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THE GBOLOGY OF KANE COUNTY
Geology
Mineral Resources
Geologic Hazards

by
H. H. Doelling and F. D. Davis

1986

INTRODUCTTION:

The total value of the mineral production of Kane County, Utah
through 1985 is estimated at about $21,854,000. Over 95 percent of this
sum is attributed to construction materials mined or quarried to build and
maintain highways. The county has produced sand and gravel, crushed
stone, coal, gem stones, pumice and volcanic ash, manganese ore, gold,
uranium, silver, copper, and lead. Presently the most important
canmodities are construction and gem materials. The anmual rate of
production of these items is erratic, but the value averages a few hundred
thousard dollars anmually. The production of the construction materials
deperds on the schedules of the Utah Department of Transportation and
other road building agencies. Gem materials are mined intermittently to
supply the wants and whims of the tourists that frequent the area. There
are no large, regularly producing mining operations in the county at the
time of this writing. Other mineral deposits reported in Kane County
include titanium and zirconium, gypsum and anhydrite, limestone and
dolomite, clay, and vanadium. About 29 tests for petroleum have thus far
been drllled without significant success. However, many had mterestlng
shows of o0il and gas and the potential for its discovery remains high.

Public awareness of geolcgic hazards of Kane County is probably not
widespread inasmuch as the area is sparsely settled. Kane County has
experienced earthquakes and there are active, even “chronic" landslide
problems. One of the most serious problems is road maintenance because
flash floods regularly cut away sections of road, weaken bridge abutments
ard generally make travel impossible when they occur. Kane County
increased its population by over 66 percent between 1970 and 1980 ard the
trend contimies. Home builders should be aware of compactible soils and
rock fall areas.

Kane County is also famous for its scenic beauty which is principally
inspired by its colorfully displayed rock formations, and fantastically
obvious geologic features; faults, folds, arches, monoclines, joints,
crossbeds, cliffs, lava fields, and canyons. The county area has had an
interesting geologic history and important "finds" have added much to our
knmowledge of world geology.



HISTORY :

Kane County was created in 1864 or 1865 as settlements began to
appear along the better water courses of the area. Originally larger in
area than at present, the county was reduced to its present configuration
in 1882. Minerals were not overly important in the early days, but the
pioneers did utilize native stone to construct some of their more
important buildings. Cass Hite discovered gold in the Colorado River
gravels at the mouth of Trachyte Creek in Garfield County in 1883, ard
soon prospecting spread to all parts of the river. Records are sparse,
but a little production was undoubtedly achieved along the Kane County
portion of the river, especially between 1886 and 1889. An occasional
ounce or two was intermittently produced thereafter until the 1930s.
Prospectors discovered minute amounts of flour gold in the Chinle shales
near Paria and a pramotional effort to develop a viable cperation took
place between 1910 and 1913. The prospects were investigated by C. A.
Iawson (1913) and humorocusly deemed impractical:

YAt present the occurrence is interesting from a geological
rather than a practical point of view. We may safely assume on the
sampling at Paria that the Shinarump (Chinle) clay there contains on
the average 5 cents per cubic yard. The same formation appears to be
similarly auriferous throughout its extent. The formation underlies
a territory of about 100,000 square miles and its average thickness
may be placed at 300 feet. Reckoning 5 cents to every cubic yard of
this ground the gold content of the Shinarump (Chinle) clay is about
$1,500,000,000,000! All of which goes to show that universities
should not despair of scame day securing an adequate financial
endowment” (Lawson, 1913, p. 447-448).

The excitement brought in many prospectors, however, and many
claims were filed as interesting shows of copper, silver, and lead were
discovered in thin fissures and collapse features in the Navajo and
Carmel Formations along the Cocksconmb and along and at the top of the
White Cliffs. Most of these prospects proved too small to be
economical, but a small amount of the metals were produced, including
some recorded production in the mid-1930s. In addition to the precious
and base metals, uranium and manganese minerals were discovered at the
same time. Hess (1914), reports the presence of autunite and
uranospinite near Paria (Pahreah); nothing is found in the literature
about the manganese until 1940, but county records indicate a much
earlier discovery date. Evenso these were neglected until World War
II. The prospects were developed and tested fram 1940 to about 1960,
the manganese in response to World War II needs and the uranium in
response to the govermment-inspired boom to make atomic bambs in the
1950s. Only small tonnhages of these ores were produced, the total value
small and insignificant.

The vast coal deposits of the county were immediately discovered by
the settlers, but were not exploited until 1900. The local forests
provided plenty of fuel for the sparse settlers. The Dakota Formation
coals along the Cockscomb and near Cannonville were reported in 1875 by
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both Howell arxd Gilbert. The Alton coals were reported by Richardson in
1909 and the Kaiparowits Plateau coals were not reported on umtil 1931
by Gregory ard Moore. From 1900 to 1972, a little over 90,000 tons of
coal were mined, first limited by the small local market and later
restricted by envirommental considerations and stringent safety
regulations.

Tourism became an important industry to Kane County after the
tunnel in Zion National Park was campleted in 1930 and local prospectors
realized profit by collecting same of the unusual rocks of the region
ard offering them for sale. A portion was exported and the sale of
these items continues to the present. The commodities are collectively
classified as gem stones, but consist of concretions, petrified wood,
jasper, agate, "picture stone" and just plain colored sand. Records of
the mining of these items are lacking or incomplete, but the cumilative
value of production is estimated to exceed $500,000.

Construction materials were used locally until 1930 when the
highway system began to be developed in southern Utah. The principal
materials include sand and gravel, volcanlc gravels and grits (pumice
and volcanic ash), and crushed stone. Since 1930 the construction or
maintenance of highways has fostered considerable use of these
materials. Although erratic, with no production reported in some years,
the average value from 1930 to 1960 is about $10,000 per year. In 1961~
1963, almost $19,000,000 worth of construction materials wer produced to
construct the highway between Kanab and Page, Arizona and for cther
needs connected with the construction of the Glen Canyon Dam. Since
then production has averaged $75,000 per year, again being erratic from
year to year. The total value of the produced materials for the county
since 1864 is estimated at $20,950,000.

Table 1. Estimated value of mineral production in Kane County, 1864-—
1985

Cammodity Value
Construction materials (sand amd gravel, volcanic  $20,950,000
ash, crushed stone)

Gems or semi-precious stones (conretions, 500, 000
petrified wood, jasper, agate, “picture stone,
sand, etc.)
Coal 401,000
Preciocus and base metals 2,000
Manganese, uranium, etc. 1,000
Total value: $21,854,000
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Kane County lies along the south-central margin of Utah adjacent to
the Arizona border and has a land area of 4,105 square miles, being
twice the size of the state of Delaware. Kanab is the largest town and
county seat. Kane County is sparsely populated, in 1970 averagin 0.6
persons per square mile. At the time of this writing (1985) the average
muber of persons per sguare mile in the United States is estimated to
be about 65 while that in Kane County has increased to more than 1.0.
Most of the county's population is concentrated in the westerm part,
either along the East Fork of the Virgin River or along Kanab Creek.
Glen Canyon City (now Big Water) appeared as a new community (circa
1958) in the eastern half of the county along Wahweap Creek during the
construction of the Glen Canyon Dam. This cammunity and its satellites
have maintained a small population since. More recently Kane County has
been chosen for retirement hames and modest increases in the population
are being experienced in the existing commnities and along Johnson
Creek near the Vermilion Cliffs. Historical and present population data
is given in table 2. The population of Kane County increased 66.2% from
1970 to 1980.

Table 23 Population statistics for Kane County, Utah

Historical Population By commnity, 1960,70, and 80
1870 1,513 Commnity 1960 1970 1980
1880 3,085 Alton 116 62 75
1890 1,685 Glendale 223 200 237
1500 1,811 Kanab 1,645 1,381 2,148
1510 1,652 Mount Carmel 125 75 138
1920 2,054 Mt. Carmel Jct. 10 15 25
1930 2,235 Orderville 398 399 423
1940 2,561 Cther areas 150 289 968
1950 2,299 (Big Water, Johnson Cyn,
1560 2,667 Church Wells, Bullfrog, etc.)
1970 2,421
1980 4,020

Transportation

County accessibility is provided mainly by highways and roads.
Kanab is served by airport facilities designed for small aircraft and
light comercial planes. In addition lamding strips are present near
the recreation centers. There are no railroads. The principal highway
artery is U. S. Highway 89, which enters the county from the north near
ILong Valley Junction, then passes southward along the East Fork of the
Virgin River to Mount Carmel Junction, thence southeasterly to Kanab.
There the highway divides, the alternate route passes directly into
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Arizona providing access to the north rim of the Grand Canyon, the main
route passes easterly through the county along its southern boundary to
Glen Canyon City (Big Water) and then into Page, Arizona. Utah Highway
14 exterds westerly from U. S. Highway 89 at ILong Valley Junction to
Zion National Park. Access to all other areas of the county is over
secondary roads, most of which are not paved. The more important roads
are shown on figure 1, dashed lines denote those routes that are not
paved. Most of these are well maintained, but occasionally become
impassable to low-centered vehicles, especmlly after prolonged rainy or
snowy weather. The terrain over which the roads pass is often rugged,
marked by deep canyons and precipitous cliffs, the routes definitely
influenced by these topographic features.

Physiography and Topography

Kane County is located near the western margin of the Colorado
Plateaus physiographic province (figure 2), but is entirely within it.
The province consists of a series of plateaus, mesas, and buttes which
reflect the internal structure and geclogy. Interrupting the horizontal
or gently dipping strata are major faults, monoclinal folds, and groups
of anticlines and synclines, domes and basins. Rivers have gouged and
eroded deep canyons or precipitous escarpments in most areas. Extrusive
1gneousmcksareccmmnaromxithemrgmsofﬂ1eprovuweardvolcanlc
cones and flows are found in northwestern Kane County. Essentially Kane
County is divided into two subprovinces by a north-northeast trending
structural feature known as the East Kaibab monocline (The Cockscomb).
The western half of the county is known as the Grand Staircase,
described as a series of benches and cliffs sequentially losing altitude
to the south (photo 1 - frontispiece). The eastern half is mostly a
structural basin, the Kaiparowits Basin, that is filled with Jurassic
and Cretaceous sediments. The topographic expression is that of a
plateau plunging northward. In the extreme eastern corner of the county
is another monocline, the Waterpocket Fold, east of which is another
basin, the Henry Mountains Basin.

A series of high plateaus mark the western boundary of the Colorado
Plateaus in Utah; two of them terminate in Kane County as cliffs, the
uppermost step of the Grand Staircase. These and cother divisions of the
Colorado Plateaus physiographic province in Kane County are shown on
figqure 3. General elevations drop from north to south in the county as
illustrated by the generalized topographic map, figure 4. In Kane
County the High Plateaus are represented by the Markagunt and
Paunsaugunt Plateaus and are located to the northwest (photo 2).
Elevations of the upper surfaces range fram 8,000 to 9,500 ft. The
Markagunt Plateau upper surface is tilted northeasterly, the Paunsaugunt
Plateau is warped into a gentle syncline plunging northeasterly.
Tertiary lacustrine sediments cap both plateaus and cinder cones and
lava flows are present on the higher parts of the Markagunt. The south
margins of these plateaus are marked by the Pink Cliffs, the principal
attraction at Bryce Canyon National Park. The two plateaus are
separated by a north-northeast trending valley and the Sevier fault,
known as Long Valley. That part of the valley north of Iong Valley
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Junction drains northerly into the Great Basin as do the upper surfaces
of the Markagunt and Paunsaugunt Plateaus. That part south of Long
Valley Junction drains to the south and contains the East Fork of the
Virgin River, a tributary of the Colorado River.

The Kolob Terrace lies below the Pink Cliffs west of Long Valley.
This is mostly an area of rough bench and slope land deeply incised by
the local drainages. The exposed rocks are principally gray or tan
shales, sandstone, and siltstones of fluvial and marine origin. The
southwestern margin of the Kolob Terrace ends with the Gray Cliffs,
supported by the Cretacecus Dakota Formation, which contains valuable
coal beds. The Podunk Terrace lies beneath the Pink Cliffs of the
Paunsaugunt Plateau and is similarly bounded on the south by the Gray
Cliffs. 1Its description is identical to that of the Kolob Terrace, but
it is more narrow. Elevations on both terraces rarge from 6,000 to
8,000 feet.

The Coral Pink Bench and Canyonlands lie in the southwestern cormer
of the county below and south of the Gray Cliffs and west of the Sevier
fault. The exposed bedrock is mostly sandstone and siltstone eroded to
flat-topped benches and steeply rounded picturesque buttes. Here and
there the area is cut by a deep canyon, especially the one in which the
Virgin River flows. Large amounts of loose sand have accumulated in
sheets and dunes in the low areas between the buttes. Elevations rarge
from 4,800 to 6,500 feet. The poorly developed White Cliffs cut the
Coral Pink Bench and Canyonlands in half from east to west and the south
margin is formed by the Vermilion Cliffs.

The Skutumpah Terrace lies below the Gray Cliffs between the Sevier
fault and the Paunsaugunt fault. It is bounded on the south by the
White Cliffs. Flat-topped benches are divided by deeply incised
canyons; the benches are capped by siltstones and limestones, the White
Cliffs are sandstone. The northerm half of the benches immediately
below the Gray Cliffs are generally covered by a veneer of alluvium,
eolian sand, sandy soils, or pediment gravels. The wider Paria Terrace
is similar to the Skutumpah Terrace in its description and lies between
the Paunsaugunt fault and the East Kaibab monocline (The Cockscomb).

The Wygaret Terrace is an east-west trending area that extends from
the Sevier fault con the west across the Paunsaugunt fault to the East
Kaibab monocline on the east, and from the White Cliffs on the north to
the Vermilion Cliffs on the south. The surface is principally sandstone
or loose sand and is dotted with steeply rounded sandstone buttes and
monuments. The elevations rarnge from 5,500 to 6,500 feet. The
Shinanup Flats lie below the Vermilion Cliffs and consist of smooth
appearing sandy flats and rough badland hills. The south border is
marked by the discontinous Shinarump Cliffs and by Buckskin Mountain.
Elevations range from 5,000 to 5,500 feet, the surface rocks consist of
Triassic reddish siltstones, fine-grained sardstones, and varicolored
shales. Buckskin Mountain lies southeast of the Shinarump Flats and
ends abruptly against the East Kaibab monocline (The Cockscomb). The
mountain is an anticlinal upwarp, the uplifted strata are composed of
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hard Permian carbonate rocks. Two or three streams have cut deep
canyons into the upward which rises from 5,000 to 6,500 feet.

The Cockscamb is an impressive topographic feature and Triassic and
Cretaceous units bend and fold eastward into the Kaiparowits Basin. In
places the fold is cut by both paralleling and transverse faults which
offset or eliminate strata. A narrow strike valley persists throughout
its length, which is bourded by steep cliffs and hogbacks.

The Kaiparowits Plateau is an area of undulating plateau surfaces
periodically incised by steep-walled canyons. The area extends from the
East Kaibab monocline (The Cockscomb) eastward to a prominent erosional
escarpment known as the Straight Cliffs or Fiftymile Mountain. The
Plateau extends northward into Garfield County and scuthward to a line
of cliffs 6-12 miles north of the Arizona border and Lake Powell. The
surface rocks are mainly fluvial or marine, Cretaceocus gray or tan
sandstones, siltstones, and shales, and some of the units are coal-
bearing. Elevations range from 5,500 to 7,200 feet, being highest to
the north and east. The anticlines and synclines that warp the plateau
trend north-south and northwest-southeast.

Clark Bench lies between the Cockscomb and Lake Powell below the
Kaiparowits Plateau. Sandy soils cover most of the surface which is
underlain by Jurassic sandstones and siltstones. A few drainages have
deeply cut into the bench (Paria River, Buckskin Gulch) creating narrow
canyons. Glen Canyon Bench and Canyonlands consists of a series of
broad flat-topped benches separated by vertical-walled canyons that are
now partially filled with the water of Lake Powell (photo 3). Bench
surfaces lie at elevations of 4,000 to 5,000 feet. The surface of Iake
Powell, when the reservoir is filled, is approximately 3,700 feet.

East of the Straight Cliffs, strata dip very gently southwestward,
gradually risirg to the east. Along the foot of the cliffs and
extending eastward are a series of coalescing flats interrupted by
occasional rough lands of "slickrock" and gypsiferocus siltstone and red
sardstone. "Slickrock" is the name given to the bare rounded ocutcrops
of the Jurassic Entrada Sandstone. The Flats extend northward into
Garfield County and eventually pinch ocut to the scuth before reaching
lake Powell. They are usually covered with a veneer of loose sard or
sandy soils, and dunes are found in a few areas (photo 4). Farther east
the Flats disappear and are replaced by the Escalante Bench and
Canyonlands which are cut in half by the canyon of the Escalante River.
The area is similar to the Glen Canyon Bench and Canyonlands, except
that the benches are narrower. The elevations along the Flats range
from 4,200 to 5,500 feet, the lower areas being to the south. Escalante
Bench and Canyonlands elevations range from 3,700 feet (lake Powell) to
6,000 feet. The Escalante Bench and Canyonlands terminate eastwardly
against the Waterpocket Fold. Mostly Jurassic rocks are downfolded
eastwardly beneath the Henry Mountains Basin, here represented by the
Cane Springs Desert. This extreme northeastern corner of the county has
largely been imundated by lLake Powell, but the remaining land areas
consist of hilly "slickrock" alternating with sandy areas at elevations
3,700 to 4,000 feet.
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Status of Topographic Mapping
in Kane County, 1985

Kane County is entirely covered by U. S. Geological Survey (USGS)
topographic mapping. The available coverage consists of both 15 and 7
1/2 mimite quadrangles. The USGS is currently working to replace the 15
minute quadrangles (scale 1:62,500) by 7 1/2 minute quadrangles (scale
1:24,000. Schedules indicate this might be complete by 1989. Fiqure 5
shows the names of the quadrangles that were available in 1979 ard the
names of the new quadrangles that will be available in 1989,

Climate and Weather

Three climatic zones affect Kane County; mountain, mid-latitude
steepe, and mid-latitude desert. A mountain climate is experienced in
the higher plateaus, the Markagunt and Paunsaugunt. The deserts are
found in the southeastern parts, coinciding with the lowest elevations
around Lake Powell. Most of the county experiences a mid-latitude
steppe or semi-arid climate. A steppe climate is transitional between a
humid climate and a desert, nevertheless, it is one in which evaporation
exceeds precipitation. Climographs of several Kane County stations are
shown on figure 6, which present average temperature amd precipitation
data. The characteristic unreliability of semi-arid stations holds true
in Kane County; in some years Kanab may receive as much as 25 inches of
precipitation, in others as little as 5 inches. In the case of
temperature, unusually warm days in winter are not rare and high
elevation stations can experience a summer frost.

Kane County averade precipitation ranges from less than 6 inches to
more than 40 inches and is controlled by elevation. A comparison of the
Generalized Topographic map (figure 4) with the ischyetal map (figure 7)
generally supports this, however, a low location site surrcunded by
higher ground will usually receive more precipitation than a comparably
low area more openly situated. The Markagunt and Paunsaugunt Plateau
areas receive from 20 to more than 40 inches of precipitation annually
and have two peaks; one in the winter from cyclonic storms and one in
the summer from convectional storms. The winter storms bring snow and
the higher areas remain covered for several months. Meltwaters are
adequate to maintain several permanent rivers, streams, and sprirgs.

The convectional storms are generally spotty, and are often severe, and
much rain can fall in a short period of time. The driest months are
April, May, and June.

The steppe climate area receives 7 to 20 inches of rain annually
and the peaks are experienced in winter and summer as they are in the
High Plateaus. These peaks become less pronounced at the lower
elevations and in the deserts often become so subtle as to be
unnoticeable. The rainfall of both the steppe and desert areas is
insufficient to maintain permanent streams and springs diminish in
number and in the volume of water they produce as the elevation drops.
The severe summer thundershowers that fall on the steppe areas often
cause considerable flooding damage. The dry washes and gulches are
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quickly filled, and in their descent to Lake Powell or the lower
Colorado River, destroy rovads, rip out culverts, and fill in irrigation
canals or stock watering ponds.

Kane County temperatures are marked with large seasonal and diurmal
ranges. The average temperatures are largely a function of elevation,
Lake Powell may have a slight moderating influence. ©On the Paunsaugunt
or Markagunt Plateaus the average January temperature is about 20
degrees, daily varying from about 10 to 38 degrees Fahrenheit. Winter
extremes range from -20 to 70 degrees. The average July temperature is
55-60 degrees, daily varying from 45 to 80 degrees. In the very highest
locations the diurnal variation is less, often as little as 15 degrees.
Tenmperatures as high as 95 or as low as 25 degrees arfe not uncommon in
the summer. In the Bullfrog Basin, a desert station on Lake Powell, the
average July temperature is 83 degrees, the daily range averages 69 to
100 degrees, with extremes ranging from 50 to 115 degrees. In Jarmuary
the average temperature of Bullfrog Basin is 37 degrees, daily rising
from 26 to 46 degrees. The extreme winter temperatures are -5 and 80

. Kanab is a typical steppe station with a January temperature
averageof 36 degrees and with an average low and high of 22 to 49
degrees. In July the average rises to 70 degrees with a low of 58 and a
high of 92 degrees. It has been as hot as 108 degrees in Kanab.

&

The climographs of figure # have been arranged according to
altitude. Blowhard Mountain Radar station is located in Iron County, a
few miles north of the northwest corner of Kane County on the Markagunt
Plateau. Bryce Canyon National Park Headquarters station is found in
Garfield County on the Paunsauqunt Plateau. Tropic is also in Garfield
County in the amphitheatre below Bryce Canyon. Both the Tropic and
Kodachrome Basin stations are in the amphitheatre and hence in the rain
shadow of the Paunsaugunt Plateau. Kodachrome Basin State Park and all
other stations represented by the climographs are in Kane County.

Figure 8 shows temperature extremes and annual precipitation for
two stations in Kane County as recorded over a 46 year period. The
irregularity of rainfall is indicated by both stations. Note the dryer
cycle between 1970 and 1977 followed by the wet cycle 1978 to the
present for both stations. Between 1963 and 1979 summers were miled in
Kanab and between 1940 and 1948 winters were mild and summers were mild
at Alton.

Land Ownexrship

The 2,627,200 acres (4,105 square miles) of Kane County are cwned
as shown in figure 9 and listed in table 3. Bureau of Land Management
(BIM) administered lands represent the largest block (56.9%), and,
together with much of the state land (7.9%), comprise the least
desirable recreation land. Recreational land is used as a guide since
all the major land decisions made for socuthern Utah by the Federal
Govermment in the last 20 years have been based on this factor alone.
Most (BIM) and state lands are considered multiple use lards. The U. S.
National Forest Service controls most of the High Plateaus section of
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KANAD, KANE COUNTY,
Figure 8.

(middle graph) and annual totel precipitation (lower graph)

Annual high temperature entreme {top graph) and annual low temperature exireme
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the county along with the foothills, its lands amount to 4.9 percent of
the county. The forest is a part of the Dixie Natiocnal Forestg and are
also considered multiple use lands. A small part of the forest acreage
takes care of some single use recreational purposes, such as camping and
picnicking.

The Escalante and Glen Canyon National Recreation Areas take up
16.9 percent of the county which surrcunds the Escalante River Canyon
and the shores of Iake Powell to the southeast. Drilling for petroleum
may be allowed on these lands, but mining activity is restricted is
restricted or disallowed. There are parts of two national parks in Kane
County. Bryce Canyon National Park is shared with Garfield County to
the north ard Zion National Park is shared with Washington County to the
west. National Park lands take up only 0.7 percent of the county area,
which disallow mining or drilling activity and are geared to the single
use of recreation by definition. In addition the Federal Government has
withdrawn another 2.9 percent from full multiple use; much of this land
is used as campgrounds or as buffer zones for the recreation areas.
Additional lands are being considered for wilderness or roadless areas.

2
Table Z. lLand ownership in Kane County, Utah

Proprietor Approximate acreage Percent
Bureau of Land Management 1,494,600 56.9
Naticnal Recreation & Wilderness areas 445,100 16.9
National Forest Service 127,600 4.9
Special Federal withdrawals 69,250 2.6
National Park Service 18,450 0.7

Total Federal lands 2,155,000 82.0

Privately owned lands 261,440 10.0

State lands 206,880 7.9

State Parks 3,880 0.1

State of Utah land is dispersed within the Bureau of ILand
Management controlled areas. According to law, sections 2, 16, 32, and
36 of eatch township or 11.1 percent of all lands, except privately
owned territory, is or should be state-owned, but the state is presently
short of this figure by about 123 square miles. Surface rights to about
1/2 percent of the state lands have been sold to private interests, but
the mineral rights have been retained in most cases. Privately owned
lands are principally concentrated in an apron surrourding the forest
lands or along some of the principal drainages (where the towns are
located) and camprise 10 percent of the county area.
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GEOLOGY :

Sedimentary rock types dominate the rock exposures of Kane County,
which lies entirely within the Colorado Plateaus physiographic province.
The dominant lithology is sandstone, but siltstones, mudstones, shales,
ard limestones are common. Relatively recent volcanic activity has
produced a few volcanos and flows of basaltic material in the
northwestern part of the county. The sedimentary units are normally
tilted or folded at gentle angles and are occasiocnally cut by normal
faults. The county is divided into east and west halves by a steep
monoclinal fold. Another such structure is found near its east margin.
The individual stratigraphic units are colorfully exposed in a "Grand
Staircase" leading down to the south, with the risers appearing as
magnificent cliffs between wide terraces.

Stratigraphy

Stratigraphic units exposed in Kane County are Permian to Quaternary
in age and Pernsylvanian, Mississippian, Devonian, Cambrian, and
Precanbrian rocks have been penetrated by drillholes (table 4). The units
vary in thickness and character from west to east across the county, some
of the features and relationships are shown on figure 10. Ordovician and
Silurian rocks are not believed to underlie any part of the county. Not
considering the Quatermary surficial and basaltic rocks, strata
thicknesses over the Precambrian amcunt to about 15,000 feet. Scme
systems thicken or thin regionally across the county or are truncated by
important regional unconformities, but the total uneroded sedimentary
accumulation present over the omnty is approximately uniform.

Precambrian

Only one well has positively penetrated Precambrian rocks beneath
the county, this being the Tidewater No. 1-A Kaibab Gulch well (Munger
and others, 1965). Another well, the McDermott No. 1 State, is also
reported to have reached the Precambrian, but lithologic correlations do
not substantiate this. Chuar Group sediments are reported to be about
1,040 feet thick and about 20 feet of Shinumo Sandstone of the Unkar
Graup were cut at the bottom of the hole. Reportedly an abundant amcunt
of carbonacecus material and plant spores were discovered in dark gray
shales from 5,340 to 6,240 feet (140 to 1,040 feet below the top of the
Precambrian.

Paleozoic

Formations that have been recognized in Kane County that were
deposited during the Paleozoic Era are listed in table 5:
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Table . List of Paleozoic Formations deposited in Kane County
Period Formation (*Eastern equivalent)
Permian Kaibab Limestone

White Rim Sandstone

Toroweap Formation

Coconino Sandstone

Hermit Shale {(Organ Rock Shale)
Queantoweap Sardstone (Cedar Mesa Ss)
Pakoon Limestone

Pernsylvanian Callville Limestone (Hermosa Formation)
(Molas Formation)

Mississippian Redwall Limestone

Devonian Temple Butte Formation (Ouray Formation)
(Elbert Formation)

Canbrian Muav Limestone

Bright Angel Shale
Tapeats Sandstone

#Units shown in parentheses are names or facies more commonly used in the
eastern part of the county.

Permian strata are the oldest exposed at the surface, a measured
section indicates that 772 feet are exposed in Kaibab Gulch, extending
down to the Hermit Shale (Noble 1927, p. 43-36). All other units are
subsurface. To date (1985), 29 wells have been drilled in Kane County
and all have penetrated Permian rocks. Of these, 12 have reached the
Pennsylvanian, 11 the Mississippian, 9 the Devonian, and 6 the Cambrian
rocks. As of the erd of 1985 only one well had penetrated the entire
Paleozoic colum in Kane County, the previcusly mentioned Tidewater No. 1-
A well, SE 1/4, NW 1/4, Sec. 34, T. 42 S., R. 2 W. The well was spudded
in the Permian Kaibab Formation (or in the Triassic Timpoweap Member of
the Mcenkopi Formation) and reached the Precambrian at about 5,200 ft,
indicating the approximate thickness of the entire Paleozoic column.

Canbrian Formations

Six wells have penetrated Cambrian rocks, but only one has passed
through the camplete interval. Iscpachous lines worked out for the
Cambrian, oconsidering data from surrounding areas, generally trend
northeasterly across Kane County and the total thickness for the System
ranges from 1,200 feet near lake Powell to about 2,000 feet at the
northwest corner. Three units are generally recognized; a basal Tapeats
Sandstone, the Bright Angel Shale, and the Muav Formation. The thickness
of the units are illustrated by seven wells, arranged west to east across
the couzty with the eastermmost in San Juan County to provide continuity
(table §).

