 1900-
1962, are shown in the following table. Some totals are incomplete, 
owing to figUres withheld to prevent disclosure of confidential infor­
mation. 

Oranlu 

19O()-10 ___________________________________ - _ - _ _ _ $64,376 
1911-20_- __ ______ __ __ __ _ _ __ _ __ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ 14,184 
lQ21-30__ _ _ _____________ _ __ ____ ___ ______ _ _ _ __ _ _ _ 44,765 
1931--40__ __ ____ __ ________ __ _ _______ ______ _ _ _ _ _ _ _ 90,826 
H~n-50_- ________________________________________ - - _ - _ - - - ___ --
1961~_- __ _____ _________ __ ____ __ __ _ ___ ___ _ _ _ _ _ _ 135,600 
1961~__ __ ____ __ ____ ______ _ ______ _________ _ _ _ _ _ 336,207 

Sandstone Marble 

$697,278 $12,620 245,653 _____________ _ 
684,150 _____________ _ 
476,317 69,681 
146,884 635,612 

13,333,220 78,050 
964,332 2,674 

Llmestone 

$2,763,281 
2,826,010 
3,939,809 
2,063,870 
3,181,896 

20,464,468 
6,701,918 

Totals ______________________________ - ____ _ 1--$703-,930-11 -'1-6,-336-, 7-:--43- I--S788-,-63-7-1--UO-, 86-1-, 262-
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LimeHtone.-Limestone has by far the greatest past and present 
market value of any stone quarried in Utah. From 1900 through 1962 
approximately ao million short tons was produced at a value of about 
$41 million. Only a small fraction of the limestone produced, how­
ever, has been in t.he dimension stone category. ){ost of it has been 
crushed for use as aggregate, smelter flux, portland cement, rock dust, 
and poultry feed. Tooele C;Ounty is the leading producer. (See sec­
t.ion on lim(lstone and dolomite, p. 188, for nondimensional uses). 

For dimensional use the Flagstaff Limestone (Paleocene and 
Eocene ( ?», quarried near Thistle and Hobble Creek in Utah County, 
has led all other limestone formations and has been used in many 
buildings throughout the Nation. The Flat.,rstaff Limestone. crops out 
widely along the east flank of the southern Wasatch ~{ountains, on the 
tops and flanks of the 'Vasatch and Gunnison Plateaus, and in adjacent 
areas (Spieker and Reeside, 1925, p. 448). It takes a high polish and 
is well adapted to interior use. Concretionary varieties quarried 5 
miles south of Thistle and marketed as "Birdseye ){arble" and "Golden 
Tra.vis" are used in wainscots, sills, stair risers, and interior facings. 
It cnn be seen in the interiors of the Utah State Capitol and Salt Lake 
City post office buildin~rs, and in post office buildintrS in Long Beach, 
Calif., ){ontrose, Colo.~ and Miami, Fla. A highly fossiliferous variety 
has been similarly used in the old library building on the University 
of U t.n,h c.am pus. 

An oolitic limestone known commereially as "Manti Stone" and 
"Sanpete 'Vhite" has been ({uurried from the Green River Formation 
(Eocene) at Ephraim, l\fantI, and Indianola in Sanpete C-ounty, chiefly 
for use as building blocks. It has been used for the exteriors of such 
buildin/..1'S as t.he ~ronnon Temple at ~fanti and the Park Building on 
the rniversity of Utah campus, and has been used in the interiors of 
the rtah and California State Ca.pitol buildings. Though attractive, 
it tends to scale on prolonged exposure to the went her. Some oolitic 
lime:-,ione has been quaITied in Sanpete County under the name "San 
Pete Sandstone." 

Limestone has bee.n quarried for dimension stone also at Beaver and 
Greenville in Beaver County, ~Iantua in Box Elder C{)unty, Grayson 
in San .Tuan County, and Lehi and Provo in Ptah County (Sanford 
and Stone, 1914, p.186). 

Ra1Ubtone.-Between 1900 and 1962, inclusive, {Hah produced ap­
proximately 15 million short tons of sandstone valued at more than 
$16 million from quarries in Garfield, Grand, Iron, Kane, l\fillard, Salt 
Lake, Sanpet(>, Sevier, Summit, lTintah, lHah, 1-Vasatch, and Wash­
ington Counties. Sandstone is now t.he most widely used dimension 
stone in lTtah, and the marketable resen·es are enormous. It is espe­
cially favorpd for lIse as ashlar blocks in walls, sills, fireplaces, bar­
beque pits, and similar structures and as flagstones for walks and 
pat.ios. Its use as building blocks for structural support has dim­
Inished sharply. Large tonnag(lAC;; of crushed sandstone are marketed 
in rtah for lIse as refractories and concrete aggregate. 

Greatest present sandstone production comes from the red and gray 
Xugget. Sandstone (Low(>r .Turassic) of central-northern l;tah, a 
stone fa.vored by hi~h quality, pl('asing color, and nearness to transpor­
tation and markets. Xugget Sandstone has been quarried at Red 
Buu(', Emigration, and Parleys Canyons near Salt Lake City in Salt 
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Lake County, at numerous localities near Snyderville and Park City 
in Summit County, near Heber City in 'Vasatch County, and at Dia­
mond Fork Canyon and Thistle in Utah County. It has been utilized 
in many buildings and parts of buildings in Salt Lake City such as 
the Dooley Building, St. Mark's Cathedral, foundation and buttresses 
of the Tabernacle, and many of the buildings at Fort·· Douglas. 

In the past when building blocks were more widely used, large ton­
nages of gray sandstone were quarried from the Colton Formation 
(Tertiary) at Kyune Station near Colton in rtah County for sale 
both outside and inside t he State of Ptah (Dixon, 1938). This stone 
was used in Salt La.ke City ill constructing the old City and COUllty 
Building, Cathedral of the ~fa.deleine, and many other buildings. 

Other sandstones of good quality and large reserves are quarried 
f_rom the ~[oenkol?i, Chinle, and 'Vingate Formations (Triassic.) in 
southern and eastern Utah. Considerable tonnages are shipped from 
quarries in "Tashington County to California and Nevada, but ex­
ploitation of these formations is discouraged by long haulage distanc.es 
to markets. Light.-gral to yellowish-gray sandstone of good quality 
is quarried from the F I'onder Sandstone (Vpper Cretaceous) "in the 
uPI>er Weber Valley, Summit County, and marketed mainly in the 
Sa t Lake Ci~y area. Reserves are large. 

J:Varble.-Commercial marble of Utah, including onyx marble. is 
qunrried mostly from rocks known technically as limestone and traver­
tine. The chief requirements are durnbility, pleasing color, and the 
eapacity to take a high polish. Deposits are wldely scattered over the 
State, p$pecially in Bp1\ver, Box Elder, Millard, Tooele, and Utah 
Counties. Production from 1900 through 1962 exceeded 72,000 short 
tons valued at more than $788,000. Utah marble has been quarried 
for decorative interior uses such as wain~oting, but present produc­
tion is utilized mostly for terrazzo chips, roofing ~ranules, and small 
ornamental objects. 

Onyx marble or travertine is produced from vein deposits in the 
Lake l\{ountnins west of ~tah Lake in Ftah County (Okerhmd, 1951, 
p. 64), the Cedar ~{ountains 55 miles east of 'Ve'ndover in Tooele 
County, and from Fillmore in MillRrd County. It formerly was 
quu,rried near lIoneyville in Box Elder County. 

A large undeveloped deposit of white magnesian marble crops out 
on the west slope of the San Francisco ~{ountains, halfway between 
Frisco and ~ewhouse in Beaver County (Lewis and Varley, 1919, p. 
fi2). This deposit seems to have been formed by conta~t meta­
morphism of the Grampian limestone (Ordovician and Camhrian( n) 
adjaeent to a quartz monzonite stock (Butler and others, 1920, p. 515). 
A lar~e deposit of marble, probably a contact metamorphic deposit 
also, IS reported at Ibapah in Tooele County (Dixon 1938, p. 20). 
Other unde\'eloped deposits o.ccur in Juab, Sn.lt Lake, Sanpet~, ~\lm 
mit, Tooele, ann Etah Counties. Blaek marble whieh takes a high 
polish hns been reported from Pelienn Point in Ft~h County and from 
a locality in Tooele County 5 miles southwest of Fairfield. 

Granite.-!\{any varietic.." of igneons and metamorphic crystalline 
rock are quarried and marketed as commercial gnlnite. From 1900 
through 1962 more than 476,000 short. tons of commercial granite 
valued at about $704,000 was produced in rtah. Commercial granite 
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has been quarried from Precambrian gneissic granite at Willard, Box 
Elder County; from Tertiary quartz monzonite in Little Cottonwood 
Canyon, Salt Lake County, and Alpine, Utah County; from Tertiary 
nlOnzonite near Heber, Wasatch County; and from various small Pre­
cambrian bodies near Ogden, Weber County. Some of the granite 
obtained near Ogden was quarried from large field stones .. 

The largest tonnage of granite has come from the Little Cotton­
wood stock and its talus slopes in Little Cottonwood Canyon, chiefly 
for building blocks, monumental stone, and crushed and broken stone. 
This stone was used for the Mormon and Masonic Temples in Salt 
Lake City and the State capitol building. ' 

Quartzite.-Early production of quartzite was chiefly from quarries 
in Millard County, and was used for gannister. More recently lus­
trous green, white, and light-brown quartzite and quartz schist have 
been quarried for ornamental use from the Dove Creek formation of 
Stringham (1963) (Preca.mbrian) of the Raft River and Grouse 
Creek Ranges, Box Elder County. This attractive stone is used 
chiefly for decorative effects in rubble walls and veneers; considerable 
quantities are marketed outside the State. Specimen material is sold 
for rock gardens and aquariums. ., 

Quartzite has been quarried on a small scale in Salt Lake and Utah 
Counties for use as 'crushed stone. 

Other building stones.-Sporadic but small production of slate used 
rnostly for roofing granules, and use of various volcanic rocks includ­
ing basalt, rhyolite, obsidian, and tuff has been reported. The local­
ities are.noted on figure 46. 

SULFUR 

(By PriSil";~!a Mount, Washington, D.C.) 

Sulfur is a yellow to yellowish-brown, resinous, brittle element which 
occurs both in the native state and in combination with other elements. 
It is widespread in metallic sulfides, calcium sulfates, and hydrogen 
sulfide gas ("sour" gas) associated with natural gas and petroleum. 
Sulfur is used in elemental form and in the manufacture of sulfuric 
and sulfurous acid. 

Sulfur in the United States is·now mainly produced by the Frasch 
solution-mining process from salt domes, as a'byproduct of sour gas in 
the petroleum industry, and as a smelter byproduct of sulfide ores. In 
1962', 6.84 million 19n9 tons ill all. forms was produced, of which 75 
percent was from Frasch process mInes. 

Utah's first sulfur was produced from hot springs in the late 1860's 
(Romney, 1963), and in recent years it has been supplied as a smelter 
byproduct of sulfide ores. During most of the intervening period, how­
ever, it has come almost entirely from deposits at Cove Creek and Sul­
phurdale in Millard and Beaver Counties. The deposits at Cove Creek 
were discoyered in 1869, and the first appreciable production was in 
1885. From 1885 to 195'2 about 30,000 long tons was produced, hav~ 
ing a value of about $700,000. The peak production was 3,125 long 
tons in 1906. Thereafter, relatively cheap Frasch sulfur from the Gulf 
Coast and sour gas sulfur supplied most market needs and Utah's out­
put has been sporadic and not more than a few hundred tons per year. 
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There has been no output from these deposits since 1952, except for 
experimental purposes. 

The only sulfur produced in Utah at present is a byproduct of smelt­
ed metallic sulfides. Kennecott Copper Corp.'s Garfield smelter (A, 
fig. 47) adjacent to the corporation's mill and refinery near the south 
shore of Great Salt Lake, produees about 1,000 tons of sulfuric acid 
daily from smelter gases, constituting Ctah's entire output. ~{ost of 
the sulfide eoneentrates for the smelter corne from the Bin~ham copper 
mine. The rest of the concentrates are from the Cnited States Smelt­
ing, ~fining & Hefining CO.'s Midvale mill (B, fig. 47). ·The sulfides 
from t he ~{idvale mill are pyrite concentrates, a byproduct of lead-zinc 
ores from the company's Lark mine. 

Dl':SCRII"TION OF DEPOSITS 

The sulfur resources of Utah that have been exploited are in two 
quite different kinds of deposits. Current production, as mentioned 
above, comes entirely from metallie sulfide deposits in the Bingham 
dist.riet whieh are desc.ribed in t he sections on copper (p. 75), lead, 
zinc, and silver (p. 96), and economic geology (p. 28). Formerly, 
production of native sulfur came from deposits associated with springs 
and fumaroles. These deposits are deSCrIbed below, and their location 
is shown on fil!llre47. 

The Swnmit County sulfur deposit (No.1) is about 25 miles east of 
Coalville. ~fany years ago some sulfur wus taken out, probably by 
hand methods. The deposit was inve..c;;tigated in 1927, but no develop­
ment work was done. 

A sulfur deposit (No.2) on Cedar ~{ountain in Emery County, 15 
miles north of the San Rafael River deposit (No.5), is on a wash tribu­
tary to the Price River (Hess, 191~, p. ~49). Native sulfur is asso­
c.iated with cool sprin~s, and is largely sulfur cementing the soil. The 
mineralized mat.erial 1S pale yellow to gray in color. Because the de­
posit is small and low grade, it has not been mined. 

At the Mexiean Bend sulfur deposit (No.3) in Emery County, 6 
to R milf'Ac;; nort.hwest and up river from the deposits at the mout.h of 
Black Dragon Canyon, native sulfur oceuI'S as small crystals and 
earthy masses ce.menting soil and rock fra.~Tffients C\Videman, 1957, 
p. 32). Thl' sulfur-Iwaring matprial, which is pale yellow to gray in 
color, formed around v('.nts, and is not extensive. The deposit ean 
he readwAi only by trail and is not developed. 

Xati"e sulfur, unassociated with springs, is reported to oecur in 
Emery County along the San Hafael RiYer (~o. -I), ahout f> to 8 miles 
a.bove t he San Ha fae I Canyon deposit (I-Iess, I!H~, p. ~49). This 
deposit has not been dcveloped. 

The Sun Hafael Canyon deposit (No. f» is IH to 20 miles west of 
Groonriver, Utah, on the south side of t.he San Rafael Hiver, a.nd 5 
miles from the mouth of the ennyoil (I less, 191a, p. ~47). ~ ative 
sulfur occurs in limestone debris which overlies a thin-bedded lime­
stone. The sulfur is deposited by oxidat.ion of hydrogen sulfide gas 
in hot sl?rings rising through t.he limestone. Around the springs the 
ground IS impregnated with small crystals of sulfur and a.morphous 
sulfur. The depORit is about. 150 feet wide and 750 fcet long, and is 

-partly developed by shallow prospect. trenches. There has -been no 
production from th1S deposit. 
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EXPLANATION 
List of deposits 

1. Summit County 6. Black Dragon Canyon 
2. Cedar Mountain 7. Cove Creek-Sulphurdale 
3. Mexican Bend 8. Brim Stone 
4. San Rafael River 9. Cina-mine 
5. San Rafael Canyon 10. Virgin River 

Numbers are mentioned in text 

FIGURE 47.--Sulfur in Utah. 

• Sulfur deposit 
". 

Area of sulfur deposits 

• 
Smelter or mill 

A. Garfield smelter 
B. Midvale mill 
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The Black Dragon Canyon (No.6) in Emery County is on the San 
Rafael River, 14 miles west of Greenriver, Utah. Sulfur occurs on 
the south bank of the river in an area 900 feet long and 75 feet wide. 
Mineral springs rise through sandstone and limestone debris, deposit­
ing sulfur as a cement in the debris and soil. The sulfur is in the form 
of yellow crystals, dirty yellow masses, and in high-grade masses 
stained almost black by hydrocarbons. One of the largest deposits 
is 50 feet long, 25 feet wide, and 10 feet deep. There is no reported 
development or production. 

The Cove Creek-Sulphurdale deposits (No.7) are about 20 miles 
north of the town of Beaver in the Gordon mining district, Millard 
and Beaver Counties (Lee, 1907, p. 485). They are the largest de­
posits in Utah, and are in an area that extends from about 4 miles 
north tQ about 4 miles south of Old Cove Fortl in a northeast-trending 
band on the nort,hwest flank of the Tushar .L\{ountains. The sulfur 
deposits follow a zone of faulting which is marked by recent volcanic 
cones. Sulfur is being deposited in rhyolite tuffs and andesites by 
hydrogen sulfide gases rising along the fault zone. The rhyolite tuffs 
and andesitfl,s are overlain by basalt flows and crater cones. Native 
sulfur is found as cylindrical masses or pipes 10 to 15 feet in diameter 
that have a rude radial structure; as irregular banded veins of nearly 
pure yellow sulfur in fissures in beds of tuffaceous material; as 
flowers or crystals of sulfur in small cavities; and as dark-colored im­
pregnations 1Il rhyolite tuff. 

Sulfur impregnations are the most extensive type of deposit; they 
are circular or elliptical in plan and section, and occupy shallow top­
ographic basins. The deposits are in horizontalIy stratified, water­
worn sand, gravel, and boulders, in water-lain tuff, m breccia, or a mix­
ture of all three. In addition to native sulfur all of the known de­
posits contain iron sulfide. The latter occurs as intercalated thin 
strata or lenses with native sulfur and is in the form of a finely 
disseminated or semi colloidal dispersion in much of the high-grade 
sulfur or as amorphous or cryptocrystalline ferrous sulfide. Finely 
crystalline pyrite In erratic disseminations or in pyrite-bearing zones 
underlies some bodies of native sulfur. The thICkness of these py­
ritic zones is not known. 

Of the seven major groups of claims in the Cove Creek-Sulphurdale 
area, only one, the Sulphurdale group (Beaver County), has had ap­
preciable production. Although idle at present, the Sulphurdale de­
posits have been worked intennlttently since the 1860's. The principal 
deposits are at the IIome mine, within the townsite of Sulphurdale, 
the Sulphur King mine, and the Victor Conqueror mine. 

Native sulfur IS found at. the south end of a low hill in the southern 
part of 'Vah 'Vah Valley (Xo. 8), Beaver County, about 29 miles 
southwest of Milford (Stringham, 1H63). Cool springs issue from 
the base of the knoll, depositmg sulfur bot h in veins and around the 
central cores of the springs. The deposits have been explored by open 
cuts, adits, and an inclined winze, to a depth of about 20 feet. The 
deposits are small, and no production is recorded. 

A native sulfur depOSIt (No.9) is 11 miles northwest of Lund, 
Iron County. It is owned by the Tlnited Mercury Co'? and is unde­
veloped. Another undeveloped sulfur deposit (No. 10) IS located near 
Virgin River, south of Toquerville, in 'Vashington County. 
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Principal reserves of currently exploitable sulfur in Utah are those 
associated with metallic ore deposits. Deposits in the Bingham dis­
trict appear adequate to maintain the present daily out'put of 1,000 
tons of sulfuric acid for several decades. Sulfide ores mmed in other 
Utah metal mining districts could appreciably augment this produc­
tion. 

Utah's total potential sulfur resources are exceedingly large if a 
number of sources not now used were to be exploited. Sulfur 
resources in the native sulfur deposits of the Cove Creek-Sulphurdale 
area, as compiled by the 1).8. Bureau of Mines in 1953, was about 2 
million long tons of material that nssayed about 20 percent sulfur. 
Resource..c; at the Home mine are 500,000 long tons of 20 percent sulfur 
minable by open-pit methods; resoure(l~'3 of the Sulphur King mine 
are 300,000 long tons of 25 pert'ent sulfur: and the resources of the 
Victor Conqueror mine are 1,250,000 long tons of 20 percent sulfur, 
with the possibility of a larger tonnage in adjacent ground on three 
sides of the deposit. 

The recovery of sulfur from gypsum and anhydrite is technically 
feasible, and a number of European plants have ~gun production. 
Should the process prove economically feasible in Utah, very large 
resources of gypsum are available in the bedded deposits described m 
the section on gypsum (p. 177), together with gypsum associated with 
Lake Bonneville depoSIts, and modern Great Salt Lake precipitates. 
Still further resources may be recoverable from sulfate in brines. 
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WATER RESOURCES 

(By M. T. Wilson, R. H. Langford and Ted Arnow, Sult Lake City, Utah) 

I NTROD{;C'TION 

Utah's water supply is substantial, but. it is small in relation to the 
large size and potential water demand of .the State. Annual_precipita­
tion is about 13 inches, and ran~es from 5 inches in the Great Salt 
Lake Desert to 60 inches on the highest peaks. Annual runoff is 
about 2.0 inches for It total of 7.H bgd (billions of gallons per day) 
or S.5 million acre-feet. per year, and ranges from about 0.25 inch in 
the western dc.'3Crts and parts of the Colorado Plateaus to about 40 
inches in the highest part. of the ,,:rasatch Hauge. 

Seasonal, yearly, and cyclic (periods of wet llnd dry years) runoff 
are extremely variable and rL'quire considerable storage to provide 
a satisfactory continuing water supply. For example, the runoff of 
a typical river during the IS-year period 1924-41 was :34 percent lower 
than during the preceding 18-yea.r period. Surfaee-reservoir sites are 
available in both the Great Basin and Colorado River Basin at which 
seasonal and yearly variations can be regulated, but those in the 
Great Basin are not adequate to adjust runoff for cyclic changes. 
Although large capacity surface reservoir sites are not satisfactory in 
the Great Basin, several large ground-water reservoirs can be used to 
solve this problem. Accompanying extreme variations in runoff are 
large variations in the chemical quality of surface water. The high 
mountainous regions yield water of excellent quality containing less 
than 100 ppm (parts per million) of dissolved solids, whereas in the 
lower reaches of some streams the dissolved-solids c,ontent exceeds 3,000 
ppm. The brine of Great Salt Lake contains about 26.6 percent (by 
weight) of dissolved solids (4.4 billion tons). 

Many streams in Utah transport large amounts of sediment. The 
Colorado River np.ar the l:tah-Arizona State line transports slightly 
more than 100 million tons of sediment each year; most of this sedI­
ment is contributed by the drainage basin below the mouth of the 
Green River. Yields of sediment in the upper C..A)lorado River Basin 
of Utah are as great as 2,600 tons per square mile per year. 

The State receives water from outside mainly In the Colorado 
River and its tributaries, the Grepn, Dolorc..c;;, and San ,Juan Rivers. 
ExceEt for relatively minor outflow in the Virgin and Rnft Rivers 
and G~ Creek, dischar~e is mainly to the Colorado River and 
to deserts of the Great BaSin. 

Principal supplies of hrround wnter a.re in alluvial fill of valleys in 
the Great Basin, in simIlar fill in intermontane basins in the Rocky 
l\{ountains and in the Uinta Basin, and in alluvium along a few 
streams in the Colorado Plateaus. 'Vater is known to be present in 
sedimentary rocks on flanks of the Uinta ~fountains, in the southeast­
ern part of the Colorado Plateaus, and in a few other areas; it is 
doubtless present in much of the Colorado Plateaus and may be pres-
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ent in scattered areas elsewhere. The chemical quality of ground 
water varies from place to place and with depth. 'VeIls in alluvial 
and l~Alrock aquifers yield water whose quality ranges from excellent 
to poor. Some springs discharge highly mineralIzed water that is 
unsuitable for most. uses. . 

Fresh-water use in 1960 was about 3,900 mgd (million gallons per 
day) or 4.4 million acre-feet per year: for public supply, 120 mgd 
of surface water and 100 mgd of ground water; for rural supply, 8.7 
mgd of surface water and 11 mgd of ground water; for irrigation, 
3,000 mgd of surface water and 350 mgd of ground water; for indus­
try, 227 mgd of surface water (including 77 mgd for publIc-utility 
fuel-electric power) and 58 mgd of ground water. Industry also used 
about 5.5 mgd of saline surface water and 3 mgd of saline grounrl 
water. I-Iydroelectric power use was about 1,800 mgd. 

Water problems include potential overpumping of severnl alluviul 
basins in the southwest, waterlogging in some areas especially on the 
eastern shore of Great Salt Lake and in the lower part of Cache Val­
ley, waste of water by enlpotranspiration, inadequate surface-water 
supplies in the latter part of the irrigation season, floods including 
de..c;;tructive mudflows from the Wasatch Range and other mountains, 
poor quality of water in much of the State, high rates of sediment 
yield of some areas to streams, and deficiencies in quantitat ive hydro­
logic data, especially on potentialities for salvage of nutul'al losses 
in the Great Basin. Nevertheles...c;;, future pros~cts ure good because 
the Stat~ recol-,TJlizes the problems and is active m developing methods 
for attacking them. 

SURFACE WATER 

Surface-water sU1?plies for the State are extremely variable, rang­
ing from very defiCIent in some n.reas to excessive in others. In g-en­
eral, water supplies are deficient. at the lower elevations, whereas an 
abundance of water is available at the higher ele,'at ions, particularly 
along the "rasatch Range, the 'Vasateh Plateau, and the rinta :Molln­
tains. Utah~s major water supply comes from ele,'ations above 7,000 
feet. The pattern of precipitation and, therefore, stre .. amflow is con­
trolled largely by differencR,s in the topography. lIoisture-laden 
ma.s.c;es of air originating in the Pueific Ocean and moving in the ~rn­
eral storm path from west to east a.re ele,·ated as they pass oyer the 

. m.9~I~ta51~ ranges. Condensati<>Il oeCllrs as tl~e ajr js cooled at t.he 
higher ele\"ati()ns~·ririd tll1lstll-e-Tl~a"i~st precipitation falls on or near 
the hi~hest. mountains. In the Salt Lake Desert area wher~ the ele­
vation is only slight ly above 4,200 feet, the mean annual pr~.('ipitation 
is les..c;; than 5 inclws. Precipitation increases with rlevation to n mean 
annual maximum of about 60 inches at the crest of the 'Vasntch Rang-e. 
In northern Utah preeipitation is grentest. during the winter and 
early spring months, and moisture that. accumulates as snow in the 
mountains exceeds more than 40 inches of water nt some of the high­
est elevations. ~felting of the winter snowpaek provides l~tah's prin­
cipal water supply. The hi~hrst rates of snowmelt occur during the 
mont.hs of May and .Tune; therefore, considerable stora~e must. be 
provided to regulate the discharge for a satisfactory late summer irri­
~ation, municipal, and industrial supply. 

Additional moisture re:whes Utah; principally to the south and 
southeastenl parts of the State, from a second general storm path. 
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~Ioisture from the Gulf of ~Iexico enters rtah from the southeast. 
durin~ the summer months of .July, ..:\lI~ust, and September. Pre­
cipitation is generally in the form of high-intensity cloudburst-type 
storms that produce rapid flood runoff· for short periods of time. 
Averago monthly precipitation for this part of the State is ~reatest 
during the summer mont hs in eontrast to the winter and early sprin~ 
precipitation in the nOl1hern part of the State. Total volume of run­
off from SlImmer storms is not. large; however, these storms pr()\'ide 
considerable moisture for both summer and winter li,-estock ranges 
and for livestock drinking water. 

The area. of Ftah, H4,916 square miles, is almost equally divided 
between the Great. Basin and the Colorado River Basin. Only a small 
area in the extreme northwe..'lt.ern part of the State drains into the 
Columbia. Hiver Basin. ~Iost of the surface-water supply available 
to Ptah from the Great Basin is provided by precipitation within 
tho basin. In contrast., the major part of streamflow in the prineipal 
rivers of the Colonldo Ri,-er Basin is derived from areas outside tlw 
State. The relative discharge of the prinCipal streams is shown on 
the schematic map of fi:.,rure 48. The line width of streams represents 
the mean discharge. Streamflow in the Colorado River and its prin­
cipal tributaries coupled with good resen'oir and dam sites provides 
an excellent opport.unity for 10nJ.,Ttirne holdover storn~e and for de­
velopment of hydroelectric. power. 