Y
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Table & Thicknesses of Cambrian Formations in and arocund Kane County

Iocation Name of Well Muav Bright Angel Tapeats Total
RB8 W McDermott #1 State 1230 ft 345 ft 328+ ft 1903+
R7W Superior #32-16 1216 340 86+ 1642+
R2W Tidewater #1-A 1120 322 290 1732
R2E Union #1 Judd Hollow 172+ 172+
R5E Byrd #1 Rees Canyon 459+ 459+
R7E Shell #1 Soda Spr. 27+ 27+

R12 E Skelly #1-A Nokai 626 292 46+ 964+

Tapeats Sandstone: The Tapeats Sandstone is described as mostly
brown to white cquartzitic sandstone and conglomerate with occasional
interbeds of gray to green micacecus shale, glauconitic limestone, and
white to tan glauconitic sandstone. The very fine-grained to very coarse-
grained to conglameratic quartzitic sandstone is usually crossbedded and
was deposited in a littoral enviromment. The Cambrian sea transgressed
eastward and at least part of the Tapeats is Lower Cambrian in the
western part of the county, the eastern occurrence may be completely
Middle Cambrian in age (Lochman-Balk, 1972, p. 65). The thickness of the
Tapeats in the Kaibab Gulch (Tidewater #1-3A) well, as suggested by Munger
ard cthers (1965, fig. 2), is 290 ft, while the thickness reported
through the picking of formational tops by the well geologist is 390 ft.

Bright el Shale: 'The Bright Angel Shale is 300-350 ft thick and
is a Middle Cambrian unit consisting of gray to green micacecus shale,
glauconitic limestone and dolomite, and white to tan glauconitic
sandstone. Carbonates increase in western sections. Munger and others
{1965, fig. 2) have correlated Bright Angel Shale members to two Kane
County wells with McKee's (1945) Grand Canyon members (figure 11). In
the McDermott No. 1 State well the lower member is 172 feet thick, the
Meriwitica carbonate Tonque is 48 feet thick and the Flour Sack Member is
125 feet thick. In the Tidewater Kaibab Gulch well the lower member is
192 feet thick, the Meriwitica Tongue is 30 feet, and the Flour Sack
Memberis 100 feet thick. In the eastern part of the county the
Meriwitica Tongue is presumed to disappear and the unit cannot be
subdivided into members.

Muav Formation: The Muav Formation consists of gray to white
oolitic and dolomitic limestone, with significant interbeds of gray to
green micaceocus shales, silty limestones, and glauconitic sandstones,
with some upper dolomites that are oolitic, pisolitic, and mottled. The
thicknesses of the upper dolomites are 600 to more than 700 feet to the
west and are gradually thinned eastwardly by a post—Cambrian - pre-
Devonian unconformity. The lower limestones maintainan even 500 to 600
feet of section across the county. Wood (1956) called the upper
dolamitic unit the "Supra-Muav dolomites" and Heylmun (1958) recognized
them as an unnamed formation. In a later paper (Heylmun (1960) discarded
the use of the unnamed formation and called the entire interval the Muav
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Limestone. Ioleit (1963) referred these dolomites to the Iynch(?)
Dolamite, a term applied to Upper Cambrian dolomites in the Great Basin.
Mmger and others (1965) acknowledged the presence of the upper
dolomites, hut were able to correlate them to members of the Muav
established by McKee (1945) at the Grand Canyon (figure 10). Lochman-
Balk (1972) also recognized the upper dolamites and preferred the use of
"Supra-Muav." The entire Muav Formation, including the upper dolamites,
is estimated to be 700 to 1300 feet thick in the county, with the
thickest sections to the west.

Devaonian Formations

Devonian rocks unconformably overlie the Muav Formation and are
unconformably overlain by the Mississippian Redwal Limestone. In most of
the county the Devonian is represented by the Ouray Limestone and Elbert
Formation. To the southwest the overlynmg Curay dlsappears under the
Mississippian unconformity and the remaining unit is called the 'I\emple
Butte Formation. The total Devonian thickness ranges from 100 feet in
the southwest to more than 400 feet to the northeast (figure 12).

Elbert-Temple Butte Formation. This unit is mostly thinbedded
limestone and dolomite interbedded with gray—green waxy shale and
glauconitic sandstone. There are discontimucus sandstone beds of marine
origin near the base of the unit. These sandstone beds rarely exceed 20
feet in thickness and vary in number fram place to place. The greatest
amount of sandstone found to date has been in the Tidewater No. 1 Kaibab
Gulch well where 6 beds total 64 feet in thickness. At the McDermott No.
1 State well 20 feet of sandstone was fourd in two beds, in the Superior
No. 32-16 well three beds of sandstone totalled 12 feet, in the Byrd No.
1 Rees Canyon well two sandstone beds amounted to 19 feet and in the
Shell No. 1 Soda Springs hole only 5 feet of sandstone in a single bed
was encountered. Munger and others (1965) have imdicated that the
southwest Kane Oounty area falls on the edge of a post-Devonian highland
from which the Ouray and scme of the Elbert-Temple Butte was removed.
This high has a northwest-trexding axis and Kane County lies entirely on
its northeast flank. The isopachs of the Elbert-Temple Butte also shows
a north trerding feature extending to the Byrd No. 1 Rees Canyon unit
where a thinner section was encountered than either to the east or west.
Since this last feature is indicated by only one well, it may be local.
The Union No. 1 Judd Hollow unit was drilled after the work of Munger and
others (1965) and figure 12 represents their isopach maps of the Elbert-
Temple Butte and the total Devonian System modified to consider the data
offered in the well log.

Ouray Formation. The Ouray is present under Kane County in
thicknesses ranging from 0 to 160 feet. It is missing to the southwest
and is thickest to the northwest. It is principally light gray to tan
dense limestone or dolomite with occasional green shale partings.
Scmetimes the strata contain a profuse conodont fauna of Iate Devanian
age. Both the Ouray and Elbert-Temple Butte Formations were deposited
under shallow marine conditions with a fluctuating shoreline. Deposition
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took place in mudflat or beach and open marine conditions. Upper Ouray
rocks are similar in appearance to the overlying Mississippian Redwall
Limestone and the recognition of the separating unconformity is
difficult.

Mississippian Formations

Redwall Limestone. The Mississippian System is represented by a
single formation, the Redwall Limestone. White, pink, and gray
crystalline dolomite and limestone characterize the widespread unit,
which contains varying amounts of chert. The Redwall also exhibits vuggy
to cavernocus porosity and is typically massive. In Kane Courmty, the
Redwall was deposited under open marine conditions on a shelf to the east
of the Cordilleran geosyncline. In contrast to the Devonian, there were
few shoreline fluctuations and most of the sediment was deposited below
the effective wave base. Locally silty and oolitic horizons indicate
deposition under agitated conditions (Heylmm (1958, p. 1787). After its
deposition the Redwall was subjected to subaerial erosion and solution
and a karst topography developed on its upper surfaces. Voids and
sinkholes were later filled by the first Permsylvanlan unit (Molas
Formatlon) Borehole thickness estimates are given in table ,'7’

Table /'f Thickness estimates of the Mississippian Redwall I.J.mestone in
several Kane County drillholes.

Munger et al Reported Heylmmn

(1965) Drillheole tops (1958)

West McDermott #1 State 865 935 885
Superior #32-16 840 905 _—
Houston #41-11 -_— gog —_—
Tidewater #1 Kaibab G. 773 616 -_—

to Pan American #1-X Paria --- 576 _
Marathon #1 Butler V. —— 698 —_—

Unicn #1 Judd Hollow _— 604 _—

Byrd #1 Rees Canyon 681 745 -_—

East Shell #1 Soda Springs 634 634 —_

Isopach maps of the Redwall show a thickening of the unit from 600
feet along lLake Powell northwesterly, so that the unit may exceed 1,000
feet in the northwest cormer of the county. Munger and others (1965)
were able to subdivide the Redwall into four members as suggested by
McKee (1964). These members are lettered A to D in ascending order.
McKee's names include the Whitmore Wash Member ("A" Member), Thunder
Springs Member ("B" Menmber), Mooney Falls Member ("C" Member), and the
Horseshoe Mesa Member ("D" Member) (figure 13).

Pennsylvanian Formations
Pennsylvanian rocks are known to underlie at the east half of Kane

County. To the east the Pennsylvanian System thickens toward the Paradox
Basin and is represented by the basal Molas Formation and the Hermosa
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Formation. To the west, in Washington County, the Pernsylvanian also
thickens and the Callville Limestone is recognized. Heylmm (1963)
indicates that orogenic activity oocurred in Early Pennsylvanian time
creating the Kaibab Uplift. This uplift is located over western Kane
County ard is called the Piute Platform by Mallory (1972) and Hintze
(1973). Both Mallory and Hintze indicate that Permian rocks directly
overlie Mississippian rocks as suggested by Heylmun (1958).
Mississippian-Pennsylvanian-Permian relationships are illustrated in
figure 14.

Picked oil well information tops indicate the presence of
Pennsylvanian throughout the county; Hermosa and Molas Formations are
recognized from central Kane County eastward and Callville Limestone is
recognized to the west. The reported thicknesses are about 600 feet
along the west margin of the county to less than 200 feet in the central
part and nearly 800 feet in the eastern part. Heylmun (1958) indicates
the presence of an interbedded carbonate and sandstone unit above an
unconformity at the top of the Pennsylvanian, which is Wolfcampian in
age, which is easily mistaken for the Hemosa or Callville. This
lowermost Permian unit is known as the Pakoon Limestone to the west
(McNair, 1951) and as an urmamed unit to the east. Still farther east
this unnamed unit may be equivalent to the Elephant Canyon Formation or
"Rico" of Grand and San Juan Counties. Heylmun has additionally
indicated that units ascribed to the Pennsylvanian in the Tidewater No. 1
Kaibab Gulch unit should be assigned to the Pakoon Limestone. 01l well
information tops show 500 to 600 feet of Pennsylvanian in western wells
(McDermott No. 1 State—536 feet, Superior No. 32-16—589 feet, and
Houston #41-11—575 feet). Bissell (1963) has interpreted that at least
320 feet of this interval in the McDermott well and 150 feet in the
Tidewater No. 1 Kaibab Gulch well belong to the Permian Pakoon.

Molas Formation. The Molas Formation has been recognized in all
wells east of the Kaibab Uplift-Piute Platform. It ranges in thickness
fram 50 to almost 300 feet, with the thicker sections to the east. Red
shale and siltstone, sandstone, limestone, and reworked Mississippian
limestone and dolamite characterize the Molas (Heylmmn, 1958, p. 1789),
which lies unconformably on the Redwall karst topography. Its erratic
thicknesses are explained in the differences of relief on the Redwall
surface. Millerella sp., suggestive of Morrow age (upper Lower
Pennsylvanian), was found in a Garfield County well, 18 miles north of
the Kane County line.

Hermosa Formation. The Hermosa Formation overlies the Molas and
oonsists of interbedded sandstone and carbonate. Near the bottom the
carbonates dominate and near the top the sandstones dominate. To the
south red shales and siltstones of the Supai Formation interfinger with
thinbedded limestones. The Hermosa is only 125 feet thick at the Union
NO. 1 Judd Hollow unit (Sec. 19, T. 43 S., R. 2 E.) and is 573 feet thick
at the Shell No. 1 Soda Springs well (Sec. 2, T. 40 S., R. 7 E.). No
Permsylvanian is indicated in the Tidewater No. 1 Kaibab Gulch well (Sec.
34, T. 42 S., R. 2 W.). The Hermosa is at least partly correlative with
the Supai and Callville Formations to the south and west. Like the
Bermosa, the Callville consists of interbedded carbonates (dolamite,
limestone, dolomitic limestone, calcareocus dolomite) and sardstone.
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Permian Formations

Permian units appear to undelie the entire county and wells which
have penetrated the camplete section indicate the thickness to range from
1,694 to 2,641 feet. The uppermost Permian units do outcrop in the south-
central part of the county at the north end of the Kaibab Uplift (figure
15). A little less than two percent of the county's land area
these rocks. Wells in the western part show the thickness of the Permian
strata to be about 2,000 ft represented by 5 formations. In ascending
order these include the Queantoweap Sandstone, Hermit Shale, Coconino
Sandstone, Toroweap Formation, and Kaibab Formation.

In the central part of the county, to the north and arcund the
outcrops of the Kaibab Uplift, the thickness of the rock strata is most
varied, in fact the minimm and maximm measurements for Permian rocks of
Kane County are only 6 or 7 miles apart and vary by nearly 700 feet. 1In
addition changes in nomenclature and facies take place in same of the
units. The Queantoweap Sandstone becomes the Cedar Mesa Sandstone, the
Hermit Shale becomes known as the Organ Rock Shale, and the Toroweap
Formation begins to intertongue with the white Rim Sandstone. In some
wells both the Toroweap and White Rim are recognized.

To the east, the Permian seguence averages 2,300 feet in thickness.
An additional unit appears below the Cedar Mesa Sardstons and above the
unconformity at the top of the Pennsylvanian rocks. This is the Halgaito
Shale. As it pinches out to the west it undergoes a facies change and in
same wells has been called an "umamed unit" or "Lower Permian
Carbonates" or the Pakoon Formation. The Pakoon Formation occupies this
position to the west of Kane County, but it appears to be missing in
mtenia:ﬂcentralKalnCamty(flgureM) Inthefareastempartof
the county the Toroweap Formation changes completely into the White Rim
Sardstone, which cannot be differentiated from the thin Coconino
Sandstone that persists beneath it. Thus the eastern assemblage of
Permian formations consists of the Halgaito Shale, Cedar Mesa Sandstone,
Organ Rock Shale, white Rim Sandstone, and Kaibab Limestone.

Pakoon Formatjion-Unnamed Unit-Permian Carbonates-Halgaito Shale.
These units are all related with respect to geologic time and
stratigraphic position. Each lies immediately above the unconformity at
the top of the Pennsylvanian rocks and is considered Wolfcampian in age.
At its type locality at Pakoon Ridge, Mohave County, Arizona, it is 688
feet thick and oansists of gray and tan—gray, thin to medium bedded
dolomitic limestone. Bissell (1963) indicates that the unit is at least
300 feet thick at the Hurricane Cliffs near Anderson Junction in
Washington County, that it is 320 feet at the McDermott No. 1 State well
in Kane County and 150 feet thick in the Tidewater No. 1 Kaibab Gulch
well farther to the east. Lithologies intercepted by these wells include
dolomite, anhydrite, gypsiferous siltstone and related evaporitic
sednnerrts Heylmm (1960) did not project the Pakoon easterly to the
Mchermott well and refers to the interval as an unnamed unit in the
Tidewater well (figure 14). In central Kane County and at the Upper
Valley oil field, just across the line in Garfield County, this interval
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Figure /5
Map of that part of the Coloradc Plateaus surrounding Kane County, Utah,
with Permian outcrops indicated in black (mcdified from Baars, 1962, p. 152.).
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has been called the Pakoon Formation or Lower Permian Carbonate unit.
Here it consists of interstratified tan to light brown chert, limestone
and dolomite, white fine—grained sandstone, red siltstone, arkosic
sandstone, and thin beds of anhydrite.

At the Shell No. 1 Soda Springs unit, Peterson (1975) irndicates the
presence of 583 feet of Halgaito Shale described as interbedded white to
light brown fine grained sandstone; pink, red, orange, and light brown
siltstone; red shale, pink and light brown limestone, and pink to red
dolomite. The Halgaito Shale represents marine deposition on a broad
marginal mud flat altematively receiving fluvial and marine sediment.
The unnamed carbonates or Pakoon Formation in Kane County were deposited
seaward from the Halgaito mud flats in a shallow marine situation, often
under restrictive conditions and with occasional influxes of lamd-derived
sediment. The Pakoon dolomitic limestone to the west, in Washington
County, was undoubtedly deposited in deeper marine water with much less
influence fram the continent. Neither the Pakoon, unnamed unit, or
Halgaito have much potential for oil and gas or other resources. The
beds of anhydrite are generally too thin and deep to be of econamical
value. The sequence correlates with the Elephant Canyon (Rico) to the
northeast and perhaps with the lowermost basal limestones of the Supai
Formation in the Grand Canyon (see Baars, 1962, p. 156, 179).

Oueantoweap—Cedar Mesa Sandstone. The Queantoweap Sandstone was
named by McNair (1951, p. 525-527) in Queantoweap Valley, northwestern
Arizona. This term has been used for the interval of rock overlying the
Pakoon or lower carbonates in the western part of Kane County, whereas
the term Cedar Mesa Formation or Sardstone has been used in eastermn
areas. The Queantoweap is described as a sandstone with subanqular to
subround, fine grained to medium grained quartz sand tightly cemented by
calcarecus ard dolomitic cement. The Cedar Mesa Sandstone is described
as white to light-brown fine grained sandstone with lesser amounts of
red, orange, pink, maroon, green, and light brown siltstone, red to green
shale, and minor amounts of light brown silty and cherty lmestone The
clastlmamsnbargulartowell rounded quartz grains, manyh of which are
frosted. The unit is hard ard calcareous and cross-stratified. Bissell
(1963, p. 47) believes the name Queantoweap should be extended at least
into central Kane County, because of the dolomitic cement and poorer
sorting characteristic of that unit.

Accurate measurements of the Queantoweap—Cedar Mesa interval are
probably non-existent because the drill hole tops generally do not
differentiate the interval from the underlying Pakoon or Lower Permian
carbonate unit. The Queantoweap is estimated to be 600 feet thick in
southwestern Kane County. The interval thickens gradually eastward and
maximm thicknesses may be as much as 1,100 feet (Cedar Mesa Sandstone).
Peterson (1975) indicates the Cedar Mesa Sarndstone to be 818 feet thick
at the Shell #1 Soda Springs unit to the east and Irwin (1971, p. 1986)
indicates that the thickness increases northward in the eastern half of
the county. The Cedar Mesa ard Queantoweap represent basin-edge littoral
and beach sand facies and the two units are considered to be mostly

Wolfcampian in age, although the upper parts may be Leonardian.
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Hermit-Organ Rock Shale. Noble (1922, p. 26) named the Hermit Shale
for exposures in the Grand Canyon of Arizona and McNair (1951, p. 527-
528) changed the name from the Hermit Shale to Hermit Formation noting
that the unit is mostly fine grained sandstone at the type section. The
Organ Rock Shale is its eastern correlative and was named by Baker and
Reeside (1929) as a part of the Cutler Group of southeastern Utah. Ther
Hermit is described as reddish silty sandstone, siltstone, micaceous
shale, claystone, and minor dolamite. The upper part exhibits
concretionary structure. The Organ Rock is dark reddish brown siltstone
and mxdstone. Baars (1962, Fig. 14), in an iscpach map of the Hermit-
Organ Rock Shale, shows two deeps in the depositional basin. The first
is centered in southeastern Utah and contains the Organ Rock Shale. The
secord is centered just north of the Grand Canyon in Arizona and contains
the sandier Hermit Formation. The divide between the two deeps parallels
Fiftymile Mcuntain where the interval is 300 to 400 feet thick.

The thickness for the Hermit-Organ Rock has been determined in about
9 wells and ranges from 106 to 624 feet. The unit appears to thicken to
the south arnd measurements to the southwest are slightly thicker than
those to the sautheast, Baars (1962) indicates that the Organ Rock was
deposited on a marginal marine lowland dominated by streams, flood
plains, and tidal flats. He noted the preserxe of fossil plant and
vertebrate remains that date the unit as early Ieonard (lower Middle
Permian). Irwin (1976) suggest the regular bedding implies a nearshore,
very shallow marine envirorment and that the fluvial influence may have
been modified by marine reworking. Mullens (1960), for exposures in San
Juan County, suggested an eolian envirorment for the lower part, fluvial
enviromment for the middle, and a tidal flat enviromment for the upper
part. The Hermit Formation was deposited similarly to the Organ Rock and
both floodplains and shallow marine mud flat environments have been
sxryested.

The Hermit Formation is the oldest unit exposed at the surface in
Kane County (photo 5). The exposure is located in Buckskin Gulch
(formerly Kaibab Gulch). The section was first measured and published by
Noble (1928, p. 46), ard only the upper 55 feet project above the
surface:

Measurement of the Hermit Formation in Buckskin Gulch, Sec. 9, T. 43 S.,
R. 4 E., Kane County, Utah, by A. E. Noble (1928, p. 46).

(place the measurement here.)

Coconino Sandstone. At the Grand Canyon the Coconine Sardstone is
330 to 350 feet thick, consisting of a uniform fine grained, crossbedded,
white to light gray sardstone with siliceocus cement. The lower contact
is gradational with the Hermit Formation and there is a disconformity at
the top. Heylmun (1958, p.1796-1797) mentions that the Coconino is less
than 200 feet thick in Tidewater's #1 Kaibab Gulch test, but most isopach
maps show the unit to be missing in the northern half of the county and
less than 100 feet thick to the south. In southwestern Kane County it is
reported in two wells as less than 25 feet thick. In north—central Kane
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County two wells report its presence at less than 50 feet in thickness.
The sandstone probably interfingers with dolomite and limestone at the
base of the Toroweap Formation.

In Buckskin Gulch (Kaibab Gulch) Noble (1928, pl. 12) describes the
rocks immediately overlying the Hexrmit Formation as altermating beds of
arenaceocus limestone and irxregularly bedded fine grained buff sandstone.
Two of the limestones are identified as very fossiliferous. He also
describes a massive 9 foot bed of hard fine grained cliff forming
sardstone, 55 feet above the Hermit Formation. He states that "the rock
sparkles in the sunlight like the typical Coconino Sandstone of the Grand
Canyon." Perhaps 64 feet of Coconino equivalent is present, but the
interval could just as well be included with the Toroweap Formation above
(photo 5). The hard sarndstone is overlain by a recessed zone of chert
which may indicate the disconformity described at the Grand Canyon. A
general description of the 64 foot interval at Buckskin Gulch is given in
the following measured section:

Measurement of the Coconino Sandstone(?) at Buckskin Gulch (formerly
Kaibab Gulch), Sec. 9, T. 43 5., R, 2 W., Kane County, Utah, by E. A.
Noble (1928, p. 46).

(place section of Coconino Sandstone(?) here)

Toroweap-White Rim Formations. The Toroweap Formation is exposed in
its entirety in Buckskin Gulch (Kaibab Gulch) and the upper part is
exposed in Pine Hollow Canyon, both exposures on the west side of thye
East Kaibab monocline. It probably underlies the whole county, generally
thickening from less than 150 feet to the southeast to more than 600 feet
to the northwest (Lyons, 1983). The formation was named by McKee (1938,
p. 12) for strata formerly included in the lower part of the Kaibab
Limestone. The Toroweap contains leonard fossils similar to those in the
Kaibab. The Toroweap correlates with the lower 80 percent of the White
Rim Sarndstone to the east. Baars (1962), in an isopach map, indicates
the white Rim Sandstone to be over 300 feet thick along the Colorado
River and to thin to zZero near the East Kaibab monocline. Irwin (1976)
shows the Toroweap pinching ocut east of the Colorado River. O0il tests
along the south border of the county report only the Toroweap. Logs of
boreholes in the Kaiparowits Basin generally report thicknesses for the
Toroweap or for both units. East of Fiftymile Mountain only the White
Rim is usually reported (table §).

e
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Table 8. Recorded Toroweap and White Rim Formation thicknesses in Kane
County, Utah.

Borehole Iocation Toroweap White Rim
J. R. McDermott #1 State 2-435-8W 442 ft _—
Superior #32-16 Kanab Cr 16=42S5-TW 432 _—
Tidewater #1 Kaibab Gulch 34-42S5-2W 330 -_—
Union Calif. #1 Judd H. 19-43S8-2E 225 -—
Texaco N-1, Govt Schneider 5-38S5-2W 369 121
Marathon #1, Butler Valley 22-39S-1W 358 113
Tenneco #1, So. Upper V. 16-38S-2E 340 _—
Sun #1 Lyons Fed 8-385~3E 300 ——
Cleary Furds Roex #1-16 16-40S-~5E 264 130
Shell #1 Soda Springs 2-40S-7E - 234
Romex #1 Fed. Rock Creek 19-41S-7E -_— 209
Sojourner #1 Burger Fed 12-415-8 1/2E e 298

The Toroweap was deposited in or adjacent to a shallow sea. McKee
(1938) indicated the unit was deposited as a single marine transgressive
and regressive cycle. Baars (1962, p. 202) pointed ocut that the local
travertine and intraformational conglomerates in the upper slope—forming
unit indicate an arid subaerial depositional envirorment. Baker (1946)
and Davidson (1976) have suggested an eolian beach origin for the White
Rim Sardstone (eastern facies).

The Toroweap Formation is about 314 to 335 feet thick in Buckskin
Gulch, including the approximately 64 feet of lower strata assigned to
the Coconino Sandstone. The 90 feet of rocks above the Coconino are
mostly yellowish—gray, cliff-forming, cherty, fossilifercus limestone,
with subordinate amounts of calcarecus sandstone. The upper 175 feet are
slope-forming rocks, mostly very fine and medium grained bimcdal
sandstones. They are generally yellow tan to reddish, poorly cemented
ard porous, and calcareous ard gypsiferous. There are also occasional
marly or travertine beds, silty or sandy thinbedded cherty limestones,
intraformational breccias, and discontimous gypsum beds. Gypsum beds
are generally better developed at exposures in Pine Hollow Canyon than at

Measurement of the Toroweap Formation (less 64 feet previously described
to the Coconino Sandstone [p. 18]), Sec. 9, T. 43 S., R. 2 W., by L. F.
Noble (1928, p. 44-45).

(place measurement of Toroweap Formation here.)

Kaibab Formation. The uppermost Permian unit in Kane County is the
largely subsurface Kaibab Formation (Darton, 1910, p. 28), which thickens
from a feather edge in the northeastern part of the county (eastern edge
of Kaibab deposition) to nearly 500 feet to the west. According to
several published isopach maps, the thickening is not gradual or uniform
so that thin or thick Kaibab sections may be expected anywhere in the
county, but within the 0 to 500 foot thickness range. Reported borehole
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thicknesses, for example, in the Cannonville-Butler Valley area (85-150
feet), are conspicuously thin. McKee (1938) divided the formation into
three members. A transgressive sea deposited the Gamma Member, the
extended sea deposited the Beta Member, and the retreating sea deposited
the Alpha Member. The upper and lower menmbers are sandier and
lithologically more diverse, especially as the eastern beach area is
approached (Irwin, 1976, p. 1990-1991). The Gamma Member is sandstone at
its eastern limit (upper part of White Rim Sandstone) and grades westward
to arenaceous marine carbonate. The Gamma-Beta contact is a relatively
sharp facies change, sandstone to carbonate in the east arnd arenacecus
carbonate to cherty, fossilifercus ard massively bedded relatively clean
carbonates in the west. In contrast to the Beta Member the Alpha Member
consists of irregularly bedded carbonates, sandstone, siltstone, and
anhydrite. The Alpha Member is present only in the western part of the
county and has been identified in the Kanab area. Trwin (1976, Figs. 13
and 14, p. 1992 and 1994) shows that the Kaibab carbonates are largely
dolomite in central Kane County.

The Kaibab Formation is exposed only in south-central Kane County on
Buckskin Mountain. The Tidewater 0il #1 Kaibab Gulch well, Sec. 34, T.
42 S., R. 2 W., was spudded near the top of the mountain, perhaps in the
Timpoweap Member of the Moenkopi Formation, and reached the Toroweap
Formation at a depth of 370 feet. Noble (1928, pl. 12) irdicates 403
feet of Kaibab (his units A ard B) in his measurement in Buckskin Gulch
(Kaibab Gulch), Sec. 9, T. 43 S., R. 2 W. However, Gregory (1948, p. 236
237) thought that the upper 77 feet of Noble's measurement should be
assigned to the Timpoweap Member of the Triassic Moenkopi Formation.
Gregory's map (pl. 1) reflects this and he shows the Moenkopi Formation
ocovering most of Buckskin Mountain.

Blakey (1970, p. 20-24) reported on the Kaibab Formation at its
exposures in Sand Gulch (north part of Buckskin Mountain). He measured a
partial section of 162 feet and recognized both the Alpha ard Beta
Members. Blakey's Alpha Member (60 feet) prabably correspords to Noble's
unit A (77 feet). Blakey notes that fossils should be rare or in poor
condition in the Alpha Member, considering its mode of deposition and
mentions none in his section. Noble concurs and mentions fossils only
for the uppermost subunit, all too poorly preserved to be determinable.
Gregory, however, (1948, p. 223 and 227) indicates that Triassic fossils
have been found at the head of Kaibab Gulch and states, "In the
spongelike masses of shell fragments from the Timpoweap Member in Kaibab
Gulch, Reeside (1943) recognized 'Molds of variocus undetermined
gastropods and the ammonite Meekoceras, lower Triassic.'" We examined
this uppermost limestone unit and also found the gastropods, as did
Sargent and Hansen (1982, Map I-1033-1), but no cephalopcds.