Ut.ah has more than a million acres of good arable land; a larg{· 
part of the best land is in the Great Hasin. However, the average 
water supply in the Great Basin and Ftah~s allotment frolIl the Colo­
rado River are not sufficient to furnish a full water right for all the 
ara.ble land. 'Vater is, therefore, the limiting factor in agricultural 
development. 

In addition to the large variations in water supplies from one loca­
tion to another, strp .. amflow also varies g-reatly on a seasonal, yearly, 
and cyclic. basis. :Monthly strPAlmflow is highest during the snowmelt 
period of l\lay and .J nne. "rater supplies durin;,! t llPse 2 mont Its are 
about 60 percent of the yearly total. Annnal streamflow also changes 
significant Iy from year to year. (See fig. 4H.) Flow of the Logan 
Ri"er near Logan has varied from 186 percent of averng'e for the 
high-water year of 1907 to 45 percent of a"ernge for the drou;,!ht year 
of 19!14. Likewise, flow of the Beaver Hiver near BpH"er in southern 
rtah has ,-aried from 167 percent. of average for the high-water year 
of 1952 (record not available for IH(7) to 4:~ percent for If);~4. Cyclie 
changes in streamflow also present some unsolved prohh.·llls in COIll­

plete utilization of the water resource,s. For example, di.s('harge of 
the Lo;,!an River durin~ the 18-year period 1!)2-l-H was a4 pprcent 
lower than the preeedmg 18-year ppriod 1906-2:t Discharge has 
recovered somewhat during the 18-year period 1942-59, but it is still 
24 percent. less than the 1906-2:{ period. Surface res('rvoirs as..:;ist in 
equalizing' sensonal and yearly \"llriations in streamflow, but. in the 
Great Basin they do not· haTe suflicient caracity to regulate water 
supplies over long periods of time as woul( be feCIuired to eqnalize 
st.reamtlow for cyelie changes. This problem has been part ly soh-e(l ill 
t he Colorado River Basin by t lH~ Colorado HiveI' storage projeet, 
whieh provides suflicient storage capacity to re~T1.1Inte the flow of tIl{' 
river for periods in excess of 25 years. In the Great Basin several 
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FIGURE 49.-Yearly streamflow (runoff) of Logan River above State dam, near 
Logan, Utah, showing effects of wet and dry cycles. 

large ground-wat~r reservoirs are ayailable to assist in the solution 
of this problem. 'Vater-development projects should inc.lude both 
surface and ground water if the resource is to be developed to its 
maximum capacity. 

The menn allllual surface-water supply for rtah is about 8,500,000 
acre-foot (Bagley and others, 1963, p. 9.) RW10ff drains to the Paeific 
Ocean from both the Colorado and Cohunbia Rivers, to the Great Salt 
Lake basin from sm'eral strenms, and a relatively small amount to 
minor interior basins. Only a small part, slightly more than one-half 
of 1 percent (about 54,000 acre-feet), drains from the extreme north­
western corner of the State to the Columbia River. More than half of 
the runoff, about 4,900,000 acro-feet, drains to the Great Basin, while 
the balance, about a,600,OOO acre-foot, drains to the Colorado River. 
The total annual surface-water supply repre..sents a depth of 2 inches 
over the ent.ire State, compared to about 8.5 inches for the whole 
rnited St.ates. The average annual runoff varit'~c;; from approximately 
0.25 inc.h from t.he western 'part of the Groot Basin and along the main 
strooms in t.he Colorado Rl \rer basin to approximately 40 inches from 
the highest mountains of the 'Vasatch Range. (See fig. 50.) 

Great Basin 
The major b'urfac.e-wa,ter resourCffi of the Great Basin part of Uta,h 

result from precipitation on the plateaus and mountain ranges that 
extend from the }Iarkah'1mt a.nd Paunsa,gunt Plateaus in south-central 
Ct.ah to the 'Vasatch Range a.nd Ginta ~'lol1ntn,ins in t.he north. 

Great Salt Lalce ba.~in.-G~~t Salt Lake, the largest surface-water 
area in the 'Vestern IIemisphere without drainage to the ocean, is the 
remnant of a.ncient Lake Bonneville which ('-overed an area of some 
20,000 square miles at its highest. level during the 'Visconsin glaciation 
of the Pleistocene period. Although ice was not a direct factor in 
forming the luke, the 0001, moist. dimate that brought on the glaeiers 
during PleistocR,ne t.ime also provided waleI' to form Lake Bonneville. 
The hike rp .. ached a depth of 1,000 feet before overflowing the rim of 
the basin ut Red Rock Pna" and disc.harged to the Snake River by way 
of the Portneuf River. 'Vith the retunl of a warm, dry dimate, evapo­
rntion from the lake surface exceeded inflow and the lake level began 
to recede. 

'Vhen the early pioneers I'(',ached the Great, Salt Lake basin, the 
elevation of Great Salt Lake was about 4,200 feet above mean sea level. 
(See fig. 51.) A series of wet years from 18()2 to 1868 raised the stage 
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FIGURE 50.-Mean annual runoff in Utah, in inches. 

oJ the lake almost 12 feet; that 6-year period provided a greater water 
supply to the Great Basin, and ill; general to the Western .United 
States, than any similar period during the past several hu~dred years. 
Evidence from shorelines, vegetation, and · other inJormation indicate 
that the level of the lake had been lower for some centuries preceding 
1862. The maximum recorded elevation of the lake was 4,211.6 feet 
above mean sea level in 1873. A series of dry years from 1873 to 1904 
lowered the stage almost 16 feet below the 1873 high. Since 1904 the 
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lake level fluctuated between about 4,191 and 4,205 feet; the greatest 
lowerin~ was during t he drought period of the late 1920's and early 
1930~s when the elevation decreased 11 feet. During the past 10 years 
the stage has decr~ase<i 9 fe~t, and was at the lowest recorded elevation, 
4,191.35 feet, on October 15 and X m"ember 1, 1963. 

Large changes iR strea,mfiow are reflected immediately by lake 
fluctuations. For the high-water year of 1907 the lake stage increased 
3 feet, and for 1909, 2 feet. Likewise, for the drought years of 1931, 
1934, and 1961 the stage of t.he lake dropped about 2 feet each year. 
(See fig. 51.) Althoug-h the level of the lake is affected by increased 
use of water in the basm, the general downward trend since 1873 does 
not neces.c;;arily mean that the lake will completely dry up in the near 
future. The lake level tends to maintain a balance between the 
amount of water enlporateu from the lake surface and the amount of 
water contribut.ed to it by surface streams, ground-water inflow, and 
precipitation on the lake surface. During a period of dry years the 
level drops ahd the surface area decreases rapidly, so that the total 
volume of evaporation is considerably diminished. Thus, less inflow 
is required to maintain an existing lake level. Likewise, during a ~­
riod of wet years the level ri~s and the surface area is materially m­
creased, resultin~ in a larger volume of evaporation to compensate 
for the ~reater mflow. Therefore, thp$8 factors are always seeking 
t.o stabilIze the lake elenltion. At the high stage in 1873, the area of 
the lake was about. 2,400 square miles; at the present time it is about 
950 square miles. 

The dissolved-solids content of the lake brine has ranged from about 
15 percent during the high-lake stages of the 1870's to about 28 percent 
during the low-lake stages of the early 1900's and 1960's (fig. 51). 
The histograms showing dis..~oh"ed-solids content in figure 51 were de­
veloped from data in Clarke (1H24), Talmage (1904, p. 424), Richard­
son (1906, p. 34), and fIahl and ~fitchell (1963, pp. 34-36). They 
reprP~nt single measurements of dissolved-solids content during the 
indicated water years, exeept. those for the y~lrs 1892, 1904, 1960, and 
1961 which present nvera~Jl'S of several measurements. 

In the 1950~s It causeway, composed of rock from the Promontory 
and Lakeside :Mountains, was constructed across the lake between 
Promontory Point and Lakeside. ~fovement of brine b~tween the 
two arms o'f the lake is now restricted hy the fill ~ the southern arm of 
the lake is fed mainly by relat.ively fresh water from the major tribu­
taries, but since 1957 t.he nort.hern arm has bp..en fed mainly by brine 
discharging through t.he fill. Beeause brine on the north side of the 
fill appears to bE' more nearly saturated than the brine on t.he south 
Ride, and because inflow northward t.hrough t.he fill is highly min­
eralized compared to inflow to t.he remainder of the lake, t.h~ dissolved­
solids concentrat.ion of the northenl arm probably will change slowly 
with time wherp,as the concentration of the brine to the south could 
change seasonally. The amount of seasonal change in concentrat.ion 
of the sout.hern part of t.he lake is determined largely by the amount 
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of inflow from the major tributaries. Years of low runoff will re..c;ult 
in a lake of smaller volume which approaches s<'l,turation; years of 
high runoff will produce the reverse effect. 

The average volume of brine in Great Salt Lake during the period 
October 1959 to September 1961 was about 10 million acre-feet. The 
average dissolved-solids concentration of the brine for the same ~eriod 
was 26.6 percent (by weight) after allowance is made for the slIghtly 
higher dissolved-solids eoncentration of the northern arm. Thus, the 
brme contained an average of about 4.4 billion tOilS of dissolved min­
erals during the period. No great differences in concelitration were 
noted from -point. to point in the southern arm of the lake, and, on the 
hasis of few data, no mineral stratification of the brine was noted. 
Because the lake is shallow, the circulation caused by wind, seasonal 
temperature chan~es, and evaporation is probably sufficient to produce 
the uniform chemICal characteristics of the brine. 

Even thou~h the dissolved-solids concentration of the brine changes 
with time, the chemical composition of the dissolved solids has re-

.. ~ained practically CO}l?t.ant over Jhe. past hlll~dred y~ars. Desl)ite the 
dIfferences in"'analytlcal methods, m samplmg pomts, and m lake 
volume and mineralization, the percentage composit.ion of the dis­
solved solids remained almost constant and was predominantly sodium 
and chloride with lesser amounts of sulfate, magnesium, and POUlS­
sium and with even lesser amounts of calcium, bicarbonate, and other 
constit.uents. (See table 17.) A comparison of extremes observed 
during' 1959-61 and of ~LYerage concentrations of individual constit­
uents dissolved in the brine is given in table 18. These data are further 
compared in table 18 with the discharge-weighted average concentra-
tions of surficial inflow. ~ 

TABLE 17.-Percentage compo.',ition (by weight) of the dissolved 80lids in Great 
Salt Lake brine 

Au~ust octo-I Ma~ch April Novcm-
l8.'iO I 1869 2 1892 I her 1930 a 1960 a her 

1913' 1001 a 
------------1---------------------

Constituent 

Silica (810,) ___________________________ . ________ __________ ________ ________ ________ 0.002 
Iron (Jo'c). ______________________________ -_______ __________ ________ ________ ________ .00002 
Calcium (Ca) _________________________ ________ 0.17 1.05 0.16 0.17 .12 
M8jfficslum (~g)______________________ 0.27 2.62 1.23 2.76 2.75 2.91 
Sodium O'\a).-------------------------- 38.29 33.15 33.22 33.17 32.00 32.70 Potassium (K) ____________ .___________ ________ 1.60 1. 71 1.66 1.61 1. 71 
Bicarbonate as carbonate (COa)_ _____ _ _ ________ _ ___ ___ ___ ________ .09 .05 .06 
Sulfate (SO.). __ __ ___ _ __ _ __ _ _ _ _ __ ___ _ __ _ 6.57 6.67 6.57 6.68 5.47 6.60 
Chloride (Cl) __________ ._______________ 55.87 55.99 56.22 505.48 57.05 55.86 
Nitrate (1'\0a) __________________________ -_______ __________ ________ ________ ________ .03 
Boron (H) ________________________________________________ , _______________ . ________ .01 

0.003 
.00004 
.10 

3.49 
31. 53 

1. 95 
.07 

8.21 
M.59 

.06 

TotaL _______________________ . ___ 100.00 100.00 100.00 l00.?? _ 100.00 1100.00 _ Y>O.OO 

Dissolvcd solids, In percent by weight -------- --.. --1-'- ---
oethe brinc _________________________ 22.28 14.994 22.83 20.349 21.0 24.7 26.9 

I Computed from data reported by Richardson (1906, p. 34). 
2 Rt'ported hy Clarkc (1924, p. 157). . 
J From Hahl and Mitchell (1963, p. 34); analyses lor samples collccted at Promontory Point south of 

causeway. 
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TABU: IH.-()01l(:elliraiion.'I of (/i.'Iso11:('a constituent.'I in Great Salt Lake 1Jrille 
lind .'IlIrjkial in110w. 1!!;j9 61 

[ConCtmtrations in parts per million unless otherwise indicated) 

Great Salt Lakll 

Constitm'nt or propl'rty 

Maximum I 

Surficial 
Inflow 

Discharge· 
weighted 
averagl' a 

Minimum I I Average 2 

Slllca(S!O,)._ ... ______ ...•.. -__ -.-__ -__ -__ -.-... I---i-.O-I--. -·2;.';-S \1-.. -.. -.-.-.5.-.. 3-. -.'1---1-8 -
Aluminum (AI) __ . --.-- ____ . ______ . __ .... ____ . 2.6 .--. ____ ..... . 
Iron (FI') __ .• ____ .• ____ -- ______________ . ____ ... : . 11 . 02 . 04 
CalCium (Ca) __ . __ ... __ . ....... ____ I 463 2f,s 319 
Magnesi urn (:\Ig) __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ 9. 440 Ii. 920 8. OSO 
Sodium (~a) ____ . ____ ' -- __ • __ • __ • __ . __ __ __ __ __ 92.200 n. MOO 85. ioo 

94 
49 

300 
20 Potassium (K) •. r..----. ________ ... 5,.SiD 3,810 4,550 

Lithium (1,\) .. __ . ________ •••..• ______ .__ 56 29 ____ . ____ . __ . __ .. 
Bicarbonate (IICO,). __ .... __ . ________ .. ______ . 398 266 
SuUate (150.) •• __ __ . ________ ... __ ..... ____ ....• 22.600 12.100 
Chloride (CI) ____ . .. . ISR, 000 1;~. 000 
}o'luoride (F) __ . . __ . ______ . __ __ __ __ __ .. __ i. 4 5.9 
Iodide (I) .... ________ ... __ ... __ ..... ________ . . flO .26 
:-.1itratc (:'Il03) __ •• --. ______ .. ____ '" 1M 61 
Boron (II) __ . __ • __ . . . . __ __ __ ______ . 36 21 
Dlssolvl'd solhls, eakulated ... _ ....... _.... .... 2&'i,OOO 240,000 
Denslty,r/mlat20oC ........ __ .______ 1.221 1.186 

32i 
Ii. 400 

14i,OOO 

.41 
82 

:'W.l,OOO 
1.208 

344 
188 
4iS 

4.1 

1,320 
1.000 

I }o~xtremes ObSN\'I'c\ from analyses of samples co\ll'ctco In southl'rr1 arm of lakll duritllZ June 19S9·:'I;ovcm· 
ber 19tH .. 