Blakey (1970, p. 23) reports the following fossils present in his
Beta Member: the brachiopcods inj_&lgxg_l_g. bassi, Productus
(chthoclostus) occidentalis, E@' is subhorrida, and Koslowskia

meridionalis, fenestrate and massive bryozoa.ns, pelecypod fragments, ard
crinoid columals. There are no diagnostic fossils in the slope
overlying the vertical cliffs of the Beta Member; the gastropods are



fourd in a limestone bed immediately below the Lower Red Member of the
Moenkopi Formation. We have tentatively placed the Permo—Triassic
boundary at the top of a gray limestone ledge in the middle of the slope
albove the vertical cliffs of the Beta Member, that is filled with
vertical tubes of brown chert. According to this definition the lower
half of Blakey's 60 foot measurement in Sand Gulch is the Alpha Member,
but the upper half belongs to the Timpoweap Member of the Moenkopi
Formation.

With this definition much of the upper surface of Buckskin Mountain
is held up by the Timpoweap Member of the Moenkopi Formation, but
exposures of the Kaibab are rather extensive in every drainage. The
Kaibab consists mostly of a massive cliff of fossilifercus, cherty gray
limestone and calcareous, often cherty, well-indurated fine—grained
sandstone (Beta Member). Although chert is found in nodules, beds, and
irregular bodies, the white, nearly spherical variety is the one that
catches the eye (photo 6).

Above the cliff are 15 to 80 feet of mostly ledge and slope-forming
rocks that belong to the Alpha? Member of the Kaibab Formation. At some
exposures these rocks are entirely cliff-forming, in cthers they form a
smooth slope, and elsewhere they form ledges and slopes. The lower part
is mostly cherty limestone like that in the Beta Member, kut the beds are
less massive, some medium bedded, and unfossilifercus. Toward the top
sandstone beds become prevalent along with a peculiar banded cherty
unit. The unit is capped by a hackly weathering blocky gray limestone,
the upper part with the vertical tubes filled with brown and rough
weathering sandy chert. These tubes were probably originally
bioturbation features.

The thickness of the Kaibab Formation at Pine Hollow Canyon is 160
feet, with 16 feet of Alpha? Member. At Buckskin Gulch (cur measurement)
the full Kaibab is about 280 feet thick and includes 80 feet of Alpha?
Member. In Sand gulch the full Kaibab is not exposed but the Alpha?
Member is about 30 feet thick.

Measurement of the Kaibab Formation, NW Sec. 5, T. 44 S., R. 2 W., Kane
County, Utah, Pine Hollow Canyon section.

(place measurement of Kaibab Formation here.)
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Triassic Formations

Recent work by Imlay (1980) indicates that only the Moenkopi and
Chinle Formations were deposited in the Triassic period in southern Utah.
The total thickness of the units ranges from about 900 to 2,400 feet.
Thicker sections are generally to the west, the thinnest along Lake
Powell, to the east. The distribution of Triassic ocutcrops of Kane Count
are shown on fiqure 16. |

Moenkopi Formation. Except for a small exposure, now inundated by
Iake Powell, all of the Moenkopi Formation outcrops are located west of
the Cockscamb in the scuthwestern part of the county. The formation
underlies the entire county except locally on Buckskin Mountain. Borehol
intercepts indicate the unit rapidly thickens from about 150 ft, alorxgy th
Colorado River, to more tShan 1,200 feet along the west margin of the
county.

The Moenkopi Formation can be divided into six members west of the
Cockscomb, in ascending order: Timpoweap, Lower Red, Virgin Limestone,
Middle Red, Shnabkaib, and Upper Red. The lowermost Timpoweap Member is
only exposed on and around Buckskin Mountain. It has also been reported
in the subsurface in all western drill holes and in the Kaiparowits
Plateau just south of the Upper Valley oil field. It apparently pinches
out southeast of a line extending from the place where the Paria River
enters Arizona to the Circle Cliffs uplift.

At Buckskin Mountain the Timpoweap Member consists of carbonates,
sandstone, chert breccia, and siltstone (photo 7). Some of the sandstone:
are pebbly. The overall color is generally a light tan or yellow gray ar
the individual keds are mostly thin to thickbedded and blocky. The upper
half is more resistant and generally forms a cliff over the ledgy lower
part. The Timpoweap Member at Buckskin Mountain correlates with the
Sinbad Member of the Moenkopi Formation in the San Rafael Swell (Blakey,
1974, p. 50), where it is underlain by the Black Dragon Member.
Typically, the Black Dragon consists of laminated to very thinbedded tan
siltstone and sandstone. The lower Timpoweap at Buckskin Mountain
exhibits tan and brown siltstone and sandstones reminiscent of the Black
Dragon Member.

The thickness of the Timpoweap Mamber is 20 to 50 feet thick on and
on the flanks of Buckskin Mountain, 80 to 120 feet thick in the wells of
the Kanab Creek area and 50 to 150 feet thick in the Kaiparowits Plateau
south of the Upper Valley oil field. At Buckskin Mountain it is difficul
to separate from the underlying Kaibab Formation, the contact occurs in
the middle of a slope and units above and below exhibit many of the same
weathering characteristics. The Kaibab has more abundant chert ard has a
light gray overall hue, whereas the Timpoweap has a tan overall hue. The
basal contact is generally a simple disconformity with the tan silty
limestones of the Timpoweap overlying the upper cherty limestone of the
Kaibab (photo 8). In Sand Gulch the lower part of the Timpoweap has
scoured into the upper Kaibab and there is a thick breccia of Kaibab
materials immediately above the contact.



Photo 7. Outcrops of Timpoweap Member of Moenkopi Formation. The
chert breccia (bed with pencil) contains material from
the Permian Kaibab Formation. Sand Gulch.
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Measurement of the'TJ'mpoweap Member of the Moenkopi Formation, east side
of Buckskin Mountain, NE Sec. 26, T. 42 S., R. 2 W., Kane County, Utah.

(place measurement of the Timpoweap Member here)

outcrops of the Lower Red Member are found around the flanks of
Buckskin Mountain. It consists of reddish- to chocolate brown interbedded
siltstone and fine-grained sandstone. The siltstone are earthy weathering
and slope-forming. The sardstones are commonly silty, arkosic, and
micaceous. They are platy to blocky weathering, calcareous, ripple-
marked, and form slight ledges. The sandstones increase in number toward
the top. The unit appears to grade into arnd ends under the prominent
cliff or ledge of the overlying Virgin Limestone Member. Both Poborski
(1954) and Gregory (1950) have reported an unconformity at the top of the
Iower Red Member in Washington County and in the Zions Park area.
However, at Buckskin Mountain, the contact with the overlying Virgin
Limestone Member appears gradational with it (Blakey, 1970, p. 30).

The ILower Red Member was deposited on a tidal flat traversed by
mearndering streams (Irwin, 1976). It thickens westward across the county
from less than 100 feet near ILake Powell to more than 300 feet. Near
Zions National Park the Lower Red is 220 to 310 feet thick (Gregory,
1950), in the Kanab Creek wells the unit is 190 to 220 feet thick, and

S surrcunding Buckskin Mountain, measurements indicate it to be 140 to 220
’ feet thick.

Measurement of the Lower Red Member of the Moenkopi Formation, near Road
Canyon at the north end of Buckskin Mountain, W 1/2, Sec. 23, T. 41 S., R.
2 W., Kane County, Utah.

(place measurement of the Lower Red Member here.)

The Virgin Limestone Member of the Moenkopi is rather thin in outcrop
around Buckskin Mountain, but is conspicucus because it forms a prominent
ledge. The unit consists of interbedded yellow-tan cliff-forming
sandstone, siltstone, and limestone. Even the limestone is sandy and
grades into calcareous sandstone. The pinchout zane for the Virgin
Limestone probably does not lie far to the east of Buckskin Mauntain.
Generally there is a lower calcareous sandstone, a thin intermediate slope-
forming siltstone, and an upper calcareous sandstone or sandy limestone.
The Upper and lower subunits form strong ledges. In Washington County the
Virgin Limestone is quite fossiliferous, containing fragments of mollusks,
crinoid stems, and the guJ.de fossil Tirolites. Ostracods and oolites are
also present. The megafoss:.ls were not found at the Buckskin Mountain
exposures. The V.Lrgm Limestone was deposited in shallow marine or
brackish water environments.

The Virgin Limestone beds increase from a feather edge somewhere
under the Kaiparowits Plateau to more than 200 feet in the northwest
‘"‘ comer of the county. In the Kanab Creek wells the Virgin is 30 to 50
feet thick and around Buckskin Mountain stratigraphic section measurements
indicate it to range from 12 to 30 feet in thickness.
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Measurement of the Virgin Limestone Member of the Moenkopi Formation near
Road Canyon, SE Sec. 23, T. 41 S., R. 2 W., Kane County, Utah.

(place measurement of the Virgin Limestone Member here.)

The Middle Red Member of the Moenkopi Formation conformably overlies
the Virgin Limestone in the Buckskin Mountain-Paria area. It is the
thickest of all the Moenkopi Members in the Shinarump Flats and Cocksconb
areas. It is exposed anly east of the Paunsaugunt fault (in Kane County) ,
to the west its outcrops are shunted into Arizona. Muach of it is covered
by alluvium, its softer and slope—forming nature has influerced many of
the local drainages to flow along its strike, so that completely exposed
sections are difficult to find. The member consists of interbedded medium
brown mudstone or siltstone and light brown, tan, or gray-green, fine-
grained, silty sandstone. Many of the beds are criss-crossed with gypsum
veinlets (photo 9). The amount of gypsum in the Middle Red Member
increases upward.

The Middle Red Member is 370 feet thick in the measured stratigraphic
section given below. Blakey (1970, p. 154) measured 344 feet near Road
Canyon in the NW Sec. 30, T. 41 S., R. 1 W. It is usually not
differentiated in petroleum well logs, but in the Kanab Creek area Tapp
(1963, p-. 195) reports the member is 286 to 327 feet thick. Blakey (1974,
p. 50) correlates the Middle Red Menmber to parts of the Moody Canyon and

' Torrey Members of the Moenkopi Formation in the Circle Cliffs area of

Garfield County. At the Belted Cliffs at Isom Wash, 2 1/2 miles west of
Virgin City in Washington County, Gregory (1950, p. 116-117) measured 436
feet of the Middle Red Member.

Measurement of the Middle Red Member of the Moenkopi Formation, west of
Paria, W 1/2, Sec. 23, T. 41 S., R. 2 W., Kane County, Utah.

{place measurement of the Middle Red Member here.)

The Shnabkaib Member overlies the Middle Red Member conformably and
the contact is placed at the base of the first bedded gypsum horizon (photo
10). It is also marked by a color change, from the orange tan Middle Red
slopes to the whitish ledges and slopes of the Shnabkaib. The Shnabkaib
Member consists of alternating white to light green silty gypsum, tan and
brown very fine grained, earthy weathering sandstone, and subordinate
earthy weathering red and green—gray siltstaone. The ledges are produced
by the gypsum beds and to a lesser extent by the sandstones.

The Kane County exposures are mostly between the Paunsaugunt fault
and the Cockscomb. A small exposure is also fourxd immediately west of the
Paunsaugunt fault near the Arizona border. In the measured stratigraphic
section shown below the Shnabkaib Member is 220 feet thick and Blakey
(1970, p. 33) notes it to be 164 feet thick 1 mile south of the movie set
along the monocline (Cockscomb) socuth of Paria. Tapp (1963, p. 195), in
the wells of the Kanab Creek area, shows 385 to 400 feet of Shnabkaib. To

® the east its presence has not been recognized and Blakey (1974, p. 50)
correlates it with the middle part of his Mocdy Canyon Member in the
circle Cliffs area. The upper contact of the Shnabkaib Member is
conformable with the Upper Red Member.
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Measurement of the Shnabkaib Member of the Moenkopi Formation west of
Paria, SW Sec. 13, T. 41 S., R. 2 W., Kane County, Utah.

(place measurement of Shnabkaib Member here.)

The uppermost Moenkopi member is the Upper Red. Its outcrops extend
from along the Arizona border at Jchnson Creek northeastward along the
Shinarump Flats nearly to Paria, and then turn southward along the
Cockscamb. It is a brown to reddish brown unit of sardstone and
siltstone. The lower half is generally slope-forming, the upper half is
cliff-forming. The sandstones are light brown to reddish brown, very fine
grained, ledge or cliff-forming, often micaceous and calcarecus (photo
11). The principal sandstone ledges are medium bedded to massive, but can
weather platy or shaly. Many of the plates are ripple-marked. The
siltstones are dark brown to reddish brown and sandy, shaly to thin bedded
ard small flakes of mica are often present.

The upper contact of the Upper Red Member is a disconformity. It is
overlain by the Shinarump Member of the Chinle Formation. The fluvial
sandstones of the overlying Shinarump cut deeply into the Upper Red
interval in several places (photo 12). The thickness of the Upper Red
Member ranges from 99 to 164 feet around the Shinarump Flats, Paria, and
along the Cockscomb. At the Shinarump Cliffs, 4 miles east of Fredonia,

. the Upper Red thickens to 185 feet.

Measurement of the Upper Red Member of the Moenkopi Formation, near
Pioneer Gap, SWSE Sec. 32, T. 43 S., R. 4 W., Kane County, Utah.

(place measurement of Upper Red Member here.)

Chinle Formation. The uppermost Triassic unit exposed in Kane County
is the chinle and in most areas only two members are easily recognized.
These are the basal Shinarump and the upper Petrified Forest Members. The
latter is sametimes just referred to as the '"Upper Member." 1In
eastermmost sections reference is also made to the Monitor Butte, Owl
Rock, ard Church Rock(?) Members. The Owl Rock overlies and interfingers
with the Petrified Forest Member and the Church Rock(?) overlies and
interfingers with the Owl Rock Member. The Monitor Butte Member is found
between the Shinarump and the Petrified Forest Members and intertongues
with both. In sections from the Cockscamb westward, reference is
occasionally made to the Monitor Butte Member and where recognized, has
the white or light tan overall color and sandy, gritty to conglomeratic
nature of the Shinarump, but weathers into steep muddy slopes like the
Petrified Forest Member. It is very lenticular, so that great variability
in the thickness is to be expected when measuring it with the Shinarnmp
Member .

outcrops of the Chinle Formaticn wrap around the Buckskin Mountain
upwarp in southwestern Kane County between Kanab and the Cockscomb. From
. Kanab westward the outcrops continue into Arizena and parallel the border
a few miles to the south. Complete available measurements of the Chinle
in this area range from 500 to 930 feet, but average 700 feet, with the
Shinanmp-Monitor Butte Member varying from 0 to 155 feet and averaging 55
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feet. Tapp (1963) indicates the Chinle to be 480 to 574 feet thick in the
Kanab Creek area oil tests (northwest of Kanab), with only 3 to 13 feet of
Shinarump Member.

Theupperchmlelsexposedmthreedeepcanyonsmnortheastem
Kane County; in the Escalante River Canyon, Stevens Canyon, and along Lake
Powell opposite the Rincon. The latter is a complete exposure, but the
lower part is now inundated by the lake. Stewart, Poole, and Wilson
(1972, p. 301-306) measured the Chinle at the Rincon in San Juan County
arnd measured 113.4 feet of Church Rock(?), 283.0 feet of Owl Rock, 223.0
feet of Petrified Forest, 225 feet of Monitor Butte, and 194.9 feet of
Shinarump Member for a total of 1,039.5 feet (photo 13).

Thicknesses reported in wells between the Cocksconmb and these
northeastern exposrues range from 614 to 1,103 feet axl average 750 feet.
There are no uniform thickness trends across the county, but it appears
that there is thinning from the southeast {1,000+ feet) to the northwest
(450 feet). Variations of 150+ feet should not be considered unusual.

The lower sandstone and corglomerate member(s) of the Chinle
Formation in Kane County are generally ascribed to the Shinarnump Member,
but detailed workers have alsc recognized the Monitor Butte Member. In
Stewart, Poole, and Wilson's measurement at the Rincon, the Shinanmp
consists of nearly 200 feet of sandstone and conglomeratic sandstone that
is very pale orange, grayish orange, yellowish gray, or very light gray in
overall color. The sandstone is medium to coarse grained, fairly sorted
with granules and pebbles up to 1 1/2 inches in diameter. The cementation
is irreqular and there is common carbonaceous and petroliferous material
present. Crossbedding is present with thin to thick sets of medium scale
low angle cross—-laminae. The unit weathers to form a steep ledqy slope
with the uper 40 feet making a prominent cliff. The Clyde Kissinger #1
Rincon Dome well, SESW Sec. 3, T. 40 S., R. 10 E., drilled across the lake
in Kane County, recorded only 80 feet of Shinarump Member and indicates
that the unit is extremely variable in thickness rather than indicating
erros in picking the top.

The Shinarump is overlain by more than 250 feet of Monitor Butte
Member, mostly silty claystone with subordinate amounts of sandstone and
occasional limestone. The overal color is greenish—gray with lesser
horizons of grayish-red or olive—gray. There ar occasional prominent
ledges, but the unit usually forms steep earthy slopes. Carbonaceous
material is often abundant. Across Lake Powell, in Kane County, the
Shinarump is mostly inundated and that part of the Monitar Butte still
exposed is largely covered by talus rubble or deformed by slumping.

The upper units have also participated in the slumping. That part of
the Chinle Formation nm\edlately under the Wingate Sandstone (upper 1/3d
or 1/4th) has not participated in the slumping, but is covered by a thick
venecer of talus. At the Rincon the Petrified Forest Member (223 feet)
consists mostly of pale reddish brown siltstone, clayey siltstone, with
lesser amounts of interbedded clayey very fine to fine grained sandstone,
light greenish gray limestone and rare silty sardy granule conglomerate.
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The Owl Rock Member (283 feet) overlies the Petrified Forest Member
and consists of pale red siltstone with subordinate amounts of pale red or
light greenish gray limestone developed as thin beds or as limestone
pebble conglomerate. Some light greenish gray calcareous sandstone is
also present. The whole unit forms a steep slope with occasional slight
ledges of limestone. At the top is the Church Rock(?) Member, the lower
1/3d of which is reddish orange siltstone to very fine—grained sandstone
that forms a ledge slope. The upper 2/3ds is cliffy, as is the overlying
Wingate Sandstone, and is composed of very fine to fine grained moderate
orange pink sandstone in blocky medium to thick beds. Some of the blocky
sandstones are separated by shaly, darker weathering partings.

The upper members are also exposed in the deep canyons of the
Escalante River and its tributaries to the north. The descriptions are
similar., The steep reddish slopes are usually covered by the talus
generated fram the disintegration of the overlying Wingate Sandstone.

Around Buckskin Mountain, to the west, the Chinle Formation is found
at the foot of the Vermilion Cliffs and the Cockscomb (East Kaibab
monocline) as steep badland slopes or as poorly exposed hills, partly or
campletely covered by Quaternary alluvium and talus. Blakey (1970), has
recognized the presence of four members near the abandoned townsite of
Paria; the Shinarump, Monitor Butte, Petrified Forest, and Owl Rock
Members. At Petrified Hollow and at Paria, Stewart, Poole, and Wilson

‘ (1972, p. 259-260) have recognized only the Petrified Forest and Shinarump
Members. The question relates as to whether the members, as they appear
in eastern Utah, truly correlate or are continuocus with those in Kane
County and southwestern Utah. Blakey's lithologies are at least similar
to the corresponding units as found in eastern Utah.

Originally the "Shinarump Conglamerate" was designated a formation
(Powell, 1873, p. 458; Gilbert, 1875, p. 176; and Howell, 1875) with the
type section be:mg the Sh:marump Cllffs that extend fram Pioneer Gap
westward along the Utah-Arizona line to Kanab. In 1876, in "Geology of
the Uinta Mountains," Powell proposedthenaneshinanmnpcrcupam
included the present Moenkcpi, Chinle, and probably the Mcenave
Formations. In his section, measured along Kanab Creek in 1871, he lists
800 feet of badland sandstones, rapidly disintegrating: argillaceous;
weatherlng in variegated hllls" above the conglomerate. The Moenkopi
Formation was separated out by Ward (1901, p. 403) and the Chinle was
named by Gregory (1917, p. 43), both with type sections in Arizona.
Finally Harshbarger and others (1957, p. 12-15) separated ocut the Moenave
Formation, also with a type section in Arizona.

The chinle Formation was intensively studied during the uranium boom
of the 19505 and the "Shinarump Conglomerate™ was reduced to a member of
the Chinle Formation by ILongwell (1952) and Stewart (1957). Stewart,
Poole, and Wilson, (1972, plate 2), in a fence diagram, show the Shmarl.mtp
Member to be variable mthlc}u-essbutreasomblycontmuwsmtheKanab
area and discontimicus around Paria. This is confirmed by our

) cbservations, the continucus ocutcrops begin at Petrified Hollow and extend
westward. 'IheShJ_naanup alsoappearstobemrecontlnuwsalongme
Cockscomb near the Arizona border (south of Catstairs Canyon). The more
continuous Shinarump may be limited to the southern edge of Kane County,
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with exposures to the north becaming discontimous. The Shinarump was
deposited by rivers and streams that flowed from south to north. In the
discontinuous areas the Shinarump cut channels into the underlying

Moenkopi up to 80 feet deep. An outstanding channel is found two miles
west of the abandoned townsite of Paria which has cut 30 feet into the
Upper Red Member and is 400 feet wide. To the south, in the continucus
area, the deposition probably occurred in a series of adjoining fans,

In the Shinarump Cliffs, in the contimucus area, the Shinarump Member
consists of lenticular and massive, cliff-forming beds of conglomerate,
conglameratic sandstone, and sandstone, with occasional thin partings of
green or gray mxyistone. The conglomerates are well cemented, the pebbles
and cobbles do not exceed 3 inches in diameter and are composed of
varicolored quartzite, gquartz, chert, and sardstone. The matrix of these
conglomerates often consists of calcareous grit. The corglomerates
occasionally contain logs of petrified wood. The sandstones are usually
medium to coarse grained, are poorly sorted and crossbedded, and exhibit
an overall light gray color. Granules are often aligned along the
crossbed laminae. In the Shinarump Cliffs area the unit is 6 to 50 feet
thick.

In the southern part of the Cockscamb (East Kaibab monocline), the
Shinarump is a yellowish-gray conglomeratic sandstone that displays small
to medium scale, medium to high angle trough crossbedding. The sandstone
.. is medium to coarse grained. The pebbles and grit cocur as stringers and
average 3/4 to 1 inch in diameter and are composed of quartzite, chert,
petrified wood, and sandstone. It is 20 to 40 feet thick in most
exposures.

The channel west of Paria is unusual in that the conglomeratic
camponent is greatly diminished. The channel consists of a massive,
crossbedded, cliff-forming, nearly white to yellowish gray, fine to medium
grained quartzose sandstone. The few pekbles and grarules are aligned
along the crossbed laminae. Measurements along the 400 foot chamnel show
the unit to be 80 to 110 feet thick. The Shinarump Member is
discontinucus from U. S. Highway 89 northward to Paria and westward to
Petrified Hollow. In ancther exposure of the Shinarump, near Kitchen
Corral Canyon, the unit is again conglameratic, but only about 25 feet
thick.

Blakey (1970) recognized the Monitor Butte Member (with some
reservations) in the Paria area. Phoenix (1963) used the term "sandstone
and mudstone unit" for rocks overlying the Shinarump Member and underlying
the Petrified Forest Member in the Marble Canyon area. This is the
interval occupied by the Monitor Butte Member northeast of the area as
recognized by Stewart, Poole, and Wilsfon (1972, plate 2). Repenning and
others (1969, p. Bl8) indicate the unit is missing at Paria due to
intertonguing with the Petrified Forest Member. Most workers have
included these rocks with the Petrified Forest Member, a few have
preferred to idenmtify the unit. Lithologically it is dissimilar to the

g ) remainder of the Petrified Forest Member. It is mostly light colored
sandstone with interbeds of gray silty mudstone or siltstone. The
sarxistones are thinbedded to massive, fine to medium grained and some
horizons are gritty and even pebbly. This unit contains much of the



p‘.atrified wood, especially where the Shinarump is absent. Jet coal was
discovered in the unit near Petrified Hollow. Toward the top the
mudstones, sardstone, nodular weathering brown limestones and gritty
conglaomeratic sandstones are complexly interbedded and highly lenticular.
It grades upward into the variegated banded steep slopes of the Petrified
Forest Member. The unit weathers into steep slopes like those of the
overlying unit, but the slopes are interrupted by ledges, which increase
toward the base. The unit is relatively continuous where the Shinarmp is
discontinuous, but appears to be missing or unimportant where the
Shinarump is continuous. Thicknesses are variable, rarging from 0 to 185
feet. Part of the problem is the difficulty in properly defining the
upper limit.

Gregory (1948, p. 238) records 40 to 60 feet of brown and gray
sandstone at the base of his Petrified Forest Member. We recognize 50
feet at Petrified Hollow. At Paria, Blakey (1970, p. 156) measured 185
feet, and we measured only 62 feet in the southern part of the Cockscomb.
Akers (1960) recognized no Monitor Butte, but indicates than an horizon of
petrified wood exists 100 feet above the Shinarump Member and that the
lower 50 feet are generally covered.

The thickness of the lower Chinle Formation members in well logs are
usually lumped and are recorded as Shinanump. The Monitor Butte or lower
Petrified Forest lithologies are the same or nearly the same as those of
the Shinarump Member. The weathering characteristic differences are not
available in the well cuttings. All borehole thicknesses for the
Shinarump are thicker than surface ocbservations indicate, except in the
Mt. Carmel-Kanab Creek area, where only the lower conglameratic horizons
are ascribed to the member. Table 8 gives a listing of both the Shinarump
arnd Chinle thicknesses as recorded from Kane County boreholes.

Stewart, Poole, and Wilson (1932, plate 2) show the Owl Rock Member
extending westward to about the 1127 Meridian in Kane County, near the
townsite of Paria. Most irwestigators have recognized only the Petrified
Forest Member at Paria and westward. Even Stewart, Poole, and Wilson (p.
261-264) did not consider the Owl Rock Member present at Paria. Only
Blakey (1970, p. 155) has recocgnized its presence. The upper unit might
be recognizable in detail, but is not mappable, hence the entire upper
part of the Chinle is best designated the Petrified Forest Member. The
member is best described as composed of varicolored and banded, badlands
forming (steep slopes) mudstone and friable mxidy sardstone, that also
contains occasional horizons of conglomerate, siltstone, gritstone, and
lavender or brown weathering nodular limestone. The best exposure is
located near the abandoned townsite of Paria on what has been called
Gingham Skirt Butte (photo 14). The color bands are bright and scenic
with red, pink, reddish brown, lavender, purple, white, brown, yellow,
marocn, and gray-green. This section is daminated by the mudstone, but in
other locations muddy sandstone dominates. The upper 100 feet (Blakey's
Owl Rock Member) is described as horizontally bedded, non-bentonitic
mudstone and sandy siltstone that is moderate reddish brown or yellow-

gray.




. Photo ]4 Gingham Skirt Butte near Paria, Utah. The
brightly banded Petrified Forest Member of the
Chinle Formation is beautifully exposed near Paria.
The light outcrops neax the base of the hill consist
of the Monitor Butte Member. The Moenave and Kayenta
Formations form the cliff at the top of the butte.
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Table g. Thicknesses of the Chinle Formation as recorded in Kane Courtty

boreholes.
Borehole Iocation Shinarump chinle Total
Amerada Hess #1 Fed Skyline SWNW 6-38S-1E 103 511 614
Tenneco 0il #1 So. Upper V. NENE 16-38S-2E 150 655 805
Sun 0il #1 Lyons Federal SENE 8-38S-3E 134 566 700
Amerada Hess #1 Midwest SESE 12-38S-1W 143 502 645
Texaco #N-1 Schneider A SESW 5-38S-4E 116 605 807
Great Western #2 Rees Cyn SWSW 28-39S-~4E 244 563 807
G. C. Bingham #1 Richter SWSE 34-39S-7E 165 590 755
Webb Resources #28-13 SWSW 28-39S-8E 86 715 801
Marathon #1 Butler Valley NENE 22-39S-1W 93 660 753
Tenneco #1 Tikbet Canyon NENE 19-40S-2E 125 585 710
Byrd Corp. #1 Rees Canyon SE 5-40S-5E 181 550 731
Cleary Funds Romex #1-16 NWNE 16-40S-SE 190 650 840
Shell #1 Soda Springs SENW 2-40S~7E 140 603 743
W.W.West #1 letts Federal NWNE 11-40S-7E 103 633 736
Romex #1 Fed. Rock Creek NWNW 19-41S~7E 196 625 821
Sojourner #1 Burger NWSE 12-41S-8 1/2 E 158 711 869
Superior #32-16 Kanab Cr SWNE 16-42S-7W 13 451 464
J. R. McDermott #2 Mt. C. NENW 17-425-7W 3 510 513
J. R. McDermott #1 Strat SENW 19-42S-7W 5 4697 4742
Union 0il Calif #1 Judd H.  SWNW 19-435-2E 209 894 1103
J. R. McDermott #1 State SWSW__2-43S5-8W 9? 4712 480

Akers (1960) measured 577 feet of Petrified Forest Member near the
Arizona line along the Cockscomb with a total of 614 feet for the Chinle
Formation. Several measurements were taken near Paria, near Gingham Skirt
Butte. Blakey (1970) measured 582 ft (847 total Chinle), Akers (1960
measured 497 feet two miles south of Paria (608 total Chinle), we measured
556 feet (711 total Chinle), and Stewart (in Stewart, Poole, and Wilson,
1972, p. 261-264) measured 652 feet 2 miles NNW of Paria (652 total Chinle-
no Shinarump). The color bands exposed at Paria seem to be coninuous and
maintain even thicknesses at first glance, but close examination reveals
them to be moderately lenticular, which may explain the 497-652 foot
variation in measurements. At Petrified Hollow Craig and Mullens (in
Stewart, Poole, and Wilson, p. 258-261) measured 519 feet (527 feet total
Chinle) and we measured 628 feet (698 feet).

Measurement of the Chinle Formation at Petrified Hollow, Sec. 2, T. 43 S.,
R. 4 W., Kane County, Utah.

(place measurement of the Chinle Formaticn here.)

Gregory (1950, p. 123-124) measured the Petrified Forest Member 2
miles west of Kanab and recorded 902 feet (929 feet total Chinle), but
well over 400 feet of the section was covered. Much of his section is
sandstone as well as shale (mxistone). He also identifies the presence of
marl and gypsum. This relatively thick measurement disagrees with what is
reported in boreholes a few miles to the north (see table 3), and on

7
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Stewart, Poole, and Wilson's (1972, plate 3) isopach map for the Chinle
Formation.



_34_
Jurassic Formations

Jurassic rocks were deposited across Kane County averaging 3,100 feet
to the east and 3,500 feet to the west. These rocks are represented by 5
to 8 formations, in ascending order; WingateMoenave Formations, Kayenta
Formation, Navajo Sandstone, Page-Temple Cap Sandstones, Carmel Formation,
Entrada Formation, Summerville-Summerville?-Romana Mesa-Henrieville
Formations, and the Morrison Formation. Fewer formations are generally
present in the western part of the county because of a regional
unconformity at the top of the System which gradually truncates units east
to west. To the east the uppermost recognized Jurassic unit is the
Morrison Formation and to the west the uppermost Jurassic unit is the
Carmel Formation. The distribution of Jurassic rocks in Kane County is
shown in figure 17.

The Glen Canyon Group of formations have generally been regarded as
Jurassic-Triassic in the past. In recent explanations by Pipiringos and
O'Sullivan (1978) ard Imlay (1980), the age of the Group is being re-
evaluated and thought to be entirely Jurassic. The new age assigmment is
followed in this publication.

Wingate ard Moenave Formations. The unit that overlies the Triassic
rocks in the western half of the county is the Moenave Formation and in
the eastern half is the Wingate Sardstone. In the middle of the county,
along the East Kaibab monocline (The Cockscomb), both have been recognized
with the Moenave resting on thin tongues of Wingate Sardstone. Blakey
(1970, p. 53) recognized 42 feet of the Wingate Sandstone in the central
part of the Cockscamb and about 60 feet near Paria. The lower contact of
the Wingate (with the Chinle Formation) is described as a planar, sharp
unconformity and the upper contact with the Moenave as gradational or
intertonguing (figure 18). Stewart, Poole, and Wilson (1972, p. 262) also
recognize the Wingate? Sandstone at Paria, where they measured 69.5 feet.
About 4 1/2 feet of Wingate(?) is exposed in a slide near the Manganese
King mine, in Sec. 2, T. 42 S., R. 3 W., about 100-200 feet west of a
water well drilled to supply wash water for the mining operation. It is
found at the base of the slumped Moenave, has the typical Wingate
lithology and color with a 6 inch white bleached top.

In the subsurface the Wingate thickens easterly and where the unit is
again exposed in the deep canyons of the Colorado and Escalante River, it
is 200 to 300 feet thick and immediately overlain by the Kayenta _
Formation. West of Kitchen Corral Wash (Manganese King mine), the thin
Wingate cliff disappears, and along the remainder of the Vermilion Cliffs
the interval between the Chinle and Kayenta Formations is entirely filled
by the 300 to 500 foot Moenave Formation. In drill holes east of the
Cockscomb only the Wingate Sardstone has been recognized, which is only
100-200 feet thick around the northern part of the Cockscomb. Bower
(1983), reports only 75 to 100 feet in the Butler Valley area.

The relationship between the Wingate and Moenave has been explained
by Harshbarger, Repenning, and Irwin (1957, p. 8-17). Apparently they
intertongue in the subsurface, but a tongue of the Wingate persists under
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the me}m body of the Moenave for a considerable distance (figure 18).
Phoenix (1963, p. 26 and plate 2) recognized no Wingate Sandstone at Iees
Ferry, Arizona, but Wilson (1965, p. 38) assigned 42 feet of the basalGlen
Canyon Group at this location to the Wingate(?) Sandstone. The basal
rocks of the Glen Canyon Group are Wingate-like at many places between
Lees Ferry and Paria. In others it appears that only the Moenave Formation
is present. Westward extendirg tongues may appear intermittently along
the outcrops or they may not even be attached to the main mass of the
1P:um;;r:tteSa.nt:’:stone&tsea-q:aoeueadtotheeast. In northwestern Kane County
information is not available about this interval because deep wells have
not been drilled there. Wells drilled in the southwestern part of the
county in the Kanab Creek area (Tapp, 1963) irdicate that the Moenave
Formation is present in the subsurface.

To the east the Wingate Sandstone (Dutton, 1885, p. 136-137) is
represented by a single menber, the Iuckachukai Menber (Harshbarger,
Repenning, and Irwin, 1957, p. 10-12). Since there are no other members
in Kane County, the unit is simply called the Wingate Sandstone as
suggested by Stewart, Poole, and Wilson (1972, pl. 2). The Wingate
Sardstone is exposed along the Colorado River (lLake Powell) opposite the
Rincon fram Iceberg Canyon westward to Bowns Canyon and again along
Pollywog Bench near the mouth of the Escalante River. At most of these
exposures only the upper part extends above the water level, but the whole
unit is exposed along a stretch of four miles opposite the Rincon. The
formaticn alsc appears in the canyons of the Escalante River and its
tributaries from the juncture of the Escalante River and Stevens Canyon
northward. The Wingate has been elevated at both eastern Kane County
locations by the southward extension of the Circle Cliffs uplift. It isa
praminent cliff-forming sandstone, mostly 240 to 400 feet thick, found
between the slope-forming Chinle beneath and the step-like to cliffy
Kayenta Formation above. Usually the towering Wingate cliff is nearly
vertical with few horizontal bedding planes. The cliff is often stained
dark brown to black with desert varnish, but is a light brown or orange
brown on fresh surfaces. It erodes along vertical fractures that spall
down the entire thickness of the unit. Wherever the Chinle is exposed
beneath, it is littered with broken pieces of the Wingate Sandstone (photo
15). Close examination of the cliff walls reveal large scale, eolian type
crossbeds and thick beddirg. Weathering rarely etches out these features.

The Wingate Sardstone consists of very fine to fine grained, quartz
grains, mostly lightly to moderately cemented with calcium carbonate. The
cortact with the Chinle Formation is sharp, easily identified with little
or no relief, and is probably everywhere unconformable. In eastern Utah,
where the Church Rock Member is identifiable, the Wingate-Chinle contact
is thought by some to be conformable (Stewart, Poole, and Wilson, 1972,
pl. 2), but where the Church Rock Menber is missing the contact is
unconformable. The Church Rock Member of the Chinle Formation is
correlative with the Rock Point Member of the Wingate Sandstone of
northern Arizona. Pipiringos and O'Sullivan (1978, p. Al9) extend their J-
0 unconformity everywhere under the Wingate and reject the Rock Point as a
member of the Wingate Sandstone.
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We made no attempt to map the Wingate(?) where it intermittently
appears beneath the Moenave. For practical purposes only the Moenave is
exposec_l between the Chinle and Kayenta Formation from the East Kaibab
monocl:!.ne (Cockscomb) westward. The Moenave Formation (Harshbarger,
Repenning, and Irwin, 1957, p. 13-15) has three members in Kane County,
which are not separated on the geologic map because they usually appear in
a cliff (Vermilion Cliffs), making the plan view cutcrop bands too narrow
at the 1:100,000 scale (photo 16). These include a lower Dinosaur Canyon
Member (Colbert and Mook, 1951, p. 151), a Whitmore Point Member (Wilson,

1958, p. 81) and an upper Springdale Sandstone Member (Gregory, 1950, p.
67) .

The Dinosaur Canyon Member is mostly reddish orange to reddish brown
siltstone with lesser amounts of very fine grained sandstone, claystone,
and conglomerate. The other lithologies also reflect the dominant reddish
coloration of the formation. The percentage of sandstone and coarse
siltstone increases to the northeast and in ocutcrop is greatest northeast
of Paria (Wilson, 1958, pl. 7). The coarser siltstones are calcareous and
form thinbedded ledges, the finer ones are very thinbedded to laminated
and characteristically form slopes. The siltstones are generally composed
of angular fragments of quartz and the finer the clastic particles the
greater the clay content.

In the sandstones over 90 percent of the grains are of clear quartez
that are free fraom inclusions; the remainder consist of partly
argillitized feldspar, chert, hematite, ilmenite, magnetite, garnet,
tourmaline, and occasional mica. The sand is usually well-sorted,
subangular to subround and loosely cemented with carbonate (calcite).
The sardstones are usually found in thin to thick flat beds (photo 17).
Conglamerate is occasionally reported present at the base of the unit,
just above the Chinle Formation, the pekbles consists primarily of chert
or clay pellets.

The menmber varies in thickness from 100 to 220 feet. Where the
Wingate(?) is separated ocut and recognized along the monocline, the
thickness of the Dinosaur Canyon Member may be less than 100 feet. The
member thickens somewhat from Paria westward and southward and in Kitchen
Corral Canyon and at Petrified Hollow is over 200 feet thick. South of
Catstairs Canyon it is also mostly over 200 feet thick (combined
wingate(?) Sandstone and Dinosaur Canyon Member). West of Petrified
Hollow the unit is a constant 150 to 200 feet thick. Tapp (1963),
reporting the thicknesses of units drilled in the Kanab Creek area, shows
the Dinosaur Canyon Member to vary fram 370 to 419 feet, decidedly thicker
than the 150 to 200 feet indicated for the outcrops alang the Vermilion
Cliffs.

West of Johnson Canyon the Dinosaur Canyon Member is overlain by the
whitmore Point Member. Since the Whitmore Point torgues J.nto the lower
part of the overlying Springdale Sandstone Member, scme Springdale
lithologies are included in its makeup. The member, as a whole, 1s
difficult to separate fram the Dinosaur Canyon when viewing the Vermilion
Cliffs from a distance. It is a grayish or brownish red siltstone and
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Photo 17. Thin to thick flat beds of the Moenave Formation
on Gingham Skirt Butte near the abandoned town:site
of Paria, Utah. The Moenave forms nearly unscalable
cliffs in this area.




claystone unit interbedded with the pale red, fine grained sandstones
typical of the overlying Springdale Sandstone. The siltstones and
claystones are similar to those in the Dinosaur Canyon Member, but have a
dec1dec.1 grayish or brown cast. The claystone is generally variegated and
found in hamogenecus units to 10 feet in thickness.

The Whitmore Point Member has yielded some interesting fresh-water
fish fossils in the Kanab area. These were first discovered by C. D.
Walcott in 1879 and were later described by Eastman (1905, 1917) as
species of lepidotus and Pholidophorus. Eastman described a new species,
Lepidotus walcotti. Iater studies by Schaeffer and Dunkle (1950)
reassigned the Pholidophorus sp. as Seminotus kanabensis, a new species.
Wilson (1958, p. 88) discovered additional fish horizons in the whitmore
Point Member. These fossils were dated as Upper Triassic and for this
reason the lower Glen Canyon Group formations have appeared on most
geologic maps as Triassic in age. Imlay (1980, p. 97) cites the presence
of palynamorphs from the basal 15 feet of the Whitmore Point Member that
have been dated of late Sinemurian to early Pliensbachian age or Lower
Jurassic. It is assumed that the fish have a greater stratigraphic range
than formerly thought.

The depositional envirormment of the whitmore Point Member is
apparently the same as for the Dinosaur Canycn Member, lut lake covered
flood plain-mid flat enviromments dominated at the expense of the fluvial
chamnels. The thickness of the Whitmore Point Member in the Kane County
outcrop areas ranges from 55 to 85 feet.

The upper Springdale Sandstone Member is mostly a fine to very fine
grained sandstone with subordinate intraformational conglamerate that
forms a cliff. It is a relatively uniform unit of lenticular overlapping
beds of crossbedded sandstone. Occasionally thin siltstone and claystone
seams separate the individual sandstone lenses. The sandstones have
textures and mineralogies practically identical to those of the Dinosaur
Canyon Member except that minor staurolite has been identified in the
upper unit. The occasional intraformaticnal conglamerate units occur as 3
to 5 foot lenticular wedges and are composed of claystone pellets and
angular fragments of siltstone set in a quartz sand matrix.

The sandstones exhibit trough cross-stratification, ripple marks, and
mxd cracked surfaces. Cementation is loose and calcarecus and the
daminant color is a reddish brown. Fossils are quite rare but Wilson
(1958, p. 104) reports that petrified logs up to 2 feet in diameter are
occasionally found in the intraformational conglomerates and that worm
borings are present up to 4 inches in diameter. Stewart, Poole, and
wilson (1972, p. 258) report fish plates present in the member near
Petrified Hollow. Measured stratigraphic sections along outcrop :!.rﬂlcate
the member to be 100-300 feet thick, with most 100 to 225 feet thick.
Tapp (1963) logged 96 to 220 feet of Springdale Sandstone in the Kanab
Creek drillholes (T. 42 S., R. 7and 8 W.), 6 to 10 miles north of the

Vernmilion Cliffs.



It is difficult to differentiate the members of the Moenave
Formation, as exposed in Kane County. In addition the upper contact is
gradational with the Kayenta Formation and difficult to place. The
decision may cause variations in measured thicknesses to 100 feet on
either side of the line. Generally the color and texture of the Moenave
is more uniform than the overlying Kayenta.

Measurement of the Moenave Formation in Kitchen Corral Canyon in SESW Sec.

22, T. 41 S., R. 3 W., and NWNE Sec. 34, T. 41 S., R. 3 W., Kane County,
Utah.

(place measurement of Moenave Formation here)

Rayenta Formation. The Kayenta Formation is widespread in Kane
County and is exposed arcund the margins of the Kaibab Uplift at the top
of the Vermilion Cliffs. It is exposed in the upper part of the cliffs
and makes up part of the upper surface of the Wygaret Plateau. In Kane
County these exposures extend from Mcoki Mountain (near Coral Pink Sand
Dunes State Reserve) eastward to the Cockscomb (East Kaibab monocline) .
The cliffs contimie east and west of the above limits in northern
Arizona. Other exposures are found in the canyon and tributary canyons of
the Escalante River and along Lake Powell in far eastern Kane County.
Along Lake Powell the unit is campletely exposed along a four mile length
north of the Rincon. Ancother carplete section is found in the cliff
around Pollywog Bench. It is also recognized in all subsurface sections.
A thin tongue of the Kayenta, known as the Tenney Canyon Tongue extends
eastward into the lower part of the overlying Navajo Sandstone and its
outcrops are found from Johnson Canyon westward. That part of the Navajo
Sandstone between the main body of the Kayenta Formation and the Tenney
Canyon Tongue is known as the Lamb Point Tongue. The main body of the
Kayenta ranges from 190 to 340 feet in thickness with no specific trends.

The Kayenta Formation is a pile of lenticular, mostly medium—grained,
fluvially crossbedded, thickbedded to massive sandstones in eastern
exposures. Additionally there are thin reddish interbeds of siltstone and
mdstone, occasional thin to medium beds of gray or lavender—gray
limestones, and thin to thick beds of intraformational pebble
conglomerate. The overall color varies from reddish brown to lavender,
but individual beds are red, purple, tan, white, maroon, reddish-orange,
and orange pink. The sandstone lenses are often quite persistent over a
large area and form cliffs and ledges (photo 18). Even though the.Kayenta
is a resistant unit its ledges contrast sharply to the nearly vertlcal_
cliffs formed by the urderlying Wingate and the lower part of the Navajo
above. In same places along Lake Powell, however, the three units combine
to for a towering 800 to 1,000 foot cliff.

Along the Vermilion Cliffs the Kayenta charges frcxp the eastern
facies described above and present near Paria, to a facies w1t1:1
considerably more siltstone and claystone. To the west the unit beccames
less resistant and the overall color becames a deep red Z!Znstead 9f
thickbedded to massive units daminating, the beddn:\g is thin to thick.
Scme resistant ledges persist, however, as do the intraformational




J
Photo )eg Cliff-face in Hackberry Canyon. At base is

Triassic Chinle Formation, followed by Jurassic Dinosaur
Canyon Member and Springdale Sandstone Member of Moenave
Formation. The ledge-forming Kayenta Formation follows
and is capped by the massive lower part of the Navajo
sandstone. TBe= Chinle Formation, Jmed= Dinosaur Canyo
Member amd Jmos= Springdale Sandstome Member of Maewmave
Formation, Jr= Kayenta Formation, Jn= Louwer elffof
Nadajo Sandatona .
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c':onglc.merates, the thin limestones, and the varicolored nature of the
irdividual beds. More fine—grained sandstone lenses are found in western
exposures. Sandstone comprises at least 95 percent of the formation near
Paria and may be less than 30 percent near Moki Mountain.

More than 90 percent of Kayenta sand grains are of subangular to
subrourd quartz. Chert, partially decomposed feldspar, opague and on—
opaque minerals make up the remainder. Wilson (1958, p. 120-121) reports
that the opaque minerals are dominated by ilmenite, and that the non-
opague accessories, in order of abundance, include tourmaline, garnet,
zircon, muscovite, staurolite, and rutile. The cementation is generally a
carbonate, but locally may be of clay or iron oxide. The Kayenta is
mostly a fluvial deposit, but locally eolian and lacustrine horizons are
present. The unit was deposited by shifting streams, the lesser eolian
ard lacustrine consitituents were deposited marginally in the interfluve
areas. Dinosaur tracks are occasionally found in the Kayenta, and reptile
bones belong to the superfamily Tritylodontoidea have been found in the
unit near Kayenta, Arizona (Lewis and others, 1961, p. 1439-1440).

Measurement of the Kayenta Formation near the confluence of Coyote Creek
and the Escalante River, Ne Sec. 13, T. 39 S., R. 8 E., Kane County, Utah.

(place measurement of Kayenta Formation here.)

ILamb Point Torxue. The Lamb Point Tongue overlies the main body of
the Kayenta Formation in outcrops extending from the Paunsaugunt fault to
the Sevier fault (Mcki Mountain). In addition, the unit has been
identified in wells of the Kanab Creek area (Tapp, 1963, p. 195). It
consists of white, tan, or gray eclian crossbedded cliff forming sandstone
with ninor and thin reddish-brown siltstone and gray limestone. The upper
and lower contacts with the Kayenta are sharp.

The Iamb Point sandstone is mostly fine to medium grained light
colored sandstone with rounded to subrounded frosted grains. They are 90
percent quartz, 5 percent chert, and 5 percent feldspar. Heavy miheral
and other opaque and non—cpague grains generally do not amount to a
percent of the rock. The carbonate cementation is loose and irregular so
that the rock is quite friable. Thick crossbed sets are the most striking
characteristic and exceed 25 feet in places. The crossbed angles exceed
36 degrees at several locations. Same of the sets, especially those near
the top, are cantorted. The contorted crossbeds may represent slumping on
the lee sides of dunes, although it may be difficult to explain all of the
irregular folds and even recumbent folds that way. Another explanation
may involve liquefaction by earthquakes. The contortions are generally
confinedtooneczossbedsetmmdmayhavebeenwatersaﬂgratgdme'mthe
slumping ocourred. Wilson (1958, p. 146) reports that dip directions for
the uBaffected crogsbeds in the Lamb Poimnt Tongue are qmmslstent;ly within
S. 48° E. to S. 65° E. and differ fram those recorded in the main body of
the Navajo Sandstcone above.

MeasuenentofmelammhmmrqueofmeNavajoSarﬂstmeinCQttonmod
Canyon, SW Sec. 15, T. 43 S., R. 7 W., Kane County, Utah.




(rlace measurement of Lamb Point Tongue here.)

_ e. This tongue consists of reddish-brown
511tst911e, mudstone, and fine-grained sandstone with an occasional thin
gray limestone bed. Its contacts with the Lamb Point Tongue below and
main body of the Navajo Sardstone above, are generally sharp (photo 19).
The thickness ranges from 90 to over 170 feet, thickening generally east
to west. It can no longer be mapped about 6 miles east of Johnson Canyon
vhere it grades into eolian beds of the Navajo Sandstone, but the reddish-
brown color persists to the carnyon of the Paria River (figure 18). It is
typlgally like the western facies of the Kayenta Formation containing a
significant amount of siltstone, mudstone, or fine—grained sandstone and
having the dark reddish-brown overall color. On fresh surfaces this dark
reddish~brown is much lighter. Eastern sections generally contain more
fine grained sandstones ard western sections are dominated by the
siltstones.

Measurement of the Tenney Canyon Torxgue of the Kayenta Formation in Three
Lakes Canyon, SWSE Sec. 30, T. 42 S., R. 6 W., Kane County, Utah.

(place measurement of the Tenney Canyon Tongue here.)

Navajo_ Sandstone. The Navajo Sardstone is an easily recognized and
prominent unit in Kane County. Its cutcrop band is wide ard nearly
contimious across the county and many of its scenic attractions are tied
to it. Some of the outcrops along lLake Powell (Colorado River) are now
inundated. The unit is buried under the Kaiparowits Basin. The Navajo is
a relatively thick and hamogeneous sandstone unit increasing in thickness
from east to west. Because of its thick and homogenecus nature complete
stratigraphic measurements and descriptions, as taken from the cutcrop,
are in short supply. Most have been written on the basis of "samplings,"
generally taken at the top or bottom of the unit. Thicknesses have been
estimated or calculated by use of topographic contours on base maps. The
few camplete measurements have been made across monoclines and additional
thicknesses have been obtained from drill hole legs. Even though the
thickness generally increases from east to west, variations from the nomm
up to 200 feet are to be expected. The thinnest Navajo (about 950 feet)
is found along lake Powell (Colorado River) in the eastern part of the
county. Wells in the eastern Kaiparowits Basin indicate the unit to be
1100-1400 feet thick and in the western Kaiparowits Basin to be 1400 to.
1700 feet thick. Alorng the Cockscamb, in Hackberry Canyon, the Navajo is
1362 feet thick. Gregory (1948, p. 238) estimated 1600 feet along Park
Wash near the mouth of Five Pines Gulch. Along Kanab Creek, v.lalcott in
1879, (in Cross, 1908, p. 105) assigned 1535 feet to the Navajo. The
entire unit is exposed in a two-mile wide outcrop band extending from
Parunuweap Canyon to the south facing side of Checkerboard Mesa alorg the
west margin of the county (photo 20). Here the Navajo is calculated to be
1800 feet thick using the topographic contour method and considering the
regional dip. Gregory (1950, p. 83) reported more than 1800 feet in the
Zion Park region and a measured thickness of 2280 feet at the Temple of
the Sinawava three miles west of the county line.
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Photo 20. Northward view across Parunuweap Canyon near the Washington
County line. This is one of the rare places where a person
can see the entire Navajo Sandstone in western Kane County,
here estimated to be 1800 feet thick. Walcott's 1879
division of the Navajo Sandstone can be observed here; at
the base is 400 ft of gray and reddish-brown cliff-forming
crossbedded sandstone, in the middle is 1000 ft of pink or
vermilion less resistant sandstone, and at the top is 400
ft of white cliff-forming crossbedded sandstone. The Temple

g. Cap Sandstone forms the thin sandstone horizon above the
White Cliffs, JK=Kayenta FormaTion, Jnb™ gray and reddish-
brown Navajo, Jnp= pinK or vermilion Navale, Jnw = White CLieFs,
Gand Tte = Temple Cop Sandstone .
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The 1879 Walcott measurement along Kanab Creek is of interest. This
measurement was taken before the modern terminology had been established.

It is here repeated for the convenience of the reader (as published in
Cross, 1908, p. 105):

1. Vvhite cliff sandstone, massive, crossbedded, light gray, broken into
five principal belts by horizontal lines of bedding . . . . 585 ft
2. Vermilion sandstone; crossbedded, friable, readily dlsmtegratm
forming the foothills and slope to the more campact sandstones at
the northern end of Vermilion Cliffs Canyon . . . . . . . . . 650 ft
3. Gray and reddish-brown, crossbedded sandstone. Horizontal beds of
varying thickness divide the mass into bands from twenty-five to
one hundred feet inthickness . . . . . . . . . « .« .« . .« . . 300 ft
4. Evenly bedded red sandstones; upper portion an indurated, dark
reddish-brown stratum; indurated layers alternate with more friable
layers and shales beneath . . . . . +« + &« ¢ ¢« « ¢ ¢ ¢« ¢ & & & 120 ft
5. Massive gray sardstone, crossbedded; upper portlon 1s a llght gray
massive friable bed. The entire mass is subdivided into six
principal beds by subhorizontal lines of bedding of a dark, more
indurated sandstone. 'Ihebedsarefrcxntwentytoelghtyfeetm
thickness, a:ﬂmybeseenmnmwsteepascamnentsalongthe
CAMMYON. « = « s s s s s s o o = . . c s« s+ s .+ . 310 ft

Units 1 to 3 probably comprise the main kody of the Navajo Sandstone
and total 1535 feet. Unit 4 matches the thickness ard description of the
Tenney Canycn Tongue of the Kayenta Formation and unit 5 is probably the
Lamb Point Tongue of the Navajo Sandstone. Walcott was able to
differentiate the hamogenecus unit on the basis of color and somewhat on
the basis of topographic expression. This is a useful division in western
Kane County, perhaps west of Johnson Canyon. At Parunuweap Canyon the
upper white member (unit 1) is about 400 feet thick, the middle pink or
vermilion sandstone (unit 2) is about 1000 feet thick, and the lower gray
and reddish-brown sandstone (unit 3) is about 400 feet thick.

GregoxyandMoore (1931, p. 67) make a strang point against the use
of color in subdividing the Navajo. The present authors agree that little
51gn.1.f1cance should be placed on the color for purposes of regional
correlation or age determination. The lines dividing color change in the
Navajo are often not exactly horizontal and cross the formation without
regard to texture, stratification, or crossbeds. Occasionally the color
contact lines havesteepd:.ps IntheareamtofJohnsonCanyonthe
color generally and coincidentally supermpos&s itself on other Navajo
features that reinforce Walcott's tripartite division; the most
51gn.1f1cant of which is the topographic expression. The middle pink or
vermilion sandstone is generally less resistant than the other two.

The Navajo Sandstone is generally a light colored, fine to medium
gra:x.ned friable sandstone, massive, weakly cemented with carbonate and
iron oxide. It displays an elaborate array of high angle crossbeds and
forms steep smooth cliffs or domes, monuments, and other bizarre erosional
forms separated by broad bare rock surfaces and sand covered areas.




Iocally thin lenses of limestone, dolamite, or dark reddish sandy mudstone
are also present.

The light color of the Navajo Sandstone has been described with
almost every hue; white, tan, buff, salmon, pink, vermilion, brown, red,
yellow, cream, orange, and gray. Hematite produces the reddish colors,
limonite the yellows, and ferruginous iron the browns and occasional
greens. The color is due to the amount and oxidation state of the iron
oxides present. The iron oxide is present in the cement or in the
overgrowths of the sand grains. The grains are 90 to 98 percent crystal
clear quartz; the remainder consists of such minerals as cloudy feldspar,
magnetite, tourmaline, staurolite, zircon, garnet, ard rare flakes of mica
(Gregory, 1948 and 1950), suggestive of a metamorphic source. Iocally
magnetite, tourmaline, and other dark grains daominate and color the
crossbed laminae black or dark gray. They are described as subrounded to
well rounded, well sorted, and frosted. Most are imperfectly rounded and
appear in spherical, discoidal, or lentiform shapes. The grains appear
well sorted, but close cbservation indicates a scattering of coarser
grains along crossbed laminae, scme even approaching the size of grit.
Gregory and Moore (1931) note that the sandstone is trimodal; about 3 to 5
percent consist of the coarser (usually medium grained) fraction, 70
percent are fine grained (0.1 to 0.25mm in diameter) intermingled with 25
percent "bits of dust." Freeman and Visher (1975) indicate that electron
microscope studies of the grains show them to be covered with poorly to
well developed overgrowths and pressure solution features. The original
quartz grain surfaces are obscured by diagenetic chemical precipitation
which is corroded to such an extent that saltation impact marks are not
identifiable. They challenge the use of "frosted" to describe Navajo
grains.