I Average of anlllyses of samples l'Ollected In southl'rn arm of lake In April, July, und October 1960, ano 
Junullry-~'eburary 1961. 

3 For water years 1960 and 1961. 

Because the dissolyed-solids con ('('n trH t ion of surfic.ial inflow is only 
about- onc t wo-hundredt hs of that. of the brine, the dissoh·cd-solids 
concentration of the brine is ess('nt ially llnati'ceted by the minerals 
being dcli,·cred to the lake hy surfieial inflow. The effect. of inflow is, 
howen~r, to ('hang(' the stage and volume of the lake; thus, inflow 
acts a~ a diluent .. "Tith inereasing' lake stngp tilP di!-'soln~d-solids eon­
cent-ration of the brine decreases. hut the tons of minerals dissolved in 
the brine increase. This increase in tot al dissoln>d minerals results 
mainly from re-solution of sa Its that were prc('ipitated on the la.ke bed 
and ne·ar shore during a. pre.vious period w}wn the lake stage was de­
creasing. Therefore, the ehemic.al ehar:l<.'tl'Ti:-;tics of the brine are 
mainly eonl rolled bv thc minerals dissoh-ed in t he brine and the solu­
ble s<ilts on the lake bed which are anlilable for solution. Physio­
graphic fea.tures of the lalw bed, as well as the aqnatic life in the hrine 
a.lso affect the dissolyed-solids CO 1 1<''(>·n t rat ion and ehemieal eharacter 
of the brine. 

Bear River is the largest slTPam supplying water to Great Salt. Lake 
and likewiS(' the largest st roam in t h(' "~pst ern Hemisphere without a 
direct channel to an ocean. It heads from the western end of the Uinta 
l\Iountains about no miles ea~i of Salt Lakp City, flows northward, and 
enters ""yoming 20 miles S()uth of EYanston, ,Yyo. After flowing 
through 'Vyoming for abollt 40 milp~, the rin>r re-pnt-ers Ctnh east of 
" .. oodruff, rtah, for a dis1.anee of ahout ao miles, llnd ag-ain crosses 
into ""yoming. From its northward COUrf;e in 'Vyoming the river 
t.urns to the west erossing 'tllp ldaho-'Yyoming- State line near 
Border, ""'yo., and after a circular course in Idaho for about 110 
miles again enters Ctah near Prpston, .Idaho. Following its course 
through Cache and Box Elder Counties it empties into Great Salt 



MINERAL AND WATER RESOURCES OF UTAH 249 

Lake, a distance of only 90 miles from where it origina:ted. This inter­
state stream develops water from' three States, and the right to use 
of the supply is largely controlled by the tristate Bear River compact. 

The principal regulating reservoir is Bear Lake, an off-stream 
reservoir with total storage capacity of 1,421,000 acre-feet controlled 
largely by Rainbow inlet canal and Bear Lake outlet canal. 

Streamflow records are available at several locations on the main 
stem of the Bear River and all the principal tributaries. Selected 
stations in Utah with long-term records are given below: 

Extremes of dis-
Drainage Average charge (<(,fs) Runoff 

Stream area Years of discharge (acre-
(square record (cfs) feet) 
miles) Maxi- Mini-

mum ,mum 
---------------

Bear River near Utah-Wyoming State 
16.0 132,500 line _____________________________________ 176 20 183 2,800 

Mill Oreek at Utah-Wyoming State line __ 59 13 32.0 690 .9 23,170 
Bear River near Preston, Idaho ___________ 4,500 19 795 4,420 .6 575,600 
Little Bear River near Paradise, Utah ____ 203 25 84.3 2,000 4.0 61,030 
Logan River near Logan, Utah ___________ 218 66 277 2,480 50.0 199,100 
Blacksmith Fork near Hyrum, Utah _____ 260 49 124 1,620 29.0 89,770 
Bear River near Oollinston, Utah _________ 6,000 75 1,604 11,600 0 '1,161,000 

Most of the discharge of the Bear River near Collinston reaches 
Great Salt Lake with little or no economic value to the people of Utah. 
However, because of ,additional use upstream and less runoff in recent 
drought years there has not been as much water reaching Great Salt 
Lake as the table above would indicate .. For the past 10-year period 
runoff of the Bear River near Collinston has averaged 702,000 acre-feet 
and part of this runoff has been used by Bear River Migratory Bird 
Refuge. The Bear River project proposed by the Bureau of Reclama­
tion would utilize this undeveloped water supply. 

Weber River, the second largest stream flOWIng to Great Salt Lake, 
also has its headwaters at the west end of the Uinta Mountains. The 
river is 125 miles long, traverses Summit and Morgan Counties,. forms 
the boundary for 7 miles between Davis and Weber Counties, and 
empties into Great Salt Lake about 11 miles southwest of Ogden. The 
principal tributary is the Ogden River which drains about 400 square 
miles of mountainous terrain, including parts of the Wasatch and Bear 
River Ranges. The Uinta Mountains reach an elevation of 11,970 feet 
.and provide a good water supply, some of which is carried by trans­
basin diversions to the Provo River. Selected records of streamflow, 
including the major tributaries to the Weber River, are given below. 

Drainage 
Stream area Years of Average 

(square record discharge 
miles) (cfs) 

---
Weber River near Oakley ________________ 163 58 220 
Weber River near Coalville _______________ 438 31 190 
Ohalk Creek near Coalville _______________ 253 35 56.9 
Lost Creek near Croyden _________________ 133 23 32.7 
East Canyon Creek near Morgan _________ 155 31 49.1 
Hardscrabble Creek near Porterville ______ 28.1 21 29.8 
Weber River at Gateway _________________ 1,610 49 595 
South J<'ork Ogden River near Huntsville_ 148 41 107 
Weber River near Plain City _____________ 2,060 58 680 

Extremes of dis-
charge (cfs) 

Maxi- Mini-
mum mum 

------
4,170 16.0 
2,190 6.0 
1,540 1'.0 

770 1.9 
872 1.1 
464 2.7 

7,980 33.0 
1,890 20.0 

10,100 0 

Runoff, 
(acre-
feet) 

159,30 o 
o 
o 
o 

137,60 
41,19 
23,67 
35,550 
21,570 

430,800 
77,460 

492,300 
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The Weber Basin project, now in the process of construction, in­
cludes plans for complete utilization of the water resources of the 
Weber River. Runoff from the lower elevations of the basin will be 
diverted by canal toO the Willard Bay Reservoir and made available 
for irrigation and other needs by means of low-lift pumps. Water 
reaching Great Salt Lake, as indicated by the record for the Weber 
River near Plain City, will then be greatly reduced. In fact, during 
the process of development runoff leaving the basin has changed from 
the long-time mean of 492,300 to 172,300 acre-feet for the past 5-year 
mean. Part of the reduced runoff, however, has been caused by recent 
drought years. . 

Streamflow from small creeks draining the Wasatch front in Davis 
County is coordinated with supplies from the Weber Basin project for 
better utilHation. Increased use of runoff from these streams will de­
crease the ~mount of water reaching Great Salt Lake. Annual run­
off from th~ area is relatively high ranging from 550 to 1,100 acre-feet 
per square mile. 

The third largest river discharging into Great Salt Lake, the Jordan 
River, heads at the north end of Utah Lake, flows northward through 
the Jordan,' Narrows into Salt Lake County, and empties into the lake 
about 10 miles northwest of Salt Lake City. The major wa~er supply 
for the Jordan River comes from Utah Lake, which is fe4 by more 
than 30 st~eams; the largest .of which are the Provo River, Spanish 
Fork, American Fork, Hobble Creek, Payson Creek, Summit Creek, 
and Currant Creek. Several streams including Little Cottonwood, 
Big Cottonwood, Mill, Parleys, Emigration, and City Creeks also con­
tribute to the flow of the Jordan River as it passes thr.ough Salt Lake 
County. Records of streamflow for stations on the Jordan River and 
some selected tributaries are given below. 

Extremes of dis-
Drainage Average charge (cfs) 

Stream area Years of discharge ------(square record (cfs) 
miles) Maxi- Mini-

mum mum 
------------

Spanish Fork at Castilla 1 ___ -----c------- 670.0 38 214.0 3,610 14.0 
Spanish Fork near Lake Shore ____________ 700.0 42 86.2 3,020 0 
Provo River near Kamas _________________ 29.6 13 48.9 825 1.7 
Provo River below Deer Creek Dam 2 ____ 560.0 9 325.0 2,190 0 
Provo River at Provo ____________________ 680.0 27 174.0 2,520 0 
Jordan River, at narrows, near LehL _____ 3,000.0 49 359.0 1,410 0 
Jordan River at Salt Lake City ___________ 19 324.0 1,820 89.0 

1 Includes water diverted from the Strawberry Rellervoir in the Colorado River Basin. 
2 Includes some water diverted from the Duchesne and Weber Rivers. 

Runoff 
(acre-
feet) 

---
154,900 
62,410 
35,400 

235,200 
126,000 
259,900 
234,600 

Deer Creek Reservoir on the Provo River in the canyon west of 
Heber Valley receives its principal water supply by transbasin di­
version from the Duchesne and Weber Rivers. High-water runoff 
from the Provo River is stored in Utah Lake to satisfy water rights 
mainly in Salt Lake County. Utah Lake has an area of 96,000 acres 
at "compromise elevation, 4,489.3 feet above mean sea level at outlet 
of lake"; theavera,ge evaporation loss from the lake, 324,000 acre-feet 
(Gardner, 1962, p. 18) is greater than that released or pumped each 
year from the lake, 259,000 acre-feet, to satisfy water rights. 

Runoff from the Jordan River at 21st South Street, Salt Lake City 
(235,000 acre-feet) is return flow from irrigation, ground-water dis-
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charge, and discharge from local tributaries. Most of this supply is 
diverted for irrigation, migatory bird refuges, and duck clubs before 
reaching Great Salt Lake. Salt Lake City outflow sewer canal (about 
40,000 acre-feet per year) and Kennecott outflow canal (about 60,000 
acre-feet per year) dump drainage and waste water" into Great Salt 
Lake. Salt Lake City sewage treatment plant, now under construc­
tion, will make much of that supply available for additional use. 
Surface runoff to Great Salt Lake from the southwest, west and north­
west, including Tooele, Skull, Curlew, Hansel, and Blue Creek Val­
leys is small compared to that from the east. 

The three major drainage systems of Great Salt Lakehead in the 
western Uinta Mountains which . are mantled by quartzite of Pre­
cambrian age, carbonate rocks of Paleozoic age, and glacial deposits 
of Quaternary age. The runoff from these highlands IS the bicarbon­
ate type and generally of excellent chemical quality. 

The chemical character of water in the Bear River changes from a 
bicarbonate type in the highland areas to a chloride-bicarbonate type 
in thelower reaches of the river. Similarly, water in streams drain­
ing into Utah Lake is of the bicarbonate type. Analyses of water 
from Utah Lake (Connor, Mitchell, and others, 1958) indicate that 
concentrations of chloride and sulfate are about equal to that of bi­
carbonate. It would be inviting to attribute 'such changes in chem­
ical character solely to the influence of Bonneville sediments; how­
ever, other factors such as discharge of industrial wastes and sewage 
and return flow from irrigated lands are equally important in de­
termining water types. Water in the Weber River also is bicarbon­
ate in type before leaNing the mountains. Almost all the Weber and 
Ogden River water entering the valley is diverted for irrigation and 
municipal use between Brigham City and the Davis-Salt Lake County 
line near Farmington. After use, some of this water returns to the 
lake area through drainage systems other than the Weber River. 
Thus, the absence of large amounts of return flow in the lower reach 
of the Weber River could be one reason why the water remains hi­
carbonate in type until it enters the lake area. 

Inflow of dissolved minerals to Great Salt Lake in 1960 and 1961 
water years was determined to be about 1.9 million tons annually 
(Hahl and Langford, 1963). Although this load delivered by sur­
ficial sources does not include the mineral load contributed by sub­
surface sources, it is believed to represent about 80 "percent of the 
total load of dissolved minerals contributed to the lake area. 

Most of the annual inflow of 1.9 million tons was contributed by 
Bear River and by drains and sewage canals around the lake. The 
Weber River, Jordan River, and streams draining the intervening 
mountain front,- together contributed about one-fifth of the load. 
Springs around the lake contributed more than one-sixth of the min­
eralload. 

Information abol;lt characteristics and amounts of sediment traps~ 
ported by streams in the Great Salt Lake basin is lacking. Intense 
storms along the Wasatch Range have caused severe erosion in the 
mountains and produced mud-rock flows from canyons onto the valley 
floors. Generally, perennial streams draining the high mountains that 
have good vegetative cover do not transport great amounts of sedi­
ment. However, the lower reaches of streams carry heavy loads of 
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sediment during cloudburst-type etorms because vegetative cover is 
sparse at the lower elevations. Also, lower reaches of major streams, 
such as the Bear River, transport large quantities of sediment; because 
stream gradients and velocities are low, the sediment loads in the lower 
reaches of these streams are usually, composed of fine materials. Stud­
ies are needed to determine the seuiment characteristics of streams in 
most of the Great-Salt Lake basin of Utah. 