The Navajo is friable and weakly cemented. The cement is usually
calcite or dolamite intermingled with varying amounts of iron oxide. The
better the degree of cementation, the greater the resistance to erosion.
Gregory (1950) thought that the degree of cementation made little
difference in its effect on the ervsion of the Navajo. The White Cliffs
were cliffs because they were protected by the resistant limestones of the
Carmel Formation above. In the absence of the resistant beds the unit
would break down into mounds and conical towers. Although the present
writers did not perform a microscopic study of the cementation, field
examination of the sandstone indicates a better calcarecus cementation
near the top and the base of the formation across the county. The
thickness of the better cemented zones varies as much as the color
characteristic. In the western area, where Walcott's color divisions are
applicable, the white and reddish-brown units are better cemented than the
pink or vermilion unit. The former two are present as cliffs; the upper
forming the magnificent White Cliffs (photo 21). The middle forms low
dames and conical hills with large areas of loose sand or gently sloping
bare rock surfaces between them. The sand of the famous Coral Pink sand
dunes is thought to be derived fram the pink member.




Faults and joints, especially along the Cockscamb, have been
recemented by calcite and often stand as thin ridges extending for more
than a mile. In other areas the joints and faults have not been
J.:'egementedarxithe zone has been easy prey for ercsion. The deeply ercded
joints are another trademark of the Navajo Sandstone. They are especially
well developed in western Kane County as they crouss the deep canyon of the
East Fork of the Virgin River (Parummeap Canyon) at a place called the
Barracks. The trend of the joints is northerly and the spacing is 500
feet to more than a mile. The jointing extends through or nearly through
the entire formation. Iocally some vertical movement can be demonstrated
along the joints, the displacement rarely exceeding 100 feet. The
jointing is rarely reflected in underlying or overlying units.

The Navajo Sandstcne is often described as massive, as a single thick
unit of sarxd, even as one bed of uniform texture (Gregory and Mocore
(1931) . Baker (1946) notes the lack of true bedding planes and the
abundance of elaborate crossbedding on a gigantic scale. Gregory (1948)
states that the crossbeddirg is on an amazing scale that is more intricate
than in any other unit, and this indeed is ancther trademark (photo 22).
In most places the crossbedding laminae or cross-stratification is found
in truncated sets to 30 feet in thickness. The sweeping crossbed angles
range to more than 30 degrees. In most places these are etched ocut on the
weathered rock surfaces and are vividly displayed. The contacts of sets
are usually subparallel to the true attitude of the formation, rarely
varying more than 10 degrees from it. Iocally, however, the set contacts
are inclined at steeper argles and have curved to irregular surfaces, as
if the lower sets were scoured before the upper was deposited. In others
the sets are either camplexly arranged or wedge-shaped. ILocally the
sweeping crossbeds (especially in Three Lakes Canyon) were deformed,
probably penecontemporanecusly. The deformation is normally confined to
one set and is demonstrated in conveolutions, cremilations, or folds. The
latter can be found as tight recmbent masses. In other areas a criss-
cross pattern of fracturing has superimposed itself on same sets or series
of sets with a spacing of 1 to 3 feet to superimpose a checkerboard

pattern on the outcrops.

Iocally, and especially near the base, the Navajo has same massive
horizontal beds displaying both low and high angle crossbeds. These rarge
from 8 to 50 feet in thickness (Blakey, 1970, p. 67-68). In the Paria
area and along the Cockscomb a lower unit 200 to 300 feet can be
differentiated on this basis. In Shurtz Gorge the lower unit is 272 feet
thick and in Hackberry Canyon it is 227 feet thick.

Although the unit is mostly sandstone, there are a few lenticular
beds of dense gray limestone or dolomite, and reddish-brown sandy and
calcarecus mstones. These are generally quite resistant and form
bernches or shelves where present. In Kane County these lenses are thJ_n
and of limited aereal extent, few having diameters of more than a mile. A
few of the limestone beds have been cbserved to contain gray shattered
chert. These thin lenses display dessication cracks and ripplemarks that
attest to an aqueous origin. The carbonate rocks are barren of fossils.
These lenses are generally tight and impermeable when campared to the
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porous and friable sandstone of the main unit and act as aquicludes.
Springs often appear at the upper surfaces to drain local perched
groundwater reservoirs. Iocally thin silty or mxdy layers are found
between the crossbed sets, these sometimes act as seep planes.

Another interesting feature of the Navajo Sandstone is the ironstone
sheeting present in the rock (photo 23). Iocally, these have been
deformed into disks, balls, stove lids, pancakes, and durb-bells (Gregory,
1948). The material is hard and resistant, dark grayish-brown to black,
and contains about 15 percent or more of iron. It breaks up and
accumlates as talus. Most of the ironstone sheets are fourd in the less
well—cemented middle part of the Navajo. 1In places the sheets have been
deformed and folded into recumbent forms. The thickness of the sheets
vary to a few feet, most are less than an inch thick. They are assumed to
have formed in the horizontal position; a thick iron scum perched on an
old water table before the sand was fully consclidated. Deformation
procbably occurred before the diagenetic processes were completed.

The nature of the depositional envirorment of the Navajo is under
controversy. The most widely accepted theory is that the sands were
deposited under desert eolian conditions (terrestrial envirorment). This
hypothesis was originally suggested by Huntington and Goldthwait (1904)
and championed by Gregory (1917, 1948, and 1950). Others supporting this
mode of origin include Reeside (1929), Baker (1946), Harshbarger,
Repenning, and Irwin (1957), and Stokes (1968). Keller (1945), Grater
(1948) , Jordan (1965), Marzolf (1969), Freeman and Visher (1975), and
others have postulated a marginal marine rather than desert eclian
erwirorment of deposition. Details of the desert eolian hypothesis are
well described by Stokes (1948) and arguments for the marginal marine
origin are summarized by Freeman and Visher (1975). No fossils have been
found in the Kane County Navajo outcrops thus far that might help in
settling the point.

The upper and lower contacts of the Navajo are generally sharp and
easily discernible (figure 18). The lower contact with the Kayenta is an
intertonguing relationship and in many places thick Navajo tongues are
found near the top of the underlying unit. The upper contact is
unconformable everywhere in Kane County, the J-1 and J-2 uncanformities of
Pipiringos and O'Sullivan (1978). From Johnson Canyon westward the Navajo
Sandstone is directly overlain by the Temple Cap Formatiox? (-1
unconformity), between Johnson Canyon and Glen Canyon it is overlain by )
the Judd Hollow Tongue of the Carmel Formation, and east gf Glen Canyon it
is directly overlain by the Page Sandstone (J-2 unconformity). The Page
Sandstone resembles the Navajo and in the northeastern part of the county
is difficult to separate from it. The Page Sarndstone is included with the
Navajo Sardstone in our mapping.

Temple Cap Sandstone. The Temple Cap Sandstone overlies the J-1
unconformity and the Navajo Sandstone fram Johnson Canyon westward and
underlies the J-2 unconformity (figure 18). It.thlckens from a feather
edge to as much as 190 feet alorgthewestmaxgmofthecmm':y. It has
been divided into two units; a lower Sinewava and an upper White Throne




Photo 23. Side view of deformed iron sheet deformation in upper photo.

Front view of same in lower pheoto.
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Member. The Sinewava Member is mostly a reddish brown slope forming unit
camposed of reddish-brown siltstone or silty very fine grained sandstcone
and pinkish—gray fine grained sandstone that ranges to 40 or 50 feet in
thickness. A reddish Sinewava bench is often all that remains of the
Temple Cap Sandstone on top of buttes and projecting prominences of the
White Cliffs, such as on top of Elephant Butte.

The contact between the two members is often difficult to place as
Sinewava type reddish-brown beds often intertongue into the lower part of
the white Throne Member. The White Throne Member reaches a maximum of
about 150 feet in thickness near the west margin of the county. It can
roughly be divided into two units on the basis of resistance to erosion.
The upper part of the member resembles the upper "white"™ Navajo Sandstone
and consists of fine grained, well sorted, crossbedded sandstone. The
crossbed sets range to 30 feet in thickness and the crossbedding is at a
high angle. It is a friable, calcareously cemented, cliff-forming unit.
The lower part of the White Throne Member is mostly like the upper, but is
less well-cemented, in places almost lacking cement. Interbedded with the
massive crossbed sets are well bedded grayish-pink medium grained
sandstones, reddish-brown siltstones or very silty, very fine grained
sandstones, and platy weathering fine grained silty sandstone. One
sandstone bed on Harris Mountain contains siliceous nodules up to 4 inches
in diameter. This lower part of the white Throne Member weathers into a
steep or ledgy slope.

Measurement of the Temple Cap Sardstone on Harris Mountain (Elephant Butte
quadrangle) in S 1/2, Sec. 31, T. 42 S., R. 8 W., Kane County, Utah.

(place measured section of Temple Cap Sandstone here.)

Page Sandstone and Carmel Formation. These two formations were
deposited above the J-2 unconformity in Kane County (figure 18). East of
Glen Canyon Dam the Page Sandstone rests on the Navajo Sandstone and is
overlain by the Carmel Formation. West of the dam the Carmel rests
directly on the Navajo to Jochnson Canyon, then on the Temple Cap
Formation. Between Glen Canyon Dam and the Paunsaugunt fault the Thousand
Pockets Tongue of the Page Sandstone is inserted between members of the
Carmel Formation.

The Carmel Formation is as widespread in Kane County as is the Navajo
Sandstone. It is, however, divisible into mappable members and changes
character across the county. The thickness of the Carmel generally
increases south to north and east to west, but an unconformity (K
unconformity) over the unit to the west reduces it slightly there. It is
less than 110 feet thick at Bullfrog Basin, 150 feet thick at Fiftymile
Point and 215 feet thick at Early Weed Bench. The Page Sardstone is also
present at these locations, but it is difficult to separate fram the
urderlying Navajo Sandstone. At Fiftymile Point the Page Sandstone 1s
less than 20 feet thick and Zeller and Stephens (1973) report it to be
only 60 to 65 feet thick in the Seep Flat quadrangle near Early Weed Bench
(photo 24).
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The Carmel Formation thickens gradually westward along the south
margin of the Kaiparowits Plateau. At West Cove, just north of U. S.
Highway 89, the combined Thousand Pockets Tongue of the Page Sandstone ard
Carmel Formation strata exceed 850 feet in thickness. That part of the
Carmel above the Thousand Pockets Tongue is about 600 feet thick. At the
north end of the Cockscomb, in the Butler Valley area, the interval is
also 850 feet thick (Bowers, 1983), with the part above the Thousand
Pockets Tongue reaching 550 feet in thickness. Along the Cockscamb
measurements of the Carmel indicate it to be thinner, but it is steeply
folded along the monocline ard the thicknesses may be unreliable.
Westward those members of the Carmel beneath the Thousand Pockets Tongue
increase in thickness as the tongue thins and pinches out near the
Paunsaugunt fault. At Meadow Creek, in the western part of Xane County,
the Carmel is almost 700 feet thick with the Dakota Formation resting

unconformably upon it. East of the Paunsaugunt fault the Carmel Formation
is overlain by the Entrada Sandstone.

The lithology of the Thousand Pockets Tongue and Page Sandstane is
mostly fine to medium grained quartzose sandstone, similar to that found
in the Navajo Sandstone. It is lightly and calcarecusly cemented. Less
than 5 percent of the grains are feldspar, mica, magnetite, and other
minerals. Most of the grains are subrounded to rounded. The Page
Sandstone, east of Glen Canyon Dam, is cliffy and irregularly underlain
with reddish brown siltstone or silty, very fine grained pale reddish-
brown sandstone. The sandstone color may be salmon or tan like the
underlying Navajo, or slightly darker; moderate reddish-orarge or gray
orange. Like the Navajo it exhibits high angle crossbedding. Where there
is no reddish-brown siltstone at the base it is difficult to separate from
the Navajo and the unconformable contact may only be represented by an
inconspicucus line like those separating crossbed sets (photos 24 and
25). The Page Sandstcne was named by Peterson and Pipiringos (1979, p.
1979, p. B20-B30) after they discovered that the strata were separated
from the Navajo Sandstone by the J-2 unconformity.

The composition and size of sand grains in the Thousand Pockets
Tongue is comparable to that in the Page Sandstone and Navajo Sandstone.
Tt is cliff-forming at most locations, even though it is friable and quite
porous. High angle crossbeds are also evident in the tongue along .
axtcropsa¢erdingfrmnGlenC2nyonDamwestwardbotheCocksombarﬂmto
the Slickrock country near Kodachrome Basin State Reserve (photo 26).
Here the color is generally gray white, light gray, or salmon. Occasional
reddish-brown siltstone or silty, fine grained sandstone tongues of the
Carmel Formation are found in the Thousand Pockets Tongue. A persistent
Carmel 8 to 20 foot tongue is found along the Cockscomb about 50 to 60
feet above the base. In its westernmost exposures, before it pinches out,
it is decidedly yellow in color ard the crossbedding is much less
proncunced. At these locations the tongue is often fractured, the breaks
cemented with calcite or veinlets of gypsum. Gypsum veinlets are locally

COmmoN «




Photo 25. Upper photo shows large polygonal features developed at the
top of the Page Sandstone on the west side of Halls Creek
Bay. Lower photo shows contacts between the Navajo Sandstone
and Page Sandstone and the contact between the Page Sandstone
and Carmel Formation also on the west side of Halls Creek
Bay.



Photo 26. Upper photo shows Paria River Member of Carmel Formation (Jcp),

Thousand Pockets Tongue of Page Sandstone (Jpt), Crystal Creek Member
of Carmel Formation (Jce¢), Kolob Limestone Memher of Carmel Formation

“ (Jck) and Navajo Sandstone (Jn) a few miles south of Butler Valley.
The lower two Carmel members are grouped to form the Judd Hollow
Tongue of the Carmel Formatimpn. Lower photo shows Thousand Pockets
Tongue between the Judd Hollow Tongue and Paria River Member near
Catstairs Canyon. HNote the additional thin tongque of the Carmel
dividing the Thousand Pockets Tongue.
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The lower cantact of the Thousand Pockets Tongue is usually sharp,
marked by the change from reddish-brown, earthy weathering sandstone or
siltstone to the light colored, more resistant and cliffy sandstone of the
tongue. Thompson and Stokes (1970, Fig. 3) indicate this lower contact to
be an unconformity, but Peterson and Pipiringos (1979, p. B30) disagree.
The upper contact is also usually sharp, so that an unconformity might be
suspected. Peterson and Pipiringos (p. Bl4) indicate, that even though
there is same relief and that a local mudchip corglamerate was found above
the contact, they ocould find no evidence that any appreciable erosion or
nondeposition occurred before the overlying member of the Carmel had been
deposited.

Measurewent of the Page Sardstone in Coyote Gulch, NENE Sec. 16, T. 39 S.,
R. 7 E., Kane County, Utah.

(place measurement of Page Sandstone here.)

Measurement of the Thousand Pockets Tongue near West Cove along a road cut
on U. S. Highway 89, NWSW Sec. 19, T. 42 S., R. 1 W., Kane County, Utah.

(place measurement of Thousand Pockets Tongue here)

The Carmel Formation is a heterogeneous unit of sandstone, limestone,
limestone shale, siltstone, gypsum, mudstone or claystone, and rare
gritstone or conglamerate. Sandstone is one of the more cammon rock types
in the Carmel Formation. The grain sizes range mostly from very fine to
medium, although coarse grained and even gritty varieties can be fourd.
The grains are mostly quartz, but mica, feldspar, zircon, magnetite, and
chexrt are also present. The grains are generally subangular to angular
and there is usually a fair amount of silt mixed with scme of the beds.
Cementation is poor to good, gypsiferous, calcarecus, and with iron
oxide. The bedding can be thin to thick to indistinct and even massive.
Where the cementation is calcareous the sandstones form ledges, elsewhere
the cutcrops are earthy weathering or form steep slopes. Colors are
varied and dependent upon the amcunt of iron oxide present. Colors
include moderat reddish-orange, moderate reddish-brown, white, brown, tan,
grayish-orange, grayish-brown, yellowish-white, pale yellowish—orange, and
light gray. The colors often occur as bands and this is a trade mark of
the Carmel Formation. Gypsum veinlets often crisscross through the
sarndstones, In same places the sardstones of the Carmel are crossbedded,
both high angle and low angle varieties are present. The high angle
varieties are often massive and reminiscent of the massive sandstones of
the Navajo and Entrada.

True siltstones in the Carmel Formaticn are generally moderate brown,
dark reddish-brown, greenish-yellow, or moderate orange pink in color.
The bedding is usually indistinct. The siltstones are often interbedded
with the sandstones. Mudstones and claystones are also interbedded with
the siltstones and generally exhibit darker shades of the colors on fresh
surfaces. All of these lithologies are usually poorly exposed except when
protected by overlying overhanging ledges. Siltstones usually weather to
earthy slopes.
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The limestones are generally tan weathering, gray, grayish-tan, or
grayish-green; dense, hard, and ledge forming. The beds are thin to
thickbedded. They are often fossiliferous and a host of forms including
Astarte, Mnectes Dosinia, Lima, Modiola, Neritina, Ostrea,

Pentacrinus, Trigonia, and Volsella have been idemtified and fJ_x the age
as early Upper Jurassic (Reeside in Gregory, 1950, p. 93).

The limestones grade into limestone shale, which weathers gray, white
or tan, and is mostly olive gray on fresh surfaces. Limestone shale forms
steep slopes that are usually littered with chips and plates of
limestone. The limestone shales are arenaceous, silty, and sometimes
argillacecus. They are shaly to very thinbedded.

Bedded gypsum, mostly alabaster, is common in the Carmel Formation
and occurs in very thin beds to beds as thick as 30 feet. The dominant
color is white, but pale yellow, pale crange, pale green, and pale red are
also present. Some is very pure, cother gypsum is contaminated with
abundant reddish silt or fine grained sard.

Of least abundance are the coarse—grained sandstones, gritstones, and
corglomerates. The clasts are generally subanqular and locsely cemented
with calcite. The beds are generally thin to medium and lenticular. The
most aburdant grains and clasts are of quartz or quartzite, but
considerable chert, sandstone, and claystone clasts are also present.

The Carmel Formation was deposited in a shallow seaway that extended
from the north to a point near the Arizona line in Middle Jurassic time
(Hintze, 1973, p. 64-66). The limestones were undoubtedly deposited off-
shore and most of the remaining rock types on broad tidal flats upon which
occasional stream channels were scoured. Gypsum was deposited in the
restricted arms of the seaway. If the high angle crossbedded sandstones
are of eolian origin, then scme beach deposits are also included. The
finer grained rock types occasionally exhibit ripples and mudcracks and
verify the above indicated depositional enviromments.

Although the Carmel is divided into members, the above listed rock
can be found in any of them. Usually a particular rock type

dominates and is the basis for dividing the member. Color changes also
assist in identifying the members. Carmel Formation was named by
Gilluly and Reeside (1926) and first 4 ibed by Gregory and Moore (1931,
p. 72-77) for rocks exposed near Mt. 1 in Kane cgunty They included
only part of the total formation present\in that area in their measured
stratlgramlc sections. The members of Carmel Formation are well
developed in western Kane County so that ory (1950, p- 92-98)
construed them to be correlatable to formations present in eastern Utah.
'Iheu;permostneuberdldnotresembleanyo those units so he named it
the Winsor Formation with the type section in\Winsor Cove along Muddy
Creek. In all he mapped four members which he called (in ascemd:.ng order)
Carmel Formation, Entrada Sandstone, Curtis Formation, and Winsor
Formation (figure 19). ~
insey
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Figure 19. Carmel Formation nomenclature relationships. In

eastern Kane County the lower two members thin

to form the Judd Hellow Tongue before pinching out.
The upper two members also thin and are often mapped
as upper and lower members.
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Cashion (1967), in\ mapping the south flank of the Markagunt Plateau,
recognized that the two\middle members were not the Entrada and Curtis
Formations of the San Rafael Swell, and made members of the four
formations. He used lithologic terms for the lower three (Limestone,
Banded, Gypsifercus) and ined the name Winsor for the upper member.
Thampson and Stokes (1970) ) in a stixly of the San Rafael Group in south-
central Utah, renamed same ©f the members and added a fifth in the Paria
Terrace area. These include\the Kolcbk Limestone Member, Crystal Creck
Member, Paria River Member, Wi r Member, and Wiggler Wash Member (figure
19). At present the members of Thompson and Stokes (1970) are not
recognized by the U. S. Geologjcal 5urvey, who retain the names proposed
by Cashion. Additional information is available in a Professional Paper
by Peterson and Pipiringos (197

The lower two members are

Tongue of the Page Sandstone. Th
Pockets Torngue are known as the T
as named by Phoenix (1963, p. 33).
are recognized by Peterson and Pipiringos (1973, p. Bl2) as far east as
the Cockscomb ard then that part of Carmel aklove the Thousand Pockets
Tongue is known as the Upper Member (Pgterson and Barmum 1973, Peterson
1975, and Bowers 1983). We continue recognize the upper members all
the way to Bullfrog Basin, certainly an\upper and lower member can be
differentiated. Even the Wiggler Wash can be identified along the
Hole-in-the Rock road adjacent to the ight Cliffs (figure 20).

One of the better sections of the Carmel Formation is found along
Meadow Creek just south of the Coal Hill landslide (ficure 20). The
Limestone or Kolob Limestone Member is almost 250 feet thick and consists
mostly of limestone and limestone shale. Just above its contact with the
Temple Cap is about 10 feet of bright reddish-brown siltstone. Above this
are about 35 feet of blocky and ledgy limestone followed by 170 feet of
shaly limestone, followed by 35 feet of alternating ledgy and slope
forming limestone.

The Crystal Creek or Banded Member is mostly banded in shades of
brown or reddish-brown, and is earthy weathering sandstone (photo 27).
lesser amounts of siltstone and gypsum are also present. The unit is a
little over 175 feet thick. The dominant portion of the Paria River or
Gypsiferous Member is thickbedded to massive white rock gypsum (lower 45
feet). There are same thin interbeds of shale and siltstone in this lower
part. Overlying the thick gypsum is sandstone, siltstone, and light gray
limestone. The limestone is fossilifercus (casts and molds of
pelecypods). Even though this limestone is very thin at Meadow Creek, it
persists all the way across the county and is a fine marker. The entire
Paria River Member is only 60 feet thick at Meadow Creek.

The Winsor Member is mostly sandstone at Meadow Creek, yellow or
white in the upper 165 feet and reddish-brown or light brown in the lower
45 feet. Thin siltstone layers are also interbedded with the unit.
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Measurement of the Carmel Formation at Meadow Creek (The Barracks
quadrangle) in S 1/2 S 1/2, Sec. 7, T. 41 S., R. 8 W. (Winsor Member),
NESW Sec. 18, T. 41 S., R. 8 W. (Paria River ard Crystal Creek Members),

and NWSW Sec. 18, T. 41 S., R. 8 W. (Kolch Limestone Member), Kane County,
Utah.

(place Carmel Formation measurement here.)

In the Paria Terrace area, socuth of Camnonville, between the
Paunsaugunt fault and the Cockscomb, all the members are present, but it
is difficult to find a place where all can be measured together. At Lick
Wash, at the Paunsaugunt fault, the Kolcb Limestone Member is 164 feet and
the Crystal Creek is 67 feet thick (figure 20). The two units are readily
distinguishable. The Kolcb Limestone still has a leddgy limestcne near the
bottom and top, but the middle shaly unit contains some silty red gypsum
and reddish siltstone that forms a pale red band in the middle. The
Crystal Creek is still mostly banded sandstone, but lighter bards,
especially near the base, invade the dominant reddish-brown hues.

At Bull Valley Gorge, these lower members are similar to what they
are at Lick Wash, the Kolocb Limestone is a little over 100 feet thick and
the Crystal Creek Menber is only 35 feet thick. The Kolab Limestone
contains several thin to medium gypsum beds here. The Paria River Menmber
is 150 to 220 feet thick. Thick white rock gypsum is generally found at
the base (up to 40 feet), followed by interbedded mudstone, reddish brown
siltstone, or pale orange sardstone, and minor gypsum (photo 28). The
middle part is generally earthy-weathering with a few ledges. At the top
is the limestone "marker," that weathers to light shaly or chip—strewn
surface. The upper limestone "marker" is 15 to 20 feet thick. Farther
east the gypsum become discontinuous, ard before reaching the Cockscomb,
disappears campletely.

At Big Dry Valley in ILower Slickrock, the Winsor Member is 175 feet
thick ard consists mostly of earthy weathering interbedded reddish or
brown sandstone and siltstone. The Wiggler Wash Member is present above
the Winsor and is 42 feet thick. It consists of thin to medium beds of
banded or laminated gypsum interbedded with reddish-brown siltstone and
fine grained sandstone. It makes an irregular contact with the Entrada
Sandstone above.

where the members become steeply tilted along the East Kaibab
monocline (The Cockscamb), they all become decidedly reddish in color.
Southward from Butler Valley, the Wiggler Wash Member disappears. The
Paria River Member becomes very thin (part of the thinning may be
attributed to folding attenuation). There is no gypsum at the base, but
the upper chippy limestone "marker" persists until lost under the alluvium
of Cottorwood Creek. The upper members are also usually incomplete along
the Cockscamb, buried under the alluvium of the creek. The Judd Hollow
Tongue is mostly reddish sandstone, but there usually is a lavender or
gray limestone horizon in the middle. South of Hackberry Canyon, 24 feet
of reddish-brown ledgy sandstone make up the Crystal Creek Member and 27



Photo 28. Judd Hollow {(Crystal Creek) Member, Thousand
pPockets Tongue, and gypsum of the Daria River Member
near Willis Creek.



feet of ledgy limestones and sandstones with red siltstone partings make
up the Kolob Limestone Member.

Only the Judd Hollow Tongue and upper member are mapped along the
Cockscamb and eastward. The Judd Hollow Tongue is too thin to subdivide
mtomenbersalorgmemrmlhmeandmetppermembersaremteasily
divisible along the southwest margin of the Kaiparowits Plateau. The
Lqipet;mnberbecmestmﬂlinine}qaosuraseastofmemipamits
Plateau.

At West Cove the Carmel is rather anamalous in its appearance and it
becomes difficult to relate the part above the Thousand Pockets Tongue to
the western members (photo 29). The upper Carmel is 600 feet thick and
divisible into three arbitrary subunits. These were also recognized by
Blakey (1970, p. 77). The lower subunit is a reddish poorly sorted
sandstone, reddish siltstone and mudstone sequence. The sandstone is
arkosic and cemented with iron oxides and calcite. The unit is generally
slope-forming, but with significant mumbers of "soft" ledges; these ledges
rarely being blocky. The unit is about 180 feet thick (it is steeply
dipping along the monocline and may be as thick as 218 feet as claimed by
Blakey, p. 77) in West Cove. This is overlain by a white highly

massive sandstone about 100 feet thick. It is composed of
nearly white, fine grained, angular and frosted grains. It is somewhat
calcareous and resistant. Above this sandstone are 320 feet of
irreqularly weathering light and dark brown banded sandstone. A small
amount of dark brown, marcon, or green mudstone, and thin pebble
conglamerate lenses are also present. It forms a steeply sloping outcrop
supported by the massive major sandstone cliff of the Entrada Sandstone

above. The upper contact is sharp, changing from the steep slope of the
friable Carmel to the vertical massive and hard cliff of the Entrada.

Blakey (1970, p. 77, 79, ard 81) called the three subdivisions the
Paria River, White Sandstone facies, and Winsor Members. The white
chippy limestone "marker” is not present at West Cove, but according to
Blakey's system the White Sandstone facies has probably replaced it. A
little limestone is locally fourd beneath it. In the highway roadcut at
West Cove the Judd Hollow Tongue is a little over 55 feet thick. A 3 foot
platy weathering, ledge-forming gray and lavender limestone is fourd 11
feet below the top. The 11 feet of Crystal Cresk Member consists of
reddish-brown, slope-forming siltstone. Gray, red, ard tan sandstone,
claystone, arnd siltstone make up the remainder of the Kolob Member.

At Fiftymile Point, at the southeast tip of the Kaiparowits Plateau,
the Carmel Formation is 175 feet thick. The upper three members of
Thompson and Stokes appear identifiable. The lower Paria River Member
rests on the Page Sandstone. It is about 60 feet thick. It can roughly
be divided into three subunits; a lower reddish-brown, earthy, slope-
forming siltstone and sandstone, a middle light brown resistant ledge of
fine grained calcareocus sardstone, followed by a reddish brown siltstone
capped by a pink, platy and chippy weathering limestone. These subunits
are 43, 10, and 7 feet thick respectively. The Carmel above is mostly
earthy weathering, poorly exposed reddish siltstone and sandstone,
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internupted by an occasional white sandstone ledge. The Winsor Member
portion is nearly 90 feet thick. Finally, at the top, are 27 feet of
interbedded siltstone, platy limestone, and silty sandstone that probably
represent the Wiggler Wash Member.

At Early Weed Bench, also east of the Straight Cliffs, the Carmel
above the Page Sandstone is about 215 feet thick. All three members can
be identified. The Paria River Member is over 75 feet thick, again with
37 feet of reddish-brown slope—forming siltstone and sandstone, a 3 foot
ledge of light brown, ledge-forming siltstone ard sandstone and 35 feet of
siltstone capped by platy or chippy weathering light limestone. The
Winsor Member is only 66 feet thick and consists of earthy weathering,
slope forming reddish-brown, siltstone with some fine grained sandstone.
Above the Winsor are 73 feet of Wiggler Wash Member; blocky banded or
laminated gypsum beds alternating with earthy weathering siltstone (photo
30). To the north the gypsum of the Wiggler Wash tongues lower into the
Winsor Member so that in Garfield County the entire Winsor is eventually
replaced by the Wiggler Wash. These were identified by Doelling (1975, p.
35-38) as an upper gypsiferous member (Wiggler Wash) and a lower limy unit
(Paria River).