Sevier Lake basin.-The Sevier Lake basin comprises a little more 
than 16,000 square miles of high plateaus, narrow valleys, and broad 
desert areas in the southwestern part of Utah. Water in the basin 
eventually drains into Sevier Lake, which has no outlet to the sea. 
Although there is no outwarddrmnage, Sevier Lake has been dry 
during recent years due to storage and use of water in the upper part 
of the basin. The Sevier River is the major stream, heading on the 
high Markagunt Plateau 12 miles east of Cedar City, where the aver­
age annual precipitation is more than 30 inches. Its course is to the 
north for most of its 225-mile length. The lower reach of the river 
takes a circular course from Gunnison to Leamington and Delta before 
reaching Sevier Lake. Runoff is not sufficient to supply all irrigation 
needs in the basin, and storage reservoirs have been constructed for 
complete regulation of the available water except for unusually high­
water years that have occurred at about 25-year intervals when some 
runoff has reached Sevier Lake. San Pitch River, one of the major 
tributaries, delivers runoff to the main stem of theBevier River only 
during flood years because of irrigation use in the upper part of its 
basin and storage in Gunnison Reservoir. Streamflow records for 
selected stations in the Sevier River basin are summarized below. 

Extremes of dis-

I 
Drainage Average charge (cfs) Runoff 

Stream area Years of discharge (acre-
(square record (cfs) feet) 
miles) Maxi- Mini· 

mum mum 
---------------

Sevier River at Hatch ___ .------------ ____ 340 40 131.0 1,490 27.0 94,800 
Sevier River near Kingston _______________ 1,110 48 130.0 3,000 4.2 94,120 
East Fork Sevier River near Kingston ____ 1,260 . 49 82.2 2,030 7.0 59,510 
Sevier River below Piute Dam, near Marysville ______________________________ 2,440 50 223.0 2,600 0 161,400 
Clear Creek near Sevier ___________________ 164 5 23.4 301 1.9 16,940 
Salina Creek at Salina ____________________ 290 17 18.5 2,650 0 13,390 
Sevier River near Gunnison ______________ 4,880 50 226.0 2,620 8.0 163,600 
Sevier River near Juab ___ ------ __________ 5,120 51 233.0 2,140 0 168,700 
Sevier River near LynndyL ______________ 6,270 25 196.0 2,980 4.5 141,900 

Most runoff from other streams in the Sevier Lake basin including 
Chalk Creek, Beaver River, Center Creek, Coal Creek, Pinto Creek, 
and Shoal Creek is used in the valley areas near the mouths of canyons 
draining th~ adjacent mountains. 

Information about the chemical quality of water in the Sevier River 
has been obtained regularly at only two sites in the basin. Records 
collected at these sites are summarized below. 

Water released at Piute Dam represents runoff from the upper part 
of the drainage basin and is of excellent chemical quality. Dissolved­
solids concentrations range from about 25{) to 350 ppm, and the water 
is of the calcium-bicarbonate type. 

Below Piute Reservoir, the water in the Sevier River is extensively 
diverted for irrigation. Return flow to the river from irrigated lands 
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is impounded and rediyerted for irrigation further downstream. Be­
cause of repeated use, the water in the Sevier River becomes more 
highly mineralized downstream (fig. 52) until, near the mouth at 
Sevier Lake, its dissO'lved-solids cO'ntent probably is several thousand 
parts per million. Accompanying this increase in mineralization is 
a change in the chemical character of the water. Whereas the water in 
the upper reaches of the river is of the calcium-bicarbonate type, it 
is of the sodium-chloride type in the lower reaches. Part of the in­
crease in mineralization and change in character probably is caused 
by highly mineralized inflow from springs and by runoff frO'm out­
crops 'Of highly sO'luble rocks, such as the Arapien shale. 

Dissolved solids 

Annual Weighted- Discharge 
Stream Years of runoff average con-

record (acre-feet) centration 
(ppm) Tons per 

Tons per year square mile 
per.year 

Sevier River below Piute Dam, near Marysvale ____________________________ 2 98,530 289 38,400 16 
Sevier River near LynndyL _____________ 11 117,200 1,460 233,000 37 

The records obtained near Lynndyl reflect the effects of use and 
geO'logy in the Sevier Valley on the chemical quality of the water. 
The water at this site is about five times as mineralized as that at Piute 
Reservoir, and the principal dissolved constituents are sodium and 
chloride. 

The lack of information about sediment transported by streams in 
the Sevier Lake basin precludes discussion of this important aspect of 
surface-water resources. As in the Wasatch Range to' the north, 
cloudburst-type storms along the Wasatch Plateau produce mud-rock 
flows that debouch onto the valley floors. Following heavy rains sedi­
ment is discharged into streams of the basin and much is trapped in 
reservoirs on the Sevier River and its tributaries. 

Minor basins.-Much of western Utah is public domain administered 
by the Bureau of Land Management. The low annual precipitation 
and streamflO'w limit agricultural activities primarily to' livestock 
grazing. With few exceptions, surface water occurs in short, steep, 
ephemeral streams that flow outward frO'm the mountains only during 
periods of snowmelt or after heavy rains. Streamflow begins in the 
early spring when snow starts melting on the lower mountain slopes 
and ends shortly thereafter when snowmelt ceases at the higher eleva­
tions. Basic data on water resources of much of western Utah are 
sparse. A reconnaissance of the area by Snyder (1963) is currently 
being supplemented by mO're detailed studies by the U.S. Geological 
Survey in cooperation with the State of Utah. 
o o lorado River Basin 

Utah receives considerable water from outside the State, principally 
from the Colorado River and its tributaries. Discharge of the ColO'­
rado River belO'w Dolores River near the CO'lorado-Utah State line 
for 1911-62 was 8,006 cfs (cubic feet per secO'nd) (5,796,000 acre­
feet per year). The DolO'res River, with a discharge of 699 cfs 
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(506,100 acre-feet per year) for the 12-year period 1950-62, enters 
Utah from Colorado ~ miles above its Junction with the Colorado 
River. The Green River near Linwood, Utah, discharged 1,928 cfs 
(1,396,000 acre-feet) during the 34-year period 1928-62, principally 
:from Wyoming. Part of the discharge, nea,r Linwood, drains from 
the north slope of the high Uinta Mountains in Utah and flows to the 
Green River from Blacks Fork. Henrys Fork of the Green River at 
Linwood produced 75 cfs (54,400 acre-feet) for the period 1928-62, 
and likewise a part of this supply comes from the north slope of the 
Uinta Mountains in Utah. The Green River flows generally east­
ward from Linwood and after receiving the discharge of tributaries, 
including Sheep and Carter Creeks (about 100 cfs), enters Colorado. 
The principal contribution from Colorado and Wyoming to the reach 
of the Green River in Colorado comes from the Yampa River. Dis­
charge of the principal tributaries of the Green River after it reenters 
Utah and flows of the Green River are given below in downstream 
order. 

Extremes of dis-
Drainage charge (cfs) 

area Years of Average Runoff 
Stream (square record discharge (acre-

miles) (cfs) Maxi- Mini- feet) 
mum mum 

------------
Green River near Greendale ______________ 15,100 12 2,107.0 19,600 208.0 1,525,000 
Green River near Jensen ________ .. _________ 25,400 17 4,514.0 36,500 102.0 3,268,000 
Brush Creek ilear Jensen _____ -- __________ 255 23 19.1 900 0 13,83 o 
Ashley Creek near Jen~en----------------- 386 15 51. 5 1,480 0 37,280 
Duchesne River near RandletL ___ -- ______ 3,920 20 578.0 8,790 2.2 418,500 
White River near Watson ________________ 4,020 39 719.0 8,160 153.0 520,500 
Green River near Ouray--________________ 35,500 14 5,726.0 43,600 1500.0 4,145,000 
Price River at Woodside __________________ 1,1500 16 97.5 8,500 0 70,590 
Green River at Green River ______________ 40,600 63 6,507.0 68,100 255.0 4,711,000 
San Rafael River near Green River _______ 1,690 26 178.0 12,000 0 128,900 

1 Minimum daily. 

In addition to the Green and Dolores Rivers, streamflow information 
for other major tributaries of the Colorado River draining parts of 
Utah is listed below in downstream order. 

Extremes of dis-
Drainage charge (cfs) 

Runoff area Years of Average 
Stream (square record discharge (acre-

miles) (cfs) Maxi- Mini- feet) 
mum mum 

---------------
Mill Creek near Moab, Utah _____________ 74.9 13 14.5 5,110 3.1 10,500 
Dirty Devil River near Rite, Utah _______ 4,360.0 14 109.0 35,000 0 78,910 
Escalante River neaT Escalaute, Utah ____ 1,770.0 5 85.2 14,600 4.4 61,680 
San Juan River near Bluff, Utah _________ 23,000.0 48 2,744.0 70,000 0 1,987,000 
Paria River at Lees Ferry, Ariz ___ -------- 1,570.0 39 30.7 19,000 0 22,230 
Virgin River at Virgin, Utah _____________ 934.0 53 205.0 13,500 22.0 148,400 

Utah's major contribution to the Colorado River is from the Uinta 
Mountains, most of which reaches the Green River near Ouray from 
the Duchesne River; Severalltributaries of the Duchesne River pro­
vide a substantial surface-water supply that has not yet been devel­
oped. This supply is Utah's princIpal opportunity for using the 
water that has been allotted to it by the upper Colorado River compact. 
The proposed central Utah project would transport by conduits and 
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tunnels a major part of the runoff to the Great Basin. Listed below 
are summaries of water-supply records for the Duchesne River and 
its larger tributaries. 

Extremes of dls-
Drainage Average charge (cfs) Runoff 

Stream area Years of dl'lcharge (acre-

~are rl'OOl'd (cfs) feet) 
as) Maxi- Mini-

mum mum 
---------------

Duchesne River ncar Hanna _____________ 78 16 ---------. 1,1500 4.6 -.---.----
West Fork Duchesne River near Hanna __ 61 If! 47.8 666 4.4 34.030 
Vucheme Hiver ncar Tabiona _______ . ____ ~2 44 201.0 2,500 27.0 145,500 
Uoci: Creek ncar Mountain Home ________ 149 25 167.0 2,300 7.0 120,000 
Duchesne niver at Duchesne ______ .. _____ 660 45 ~7.0 4,420 13.0 2S8, IiOO 
Strawberry River at Duchesnp ____________ 1,040 48 152.0 3,490 1.0 110.000 

~:t~J~~~~~~~ol~:!a~1t~~~~~::::::: : 110 20 122.0 2,180 0 88.320 
131 18 131.0 1.880 26_0 94.840 

B~ct~e~~~~i~~~/l~~rat~~~:::===:~:=::::: 2,7YJ 54 654_0 12. ROO 1.0 401,100 
181 34 171.0 3.320 24.0 123.800 

Whiterocks River ncar Whiterocks ______ . 115 56 124.0 2,750 10.0 89.770 
Duchesne River lIear RandlctL ___________ 3,920 20 578.0 8,700 2.2 418, 500 

Runoff of the Colorado River, as it leaves Utah near the Arizona­
Utah State line and as measured at the official compact point between 
the upper and lower basins, averaged 17,760 cfs (12,860,000 acre-feet 
per year) for the 49-year period 1914-62. Runoff of the Colorado 
River has been less in recent years compared to the long-time average; 
for the 10-year period 1953-62 it was 10,000,000 acre-feet ~r year. 
The lower runoff is partly due to increased water use but prmcipally 
to recent drought years. The Colorado River storage project now 
under construction, with the major storage located in Vtah, will have 
sufficient capacity to regulate the flow of the C'A>lorado River for about 
a aO-year period. The holdover storage from a series of wet years to 
a serIes of dry years will provide for the release of water to the lower 
basin to satisfy the tenus of the 1922 Colorado River compact, and 
thus allow for development of the water resources in the upper basin. 

Accompanying the extreme variations in runoff t.hroughout the 
Colorado River Basin are large variations in water quality. Although 
most of the water eome...c;; from the mounta.ins and high plateans, a large 
percentage of the dissolved solids comes from the lower parts of the 
basin where precipitation is low. Rocks exposed in the mountains are 
generally much more resistant to t.he solvent aetion of water than 
are roeks which mantle the lowlands. The dissolved-solids CA>IlCen­
tration of water in streams generally increases in a downstream direc­
tion. The high mountainous rel-,,;ons yield water of excellent. quality 
that, for the most part, contains less thu,n 100 ppm of dissolved solids. 
At entrances to the valleys, above irrigation diversions, the water 
generally is of good qualIty, but below irrigated areas the concen­
tration may range from 400 ppm to several thousand parts per mil­
lion. These downstream changes in mineralization are illustrated 
in figure 52. 

Average annual concentrations and discharges of dissolved solids in 
major streams in t.he Upper Colorado River Basin are summarized in 
table 19, along with data on sediment characteristics of stren-ms. The 
data in table 19 represent the long-term a,'erage that would have 
occurred if the water-use developments existing m 19]>7 ha.d been in 
place and in openltion throughout the wuter yeurs 1914-57 ()V. V. 
Ioms, personal communication, 1962). 

26 ·803 0-69 -- 18 



256 MINERAL AND WATBR RESOURCES OF UTAH 

r----------------------~'----
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

; 
I 
I 

I 
I 
I 

I 

.4~d.!!~ ... -R. J 
L_~ ____________ _ 

FIGURE 52.-Mineralization of water in the principal rivers of Utah. (Width of 
river line indicates average concentration in parts per million.) 