Finally, at the Baker Ranch across the bay from Bullfrog marina, the
Carmel is nearly 110 feet thick. The upper Carmel can again be divided
into two members. A lower Paria River Member is recognized consisting of
reddish brown siltstone and sandstone capped by a pinkish gray, silty,
platy and chippy weathering limestone (5 feet thick) (photo 31). The
Paria River Member is about 50 feet thick. The upper part (Winsor) is
mostly sandstone, reddish, fine grained, and silty, occasionally
interrupted by a medium or thick white, fine grained sandstone ledge.

Carmel-Entyada contact. The Carmel-Entrada formational contact is
thought to be conformable. In most places it is sharp and placed where
the earthy weathering, usually reddish ard gypsiferous upper units of the
Carmel butt against the lower massive cliff of the "slickrim" or
"slickrock" Entrada Sardstone. Locally this contact is very uneven, and
probably a product of post-depositional deformation. At Early Weed Bench
ard at other locations just east of the Straight Cliffs, mounds of
"slickrim" seem to have sunken deep into the Wiggler Wash and Winsor
Members of the Carmel Formation. It seems reasonable to assume that some
of the dunes of Entrada sard were deposited unevenly over locally water
saturated and unconsolidated upper Carmel sands. The thicker and dry
dunes of the Entrada then sank and distorted the saturated beds beneath
them. These local areas of deformation along the Entrada-Carmel contact
are known over a wide area of the Utah Colorado Plateaus.

Entrada Sardstone. The Entrada Sandstone (Gilluly and Reeside, 1928)
is a prominent formation in eastern Kane County. It overlies the Carmel
and terminates at the top of the J-3 (sub-Curtis) unconformity of
Pipiringos and O'Sullivan (1978, p. Al2, Fig. 2). From the Paria Terrace
westward the K-0 unconformity progressively truncates the J-3 and the
Entrada Sandstone. The formation is finally cut out at Coal and Slide
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Photoa;i Chippy sandy limestone marking the top of the Paria
River Member of the Carmel Formation near the mouth of
Halls Creek in extreme eastern Kane County. The overlying
Winsor Member consists of reddish-brown silty sandstone and
ledges of white calcareous sandstone at this location. The
entire Carmel Formation is only 108 feet thick here.




Canyons on the southeast margin of the Paunsaugunt Plateau (Secs. 17 and
18, T. 40 S., R. 4 W.).

In Kane County the Entrada ranges in thickness from 0 to over 950
feet, the thicker sections being located to the north and east. Tt is
about 850 feet thick near Bullfrog to the east; 950 (north) to 800 (south)
feet along the east margin of the Straight Cliffs; 800 (east) to 300
(west) feet along the southern end of the Kaiparowits Plateau; 300 (south)
to 600 (north) feet along the Cockscamb or East Kaibab monocline: and 600
(east) to 0 (west) around the Paria Terrace to the south margin of the
Paunsaugunt Plateau.

The Entrada is mostly sandstone, very fine to fine grained, ard
quartzose. Small quantities of orange, pink, and black accessory grains
are also present. The grains are mostly rounded or subrounded and
moderately to well sorted. Siltstone and claystone or shale make up the
remainder of the rock types. Colors range mostly from white to red.
Orange, reddish-brown, and white are the most common colors. The reddish
and orange hues dominate to the north ard east, whitish shades dominate to
the south ard west. The finer rock types are generally darker. A few of
the thin claystones are bentonitic and a bright purple.

Much of the sandstone is crossbedded, medium and large scale wedging
planar sets are present. In other places the sandstones are irregularly
flatbedded or indistinctly bedded. Cementation is poor to good;
calcareous, siliceocus, or with iron oxides. The Entrada weathers to form
vertical cliffs, rourded hard "slickrims," or to steep earthy slopes. The
earthy weathering parts are often covered with sardy alluvium, sandy mixes
of alluvial ard eoclian origin, or sand dunes. The sandy areas of the
Flats (east of the Straight Cliffs) and on Clark Bench are partly
developed on softer Entrada horizons ard the Carmel Formation. The
Entrada was deposited in enviroments similar to those that deposited the
Carmel Formation; as shallow marine, tidal flat, sebka, and beach

deposits.

Differences in weathering characteristics and color have led some
workers to divide the formation into members. These are not shown on the
county geologic map. The member divisions are locally useful and some 7.5
minute mappers have been able to plot them. The easiest division is into
upper, middle, and lower members. The "lower member" is generally cliffy,
well cemented, and forms the "slickrim" cutcrops or vertical cliffs. It
is usually highly crossbedded. The "middle member' contains more silt, is
less well cemented and more earthy weathering, forming steep earthy
slopes, sand covered benches ard flats, or rough cliffs. Flatbedded
sandstone, indistinctly bedded strata are more likely to occur in this
unit. The "upper member" varies from place to place and occasionally
causes confusion when correlations are attempted.

Thampson and Stokes (1970) named these divisions the Gunsicght Butte,
Cannonville, and Escalante Members. These names have not been accepted by
the U. S. Geological Survey workers (Zeller arnd Stephens 1973, Peterson
1975, and Bowers 1983) who prefer to call these Iower, Middle, arnd Upper.
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IheEntradaSarxistmmeiseaq:osedamnﬁmllfrogarﬂHallsCreekBays
in eastern Kane County. Wright and Dickey measured a section in 1956
(Baker Ranch section in Wright, Dickey, and Snyder, 1979), dividing the
unit into three informal members; lower, middle, and upper sandy members
(total 849 feet). The lower member consists of about 355 feet of
"slickrin" type orange or reddish-orange sandstone. Above is a reddish,
poorly cemented unit that is rather poorly exposed and estimated to be 255
feet thick. The upper sandy member forms a rough cliff, is better
cemented than the middle member, but less well cemented than the lower
member. It forms a cliff, is irregularly bedded, and 239 feet thick.

Zeller and Stephens (1973), east of the Straight Cliffs at the north
margin of the county (Seep Flat quadrarngle), indicate the Entrada
Sandstone to be at least 940 feet thick and divisible into three members:
lower, middle, ard upper. The lower is described as reddish—brown, silty,
ard crossbedded. It represents the "slickrim" type of Entrada and
probably correlates directly with Wright and Dickey's Baker Ranch lower
member. The Entrada has been eroded fram the Circle Cliffs anticline
between these two locations. It is about 380 feet thick, the middle
member is 280 feet thick, and the upper member is also 280 feet thick in
the Seep Flat quadrangle. The middle member is reddish-crange and forms
banded slopes. It is often covered by sandy Quaternary deposits and
probably correlates with at least part of the middle member of the Baker
Ranch section. The upper member consists of light—gray to white, fine
grained, high angle crossbedded (eoclian?), and massive unit. It does not
resemble the upper sandy member of the Baker Ranch section.

Peterson (1973, 1975, etc.), in mapping the Entrada on several
quadrangles between Sooner Bench ard Gunsight Butte (southeast margin of
the Kaiparowits Plateau) recognizes the presence of only the lower and
middle members of Zeller and Stephens, the upper member pinching out or
undergoing a facies change southward. Near Fiftymile Point the Entrada is
822 feet thick with a 453 foot lower "slickrim" type member (photos 32 and
33). Peterson's middle member is 369 feet thick, very thin to thickbedded
and thinly to thickly crossbedded, appearing mostly in a steep cliff.

Most is reddish-brown to reddish-orange. Toward the top the sandstone
appears to be barnded red and white or is campletely white (upper 100
feet). Between Seep Flat and Fiftymile Point the "softer" middle member
charges its outcrop habit, the upper part becoming cliffy and increasingly
thick at the expense of a "softer" lower part.

Farther west along the south flank of the Kaiparowits Plateau and
along the shores of Lake Powell, the Entrada forms nearly vertical cliffs
which cannct be measured directly. Near Gunsight Butte, Peterson (1973)
measured the lower member "slickrim" sardstone by alidade and obtained 570
feet. His middle member was less than 70 feet thick and consists of white
and red banded steep slopes or cliffs. The top of the midile member is
marked by an unconformity above which is the Romana Mesa Sarndstone.
Thampson and Stokes (1970, p. 36-38) scaled the thickness of units from
photographs and record 475 feet of Gunsight Butte Member and 198 feet of
Cannonville Member at the same location. The total thickness of the two
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Photo }g Entrada Sandstone outcrops. Upper photo shows the Cannonville
Member near the Cockscomb capped by the Cretaceous Dakota Formation.
The Cannonville Member is also known as the upper member. The lower
photo is of the lower "slickrim" member or Gunsight Butte Member as
seen near Fortymile Point.
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member measurements show the Entrada to be 640 and 673 feet respectively
and compare favorably. Thampson and Stokes indicate the Escalante Member
to be 137 feet thick and lying above an intraformational unconformity.
Peterson records 70 feet of Ramana Mesa Sandstone above the J-3 (sub-
Curtis) unconformity, but measurements were probably taken at separate
localities.

At West Cove the Entrada is a bit over 300 feet thick. It is mostly
white or nearly white, very fine grained sandstone with a few reddish
barnds. It can roughly be divided into four units. There is a lower cliff
30 to 45 feet thick, a softer unit with a red bard 50 feet thick, an upper
cliff 160 to 220 feet thick and an upper slope-forming unit with pale red
bands 60 to 80 feet thick. The upper unit is terminated by the K-0
unconformity ard is overlain by a claystone in the Dakota Formation. A
thin coal bed is present 1 foot above the contact. Blakey (1970, p. 160-
161) assigned the 30 to 45 foot lower cliff to the Gunsight Butte Member;
the soft unit and upper cliff to the Cannonville Member and the upper
slope-forming unit to the Escalante Member.

The present writers believe these assigmments to be in error, and
that only the lower two members are present. We traced these units
northward into the Cockscomb and found that all units except the upper
slope former become the Gunsight Butte Member as portrayed in Thompson and
Stokes' (1970, p. 17, Fig. 30, ard p. 19, Figs. 36 and 37) photographs.
Therefore only the upper 60 to 80 foot unit is the middle member or
Cannonville Member and there is no Escalante Member present.

In a section measured just north of the mouth of Hackberry Canyon
along Cottorwood Creek, the Entrada is 524 feet thick. The Gunsight Butte
is mostly white and weathering yellow tan. It is crossbedded, massive,
and weathers to monolithic cliffs. It is 158 feet thick. The remainder
of the Entrada is earthy weathering, lightly banded sandstone that forms
steep slopes (photo 33). It is 366 feet thick. The upper 20 to 30 feet
is a little darker arnd is the Escalante Member of Thampscon and Stokes
(1970, p. 19, Figs. 36 and 37).

At Butler Valley, Bowers (1983) indicates the presence of 700 feet of
Entrada Sandstone. He describes three divisions not differentiated on his
map. These include a lower 200 to 300 feet of reddish-brown, fine
grained, low to high angle cross-stratified sandstone that corresponds to
the lower or Gunsight Butte Member. Then there is a 200 to 300 foot
middle member (Cannorville) of white to light gray, fine grained, low
angle crossbedded silty sandstone that is softer, containing pale reddish
bands. The uppermost 80 to 100 feet are white to yellowish-brown
sandstone, fine to cocarse grained with high angle crossbeds that form a
massive cllff. At least part, if not all, of this upper unit is Thompson
and Stokes'(1970) Henrieville Sandstone and part of this may be their
Escalante Member.

At Kodachrome Flat, the Entrada Sandstone, as defined by Thampson and
Stokes (1970) is a little over 560 feet thick. The typical "slickrim"
color ard characteristic of the lower or Gunsight Butte Member returns
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just west of Butler Valley. At Kodachrome Flat this lower member is 290
feet thick. The Escalante and Cannonville Members (middle member) are
difficult to separate and together are 270 feet thick. This unit forms
steep earthy slopes with light reddish bands. Toward the top the bands
disappear and the sardstone becomes more yellow or light greenish—gray and
may be the Escalante Member (about the upper 75 feet of the middle

member) . Overlying the combined Camncnville and Escalante Members is the
Henrieville Sandstone, about 92 feet thick. The Henrieville has been
mapped as part of the Entrada by Bowers (1975 and 1983).

Thampson and Stokes (1970, p. 38) offer a stratigraphic section
measured at Lick Wash, Sec. 25, T. 39 S., R. 4 W., only 4 or 5 miles from
the place where the Entrada is truncated along the outcrop (Secs. 17 and
18, T. 40 S., R. 4 W.) by the XK-0 unconformity. The typical "slickrim"
appearance of the lower member is no longer present. The entire Entrada
is light greenish-yellow or greenish—gray, very fine to fine grained
sandstone or coarse siltstone, forming earthy weathering steep slopes or
mad-plastered cliffs. Thompson and Stokes were able to trace a local key
bed at this location that grades eastward into the typical "slickrim"
Entrada. Therefore the Gunsight Butte Member is 165 feet thick and the
undivided Cannonville and Escalante Members is 135 feet thick, for a total
of 300 feet.

Measurement of the Entrada Sandstone along the west ard north sides of
Kodachrome Flat in Sec. 3, T. 38 S., R. 2 W. (Henrieville quadrangle),
Kane County, Utah by Mark E. Jensen.

{place Entrada Sandstone measurement here).

Sumnerville Formation, Romana Mesa Sandstone, and Henrieville
Sandstone. A relatively thin layer of rocks persists between the Entrada
Sandstone and Morrison Formation (or Dakota Formation to the west) around
the margin of the Kaiparowits Plateau. Positive correlations and
relations have not been made as yet. These rocks are probably correlative
to the Summerville Formation of eastern Utah. Outcrops of true
Sumrerville just reach into Kane County at the north end of Halls Creek
Bay, to the northeast. They are separated from the Kaiparowits Plateau
rocks by the Circle Cliff anticline or uplift (from which they have been
eroded) .

At the Halls Creek Bay location the Sumerville is typical for
eastern Utah. It is composed of altermating thin to medium even beds of
fine grained sandstone, siltstone, shale, and mudstone, mostly brown in
color, but with occasional white layers. It is 143 feet thick ard rests
on the J-3 unconformity above the Entrada Sandstone and lies beneath the J-
5 unconformity at the base of the Morrison Formation (photo 34).

Individual sandstone beds range from a few inches to three feet in
thickness and form evenly spaced ribs between the softer units. The soft
lithologies vary fram thin partings to about six inches in thickness.
Occasional beds are crisscrossed with gypsum veinlets, and a few thin beds
of gypsum may be found near the top.



Photo 3;& The Summerville Formation as exposed in Halls Creek Bay.
The top of the Entrada Sandstone is exposed just above water
level and the top of the mesa exposes the Salt Wash Member of
the Morrison Formation.
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Measurement of the Summerville Formation near the mcuth of Halls Creek on
ILake Powell, Sec. 4, T. 38 5., R. 10 E., Kane County, Utah.

(place Sumerville measurement here.)

Beds above the Entrada Sandstone arnd beneath the Morrison Formation
near the town of Escalante in Garfield County have the appearance of the
Sumerville, but are daominated by a reddish rather than a brown color
(Doelling, 1975, p. 40-41, Fig. 30). The unit is a little less than 120
feet thick, 1 1/2 miles west of Escalante. In contrast to the section
farther east this Sumerville(?) contains more sandstcone and thicker, more
white or light colored sandstones. No gypsum is present. In addition
some of the sands are course and even gritty, and somewhat crossbedded.
It may represent a landward facies of the Summerville Formation. Thompson
and Stokes (1970, p. 25) named this unit the White Point Member of the
Sumerville Formation, justified on the basis that it represents a
distinctly different type of enviromment from that in which the typical or
main body of the Summerville Formation was deposited. White Point is a
geographical point in Kane County located near its northern border along
the east edge of the Kaiparowits Plateau (photo 35).

45t

From Escalante southward to White Point, the/member retains its
appearance as in Garfield County, but thins to feet. Zeller ard
Stephens (1973), in mapping the Seep Flat quadrangle, cambined the White
Point with the lower beds in the Morrison and labelled the combination the
"lower member” of the Morrison Formation. To the south of White Point a
new character begins to develop for this horizon. The middle part becomes
dmnlnantlysandyarﬂmss1vearxionlytheupperandlowermxg1ns retain
the thin even beds and reddish appearance of the White Point Member. At
Cat Pasture the unit is only 40 feet thick. Thamgpson and Stokes (1970, p.
26) believe the White Point is finally cut out south of Soda Springs
Canyon by the J-5 or sub~Morrison unconformity (ficgure 21).

Measurement of the White Point Member of the Summerville? Formation at
white Point, 26 miles southeast of Escalante City along Hole—in-the-Rock
road, SWSW Sec. 11, T. 38 S., R. 5 E., Kane County, Utah.

(place White Point Member measurement here.)

Cantrarily Peterson (1975) believes this horizon becomes the Romana
PbsaSardstoneasexposedalon;ﬂmesouthmxgmoftheKalpaxwits
Plateau. He indicates the unit to be only 22 feet at one locality on the
Sooner Bench quadrangle, which then thickens to as much as 105 feet in the
Cummings Mesa (15 minute) quadrangle (Peterson and Barmum, 1973). A
thinbedded reddish "Summerville band" is found in the basal two feet. The
rest of the Romana Mesa is described as grayish-yellow green to yellowish-—
gray, very fine to fine grained sardstone. It normally stands in a cliff
between the Entrada and Morrison cliffs. Unconformities continue to be
recognized at the base and top of the unit. Thampson and Stokes (1970, p.
23) indicate that this horizon was previously called the Cow Springs by
Peterson and Waldrop (1965, p. 55-56), an Arizona unit defined by



Photo 34. white Point Member of Summerville? Formation. Upper view
shows the unit sandwiched between the Escalante Member (upper)
of the Entrada Sandstone (white) and the cliffvy capping
conglomeratic sandstones of the Morrison Formation near White
Point. Lower view shows earthy weathering White Point Member at
the base of the cliffy Morrison Formation. The White Point outcrop
includes the two dark bands and the white horizon between (abt 40 ft).
The locatiocn of the lower view is below "Triangle Point" near Cat

Pasturc.
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Harshbarger and others (1951, p. 97) which intertongues with Sumerville
and lower beds of the Morrison Formation. Thompson and Stokes included
the horizon as part of the Entrada Sardstone, i.e., the Escalante Member,
indicating that a basal unconformity found at its base was
intraformational (p. 37).

At Crosby Canyon, a tributary of Warm Creek, we measured the Romana
Mesa (Escalante Member) Sandstone to be 134 feet thick. At the base are
35 feet of "Summerville bands" (photo 36). The rest of the unit is very
fine to fine grained sandstone, mostly light tan in color, medium bedded
to massive, that forms cliffs and ledges. Forty feet beneath the top is a
25 foot massive unit displaying "eolian" high angle crouss beds (single
set) with some relief between it and the upper beds. It also displays
some streaks of coarse grained sand and worm tubes are present near the
top. The basal comtact of the Romana Mesa Sardstone at this locality is
an unconformity with the Cannonville Member of the Entrada Sandstone. The
upper contact is also an unconformity with the Morrison Formation, and
locally displays a relief of 15 to 20 feet.

Measurement of the Romana Mesa Sandstone in Crosby Canyon, SW Sec. 9, T.
43 S., R. 4 E., Kane County, Utah.

(rPlace Romana Mesa Sarndstone measured section here.)

Near ILone Rock, not far from Big Water (Glen Canyon City), the Romana
Mesa Sardistone is truncated by the K-0 unconformity. However, the unit
may be fourd farther to the west as rare discontimicus patches. At the
southexrn end of the Cockscomb (about a mile north of West Cove), SWNE Sec.
18, T. 41 S., R. 1 W., a relatively thin 26 foot lens of nearly white
sandstone is present between conglamerate at the base of the Dakota
Formation and the Entrada Sandstone. Unconformities are found at the top
and bottom. The sandstone is wostly fine grained, calcarecus,
crossbedded, and is a massive cliff-former.

In the Tropic Amphitheatre (Paria Terrace) and extending east to
Grosvenor Arch, a white cliffy sardstone unit below the K-0 unconformity
and at the top of the Entrada has been named the Henrieville Sandstone by
Thompson and Stokes (1970, p. 26). In Kane County and parts of adjacent
Garfield County the unit ranges from a feather edge to 234 feet in
thickness (photo 37). It is divisible into 2 informal members; a lower
flatbedded sandstone, siltstone, claystone,m and shale unit of fluvial
origin and an upper massive crossbedded fine to medium grained sandstone
of eolian deposition. The upper unit is poorly sorted and contains many
coarse grains. The lower contact appears conformable with flatbeds
resting on massive silty sandstone without any indication of relief.
Bower (1975 and 1983) describes the unit as the upper part of the Entrada
Sandstone. At Kodachrome Basin (Sec. 3, T. 38 S., R. 2 W.) the
Henrieville Sandstcone is 92 feet thick. It is truncated by the K-0
unconformity to the west in the vicinity of Camnonville.

Measurement of the Henrieville Sandstone on the north side of Xodachrome
Flat, Sec. 3, T. 38 5., R. 2 W., Kane County, Utah by Mark E. Jensen.
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Photo 3;. Romana Mesa Sandstone in Crosby Canvon. Upper left shows the
entire unit between the dark band above the terrace in the Entrada
Sandstone and the capping darker conglomeratic sandstones of the
; Morrison Formation at the top. Upper right shows "White Point"like beds
‘. just above the J-3 unconformity at the top of the Entrada Sandstonec.

Lower photo shows worm burrows at the top of a beach sand within the
Formation.




Photo 5;. View of the Henrieville Sandstone near Grosvenor
Arch. The darker caprock is the sub-Dakota Conglomerate.
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(place measurement of Henrieville Sandstone here)

Figure 21 represents the interpretations of the various above-
menticned authors as we understand them. Our interpretation is also
presented and suggestions are given for nomenclature usage. We believe
the White Point Member of the Summerville Formation can be used in the
Escalante area and as far south as Cat Pasture ("Triargle Point"), where
the unit becomes dominantly non-red sandstone. Romana Mesa Sarndstone is
appropriate for the remainder of the exposures along the east and southern
sides of the Kaiparowits Plateau, and the Henrieville Sandstone is
appropriate for the Cannonville-Grosvenor Arch area. We believe the three
are correlatable although definite proof or laboratory investigations are
lacking; there are no fossils amd no traceable key beds. We base our
assumption on stratigraphic relationships and subtle lithologic
similarities. They include the persistence of White Point-like flatbeds
at the base (although they are not red in the case of the Henrieville),
and the presence of coarse sands in many of the beds.

Morrison Formation. This formation is present only in eastern Kane
County. It is incompletely exposed in a cliff at the north end of Halls
Creek Bay (photo 34). Additional exposures extend arocund the eastern and
southern margins of the Kaiparowits Plateau. Westward it is eliminated by
the K-0 unconformity and is cut cut near Ione Rock east of Big Water (Glen
Canyon City). Over much of eastern Utah the Morrison is divided into two
members; an upper Brushy Basin Member arxd a lower Salt Wash Member. The
upper is dominated by varicolored slope—forming mudstone, the lower is
daminated by lenticular, cliff and ledge forming channel type
conglameratic sandstone ard sandstope. At the north end of Halls Creek
Bay only the lower Salt Wash Member is present, the upper having been
eroded from the top of the mesa. The camplete Salt Wash Member in the
southern Henry Mountains area, may be as much as 550 feet thick (Doelling,
1975, p. 42). The Brushy Basin Member is probably not present in Kane

At Escalante, in Garfield County, both members are present, but the
upper Brushy Basin thins and disappears southward in ocutcrop before the
Kane County line is reached. In the Kane County ocutcrops the Morrison
Formation ranges from O to an assumed maximum of 700 feet. The formation
is about 350 feet thick near Twentymile Wash, at the north end of the
county, 415 feet thick below Cat Pasture ("Iriangle Point"), Sec. 4, T. 39
S., R. 6 E.; 475 feet thick near West End Point, Sec. 24, T. 39 S., R. 6
E.; 681 feet thick at the head of Soda Springs Canyon, Sec. 11, T. 41 S.,
R. 8 E, (Peterson and Barmum, 1973); 188 feet thick in Crosby Canyon, Sec.
8, T. 43 S., R. 4 E.; and 72 feet thick near Lone Rock Canyon, Sec. 24, T.
43 8., R. 3 E. Zeller (1973) reports westward thinning of the Morrison
Formation under the Kaiparowits Plateau in the northern part of the

. In the Death Ridge quadrangle he estimates the unit to be only 30
to 150 feet thick.
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' Peterson (1975) has divided the Morrison Formation in Kane County
into upper and lower members, calling his lower member the Salt Wash. The
Brushy Basin Member near Escalante may intertongue in part with this upper
member to the south. Peterson's Salt Wash consists of up to 350 feet of
fine to medium grained crossbedded sandstones, conglomeratic sandstone,
conglomerate, and lesser amounts of thinbedded mudstone and siltstone that
form cliffs. The upper member interfingers with the lower and is composed
of the same rock types, but generally has whiter sandstones and more
mudstone and siltstone. The upper member is more likely to form ledqy
slopes than cliffs. The upper member ranges to 365 feet in thickness.

The Morrison Formation is a fluvial deposit and is built mostly of
superimposed river channels. Near "Triangle Point" (triancular shaped
prominence along the Straight Cliffs near Cat Pasture) the unit is
camposed of 75 percent conglomeratic sandstone, 20 percent fine grained
sandstone, 3 percent mudstone and siltstone, and 2 percent conglomerate
(photo 38). The colors of the conglomeratic sandstanes include yellow
gray, gray, tan white, yellow, and light brown. The clasts are dominated
by pebbles averaging 1/2 inch in diameter, camposed of quartzite,
silicified limestone, chert, and minor sandstone ard siltstone. Clasts
are occasionally found up to 4 inches in diameter. They are subrourded to
subanqular and encased in fine to coarse sardstone, all calcarecusly
cemented. The sands are moderately sorted and size sorting occurs alorng
the various crossbed laminae. The lenses often display cross-—
stratification that dip in the direction the old rivers flowed in the
channels, are thin to massive, and are separated by partings and thin beds
of mudstone and siltstone. The maroon or greenish-gray mudstones and
siltstones form cliff indentations or earthy slopes. The mostly fine
grained sandstones are light in color, friable and earthy weathering, and
form slopes. They are interbedded with the conglomeratic sandstones as
are the conglomerates.

Dark brown pieces and logs of petrified wood are locally plentiful
near the top of the formation. saometimes the conglomerate clasts are of
petrified wood. Coaly wood is rare, and when found is radioactive. The
upper contact is the K-0 unconformity and the Morrison is directly
overlain by either the Dakota Formation or sub-Dakota Conglomerate.

Measurement of the Morrison Formation below "Triangle Point", E 1/2, Sec.
4, T. 39 S., R. 6 E., Kane County, Utah.

(place measurement of Morrison Formation here.)
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Cretacecus Formations

The Cretacecus System is relatively thick in Kane County and variable
in thickness, perhaps 2500-6000 feet. The thickest section is found in
the Kaiparowits Basin where it ranges from 4,500 to 6,000 feet. The
Cretacecus prism in the Podunk Terrace area ranges from less than 2000
feet to over 3000 feet and in the Kolob Terrace area from 2300 to 4400
feet, thickening westward. Five formations crop ocut in Kane County
(figure 22), some of which are subdivided into several members: Dakota
Formation, Tropic Shale, Straight Cliffs Formation, Wahweap Formation, and
Kaiparowits Formation (ascending order).

The rocks portray the deposition in advance, during, and after the
incursion of the Cretacecus sea from the east. Valuable coal deposits,
titanium and zirconium deposits, were created during this time. Sediments
reached the area primarily from the west, from the area of the Sevier
Orogenic Belt. The relationships between the Cretaceocus formations of
Kane County is shown diagrammatically in figure 23.

Dakota Formation and sub-Dakota Conglomerate. The Dakota Formation
as portrayed on the Kane County geologic map is the oldest unit thought to
be of Cretacecus age. The unit has been mapped as redefined by Lawrence
(1965, p. 75-78) and includes all rocks above the K unconformity and below
the base of a thick gray marine shale (Tropic Shale). Peterson (1969, p.
14-34) divided the Dakota Formation into three mewbers; lower, middle, and
upper. The lower member is a fluvial, mostly conglomeratic unit, the
middle is a lagoonal interbedded sandstone, mudstone, and coal bearing
unit, and the upper is mostly fossiliferous sandstone deposited in
brackish to marine environments. The upper and lower members are
discontinuocus.

Gregory ard Moore (1931, p. 95-100), in their study of the
Kaiparowits region, named the lower conglameratic member the Dakota(?)
Sandstone and included the upper two members with the Tropic Shale.
Gregory (1950, 1951) maintained this division in his studies of the Zion
and Paunsaucunt regions. Cashion (1967), in mapping the southern
Markagunt Plateau, also maintained the division, but divided the Tropic
into a lower coal-bearing member and an upper shaly member. Iawrence's
nomenclature has been adopted by Zeller (1973), Peterson (1969, 1975),
Doelling (1972), Blakey (1970), and Bowers (1975). Most recently Bowers
(1983) separated ocut at least same of the conglomerate of the lower member
and named it the Conglamerate of Butler Valley and assigned it a
Jurassic(?) age.

The base of the lower member is a regional unconformity, the K
unconformity (basal Cretacecus unconformity). Bowers (1?83)_ believes that
the conglamerate in the Butler Valley area may be Jurassic in age and
shows unconformities above and below. 1In the Zion Park region Gregory
(1950, p. 102) reports that the conglamerate grades jnto_the middle unit.
Along the Cockscomb and the southwestern flank of the Kaiparowits Platt:aau
the upper contact is an unconformity. Peterson (1969, p. 20—?1), working
in the southeastern Kaiparowits, indicates the upper contact is poorly
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exposed, but that the lighter colored sandstone and conglomerate of the
lower member contrast sharply with the darker mudstone and sandstone of
the middle member. He indicates the upper part of the lower
(conglameratic) member interfingers with the lower part of the middle
member, but concedes that part or all of the lower member could be of late
Early Cretaceous age. The upper contact might be an unconformity
throughout eastern Kane County. In Crosby Canyon, Sec. 7, T. 43 8., R. 4
E., a "channel" of Dakota coal (middle member) effectively cuts out the
conglomerate and rests on the Morrison Formation. Peterson (1969, p. 20)
notes that fossils are rare in the lower member and reports only being
able to find carapace fragments of a turtle. He states, "The lower member
is prcbably about early Cencmanian in age on the basis of stratigraphic
position beneath the middle member which is probably early to middle
Cenamanian in age. We assume the conglameratic member to be upper Iower
Cretacecus, perhaps Albian in age. If the upper contact is an
unconformity then considerable time may have lapsed before deposition of
the coal bearing middle member began.

The sub-Dakota Conglamerate consists of interbedded conglamerate,
pebbly sandstone, and sandstone with lesser amounts of siltstone,
mudstone, and coal. Not all the lithologies are everywhere present and
locally the unit is altogether missing. The unit generally forms ledges
and often is found in cliffs with cliffy underlying and overlying
neighbors (photo 39). The clasts are generally of chert, quartzite,
silicified limestone, feldspathic sandstone, and petrified wood, they are
subround to subangular, and average 1/2 to 1 inch in diameter. They are
encased in a poorly sorted matrix of sand, silt, and clay, and are poorly
to moderately cemented with calcium carbonate. Occasionally logs of
petrified wood are incorporated in the lenses of conglamerate or
sardstone. The lenses range from thin to massive and are usually shared
with the sandstones and pebbly sandstones, evenso contacts between
conglomerates and sarxistones are genherally sharp within the lenses. The
sandstones are mostly poorly sorted, fine to coarse grained, friable,
usually lightly cemented with calcium carbonate or silica. The
conglamerate—sandstone lenses are cross stratified with laminae dipping
down the axis of channels. In most places the siltstone, mudstone, and
coal are minor constituents and form thin partings or beds between the
lenses. The coal is generally fregmentary or present as vegetative trash,
and rarely in very thin beds. The lenses have cammonly been stained by
mineralizing solution fronts, coloring the lenses with yellows, purples,
oranges, and reds (iron oxide mineralizaticn). Locally the sub-Dakota
Conglamerate is uraniferous (western part of county), especially at the
base. The overall color is light yellow-gray, light gray, white, or
chalky pink. The sub-Dakota Conglomerate ranges from 0 to 120 feet in
thickness, but at most localities it is less than 50 feet thick. The
thicker sections are mostly found to the west, although thin and missing
sections are also known there.

The middle member of the Dakota Formation is a coal bearing unit
deposited in transitional terrestrial and marine enviromments (lagocnal).
It consists of interbedded mudstone and shale, sandstone, carbonacecus
mxistone, claystone, coal, ard conglomerate (photo 40). The unit thickens



Photo 39. Upper view shows Entrada Sandstone, K unconformity, sub-Dakota
Conglomerate and middle member of Dakota Formation a few miles
west of Wahweap Creek. Lower view shows Winsor Member of Carmel
Formation, K unconformity, sub-Dakota Conglomerate and lower
part of Dakota Formation along Little “Meadow Creek just below
the Zion mine.




westward from 3 feet near Fiftymile Point to nearly 380 feet at the west
erd of the county. The middle member is 35 to 40 feet thick at the
northern edge of the county east of the Kaiparowits Plateau. It thins
southward to Fiftymile Point and then thickens westward to West Cove (150
feet thick). Along the Cockscomb it is 75 to 150 feet thick and from
Grosvenor Arch (about 100 feet thick) it thickens westward to nearly 200
feet near Yellow Creek in Garfield County (south of Cannorwville, Sec. 22,
T. 37 8., R. 3 W.). Around the Paunsaugunt Plateau it is 140 to 240 feet
thick and around the southern flank of the Markagunt Plateau it is 180 to
nearly 400 feet thick, thickening westward.

The mudstones and shales are gray to nearly black, brown, and olive
gray in color. Fresh exposures are shaly to laminated and the rock is non-
calcareocus. The mxistone is composed of clay with same silts and even
sand. Peterson (1969, p. 24) reports the mudstone in the southern
Kaiparowits Plateau to consist of 20 to 30 percent quartz and 52 to &7
percent clay minerals, the remaining portion including calcite, feldspar,
and gypsum. The identified clays reported are kaolinite, illite, and
montmorillonite. Sideritic concretions or thin rusty siliceous layers are
occasionally found interbedded in the mudstones. When present they
conspicucusly litter the slopes. The mudstones and shales form undercuts
in cliffs or form smooth earthy slopes. Westward the middle member
becames more clayey and therefore subject to landsliding or the
development of colluvium. This characteristic is best developed in the
Orderville Canyon area.

The sandstones are mostly orange or yellow gray to light gray on
fresh surfaces, although light browns are also occasionally present.
Weathered colors are in various shades of brown and orange gray. They are
generally ver fine to fine grained, with less common medium and coarse
grained beds. The subround to subangular grains are moderately sorted.
Peterson (1969, p. 23) determined the mineralogy of the grains; about 75
percent siliceous (quartz, chert, or quartzite), dolomite and feldspar 9
percent, accessory grains about 1 percent, and matrix 15 percent. The
sandstones are moderately to well cemented with calcite. The beds are
thin to thick bedded, lenticular and cruss-stratified. The beds are
resistant and generally form ledges between the slope forming mudstones.
The percentage of mudstone to sandstone generally increases westward
across the county.

Carbonaceocus mudstone is dark gray to dark brown to mearly black and
is similar in composition and other characteristics to the non-
carbonacecus mudstone. The amount and type of carbonacecus material
defines the color. Most are confined to the zones around the coal beds.
Claystones are less common, but make good local marker beds. Peterson
(1969, p. 25) reports of one between his 1 and 2 coal beds at the top of
the lower third of the member at the south end of the Kaiparowits
Plateau. It ranges in thickness to 2 feet. A persistent dark gray
claystone "marker," up to 11 feet in thickness, is found near the base of
the member in outcrops between Grosvenor Arch and Willis Creek. The
bentonite "marker" weathers to a typical "popcorn" surface and



Photo 40. Upper view shows Entrada Sandstone overlain by the middle
member of the Dakota Formation along the East Kaibab monocline.
Lower view shows thin middle member coal beds in Crosby Canyon.
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occasionally reappears at the southern margins of the Paunsauqunt and
Markagunt Plateaus. When found it is usually thin and discontinuous.

Coal in the middle Dakota is generally subcommercial around the
Kaiparowits Plateau, but a few small mines have operated in them at
favorable locations. The coals reach minable thicknesses along the
southern margins of the Paunsaugunt and Markagunt Plateaus (see coal in
Economic Geology sectlon) The coal along the east side of the
Ka:.pa:rw:.ts Plateau is highly lenticular and discontinuous reaching a
maximm of a little over 4 feet in thickness (average less than 2 feet).

As many as two beds may be identified, the most praminent at the top of
the member. Peterson (1969, p. 25-26) indicates 4 correlatable coal beds,
most less than 2 feet thick and rarely reaching 4 feet along the southern
Kaiparowits Plateau. Again the most praminent bed is the upper. All are
discontinuous. West of Wahweap Creek the beds continue to be thin, but
contain logs of flattened petrified woocd with long diameters to 3 feet ard
lengths of 6 feet or more (Doelling, 1977, p. 29-34). Along the Cockscomb
(East Kaibab monocline) there are three persistent coal beds in the middle
Dakota; one near the base, one near the middle, and cne at the top. They
range to more than 5 feet in thickness, but are mostly under 2 feet

thick. The middle and upper coals are more persistent. The upper bed
probably correlates across the county, but the relationships of the others
is unknown. The thickness of the coals increases south of Cannonville and
arourd the southern margins of the Paunsaugunt and Markagunt Plateaus.
There are two persistent zones, one at the top and ancther within 50 feet
of the base (above the bentonitic clay marker). These contain coal beds
up to 18 feet in thickness, generally the upper is thicker and contains
less ash (but more sulfur). Dakota coals are generally of subbituminocus
rank, same to the east may be high veolatile bituminous in rank.

Cornglamerates and coarser sandstones are generally uncaommon in the
middle Dakota and mostly fournd at or near the base, just above the sub-
Dakota Conglomerate (lower member). These conglomerates may represent a
reworking of the unit below.

Fossils are not common and poorly preserved in the middle member and
include petrified woocd, carbonaceocus wood fragments in the mudstones and
sandstones, and pollen and spores in the coals and shales. May (1972, p.
506-507) indicated the age on the basis of the palynomorphs as no older
than upper Albian and no younger than upper Cenomanian (latest Lower
Cretaceous and lower Upper Cretaceocus). This is confirmed by Scott and
Tschudy (in Peterson, 1969, p. 27).

The upper member of the Dakota Formation is mostly discontinucus
fossiliferous marine sandstone and mudstone with minor shale, carbonaceocus
mudstone, and rare coal. Compositionally and texturally the sandstones do
not dlffer from those of the middle member. They are yellow or orange
gray to brown in color and ledgy, formlngahardcaponthenakota
Formation. This produces a prominent "dip slope" surface in many areas.
Normally the upper member consists of one or two thick sandstone ledges (5
to 20 feet thick) separated by mxdstone. The sandstones may be thinbedded
to massive and may contain thin lenses of coquinoid masses of oysters,
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especially Exooqyra, Gryphaea, and Ostrea. Same scattered pebbles and
cobbles are occasionally found in the upper Dakota. Lawrence (1965, p.
85) indicates that the upper sandstones interfinger with mudstone to the
west of the Kaiparowits Plateau and disappear. Nevertheless between
Willis Creek and Coal Canyon (socutheast Paunsaugunt Plateau) the Smirl
{(upper) coal zone is capped by a bed of oysters (Doelling, 1972, p. 6).
Major fossil zanes continue to be found just above the Smirl or upper coal
zone of Cashion (1967) around the southern margin of the Markagunt Plateau
as well. The upper member probably interfingers with the wverlying Tropic
Shale and the time line dividing the two units varies from place to

place. Peterson (1969, p. 26-34) identified the Dunveganoceras pondi and
Dunveganoceras conditum zones in this upper member. He notes that the
Dunveganoceras albertense zone is present in the upper part of the upper
member in the southwestern Kaiparowits region, but is found in the Tropic
Shale to the north. The Sciponoceras gracilis zone is always near the
base of the Tropic Shale in Kane County.

Tropic Shale. This unit overlies the Dakota Formation at all Kane
County locations (photo 41). The base of the unit interfingers with the
sandstones in the upper Dakota. It was originally named by Gregory and
Moore (1931, p. 98-99), but they included the coal bearing strata of the
Dakota Formation. ILawrence (1965, p. 71-78) restricted the usage of the
term Tropic Shale to the upper marine shales.

The Tropic Shale is a drab gray slope former that ranges from less
than 500 to more than 1000 feet in thickness. Along the east edge of the
Kaiparowits Plateau it ranges from 600 to 750 feet, apparently thickening
southeasterly. At the southern margin of the Plateau it ranges from 600
to 700 feet and along the Cockscomb most measurements indicate a thickness
ranging fram 500 to 600 feet (photo 42). A few drillholes penetrating the
Tropic in the western Kaiparowits show it to be 510 to 530 feet thick.

Few reliable measurements are available for the southern margin of the
Paunsaugunt Plateau. The outcrops are wide and usually covered and
estimates range from 700 to 1000 feet. Measurements of the Tropic from
the southern margin of the Markagunt Plateau indicate the formation to be
500 to over 1000 feet thick. Included are measurements from several drill
holes.

The formation is usually found in some shade of drab gray. The upper
parts usually become silty or sandy and the color consequently changes to
yellow gray or light olive gray. Lawrence (1965, p. 86-87) reports that a
distinctive color change takes place 300 feet below the top of the Tropic,
from light silvery gray mudstone claystone in the lower part to medium
brown in the upper part. The gray color varies and is dependent on the
carbon content in the shales. Where the carbon content is highest the
formation is a very dark gray, where it is low the color is light, almost
silvery.

The Tropic is a thinly laminated to thinbedded mudstone and shale
unit with lesser amounts of sarndstone, bentonitic claystone, siltstone,
and limestone. The mudstone and claystone are often nodular and chunky
when fresh, but are shaly ard earthy when weathered. The mineral matter
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in the shale has been analyzed by both Peterson (1969, p. 39) and Lawrence
(1965, p. 87). The praminent minerals are clays, quartz, calcite, and
dolomite (97 percent of the rock). The remainder consists primarily of
feldspars and gypsum. Deviations from the typical shaly lithology are
more likely to be found near the top and bottom of the unit. Peterson, p.
41) notes that thin beds of mxdstone, siltstone, and sandstone occur
mainly in the lower and upper parts of the Tropic. Lawrence (p. 87)
reports that three or more relatively continucus beds of bentonite are
near the base of the formation. Apparently the mineralogy and texture of
the clays and muds change from place to place as is reflected by the
tendency of the formation to participate in mass-wasting phencmena. The
formation has "flowed" over cliffy units below along the southeastern
edges of the Kaiparowits Plateau during wet cycles in prehistoric times,
but there is no evidence for similar mudflows in the western part of the
county.

The sandstones are generally very fine to fine grained with low angle
crossbeds in mostly thin to medium beds. The sandstones are calcareously
cemented and weather into slabs. The uppermost 10 to 20 feet are
transitional with the overlying Straight Cliffs Formation and contain
numerous resistant beds of calcareocus yellow gray sandstone. Trace
fossils have been noted in these sandstones. In the western part of the
county, west of Muddy Creek, at least one cliffy littoral sandstone tongue
divides the unit. This tongue is known as the Sugarledge Sandstone
(Cashion, 1961) and ranges from a feather edge to more than 60 feet in
thickness. It is found 175 to 220 feet above the Tropic-Dakota contact.
The sardstone beds are thick, the sand grains are quartzose, well sorted,
and calcarecusly cemented. Some are bioturbated, rounded to elorgate
limestone concretions are found locally along certain horizons arnd include
septarian types with their interiors filled with yellow or white calcite
spar. Some contain fossils and well preserved mollusks, crabs, fish, and
bones of marine reptiles. Many of these localities have been claimed for
camercial purposes and the concretions are sold to tourists and
collectors. The Tropic Shale weathers into rourded hills, slopes, ard
broad gently undulating flats, or, when found under the Straight Cliffs,
forms a steep curtain-like slope (photo 42).

The Tropic Shale contains a host of marine fossils that have allowed
for the identification of specific fossil zones. These were identified
and correlated by Peterson (1965, p. 61 and 1969, p. 40). These include
(in ascernding order) the zone of Dunveganoceras pondi (Haas),
Dunvedganoceras conditum (Haas), Durveganoceras albertense (Warren),
Sciponoceras gracilis (Shumard), Inoceramus labiatus (Schlotheim),
Collignoniceras woollgari (Mantell), and Collignoniceras hyatti
(Stanton). The first two are found in the upper member of the Dakota
Formation where it is present (in the Tropic Shale elsewhere). The first
four are found in the lower part of the Tropic, the Inoceramus labiatus
and Colligncniceras woollgari zones take in most of the Tropic thickness.
Oollignoniceras hyatti zane fossils have only been found in the Tikbet
Canyon Member of the Straight Cliffs Formation, but the Tikbbet Canyon
interfingers with the upper part of the Tropic Shale. The lower part of




Photo 42. Typical Tropic Shale outcrops along the south margin
of the Kaiparowits Plateau. Very little vegetation can
establish itself on its outcrops at this location.
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the Tropic is therefore upper Cencmanian and the major part of the unit is
Turonian in age.

Straight Cliffs Formation. The Straight Cliffs Formation was
originally termed the Straight Cliffs Sandstone by Gregory and Moore
(1931, p. 91) for exposures along the Straight Cliffs on the eastern side
of the Kaiparowits Plateau. Inasmuch as the unit contains several
lithologies other than sandstone, Peterson and Waldrop (1965, p. 62-63)
suggested naming the unit the Straight Cliffs Formation. The formation
was divided into four members in the Kaiparowits Plateau (Peterson 1969a,
p. 49 and 1969b); Tibbet Canyon, Smoky Hollow, John Henry, and Drip Tank
(ascending), named after canyons in the southern Kaiparowits region in
which the members are well exposed. The Tibbet Canyon is mostly a cliffy
littoral sandstone; the Smoky Hollow is ledge and slope forming sandstone,
mudstone, carbonaceous mudstone, and minor coal; the John Henry is a slope
and ledge forming unit like the Smoky Hollow containing thick coal beds:;
and the Drip Tank Member is mostly a fluvial cliff forming sandstone.
Peterson (1969b, p. J10-J14) noted an unconformity dividing the Smoky
Hollow Member from the John Henry Member.

The formation averages about 1400 feet in thickness near the mouth of
Collet Canyon ard probably varies from 1300 to 1500 feet. In the
southeastern Kaiparowits Plateau the formation is over 1200 feet thick,
but the Drip Tank Member and the uppermost portion of the John Henry
Menmber have been eroded. In the Smoky Mountain and Warm Creek areas, at
the southern end of the Kaiparowits Plateau, Peterson (1969b, p. J5)
reports the complete Straight Cliffs Formation to be a little over 1200
feet thick. Blakey (1970) reports the formation to be about 1275 feet
thick to the southwest in the Brigham Plains area. The formation is 1280
feet thick near Grosvenor Arch and Butler Valley. Lawrence, in Robison
(1966, p. 17), has a section in Garfield Country where he measured almost
1500 feet, 6 miles north of the Grosvenor Arch section (photo 43).

To the west, in the Paunsaugunt and Markagunt regions, the Straight
Cliffs Formation is much thinner and may be confined to the rocks beneath
the sub—Jchn Henry unconformity. This thinning occurs near the
Paunsaugunt fault or along the eastern margin of the Paunsaugunt Plateau.
The upper two members of the Straight Cliffs Formation either intertongue
with the Wahweap Formation or pinch cut. Along the southern margin of the
Paunsaugunit Plateau the Straight Cliffs ranges from 200 to 450 feet in
thickness, thinning westward. In a side canyon branching north from Broad
Hollow and about 5/8 mile southwest of the first trout pond in Meadow
Canyon, NW Sec. 29, T. 39 S., R. 4 W., the formation is 331 feet thick.
Goode (1973a, 1973b) reports the Straight Cliffs to be 200 to 250 feet
thick in the Skutumpah Creek and Bald Knoll quadrangles.

Cashion (1967) indicates the Straight Cliffs Formation to thicken
westward along the southern flank of the Markagunt Plateau. In a scaled
figure, "Diagrammatic restored section of rocks in the mapped area," he
indicates the thickness to increase from about 110 feet at the Sevier
fault to about 580 feet near the Kane-Washington county line, the lower
part of the formation intertonguing with the Tropic Shale. In a measured
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section along U. S. Highway 89 just north of Glendale the Straight Cliffs
Formation is only 85 feet thick (photo 44).

All four members of the Straight Cliffs Formation are well exposed in
the Smoky Mountain area of the scuthern Kaiparowits Plateau. The
lowermost Tibbet Canyon Member is mostly yellowish—gray to moderate brown
sandstone that coarsens upward from very fine grained to medium grained
(Peterson, 196%a). In the lower part of the member the sorting is poor to
moderate and in the upper part it is moderate to well. Partings of gray
mxistone and siltstone divide the sandstone beds, especially in the lower
part where thin beds occur. The grains are mostly of quartz (cquartz,
chert, quartzite), followed by feldspar, dolaomite, and calcite. Accessory
minerals include bictite, garnet, glauconite, muscovite, tourmaline, and
zircon (Peterson, 1969a, p. 53). The cement is primarily calcarecus and
the rock is moderately to well cemented. The member displays crossbedding
and thin to thick bedding, becoming more thickly bedded toward the top.
The member is a cliff forming unit.

The lower contact is gradational and probably intertonguing with the
Tropic Shale. The contact is placed at the base of the first prominent
sandstone or where the lithology becomes dominantly sandstone. The upper
contact is usually sharp ard placed at the base of the first mudstone or
coal. bed in the overlying Smoky Hollow Member. The Tikbet Canyon was
deposited in beach or shallow marine enviromments. Fossils include
pelecypods (Inoceramus, Ostrea, etc.), gastropods (Gyrodes, Cryptorhytus,
etc.), cephalopods, shark teeth, and trace fossils (Ophiomorpha). The
index fossil Inoceramus howelli (White) indicates the member to be middle
Turonian in age. In the Kaiparowits region the Tibbet Canyon ranges from
70 to 185 feet in thickness.

The Smoky Hollow Member consists of interbedded sardstone, mxistone,
carbonacecus mudstone, ard coal in ledge and slope forming beds. Peterson
(196%a, p. 56) divides the unit into three informal subdivisions: a basal
coal zone, a middle barren zone, and a "Calico" bed at the top. The coal
zone contains much dark gray carbonacecus mudstone, thin coal beds, and
very thinbedded sandstone. The coal beds rarely exceed 2 feet in
thickness, but are locally quite persistent. The coal zone is 0 to 30
feet thick, a slope former, and is missing over the anticlinal axes.

The barren zone consists of yellow gray to white sarxistone beds and
gray shale or mudstone. The sandstones are very fine to medium grained,
poorly to moderately sorted, crossbedded, and ledge foxrming. The sard
grains are mineralogically the same as those in the Tibbet Canyon Member.
Same of the mudstones are bentonitic, olive gray, and all are slope
formers. The barren zone ranges from 13 to 110 feet in thickness
(Peterson 1969a, p. 58) in the Kane County Kaiparowits region.

At the top is the "Calico" bed which intertongues with the upper
portions of the barren zone. It averages 25 feet in thickness and attains
a maximm of 51 feet. It is fine to coarse grained, poorly sorted, and
often pebbly sardstone. It is white or light gray amnd crossbedded. The
upper contact of the Smoky Hollow Member is a regional unconformity that
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cuts out the upper Turonian stage and lower and middle parts of the
Coniacian stage (Peterson, 196%9a, p. 61). The full Smoky Hollow Member
ranges from 24 to 230 feet in thickness.

The Tibbet Canyon and Smoky Hollow Members have been combined on the
Kane County geoclogic map and are listed as the lower Straight Cliffs
Formation. It is difficult to separate the two members along the
Fiftymile Mountain front, but in the socuth and west margins of the Kane
County Kaiparowits region they are readily discernible.

The John Henry Member is a slope and ledge forming unit of sandstone,
mudstone, carbonaceocus mudstone, and coal (photo 45). Peterson (196%b, p.
J5) has subdivided the member of the central Kaiparowits Plateau into
barren zones and coal zones. The coal zones are not everywhere present,
but in ascending order the subunits are as follows: a lower coal zone, a
lower barren zone, the Christensen coal zone, middle barren zone, Reess
coal zone, upper barren zone, ard the Alvey coal zone. From the
southwestern part of the Kaiparowits Plateau to the east, the John Henry
beds change from terrestrial to lagoonal to marine in depositional
ernviromments. From the central Kaiparowits Plateau southwestward, the
coal zones thin and pinch ocut at the expense of the barren zones.
Eastward along the Fiftymile Mountain front both barren and coal zones are
replaced by thick or massive marine sandstone and mxdstone tongues.

The barren zones are dominated by thickbedded to massive cliff
forming yellow gray to yellow brown sandstones with interbeds of gray
mxistone, thin friable to blocky sandstone beds and thin limestone beds.
The cliffy sardstone is fine to medium grained, poorly to mcderately
sorted, and poorly to moderately cemented with calcite. It is usually
crossbedded and locally contains nodules of pyrite up to 6 inches in
diameter. Same of the pyrite has been corverted to limonite or siderite.
The mineralogic composition of the sard grains is similar to those in the
Tibbet Canyon Member. The mudstones are less comonly carbonaceous, but
occasionally they become so, and even thin seamlets of ccal may be fourd.

The coal zones are daminated by mudstones, carbonaceous mxdstones and
shales, claystones, and relatively thick coal beds (up to 20 feet or
more). The coal zones are generally slope formers and not as well exposed
as the barren zones or marine rocks. The thin sandstones are generally
fine grained and occasionally produce ledges. In many areas, such as in
the Burning Hills, the coal beds have been extensively burned along the
outcrops (sare are still burning) and have baked the clays and muds to a
natural brick. The brick exhibits many brilliant colors (coal blocm),
especially reds, yellows, arnd black. The sards of the overlying barren
zones are often reddened as well. The coal zones, especially in the
carbonacecus shales, contain fragments of woody plants: twigs, bits of
leaves, pollen and spores, and even jetified branches. Occasional
coquinas of mollusks are also found associated with the sandstones. When
burned the fossil material is preserved as black impressions on the red or
vellow brick. The burmmed material weathers as clinkery rubble, some
pieces show that it became hot encugh to melt the rock.
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Mostly exposures of the John Henry Member. The top of the plateau is supported by
the harder Drip Tank Member. Lower left is a view across the Kaiparowits Plateau
from the Rees anticline at the north end of the Burning Hills. There are two well
develcoped benches, one at the top of the Drip Tank Member (point from where photo
was taken), and one at the top of the Wahweap Formation (making the cliff line in the
distance). Lower right is a view in Left Hand Collet Canyon showing the Straight
Cliffs Formation. The light massive sandstone in the middle of the cliffs marks the
top of the Smoky Hollow Member.

[
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in semi-arid areas where coal beds are relatively close to the surface,
so:.l development and vegetation is sparse, fracture systems in the rocks
are open, ard deep drainages are regularly present. All of these
corditions are present in the John Henry rocks between Warm Creek and
Croton Canyon in the southern Kaiparowits Plateau. At this location the
coal under entire "points" have been burned out and the overlying rock has
collapsed and fractured all the way to the top because of the uneven loss
of support formerly furnished by the coal (photo 46). Coal beds, once
near the surface, can burn anywhere. The f].resstartspontaneouslyas
oxygen bearing rain water trickles to the coal through the open fractures
and starts the heat generating oxidation process. The insulating rocks do
not allow the heat to escape ard temperatures build to those necessary for
cambustion. Additional coal information is provided in the Econamic
Geology section.

The thick to massive beach or marine sardstones of the eastern
Kaiparowits Plateau are generally fine grained and well sorted. Peterson
(1969, p. 71) has identified seven key beds. The mineralogic composition
of the grains shows the percentage of quartz to be somewhat higher than in
the Tikbet Canyon or barren zone sandstones, and the percentage of
feldspar and cther unstable grains to be less. These key beds are
occasionally high in magnetite, zirconium, and titanium (fossil beach
placers). Peterson's Key beds are coomonly 50 to 100 feet thick and can
be traced long distances along the Fiftymile Mountain front.

Less prominent slope forming lithologies interrupt the thick to
massive bedded key cliff forming sandstones along the Fiftymile Mountain
front. These are camprised of interbedded gray mudstone and yellow gray
to brown thin to medium bedded well sorted fine grained sandstone. Thin
conglomerate lenses are often fourd at the base of these slope forming
lithologies. The marine beds, cliff formers as well as slope formers,
cantain poorly preserved, but identifiable fossils, generally pelecypods
and shark teeth along with occasional gastropods, cephalopods, and trace
fossils. The age of the John Henry is dated as late Coniacian to early
Campanian {(middle Upper Cretacecus) (Peterson, 1969a, p. 83-84).

The thickness of the Jochn Henry Member is variable in the Kaiparowits
Plateau, ranging from 590 to 1100 feet, generally thickening to the east.
It appears to be thinner over the anticlines. The average thickness is
650 to 750 feet in the better coal areas. The upper contact is with the
cliff forming Drip Tank Member, with which it interfingers. The contact
is usually placed at the top of the highest significant slope former or

unit.

The Drip Tank Member is a cliff forming and a prominent bench forming
unit on the Kaiparowits Plateau. The member is mostly yellow brown to
yellow gray, fine to medium grained, poorly sorted, lenticular sandstone
in medium to thick beds. The sandstone is interlensed with minor mudstone
and pebble conglomerate. The latter lithology becomes more prevalent tgo
the north and west. The Drip Tank represents deposition in a fluvial
enviromment.
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Iron staining, and iron oxide nodules, concretlons, or bards are
cammon in the Dr:.pTarﬂ{Menber and occasional pieces and even logs of
petrified wood along with vertebrate bone fragments are contained in the
rock. The member is 140 to 160 feet thick in the Smoky Mountain area, but
it is thicker to the west and along the Cockscamb. Blakey (1970, p. 164)
reports the Drip Tank to be 380 feet thick. Near Grosvenor Arch, to the
northwest, measurements indicate the member to be 485 to 550 feet thick.
The upper part interfingers with the lower part of the Wahweap Formation,
which is a slope former. Diagnostic fossils are not present in the
member, which is thought to be only slightly younger than the underlying
John Henry Member (early Campanian).