TABLE 19.-Concentration and discharge of dissolved solids and suspended sediment for streams in the Upper Colorado River Basin, Utah 

[Data represent annual averages for the water years 1914-57 adjusted to 1957 conditions except as indicated] 

Stream 

Colorado River near Cisco __________________________________ ~ _________ ~ ______ _ 
Green River near Greendale _________________________________________________ _ 
Yampa River contribution to Green River 2 _________________________________ _ 
Green River near Jensen ___ ---______________________________________________ _ 
Duchesrie River near RandletL _____ . _____________ c __________________________ _ 

White River near W atson ___ ..... ________________________________ ~--------------
Price River at W oodside __________________ ~ _________________________________ _ 
Green River at Green River _________________________________________________ _ 
San Rafael Rivet near Green River _________________________________________ _ 

8~~~a~~m!~v:f l~:_~~t~_~:===:===========:=====:========================= Escalante River at mouth near Escalante 6 __________________________________ _ 
San Juan River n.ear Bluff ___________________________________________________ _ 

~~!a~fv!i:~rt:e~~:~~tr!~==:====================:====:=::::::::::::: 

Water dis­
charge (thous-

ands of Weighted-
acre-feet) average 

5,534 
1,645 
1,603 
3,338 

556 
554 
84 

4,558 
102 

74 
10,260 

62 
2,028 

12,710 
23 

concentra­
tion (ppm) 

M7 
378 
156 
316 
608 
439 

2,110 
427 

1,370 
1,960 

527 
300 
361 
499 

1,090 

Dissolved solids 

Discharge 

Thousands 
of tons 

per year 

4,120 
847 
33!)" 

1,435 
460 
331 
242 

2,652 
190 
198 

7,367 
25 

997 
8,642 

34 

Tons per 
square mile 

per year 

171 
56 
49 
55 

117 
82 

161 
65 

113 
45 
96 
13 
43 
80 
22 

Suspended sediment 

Weighted­
average 

concentra­
tion (ppm) 

12,050 

Discharge 

Thousands 
of tons 

per year 

114,351 

Tons per 
squa.remile 

per year 

1595 

---~---------- --~------------. --------------
-------~:900- --------3:879- ---------2:586 

3 3, 760 8 20,800 8 522 
6, 700 931 551 

50,200 5,000 1,147 
4, 000 55, 960 731 

20,900 1,757 874 
13,500 37, 100 1,613 
5, 800 101,300 939 

84, 400 2, 655 1, 691 

1 For water years 1930-57; average lWJlual water discharge is 5,141,000 acre-feet. 
2 Data represent average annual water, dissolved-solids and sediment discharge, and 

weighted-average concentrati()ns of dissolved solids and sediment for Yampa· River 
nllar Maybell, Colo., and Little Snake River near Lily, ColO. 

3 For water years 1930-57; average annual water discbarge is 4,067;000 acre-feet. 
4 For water years 1947-57. 
6 For water. years 1951-55. 
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Of the dis..~olved-solids load transported by the Colorado River at 
Lees Ferry, Ariz., about half is contributed by the Colorado River 
above the mouth of Green Ri,-er, about one-third by the Green River, 
and th~ balance by the San .Juan Rhrer and other tnbutaries below the 
mouth of the Green. The annual average dis..c:;olved-solids discharge 
of the Colorado River at Lees Ferry is 8.6 million tons. 

Ahout haJf of the sediment load of the Colorado River at Lees 
Ferry is contributed by the drainage area, below the mout h of Green 
HiveI'. Only about one-fifth of the sediment load at I~,es Ferry is 
transported by the Colorado River a.bove the mouth of Green River, 
and les..~ t.han one-third by the Green River itself. The average annua.l 
sediment discharge of the Colora.do River at Lees Ferry is 101 million 
tons. 

Variations from year to year in loads of sediments and dissolved 
solids are illustrated in figures 53 a.nd 54 for the Colorado River near 
Cisco and the Green River at Green River. Generally, the higher loads 
are associated with years when water dise-harge is high. Although the 
coneentration of dIssolved solids normally decreases with increas­
ing water discharge, the concentrat ion of suspe.nded sediment normally 
increases as water discharge increases. Because of this faet and be­
cause the load transported by a stream is a product of concentration 
and water discharge, variations in the sediment load usually parallel 
variations in water discharge. Dissoh-ed-solids loads fluduate less 
widely than sediment loads. For example, the range in annual 
suspended-sediment loads for Green RiYer (fig. 54) was from about 2 
million tons in 1934 to more than 40 million tons in 1937, wh~reas 
the range in dissolved-solids load wa.s only from 1 million tons in 1934 
to 4.3 million tons in 1952. 

The annual suspended-sediment concentration of the Green River at 
Green River generally was ~JTeater during 1930-42 than during 
194.~!)6. This difference may he associate,() with periods of below 
nonnn.l and above normal preeipitation, or, possibly, with differences 
in the intensity of summer stomlS. The change se.-ems to be regional in 
nature as the pattern for Green RiYer is almost identical to that for 
Colorado Hiver near Cisco. 

The yield of sediment and dissolved solids rangt~ widely in the lJp­
per Colorado River Basin. (See table 19.) The Priee River BaSIll 
~rields about 2,600 tons of sediment. eaeh ye.ar for each square mile of 
Its drainage area. In contrast, the San Rafael River Basin yields 
about 550 tons per square mile per year. The difference in sediment 
discharge is due mostly t.o differences in the t.ypes of roc.ks in t.he t.wo 
basins. The yields of dis.."olved solids per square mile of drainage 
area are less than those of sediment, hut the perc.enta.ge differences be­
tween basins are almost as ~JTeat.. For example, the Price HiveI' Basin 
yields about 160 tons per square mile per y<'ar, whereas the Escalante 
River Basin yields onlv 1a tons. ~fost of the Priee HiveI' Basin is 
underlain by rocks of~ Creta.ee.ous age, inelllding the ~In.ncos shale 
which yields high amounts of dissolved solids to' runoff. The Esca­
lante River c.ontains lower eoneentTat.ions of dissolved solids near its 
mouth than near Escalante, which is below irrigated areas. The irri­
gated lands a.re underlain mostly by roc.ks of Cretaceous age. The 
lower concentrations of dissolved solids near the mouth are due, how­
ever, to runoff from the draina.ge basin of Boulder Creek and the lower 
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FIGURE 53.-Annual water, sediment, and dissolved-solids discharge, Colorado River 
near Cisco, Utah. 

reaches of the Escalante River, which are underlain mostly by rocks 
of the San Rafael and Glen Canyon groups. The solubility and erod­
ability of rocks in the drainage b-asins play an important part in de­
termining the water quality and sediment charact.erlstics of streamflow. 

The chemical c()mposition of the dis..'iolved solids in surface w~rs 
of the rpper Colorado River Basin not only differs between streams 
but also differs with water disc.har~re. The dissolved solids in the 
Dolores River near its mouth are 'composed principally of sodium and 
chloride when water discharge is low. In contrast, the dissolved solids 
in the Escalante River near its mouth a,re composed principally of 
calcium and sulfate during low flow. 'Vhen water discharge is high 
the dissolved solids in both streams are more nea,rly alike ehemically 
and are composed principally of ealcium and hicarbonate. The dif­
ferences in chemical eomposition of runoff are due to differences in the 
solubilit.y, chemical characteristics, and hydrologic properties of the 
rocks in the drainage basins, as well as to water use and climatic 
factors. 

Records of water quality are ayailable for several sites in Utah on 
the Virgin River und its principal tributary, the Santa Clara River, 



260 :MINERAL AND WATER RESOURCES OF UTAH 

~ 
11/ 
~ 7~~~~~~~~ffi++H4+H4~4+~~H+~++~+H++~+H~ 

I 
11/ 
IE 
U 
C 

en 
z 
2 
~ 
~ 

i , 

en 
z 
o 
~ 

... 
o 
en 
~ 
::; 
~ 

i t~+H++~~H+~++H++H4+ 

t~ 1920 1930 

30 en 
z 

++~+HH+~++H+~++H-H2~ ~ 

~H+~+H4.+H+~+HR+~20~ 

~H+~~~~*H+HH+~I~~ 

mtl~4[~~~tNtt¥~fHl'O 3 
!> i 

1940 1950 1960 

FIGURE 54.-Annual water, sediment, and dissolved-solids discharge, Green River at 
Green River, Utah. 

for the period 1951-56. Similar records for the Virgin River at 
Littlefield, Ariz., have been obtained since 1949, and "dat.a. on sus­
pended sediment have ·been obt.ained at· this site sinee 1947. These 
records show that the mean annual dissolved-solids concent.rations of 
the Virgin River increase in a downstr~,am direction from about 500 
ppm at Virgin, Utah, to about 2,000 ppm nt. Littlefield, Ariz. The 
Santa Clara River ncar its mouth near St. George cont.ributes water 
having a weighted-average eoncentrat.ion of dissolved solids of about 
1,200 ppm; the load is about 11,000 tons per yp..<tr. La Yerkin Springs 
near Hurricane, Utah, contribute about. 10 efs direetly to the Virgin 
River. 'Vater from these springs has a dissolved-solids cOllcent.rat.}on 
of about 10,000 ppm; sodium and chloride an~ t.he principal dissoh"ed 
constituents. TIllS spring inflow contributes about 100,000 tons per 
year of dissolycd solIds to the Virgin Hiver. .At Littlefield the dis­
solved-solids discharge of the Virgin Hiver is about 365,000 tons per 
year (195(>-62), and the sedirnput discharge is about 2.5 million tons 
per year (1948-62). The...';c diseharges are equivalent to about 70 and 
500 tons per square mile per year, J'(~"pecti,·ely. The dissolved solids 
are princIpally calcium, sodium, and sulfate. The pllltide size of the 
suspended sediment is about one-third clay, one-third silt., and one­
third sand. 

GROU~D WATEH 

Ground water is an important rp,SOurce in Ptuh lWA'ause it may be 
available where or when surfaee water is scarce or unavailable, or for 
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uses such as domestic supply or small to moderate municipal and in­
dustrial supplies, beeause It may be obtained at a lower cost than sur­
face water. The larg~-st use of·water in Utah is for irrigation. The 
princiJ>al supply surface water, g-enerally is available in adequate 
quantIties at the beginning of the Irrigation season; but by the latter 
part of the season the supply is commonly inadequate, especially in the 
Great Basin where the surface water available during the late summer· 
is fully appropriated. {;nder such conditions ground water, if avail­
able, forms a valuable supplementary source. Ground water is used 
also in areas where surface water cannot be obtained feasibly, and it is 
available but not used in many other such areas . 
. Allu1Jial aquifer::; 

The prineipal ground-water resourC~AC; of Utah are in alluvial aqui­
fers in t.he Great Basin and in tracts betw~,en mountain ra.nges or 
plateaus within the Rocky Mountains and Colorado Plateaus, mostly 
not far from the east edge of the Great Basin. The principal areas in 
w hieh there has been a.t least some development to date are shown in 
figure 55. The withdrawal of ground water in t.he Great BRsin ac­
counts for nearly all the ground-water withdrawal in Utah. 

Drought and heavy pumping during the 1950's combined to lower 
water levels in some of t.he areas, especIally in the southern part of the 
State. Despite the lowered water levels in the Parowan and Cedar 
City Valleys, these areas were considered capable of limited further 
development as of 1962. In the ~filford district the water levels de­
clined appreciably during the drought years of the 1950's, but in years 
of above-average precipitation the water levels were stable or rose. In 
the Beryl-Enterprise district, water is being mined, but the rat~ of 
dedine of water levels is less than two feet a year, as predicted by 
Lofgren (in Fix and others, 1950, p. 177). The estimated pumpage in 
the four southwestern basins in 1955 and 1962 was as shown below. 

District 
19M pumpage 1962 pumpage 

Acro-feet Mgd Acre-feet Mgd 

Milrord_. ______ ______ ____ _______ ___ ____________ 40,000 36 41,600 37 
Beryl-Enterprise_ .___ _______ ___ _______ __ _______ 61,000 ~ 61,000 64 
Cedar City Valley_____________________________ 16,000 14 lR, IlOO 17 
Parowan Valley. ____ _ _______ ___ _______ _______ __ 13,000 

12 I 12,500 11 

'Vater levels in selected wells deelined during 1951-62 as much as 
21 feet near Milford, 16 feet near Beryl, 17 feet near Cedar City, and 
12 feet near Paragonah in Parowan Valley. 

Lowering of water levels has not resulted in any significant change 
in the qualit.y of the water. Seasonal variations are caused by move­
ment of poorer quality water int.o areas of better quality as a resu]t of 
pumpage during the irrigation season. However, this movement gen­
erally ]9 partly reversed because of the effects of recharge betw~en 
irrigation seasons. 

Additional ground water is physically' available (though for legal 
or economic reasons not necessarily feaSIbly available) for further de­
velopment in all or parts of a considerable number of alluvial areas in 
the State. These areas are shown in figure 55. In addition, at least a 
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FIGURE 55.-Areas of known or potential ground-water development from alluvial 
aquifers. 

little water is present in many places in alluvium along the major 
streams and their larger tributaries in the Colorado Plateaus and in 
small basins in the mountains. 

Among the potentially most promising ground-water areas shown 
in figure 55 are several valleys in the Great Basin which are flanked 
by mountains 8,000 to 12,000 feet high. The mountains receive rather 
generous precipitation, 16 to as much as 60 inches, and the annual 
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runoff from them may be as much as 1,500 acre-feet per year per 
square mile of mountain area, or even more. Among the vall~~~ are 
the Curlew, Grouse Creek, Cedar, Goshen, Rush, Skull, Juab

l 
White, 

Deep Creek, Snake, Pine, and Wah Wah Valleys. These va leys are 
largely unstudied, and virtually nothing is known of the amounts of 
ground water that might be available, or of the quality of the water 
and its suitability for various uses. 

Also capable of yielding considerable ground water are some of the 
intermontane valleys in the northeastern part of the State. Among 
those where some ground water has been developed are the upper 
Bear River valley and the Ogden, Morgan, Kimball, and Heber 
Valleys. Of these only the Ogden Valley has been studied in any 
detail. 

In several of the alluvial valleys recharge to the aquifers might be 
induced from perennial streams by heavy pumpint.! from nearby wells. 
Such pumping would create storage space in the aquifers which might 
be filled during the spring snowmelt, and the effect of pumping on late­
season streamflow might be small or negligible. Although this pro­
cedure would help to maintain the ground-wat~r supply, its effect on 
surf~-water rights would have to be considered; many of the streams 
that receive ground-water outflow from the alluvium are ·fully 
appropriated. 

The watercourses where streams and ground water are connected 
include the upper and lower Bear River valleys; the part of the Ca('he 
Valley adjacent to the Bear River; the Green River valley along the 
southeast edge of the Uinta Basin and the valleys of certain tribu­
taries within the basin including Ashley Creek, the Uinta and Lake­
fork Rivers, and the Duchesne River as far upstream as Duchesne, 
and the Strawberry River from there westward; the central Sevier 
Valley in Sanpete, Sevier, and Piute Counties; the upper Sevier 
Valley in Piute and Garfield Counties and the val1eys of the East 
Fork and Otter Creek in Piute County and a little of Garfield Coun­
ty; the Fremont River valley from a little below Loa to the vicinity 
of the Capitol Reef National ~fonument; and the Virgin River valley 
downstream from the Hurricane Cliffs. 
Bedrock aqui /er8 

Known aquifers in consolidated rocks are much less extensive than 
those in valley fill, and they have been develooed on only a small seale 
to date. The rocks of the Wasat.ch and {Jinta Ranges and other 
mountains generally are of low permeability and of little significnnce 
as aquifers. 

Carbonate rocks of Paleozoic age and sandstones of Me$Ozoic age in 
strips on the north and south sides of the Uinta Mountains hold some 
promise as aquifers, as known from the small amount of infonnation 
available. The strip on the north is a few tens of miles long and lies 
in eastern Summit and western Daggett Counties. That on the south 
is much longer, running from the genernl vicinity of the 'Vest Fork 
of the Duchesne River In 'Vasatch County eastward along the north 
edge of t.he Uinta Basin past Vernal in Uintnh County, then swinging 
southeastward and eastwnrd south of the Dinosaur National Monu­
ment and crossing into Colorado. The meager available data indicate 
that the water is of good quality in and near areas of reeharge but is 
saline where it lies at depth. 
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In the Colorado Plateaus, the rocks of Paleozoic and especially t.hose 
of ~Ip~<;()zoic age include some sandstone and limestone strata that yield 
water to wells. The plateaus are deeply dissected, however, and in 
most places the water lies at great depth. Also, recharge conditions 
are generally unfavorable because the aquifers are covered by rocks 
of lower permeability through which water can percolate downward 
only very slowly. The exposures of most of the water-bearing strata 
are in the walls of canyons and are areas of discharge, not recharge. 

Not much detailed information is aVltilable for bedrock aquifers; 
general information is ~ven in reports by Lofgren (1954 a, b), Goode 
(1958) Goode and FeltIs (1962), and Cordova (1963). The southern 
part of the Colorado Plateaus is more promising than the northern. 
The principal aquifers, from the top down, in the southern part are 
the Dakota Sandstone of Cretaceous age; the Bluff and Entrada Sand­
stones of Jurassic age; the Navajo Sandstone of Jurassic and, possibly 
in the lower part, Tria..c;;sic age; the 'Vingate Sandstone and the Shin­
arump Member of the Chinle Fonnation of Triassic age; and the De­
Chelly Sandstone ~Iember of the Cutler Formation of Permian age 
(Goode, 1958, fig. 6). The pot~ntially most important are the Entrada 
and Navajo Sandstones because they underlie the largest areas and, 
though they lie at depths of more than 1,000 feet in much of their ex­
tent, t.hey yield w"at.er of good quality under sufficient pressure to rise 
to moderate depths below the surface and, in some valleys, to flow. 

Lofgren (t954b) mentions several areas of pa.rticular interest. 
Flowing wells in the vicinity of Bluff on the San .Juan River in south­
ern San .Juan County yield water from the ",Vingate Sandstone and the 
Shinarump )Iember of t.he Chinle Formation. Some of t.he wells a,re 
more than 50 years old. ",VeIls 400 to 600 feet deep in t he ~fontezuma 
Creek canyon some miles east. of Bluff yield flowing water, principally 
from the Entrada and ~ nvnjo Sandstones; yields have been as high 
as 400 to 500 g.p.m. initially but have dropped off to 100 ~.p.m. or lpss. 

In the Sage Plain nrea enst of ~fontleell() in San .Juan Count.y, 
shallow wells obtain water from thin alluvium and the upper part of 
the underlying Dakota Sa.ndstone. Similar supplies have been de­
veloped in the vicinit ies of La Sfil and Blanding in Sfin tJuan County 
und of }[oah in Grand C{)unt.y (L()f~rn>n, 1954a, p. 107). A deep oil 
t~t a,hout 13 miles cast. of :Monticello is rep0l1~ .. d to have tapped laq,re 
quant.itie.s of artesiAn watp.r: in sen~·ral horizons. 

An oil test. drilled about 12 miles p.ast of Salina. ill Seder County 
yielded flowing water. reJ)Oliedl.v from the Blackhawk Formation of 
La h~ Cretaceous age. at a dept h of less t.han 5()O fpet.. 

Severa.l wells in the northern part of the ",Vfisateh Plateau yield 
flowing wutcr from t.he Blackhawk and Price River Formations of 
Late Cretaceous age and the Xorth Jlorne Formation of Late Cre­
taceous find PaleO<'ene age. ",Vells drilled near Colton in Utah County 
obtain flowing water from the Korth ITorn and Fla~rstaff Formations: 
one wen was bottomed at. 1,532 feet in the ~orth Ilorn and flowed 
abont.400 g.p.m. 

",VeIls yield enough wfiter for irri~ration from jointed or fragmented 
basaltic rocks in areas west of Loa in ",VnvlH.> County and Web-t of 
Kanosh in l\fillnrd Connty. The wells near'Loa, which flow, are near 
some springs long used by ranchers, and withdrawing water from the 
wells reduces t 11(> How of the springs proportionately; the total flow 
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of the springs and wells is reported to be about 2,000 g.p.m. The wells 
Ilear Kanosh yield large quantities of unconfined water from volcanic 
rocks. The volcanic rocks are interbedded with aIluviwn, which ex­
tends over a largo area and apparently has a substantial undeveloped 
supply. 

A few scattered wells in northern T.;tah obtain moderate quantities 
of water of good quality from basalt flows interbedded with alluvium. 
Doubtless many sImilar supplies will be discovered in the future. 
lnf~t~ needed 

Reasonably adequate ground-water studies have been made in only a 
few areas, principally the alluvial valleys where ground water is 
heavily pumped. Except for the few valleys that have been studied 
in detail, litt Ie infor,matlOn is available and reconnaissance studies are 
badly needed, especially in the Great Basin, where there are promising 
areas for future de,-elopment. 

There is also need for ground-water information in the Colorado 
Plateaus. The potential for irrigation is relatively low in this area, 
but there are encouraging prospects for industrial development. 
Fortunately, the oil "boom" of recent years and test drilling for 
uranium and pot~lsh have yielded and ure yielding much valuable in­
formation on the occurrence of ground water. Thorough study of the 
data made available in this way, sup~lemented by local test drilling 
and pumping tests in eritical arens, WIll make it possible to assess the 
ground-water potentialitie..c; in broad parts of the area. 

Though the withdrn wal of ground wuter in the intermontane basins 
of tho Rocky ~Iountains is on a generally smull SCllle and the principal 
problem is the need to consider potential interference between sur­
face-water and ground-wnter developments, detailed studies of these 
basins will be needed as development mcreases. 
Additional development ' 

Ground water can meet a substantial share of Utah's increasing 
water requirements, but only if the requisite hydrologic knowledge is 
acquired. In most area..C) additional studies will be needed he fore sub­
stantial additional development can be attempted safely, even though 
it can be concluded that in many of the areas some additional develop­
ment is feasible. 

In the heavily populated areas along the '\Vasntch front, appreci­
ably more ground wn.ter is available than is now being used, but large 
additional withdrawals would affect springs and flowing wells now 
used for water supply_ Fnder conrt decisions as recent as 1959, it has 
been held that a prior u.ppropriator is entitled to protection of the flow 
of his well, and that Inter appropriators who decrense or stop his flow 
must pay the att~ndant costs. Such decisions hu.ye the effect of pre­
vent.ing maximum use of the stornge ea,paeity of aquifers. In maxi­
mmn-scale development of ground water, the water level is drawn 
down in dry periods and allowed to recover in wet periods. If the 
water must be obtained by natural flow, the aquifers remain full and 
only a smalll!art of their storage capaeity is utihzed. 

,\Vithdrawmg ground water may decI'e<'lse the flow of st.reams on 
which there are senior appropriati,-e rights, and this factor will have 
to be considered in developing additional ground water from water­
courses, as well as from basins which are not watereourses but from 
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which there is subsurfaee outflow that supports the flow of fully ap­
propriated streams. This problem exists in the basins within the 
Rocky ~{ouniains in the Hort.hern part of the State the upper Bear 
River Valley and the Ogden, Morgan, Kimball, and Heber Valleys. 
It· exists also in the Sevier River Valley, where there is large ground­
water storage but where ground-water outflow helps to support surface 
flows appropriated downstream for irrigation. 

Obviously, therefore, some modificatIOn in existing laws, as inter­
preted in recent decisions, may be needed if thero is to be full develop­
ment where ground water and surface water are interconnected. 

In the nUl-ny "dry" valleys of the Great Basin this problem is not 
involved to lUlY great extent. Reeovery of wound water will simply 
decrease natural discharge which is now sernng no beneficial purpose, 
and recovery may llctually increase replenishment in some valleys 
when the water table in the recharge areas is lowered, creating storage 
space that will absorb a greater proportion of the intermittent stream­
flow than is absorbed under na.tural conditions. 

The Uinta Basin has some promise for grOlmd-water development. 
The available surface-water and quality-of-water data, though not vet 
adequate, c.()uld serve as a basis for very rough estimat.es of ground­
,~ater potent.ial. Although available data. indicate the water to be of 
generally excellent quality, localized &'\line water will be a limiting 
factor, hoth in shallow aquifiers recharged by irrigation wat.er and in 
deep a.quifers in which circulation of water is slow. The legal problem 
imposed by interconnection of ground water and surface water exists, 
but not. to the extent that. it does in the heavily developed areas along 
the \Vasl teh front. 

UTILIZATIOX AND STOHAGE 

The gretltest part of Utah is semiarid, and at. present. the land serves 
principally for grazing and as a source of such runoff as originates on 
it and is captured for productive uses. The following table' summar­
izes the land area by type and the consumptive use of water in each 
type, in t.erms of percentage of the total precipitation (U.S. Congress, 
1960,pp.354-355). 

Type orland 

Ora zing land and watersheds ___________ '-- ________________________________ _ 
Arable bllt uncropped land, used for grazing ____________________________ _ 

p;r~!~T!!r~~--------~~:=====================:=============:===::=:======= Cities and towns, industrial sltes _________________________________________ _ 
Wostclnnds, national parks, and monumcnts _____________________________ _ 
Water area _______________________________________________________________ _ 

Water 
Percent of consumptlonl 
total arca (percent of total 

precipitation) 

81.7 72.1 
2.6 1. 9 
1.1 1.0 
2.1 4.6 
.6 .2 

9.0 6.4 
3.0 9.6 

TotaL________________________________ __ __________________ ________ ___ 100.0 95_ 7 
Outfk>w in interstate strelUwL _ _ ___ __ _ _ ___ ___ _ ___ _ _ _ ___ _ _ __ _ _ _ _ ___ _ _ __ ___ _ ___ _ _ _ _ _ _ _ _ __ _ 4.3 

TotaL ___________________________ . _____________ _ _ __________________ __ ______ _ _____ __ 100.0 

Grazing land and ·watersheds and uncropped arable land account 
for 84.3 percent of the area, hut. consume only 74 percent of the precipi­
tation. The remaining precipitation (2() percent) represents runoff 
that supplies consumptive uses on the other 15.7 percent of the area, 
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and which creates the difference between the surface flow received 
by the State and that discharged from the State. Irrigated land, 
which accounts for 2.1 percent of the area but probably receives less 
than that percentage of the precipitation because it lies at low eleva­
tions, consumes water equivalent to 4.6 percent of the precipitation. 
Water areas, mainly the large lakes, when at "normal" levels account.. 
for 3.0 percent of the area (as of 1963 Sevier Lake was dry and Great 
Salt Lake covered only half the area covered as of 1952) and probably 
a much smaller percentage of the precipitation, and consume 9.5 per­
cent of the precipitation. To consume, or at least to get more use 
from, a part of the water now evaporated from the lakes is one of the 
principal goals of future water development in Utah. 

According to the State (U.S. Congress, 1960, p. 350), the irrigated 
area in 1959 was about 1,165,000 acres. Other sources give different 
figures! ranging from somewhat le.c;s to considerably more. Of the 
1,165,000 acres) only 407,000 acres have an adequate water supply at 
present ac(''ordmg to the State. An additional nrea of 1,429,000 acres 
would be suitable for irrigation if water could be supplied. Utah by 
1980 hopes to irrigate some 57,000 aeres of new lands and to provide 
supplemental water to about 523,000 acres; the total water reqmrement 
would be equivalent to that required for 228,000 acres of new lands. 
By the year 2000 the expected totals are 20a,000 acres of new land, 
708,000 acres provided supplemental wuter, and a new-land equivalent 
of 446,000 acres (U.S. Congress, 1960, p. 360). 

As of 1959, the total diversion needs as estimated by the State (U.S. 
Congress, 1960, p. 357), in millions of acre-feet per year, were 0.2 each 
for municipal and industrial use and 5.0 for irrigation, a total of 5.4 
(4.8 bdg). The expected 1980 figures are 0.5, 1.0, and 5.5, for a total 
of 7.0 million acre-feet (6.2 bgd). Rural use is not included but is 
relatively small. These figures assume a full supply for nIl uses; the 
actual diversions currently are less. 

As of 1960 (MacKichan and Kammerer, 1961; :McGuinness, 1963) 
the total withdrawal use of water was as given below. 

In addition to the quantities shown for irrigation, an estimated 750 
mgd (840,000 acre-feet), mostly surface water, was accounted for by 
conveyance losses between points of diversion and points of delivery 
to irrIgated cropland. 

Surface water Ground water Total 

Use 
Acre-feet Mgd Acre-feet Mgd Acre-feet Mgd 
per year per year per year 

Fresh water 

Publlc ______________________________ 130,000 120.0 110,000 100.0 240,000 220.0 
Rural domestic and stock ___________ 9,700 8.7 12,000 11.0 22,000 20.0 
Industrial: 

Public-utUity fuel electric power_ 86,000 77.0 ------------ ---------- 86,000 77.0 Other ___________________________ 164,000 160.0 ~,OOO 68.0 230,000 210.0 Irrlgation ___________________________ 3,400.000 3,000.0 390,000 360.0 3,800,000 3,400.0 

TotaL ________________________ 3,800,000 3.400.0 680,000 620.0 4,400.000 3.900.0 

Saline water 

IndUlltrlal, total (none for public-
utUity fuel-electrlc power) _______ . 0.200 I ul 3· ... 1 30

1 •· ... 1 

8.15 
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Streams, lakes, and reservoirs are used extensively for recreation 
and for fish and wildlife l?ropagation. These uses of the water re­
sources are increasing rapIdly; the social lmd economic values are 
recognized and given consideration in development plans. Utah's 
streams, lakes1 and marshes were the naturnl habitat of fish and 
game before the pioneers arrived. One of the principal migratory 
bird flyways crosses Utah, and millions of ducks, geese, and other 
waterfowl not only visit the area during their migration, but thousands 
stop over during the nesting season. The largest migratory-bird 
refuge in the world is neur the mouth of the Bear River. Several 
State bird refuges have been developed, and a large number of private 
duck clubs have developed other marsh areas for migratory birds; it is 
estimated that the marsh areas exc-eed 500,000 acres. Fish are taken 
from streams, reservoirs, and lakes prineipally for sport or recreation; 
however, some fish are taken from Utah Lake for the West Coast 
market. 

Production of firm power requires considerable storage to regulate 
the variations in streamflow. (See section on water power below.) 
During i-he snowmelt period of ~Iay and ,J une about 60 percent of the 
yearly streamflow occurs. Discharge of unregulated streams during 
the winter months is only 10 percent of the May-June discharge. 

Early storage ~~c;;eryoirs were based on the concept of single-purpose 
use of water. The more recent concept of multipurpose development, 
including benfits outside the horders of the State, has resulted in 
greatly increased storage capacity during recent years. Flaming 
Gorge Hesen'oir and Lake Powell, the two lnrgest reservoirs now being 
utilized in the Colorado River storage J>rojeet, have a total capacity 
of 30,789,000 acre-feet, most of which IS in Utah. Exclusive of the 
Colorado Hiver storage project, the 18 principal reservoirs furnishing 
water to Utah lands have a total usable capacIty of 3,837,000 acre-feet. 
Two of the reservoirs, Bear Lake and 'Voodruff Narrows in the Bear 
River Basin, with a usable capacity of 1,448,000 acre-feet, also supply 
irrigation water to adjoining States. The principal reservoirs with 
ca pacities are as follows: 

Reservtor: 
Bear Lakc ____________ _ 
Deer Creek ___________ _ 
East Canyon ______ .:. ___ _ 
Echo __________ . ______ _ 
Hyrum ________ . ______ _ 
Moon I,ake ____ . ______ _ 
Otter Creek ____ . ______ _ 
Pine View ____________ _ 
Piute _________ .. ______ _ 
Porcupine ____________ _ 
Rockport ______ . ______ _ 
Rockyford ___________ _ 

1 Total capacity. 

Usable Usable 
capacitJl capacitJl 

1,421,000 
14H, 700 

28, 730 
73,940 
Ui,2M 
ar;,800 
!l2, ;,00 

110,000 
74,010 
11,300 
60,860 
2..'l,260 

Reservoir-Continued 
Scofleld ______________ _ 
Sevier Bridge ________ _ 
Steinuker ____________ _ 
StrawbE>rry __________ _ 
Vtah Lake ___________ _ 
'Voodrutf Xal7Ows ___ _ 

6;;, 780 
2..'l6,100 

3.'3. 2~0 
270.000 

1,149,000 
26,500 

Subtotal ____________ 3,&37,000 
Flaming Gorge ________ 13,789,000 
IAlke PowelL _________ 1 27, 000, 000 

Total _______________ 34,626,000 

WATERPOWER 

(By Arthur Johnson, Washington, D.C., and W. C. Senkpiel, Denver. Colo.) 

Utah ranks 12th amongst the States in gross theoretical J>(?wer avail­
able from its developed and potential waterpower sites. Some 1,600 
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M1V (megawatt= 1,000 kilowatts), which is 1.3 percent of the nat.ional 
total, might be available ultimately. Utah only ranks 30th, however 
in actual installed capacity, with its 211 ~Inv at developed sitcs. The 
recently completed (October 196:l) Flaming Gorge projeet on the 
Green River added 108 ~nv, and slightly more than doubles previous 
installed capacity. " 

Power development in Utah was undertaken at an early date, almost 
entirely in the Great Salt Lake basin. Seven sites had been developed 
by the end of 1900. During the 1901-10 decade :n plants were built 
and during the HH 1-20 decade 14 more plants were added. These 
plants were at scattered locat.ions on small streams (see fig. 56) and 
served small communities. As explained by Woolley (1947, p. 176), 
this distribution is related to the physiography of the basin and its 
numerous small stre~lms, and to the type of settlements. l\lany of the 
communities were small because the streams on which they were lo­
cated were small and because they were separated from other com­
munities by varying- amounts of barren areas which served as barriers 
to communication and transportation as well as to interconnection by 
transmission lines. 

The waterpower resources of rtah nre summarized in table 20. The 
gross theoretical power has been evaluated for the se"eral flow condi­
tions re,cornmended by the 'Vorld Power Conference, based on 100 per­
cent effieiency and utilization of the full head available at each site. 
All developed sites have been included. regardle.'3s of size, but. the un­
developed sites include only those having at least. 1 M1V potential 
based on the flow available 50 percent of the time (Q50). For these 
sites, flow available 95 percent of the time (Q95) suggests the firm or 
continuous power potential on streams lacking storage for equalizing 
irregular flow. The Q!)5 evaluation indicates in g-eneral the minimum 
pot.tmtial power for comparative purposes. 

The potential power based on mean flow (Q mean) represents the 
maximum attainable. To realize t.his eondition sufficient storage must 
be anl.ilable to so regulate streamflow that all the wnter will be uti­
lized through the turbines, a dcsir.llble but not ah,'uys attainable condi­
tion on some streams. 

Evaluations of potential power based on the flow and fall of a stream 
tend to give higher value.c; than generally can be realized, either be­
cause of the absenee of feasible damsiteA'3, lack of adequate storage 
capacity, or the usc of water for industrial or agrieultural purposes. 
As previously stated, the estimates are based on 100 per('~nt efficiency 
in accordance with "T orld Power Conference recommendations. Ex­
perience has shown that overall efficiency for a. power project will 
va.ry between 75 and R5 p(\rcent.. 

The gross theoreticnl power by drainage basin subdivisions is shown 
in table 20. The locutIOn of the power sites, developed and unde­
veloped, is shown on figure 56. 

There arc 50 developed sites in the Great R~sin, only two of which 
have installed capacitIes greater than 5.0 l\nv. There are 11 devel­
oped sites in the Colorado River Basin, and with the exception of the 
recently completed Flaming Gorge project on the Green River, the 
largest. installed capacity was 2.8 ~n'. The distribution of developed 
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Major drainage basin boundary 

Drainage basin subdivision boundary 

Drainage basin subdivision index number 

Developed waterpower site, installed capacity less than 1. 0 MW 

• Developed waterpower site, installed capacity greater than 1.0 MW 

o Undeveloped waterpower site 

FIGURE 56.-Waterpower sites in Utah, developed and undeveloped. 



MINERAL AND WATER RESOURCES OF UTAH 271 

sites according to installed capacity is indicated by the following 
tabulation: 

Installed capacity (MW) 

neveloped pOtcersites 

Colorado Hiver Basin 

:-.lumber ot 
sites 

Total 
installed 
capacity 

Great Basin 

Number ot 
sites 

Total 
installed 
capacity 

Less than 1.0____ __ _ ___ _________________ __ _ _ _ _ _ _ 4.3 32 13.4 
1.0t02.0_______________________________________ 1.2 9 13.6 
2.0t03.0_______________________________________ 2 4.8 3 7_4 
3.0 to 5.0 _______________________________________________________________ . _ __ .. 18.3 
6.0 to 10.0. ____________________________________________________________________________________________ _ 
10.0t025.0_____________________________________ ______________ ______________ 1 12.7 
26.0 to 60.0_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 30.0 
15O.0 to 100.0. ___ .. ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____________ _ 
Over 100.0____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 I 108.0 ___________________________ _ 

TotaL __________________________________ _ 11 118.3 15O 95.4 

I Flaming Gorge project. 

In considering the developed power in Utah, it should be no.ted 
that the reservOIr for the Flaming Gorge project, when filled, will 
extend 60 miles into 'Vyoming. The Flaming Gorge da.m is 32 ri ver­
miles from the ""yoming-Utah boundary. The Glen Canyon dam is 
13 river-miles below the Ut.ah-Arizona boundary. The reservoir 
when filled, will extend 173 miles into Utah. 

The potential undeveloped power in Utah is predominantly in 
the Colorado River Basin. As shown in table 20, there are 24· pro­
spectiye sites in the Colorado HiveI' Basin with an estimated gross 
theoretical power of 1344 ~nv based on mean flow. The correspond­
ing figures for the Great Basin are 14 sites and 70 ~:nv. Of the 24 
sites in the Colorado River Ba.sin, a are on the Colorado River with 
an estimated potential of 602 M\V and 5 are on the Green River with 
an estimated potential of 472 ~I'V. In the Great Basin the 
t.wo largest undeveloped sites have estimated potentials of 13 and 14 
M'Y, followed by two sites each with 9 }HV potential and one with 
6 mv. In other words, 51 of the 70 ~{"T of undeveloped power in 
the Great Basin are in 5 sites. Any significant increase in developed 
waterpower in Utah, therefore, will be at sites in the Colorado River 
Basin, primarily on the Colorado and Green Rivers. 

Although the tendency is towards the development of large sites, the 
utilization of small sites has not been entirely discontinued as evi­
denced by the constrnction of a o.a-~I'v plant in 1955; and plants 
with 1.4,2.8,4.5, and 5.0 ~V capacity in 1958. 



TABLE 20.-Developed and urnUveloped waterpower in .utah, Dec. Sl, "1962 

Principal drainage area 
and subdivisions 

Oolorado River Ba. ... in: 

Dralnage 
basin 
index 

number Number 
ot sites 

Veveloped waterpower sites 

Gross theoretical power (MW), 
gross bead (l00-percent effi­
ciency) Hows at-

Q95 Q1IO Qmcan 

Installed 
C8pooity 
(MW) 

Green River Basln ... ______________ 9A________ 13.7 43.3 85.5 J 108.0 
Grtlf'-D IUver Basin ... ______________ 9B________ 3 2.9 5.9 11.2 2.4 
Colorado River Basln_ .. ___________ 91> ___________________________________________________________________ _ 
ColorsdoRiverBasin ... ___________ 9F________ 2 2.1 2.6 3.2 3.0 Sanjuan River Basin ______________ 90 ______________________________________________________ . ____________ _ 
Vl.rg1nia River Basin _______________ 9K________ 5 1.6 3.7 6.3 4.9 

Total, Colorado River Basln ________________ _ 11 20.3 55.S 106.2 118.3 

Undeveloped waUlrpower sites 

:-lumber 
ot siU8 

1 
13 
2 
2 
5 
1 

24 

Gross tbeoretical power (M W), 
gross bead (l00-peroont effi­
ciency) Dows at-

Q95 Qoo Qmean 

1.0 3.1 6.2 
85.8 229.0 528.1 
66.0 133.9 288.9 
70.4 IM.l 322.0 
20.4 85.4 194.2 
1.6 3.1 4.9 

24S.2 608.6 1,344.3 

Total gross 
theoretical 

power (MW), 
dev~jOO 

undeveloped 
sites, 

based on 
mean flow 

91. 7 
639.3 
288.9 
32b.2 
194.2 
11.2 

1,400.5 
GreatB~: 1=======1======1=======1======:1======1======1=======11=======1======1======1:======= 

Great Salt Lake Basin_____________ lOH ______ _ 32 22.1 44.3 75.4 87.6 14 16.5 36.6 69.5 144.9 Soutbwest Utah basins ____________ 101. ______ _ 18 3.9 5.8 12.3 7.8 ------------ ------------ ------------ --- ... -------- 12.3 
1-------1------1·-------Total, Oreat Basin. _________________________ _ 

1======1:=======1======== Total tor State ______________________________ _ 
00 26.0 . -""1 87.7 95.4 

61 46.31 105.6 19.'1.9 213.7 

157.2 

1,607.7 

14 16.5 36.6 00.5 

38
1 

261.7 645.2 1,413.8 

MW-MegawaU-l,OOO kilowatts. J naming GOrRe project whicb was placed in operation in October 1963. 
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According to the Federal Power Commission,l there were, at the 
end of 1962, 83 existing powerplants in Utah which were owned by 24 
electric utilities (publIcly owned locally, federally owned, and pri­
vately owned) with u. total inst.alled generating ca.pacity of about 610 
M'V. Of this total, 102 ~f\V, or 17 percent, were supplied by 58 water­
power plants; 45 MW, or 7 percent, by 16 internal combustIOn plants; 
and 463 mY, or 76 percent, by 9 steumplants. Bec~wse of the large 
deposits of coal located in the SUlte, coal-fin,>d stcamplants are the 
prmcipal source of its enerb"Y. 
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