The Straight Cliffs Formation of the Paunsaugunt and Markaqunt
Plateaus has not been divided into members. In the Paunsaugunt Plateau
the formation is mostly very fine to fine grained, poorly sorted,
crossbedded sandstone, which is medium to very thickbedded, generally well
cemented with calcite, arglllaoecus material, or iron ox:.da; The mostly
cllffy or ledge form.mg rock is yellow brown, gray orargje or yellow gray
in color. These sandstone beds are interbedded with subordinate
thinbedded, dark yellow brown and less resistant sandstones; gray, olive
gray to brown shales or mudstones, conglomerates, and rare thin coal
seamlets. Most of these less prominent lithologies are slope formers and
are more cammon in the lower half of the formation.

The sand grains are dominated by quartz, the remainder are
represented by chert, quartzite, feldspar, calcite, and accessories.
Conglamerate clasts are mostly chert, silicified (black) limestone, orx
quartzite. Sometimes mudballs up to 3/4 inch are present. Carbonaceous
material is present mostly as fragments, chips of charcoal, carbonized
twigs, branches, and leaves. Indications of both terrestrial and marine
features are presenft in the rocks (Gregory, 1951, p. 39) so that a
specific and accurate depositional environmment cannct be determined
without additional study. In ocur opinion the Paunsaugunt Plateau Straight
Cliffs Formation section is mostly lagoonal and terrestrial in nature. 1In
most areas the Straight Cliffs Formation deposits bridge the transition
between marine and terrestrial environments. This regressive transitional
zane rises stratigraphically eastward so that the western outcrops are
older than those to the east (see fiqure 23). The marine strata below are
represented by the Tropic Shale and the terrestrial strata above are
represented by the Wahweap Formation. Tectonic activity, the unconformity
in the Kaiparowits Plateau Straight Cliffs section, and the differences in
thickness across the county, all serve to complicate the relationships.

The thinnest section of Straight Cliffs Formation is along U. S.
Highway 89 just north of Glendale. The unit may be less than 85 feet
thick (photo 44). Here it is practically all sandstone, which is pale
yellowish-crange, very fine to fine grained, with subrounded well sorted,
mostly clear quartz grains. The exposure forms a cliff. ‘Ihe::ockls
mostly low angle crossbedded except near the top where high angles appear
along with calcareocus plates that may be shell fragments. The
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ernviromments of deposition are surmised to be littoral (near shore marine)
for the lower part and beach for the upper part.

The formation in the westernmost reaches of the county thickens and
takes on the appearance and description of Peterson's (1969a) key beds as
exposed along the Fiftymile Mountain front in the Kaiparowits Plateau.

The sandstone beds range to more than 80 feet in thickness, but beds 10 to
40 feet thick are most common. Cashion (1961) indicates the-se beds are
daminantly littoral as are the key beds of the Kaiparowits region. There
is same evidence, however, which points to an older date of deposition
(different assemblages of fossils) and a greater terrestrial influence.
Sandballs, conglamerate lenses, petrified wood, vertebrate bones, along
with carbon trash (twigs, bits of leaves, etc.) have been found in some of
the rocks. Gregory (1950, p. 107) further notes that brackish and fresh
water species of fossils become progressively more numercus west of the
Kaiparowits Plateau.

Wahweap Formation. The Wahweap Formation overlies the Straight
Cliffs Formation conformably and is an interbedded sandstone mudstone
unit. In the Kaiparowits Plateau it is divisible into informal members,
lower and upper, based on topographic expression. Essentially the lower
member is dominated by slope formers and the upper member by cliff
formers. At the top a bench is formed similar to that on top of the Drip
Tank Member of the Straight Cliffs Formation. The lower member, in most
places, has been ercded or has receded from the cliffy edge of the Drip
Tank and forms a steep slope to the cliffy upper member (photo 47). The
two members intertongue irreqularly so that in some places the
nember appears exceptionally thick, in others exceptionally thin.

No such division is possible in the Markagunt or Paunsaugunt Plateau
where the Wahweap is ledge arnd slope forming throughout. It is less
resistant than the Straight Cliffs below, but more resistant than the
Kaiparowits Formation above.

In the Petes Cove gquadrangle (northeast Kaiparowits Plateau) the
Wahweap Formation is 1100 to 1500 feet thick. The basal contact is
usually placed at the top of the last massive unit of the Drip Tank abave
which the less resistant sandstones, shales, siltstones, and claystones of
the Wahweap persist. Picking the contact is at times difficult inasmach
as the Wahweap locally has some massive or thickbedded sandstones near the
base. The lower member is dominated by alternating shaly sandstones and
siltstone and brown to tan or olive gray claystones. The uppermost 200 to
400 feet make up the upper member and consist mostly of medium to coarse
grained, generally subangular, gray, tan, yellow, and brown, partly
crossbedded, lenticular sandstones. Some corglamerate is also present as
well as ironstone concretions. The sandstones are geherally cuartzose,
but contain a slightly larger percentage of unstable grains, primarily
feldspar.

The sandstones are somewhat fossiliferous, locally containing
fragments of dinosaur bones, petrified wood, ostracodes, and mollusks.
The Wahweap is thought to be deposited in a fluvial environment. The
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fossils indicate a Late Cretacecus age for the Wahweap (Peterson, 19694,
p. 94), probably early to middle Campanian in age.

Measurements of the Wahweap along the southern margins of the
Paunsaugunt and Markagunt Plateaus are difficult to take and few good ones
are recorded in the literature. The strata are exposed at higher
elevations and are irregularly covered with more vegetation and colluvium
than in the Kaiparowits Plateau. The beds dip very gently, stretching the
descriptive interval over 2 to 3 miles. Subtle changes in dip or small
faults in the poorly exposed interval can easily be overlooked and cast
doubt on the value of the measurement. Unfortunately no drill holes are
available as yet. The problem is compounded by the intertonguing nature
of the upper Wahweap and the overlyimng Wahweap Formation. However,
scaling on topographic maps indicates the Waghweap to be 400 to 700 feet
thick along most rims of the Paunsaugunt Plateau and 1100 to 1700 feet
thick arourd the south edge of the Markagunt Plateau.

Around the Paunsaugunt Plateau rims the Wahweap Formation is mostly
sandstone and highly arenacecus shales (Gregory, 1951, p. 39). The
sandstones are generally yellow—gray to light brown and are dominated by
fine to medium quartzose grains. The cementing material is mostly
calcite. The beds are even and lenticular and the sandy shales and
sandstane beds form steep slopes and ledges. Claystones and congloamerates
are also occasionally present. Gastropod shells, vertebrate bones, arxd
fossilized wood have been found in the rocks along with iron oxide bands
and nodules.

Sauth of the Markagunt Plateau the Walweap is also mostly sandstone
and highly arenacecus shale. The sands are mostly fine to medium grained,
but some beds and lenses are coarse grained and even gritty. Others are
bimodal, with both fine and coarse grains. The sands are mostly
subangular to angular, poor to well sorted and are cemented with calcite
or calcite mixed with iron oxides. In some places the cementation is
uneven, and upon weathering produces odd shapes, some concretionary.
These weather into lime balls and iron concretions. The grains are
dominantly quartz, but chert, quartzite, feldspar, and calcite grains are
also common. In coarser varieties bits of sandstone, limestone, and hard
claystone can be identified.

The Wahweap Formation beds of the Markagunt range in thickness to 25
feet, but better exposed ledges of yellow gray to light brown sandstones
average 5 to 10 feet. Iocally the thicker Wahweap beds combine to form
vertically walled cliffs. The bedding is even to irregular, and appear as
flat beds or lenses. Crossbedding is a camon feature. Fossil material
is locally found, but mostly poorly preserved, broken into bits and
pieces. These include charcoal fragments, leaf casts, shell fragments,
bits of petrified wood, and vertebrate bone fragments. The Wahweap
thickens westward and was fluvially deposited, presumably fram a high
western source. Although no definitive fossils were found in western
sections of Kane County, it is presumed that most of the unit is Campanian
(uper Late Cretaceous) in age.
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The upper contact of the Wahweap Formation at the south flanks of the
Paunsaugunt and Markagunt Plateaus is difficult to place. Gregory (1950,
p. 108-109) described the contact as an erosional interval: "“Everywhere
cbserved, the upper surface of the Wahweap is uneven. In places it is
merely scoured and roughly striated, but commonly it is dissected into
broad swales, rounded ridges, and narrow, even canyonlike trenches."

On the other hard Cashion (1961, 1967) indicated that the Wahweap
Formation and overlying Kaiparowits Formation were very similar in
lithology and that no satisfactory basis for separating the two could be
found. The scope of the present study precluded searching for a
"suitable" contact and mapping the two units was based on topographic
expression, the line drawn where the steeper slope of the lower unit
changed to the less steep slope of the upper. Above the mapped contact
lithologic characteristics expected for the Kaiparowits Formation
gradually becone more prominent.

Kaiparowits Formation. The Kaiparowits Formation is the youngest
Cretacecus unit in Kane County and the youngest unit (excepting Quaternary
units) deposited in the Kaiparowits Plateau region. It consists mostly of
drab gray, olive gray, brownish—gray or greenish-gray slope forming and
badlards forming sandstone. ILesser amounts of thin light gray mdstone
ard light yellowish—gray calcareocus siltstone beds are also present. The
sandstone is mostly quartz, with orthoclase, albite, biotite, calcite,
gypsum, clay, iron, and bits of coal or charcoal. The sard is generally
very fine to fine grained, and in detail, are poorly sorted and exhibit a
"salt and pepper" coloration. The sands are weakly cemented with
calcite. Thin lignitic layers are often associated with the mudstones.

The bedding is usually poorly defined and lenticular, the lenses are
generally thin, rarely exceeding 5 feet in thickness. Crossbedding is
recognized in many of the lenses., Occasionally a better cemented thin to
medium brown bed of sandstone or hardened calcareocus siltstone forms a
ledge and interrupts the slope. A camplete Kaiparowits Formation is 2600
to 3000 ft thick (Bowers, 1983) in the Kaiparowits Plateau region, of
which up to 2200 ft may be exposed in the Kane County portion. In
Garfield County the Kaiparowits Formation is unconformably overlain by the
Canaan Peak Formation (Bowers, 1972), which consists of interbedded
sandstone, conglomeratic sandstone, and conglomerate, with some mudstone
beds in the lower part. The conglomerates are multicolored well rounded
pelbles and cabbles of quartzite, chert, igneocus rocks, and gray
limestone. Bowers discovered ILate Cretacecus (Campanian?) palynomorphss in
the lower mdstones and indicates a Iate Cretacecus to Paleocene age for
the Canaan Peak Formation. Therefore the Kaiparowits Formation must also
be Campanian in age. Mostly non-definitive molluscan fossils have been
collected in the Kaiparowits Formation of the Kaiparowits Plateau along
with same dinosaur and turtle bone fragments (Gregory and Moore, 1931, p.
108) .

To the west, under the Pink Cliffs of the Paunsaugunt and Markagunt
Plateaus, the Kaiparowits Formation is imilar in description, but contain
many Wahweap-like sandstone beds in the lower part indicating a
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gradational or intertonguing boundary. These Wahweap—-like beds extend
quite high into the formation making it very difficult to establish a map
boundary between the two formations. Occasional conglameratic beds make
their appearance westward as do laverder, yellow, and pink zones in the
slope-forming units (photo 48). The conglomerates consist of well rounded
pebbles and cobbles of qguartzite, chert, and limestone. Some contain
Pemnsylvanian and Permian fossils. Western fossil assemblages found in
the Kaiparowits Formation generally include freshwater mollusks,
vertebrate bones, and plant fossils (mostly dicotyledons and cycads)
indicating a terrestrial (fluviolacustrine) depositional enviromment.

The thickness of the Kaiparowits Formation in western sections is
less than that of the Kaiparowits Plateau and cuite variable. Available
stratigraphic measurements and scaling on topographic maps indicates the
formation to range from 400 to 750 feet in thickness. The upper contact
in western sections is also an unconformity, but the overlying unit is the
Claron Formation. This unconformity is plainly marked in outcrop placing
the drab gray and yellow gray cclors of the Kaiparowits Formation beneath
the pink or white limestones of the Claron Formation. The contact also
marks the line between Cretacecus and Tertiary rocks.



Photo 48. Views of the Kaiparowits Formation. The upper location is along
. U. S. Highway 89 near the Sevier fault. The lower location is in the
j' Kaiparowits Plateau. The Kaiparowits Formation is mostly drab gray "salt
and pepper" sandstone that weathers into slopes and badlands.
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Tertiary Rocks

TertlaryrocksmKaneOcnmtyarelmtedtoonefonnatlon, the
Claron Format.mn, arnd its outcrops are indicated on figure 24. The
formation is thought to be Paleocene-Eocene in age. The outcrop area is
limited to the northwest part of the county on the top of the Paunsaugunt
arnd Markagunt Plateaus.

Claron Formation. The Claron Formation caps the top of the Markagunt
and Pam'nsaugm'rt Plateaus in Kane County and is responsible for the
uppermost riser of the Grand Staircase, the Pink Cliffs. The Claron
Formation is also known as the Wasatch Formation (Gregory, 1950, 1951,
Gregory and Moore, 1931, Bowers, 1972, ard Cashion, 1961, 1967), Cedar
Breaks Formation (HJ_ntze, 19'73), and mfonnally as the "Pmk Cliffs" or

"Bryce Canyon" Formation. To the north, in Garfield County, the Claron
Formation can be divided into two or three subunits (ascending order):

(1) red or pink limestone, usually with some conglomerate lenses at the
base, (2) white or gray lzmestone or dolaomite, and (3) white to variegated
pyroclastics, limestone, arnd sandstone. Gregory (1949, 1950) regarded the
lower unit as his Wasatch Formation (Claron) and assigned the cther two to
his Brian Head Formation, but Anderson and Rowley (1975) returned the
middle unit to the Claron (Wasatch) Formation, abandoned the term Brian
Head Formation and divided the upper into several new units. In Kane
County the lower unit is present and part of the second. The Claron is
the yourngest formation in the county excluding Quaternary lava flows and
unconsolidated deposits.

The lower subunit of the Claron usually consists of a basal
conglamerate overlain by pink and pink-stained limestone, sandstone, and
conglamerate that weathers into cliffs, pinnacles, minarets, natural
bridges, arches, and other forms that delight tourists at Bryce Canyon
National Park and elsewhere along the rims of the Paunsaugunt and
Markagunt Plateaus (photo 49). From a distance the Claron strata appear
to be rather uniform, lut lithologies, bedding characteristics, and other
features vary widely under close inspection. The basal 100 or so feet
consist of pink massive limestone containing scattered pebbles or cobbles
along with lenses of thick calcarecus and iron oxide cemented pebble and
cobble conglomerate. The well rounded cobbles ard pebbles of the
conglomerates are identifiable as having came from Precambrian and
Paleozoic sources. They are mostly varicolored quartzite, but chert,
silicified limestone, limestone, well cemented sandstone and rare hard
siltstones and shales are also present.

The remainder of the lower subunit consists of irregularly bedded
pink and red limestone, conglomerates, sandstone, sandy limestones and
breccias up to 800 feet thick. The limestones are generally
argillacecus. The limestone occurs in thick to massive beds of pink, pale
red, or gray color, occasionally nearly white. Staining, produced by
weathering, colors the cliffs a more uniform pink color. Weathering
produces a rough surface to the rock, presumably by solution and enhanced
by close—spaced vertical jointing that cuts the unit vertically. The
cambination of differential weathering, jointing, and color are
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responsible for the spectacular scenery that the formation exhibits. The
unit is especially prone to solution along joints, often developing
urderground conduits for groundwater. At several locations large springs
issue at the base of the cliffs.

Calcarecus sardstones, conglomerate lenses, sandy limestones, and
limestone breccias are abundant in the remairnder of the lower subunit.
These are irregularly bedded, fine to coarse grained, comprised of quartz
or chert grains and less camon feldspar and calcite grains. The
thickness of the lower subunit probably varies from 800 to 1000 feet in
the Paunsaugunt an Markagunt Plateaus.

The white subunit overlies the lower Pink subunit, the contact placed
at the base of a conspicucus, massive, resistant white limestone bed above
which the rocks are mostly white or varied in color. At some locations
the white limestone bed is not present and the division is made where the
rocks generally change color. The white subunit is present as remnants at
the top of the Markagunt and Paunsaugunt Plateaus. It is 300 to 500 feet
thick in Garfield County (Doelling, 1975), but incomplete in Kane County.
The thickest exposures are located on the downthrown side of the Sevier
fault along U. S. Highway 89 from Long Valley Junction northward. The
rocks are more varied in color, lithology, resistance to erosion, and
textures. The white unit becomes more tuffaceous in its upper portion
(Anderson and Rowley, 1975, p. 11). Included are white limestones and
dolomites, yellow gray loosely cemented sandstones, tuffacecus sandstones,
calcarecus gray and reddish shales, and gray conglamerate.

The Clarcn Formation is thought to be of lacustrine and fluvial
origin. Much is thought to have been deposited in the southern part of
Paleocene-Eocene Iake Flagstaff (Hintze, 1973, p. 79) which covered a
large part of central and southwestern Utah. Definitive fossils are rare
in the Claron Formation of southwestern Utah and the crushed and worn
fragments identified in Gregory (1950, p. 112, and 1951, p. 52) led him to
believe the unit was entirely Eocene in age and correlatable with the
Wasatch Formation of northern and eastern Utah. Spieker (1946), in the
Wasatch Plateau of central Utah, found a freshwater molluscan fauna in the
Flagstaff Formation which indicated a Paleocene age. Gill (1950),
however, found Eocene mollusks in the upper part of the Flagstaff. From
the above information the Claron of Kane County is probably both Paleocene
and Eocene in age. A further discussion on the age of the Claron can be
found in Anderson and Rowley, 1975, p. 12-13.

Quaternary System

One volcanic unit and 5 unconsolidated units are differentiated on
the Kane County map. The volcanic unit includes cinder cones and blocky
lavas of olivine basalt. The variety of unconsolidated rocks in Kane
County is much greater than 5 and in many places the mapped units could
further be subdivided on the basis of age and other characteristics. The
most abundant types are reflected in the mapped units. The contained
materials reflect bedrock units exposed in the county and are their
erosional and weathered products on the way to the sea via the
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transportational forces operative in the area. The dcminant forces
include water, wind, and gravity. The dominant material in most of these
deposits is sa.nd also reflective of the dominant bedrock types. The five
depositional types grade into ancther and boundaries are often difficult
to place. Mapping decisions were based on dominant features. Although

Quaternary deposits are scattered everywhere across the county the
dominant areas are highlighted in figure 25.

Olivine basalt. Olivine basalt is present in cinder cones, dikes,
and blocky lava flows on the Markagunt Plateau, Kolob Terrace, and
Skutumpah Terrace. The rock itself is generally gray to black and dense
and vesicular. In thin section the rock shows aprse olivine phenocrysts
along with titaniferous augite, labradorite, and very small phenocrysts of
iron—-titanium axides set in a groundmass of the same minerals.

Technically same of the Kane County flows are hawaiites (Best, Mckee, ard
Damon, 1980, Fig. 1).

At least 14 cinder cones are present in Kane County (photo 50). The
conical features rise to 300 feet over the surrocunding landscape and most
have craters tens of feet deep and hundreds of feet in diameter. In cross-
section the cones are crudely stratified at angles of 30 degrees or more.
The material is sized mostly as lapilli or ash, but a significant amount
of blocks, bambs, and dust are also incorporated.

The flows stretch cut up to 5 or 6 miles from the cones and consist
of piles of blocky lava that fill low spots, valleys, or canyons on the
plateau and terraces (photo 51). These flows rarge to 60 or more feet in
thickness and spread out to a width of two or more miles. In some places
the upper surfaces are "crusty" and lava tubes have developed beneath
them. Generally upper surfaces of the rock are more vesicular than the
interiors.

The exposures of the lava flows are so rough and the cinder cones so
little modified by erosion that they give the appearance of being very
yamg. In fact little vegetation is established on most of the flows.
where the lava has been flowed in narrow channelways the streams have only
been able to erode around them. On some the filled channel now stands in
relief. K-Ar ages of two Kane County flows indicate they were erupted
500,000 to 1,100,000 years ago (Best, McKee, and Damon, 1980).

Mass wasting deposits. Many varieties of mass wasting deposits (Qms)
are found in Kane County. These include landslides, talus, colluvium,
toreva blocks, debris flows, and rock falls, and some are of relatively
laxgeareala{tent 'Itmedeposmtypeﬂgmdemtooneanoﬂlerardscme
have been reworked by alluvial processes. The largest deposits are
related to incampetent and pliable bedrock formations, notably the
Cretacecus Tropic Shale and Dakota Formation, and the Triassic Petrifiedq
Forest Member of the Chinle Formation. They are more prone to mass
wasting when the bedrock contains swelling clay beds. Therefore the
Tropic breaks down particularly arournd the socutheast margins of the
Kaiparowits Plateau and the Dakota Formation west of the Sevier fault.
Swelling clays are especially present in the Petrified Forest Member from
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Photo 50. At least 14 cinder cones dot the landscape in
northwestern Kane County. This is Black Knoll, located
4 or 5 miles east of Glendale.




Blocky lava flow on the Markagunt Plateau north of Navajo Lake.

Photo S51.
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Johnson Canyon eastward. More competent overlying formations break up and

are transported by the moving slippery mudstones and claystones of the
culprit formations beneath.

The Kolob Terrace-Gray Cliffs mass wasting zone involves the Dakota
Formation. Iarge fragments of sandstone and shale bedrock as well as
boulder and cobble sized clasts appear to float in mudstone and are found
in areally large hummocky masses. The mapped areas average 1x2 miles and
the debris is found up to 80 feet in thickness. Same have moved down the
mountainsides covering much of the underlying Carmel Formation. The lower
parts of these colluvium-landslide-debris flow masses are commonly
saturated with water. It is presumed that this mass wasting zone was most
active during Pleistocene time when climatic conditions were more humid.
Nevertheless, scme mass wasting deposits are still active (see Geologic
Hazards section).

Another large mass wasting zone extends around the southeastern edges
of the Kaiparowits Plateau on the Grand and Fiftymile Benches (Kaiparowits
Flateau landslide zone). The zone extends along 38 miles of Tropic Shale
outcrops and the deposits cover most of them. The width of the zone
ranges to more than 2 miles and averages 1 to 1.5 miles. In places,
especially between Fortymile and Fiftymile Washes, the debris has flowed
or slid over cliffs of underlying formations (photo 52). Huge boulderss,
cliff fragments, and all categories of smaller clast sized particles from
the overlying Straight Cliffs Formation "swim, float," or are otherwise
suspended so thickly in the gray dried mud of the Tropic that it is often
difficult to climb or hike about. Most of these mass wasting deposits
appear to be presently stabilized and some are undergoing erosion.
Presently active sliding areas are mostly small and local. The water
saturation in the lower parts of the deposits, characteristic of active
slides and debris flows and canmon with the Dakota Formation mass wasting
deposits to the west, is far less pronocunced.

A mass wasting deposit can be dbserved at Lake Powell opposite the
Rincon. A large hummocky mass of the Petrified Forest Member of the
Chinle Formation is littered with sandstone boulders and debris from the
overlying sandier portions of the Chinle and the Wingate and Kayenta
Formations.

Two types of mass wasting deposits are prevalent between Paria and
the Paunsaugunt fault at the north end of the Kaibab Uplift. Both involve
the incampetent beds of the Chinle Formation. The first type are blankets
or sheets of sandstone debris that rest on the slopes of the Petrified
Forest Member and dip away from the overlying cliffs at 7-15 degree
angles. The base of the deposit is usually flat, the basal surface
dipping up to 10-12 degrees. Many such surfaces are found in which the
slopes are much gentler and nearly horizontal. ¢Chinle materials are often
incorporated into the lower parts of the mass wasting deposit. The
deposit itself is sandstone fragment supported rather than rrud supported.
The incorporated materials are mostly derived fram the overlying Moenave
Formation and include all sizes of sandstone chunks, from fJ:.ne grains to
great angular boulder sized cliff fragments. The average size diminishes




Photo 52. Mass wasting deposits around the Kaiparowits Plateau. Upper photo
shows debris flow that cascaded from Fiftymile Bench hetween the Morrison
Formation cliffs. These debris flows are believed to have been most
active in Pleistocene time. Lower left shows the poorly sorted angular
consistency of the deposits. Lower right shows a deposit presently being
eroded with a big boulder protecting the material below to form a
damosel.
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away from the cliff fronts. The nearly flat basal surfaces are probably
shear zones developed in the Chinle by the weight of the overlying
cliffs. Even though the upper few inches of chinle get very muddy and
"slick" when wetted, the formation is so tight that it is doubtful that
any moisture can penetrate it. The incompetent unconfined Chinle fails,
however, when stresses such as loading are directed on it.

The secord type affects landforms on a grander scale. The overlying
Moenave and Kayenta Formations have been jointed by tectonic activity
stresses. These joints are only partially transmitted into the
incampetent Chinle Formation. In the erosional process the joint zones
generally erode more quickly and detached cliffs along the Vermilian
Cliffs apply pressure on the underlying incompetent and unconfined chinle
Formation. The weights of these cliff segments cause stresses in the
Chinle that are relieved through shearing into an unocccupied canyon where
some upward buckling takes care of the space requirement. Upward buckling
has not been directly cbserved in the Chinle, but erosion may have
destroyed all such evidence. Upward buckling has been cbserved in the
underlying Moenkopi Formation, however, especially in the Paria-Calico
Peak area. The joints thus allow movement, became faults, and drop large
blocks at points and salients along the Vermilion Cliffs. Shear zones
have been cbserved in the Chinle, often in unexplained angles and
configuration. It is difficult to classify or draw cross-sectional
diagrams of these movements, a cross between mass wasting and gravity
tectonics. The mass wasting deposits of this type have been mapped as
blocks of parent material. Perhaps the most spectacular example is fourd
just south of the Manganese King mine, Sec. 2, T. 42 S., R. 3 W., where
horizontal Chinle beds are abutted against vertical Kayenta and Moenave
strata. A well drilled into the vertical beds reached sandy clays (Chinle
Formation?) at a depth of 65 feet and encountered scme water along the
shear zone.

Mixed eclian and alluvial deposits. By far the most widespread gxroup
of unconsolidated deposits in Kane County can be classed as mixed eclian
and alluvial deposits (Qeas). They are mostly composed of fine grained
sand, but usually contain subordinate silt, gravel, clay, and other
clastics that arrived by fluvial processes. Sand is accumilated on
benches or protected places as sheets by the wind ard as weathering
products. These are then reworked by sheetwash during torrential rains
and flooding ephemeral streams. Occasional floods spread over the banks
of the streams depositing fine material over the eolian sand. The
deposits often grade into "pure" eolian deposits and "pure" alluvial
deposits. The deposits are generally thin, rarely exceeding 30 feet in
thickness. The map fields incorporate smaller areas of "pure" alluvial
deposits and "“pure" eolian deposits.

Eolian sand deposits. Kane County has many deposits of eolian sand
(Qes). Most are quite limited in aerial extent and have not been marked
on the geologic map. There are, however, several large mappable areas of
sand dunes that are significant. Of the many sandstone units exposed in
the county, theNavajoardEntradaSa:ﬂstonesardtl:\e'Il}msarﬂR?ckets
Tongue of the Page Sandstone are especially productive in supplying sand
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for dunes. Friable and poorly cemented horizons are best. The niddle
pink unit of the Navajo, best developed west of Johnsan Canyon, has
probably provided the sand for the Coral Pink sand dunes and other large
sarndy areas in the vicinity. The Coral Pink sand dqune area is about 8
miles in length and 1 mile wide, half on the upthrown block of the Sevier
fault, the other half on the lower block. The dunes on the lower block
are better protected and are somewhat larger, the largest rising to 45
feet fram the surface of non—-dune sand. The sand dunes provide the basis
for a popular state park recreational area (photo 53). Iower dunes
connected by sheet sand deposits form the Sand Hills that extend across U.
S. Highway 89 between Kanab Creek and the Sevier fault. This area of sand
is about 2x6 miles in area. Many smaller, but thick accumilations of sard
develop on the lee sides of ridges and cliffs. Some rise more than 100
feet on the cliffsides. Still other small areas consist of thin veneers
of sheet sand with regularly spaced very low longitudinal dunes.

Alluvium. Alluvium (Qa) was mapped wherever alluvial processes have
dominated. It has usually collected along the active and semi-active
stream courses, their valleys, and as small fans, slope covers, terraces
and pediments, and all sizes of clasts can be found in it. The occasional
ephemeral pond, playa, or small lake deposits are included in this unit.
The sorting is poor to good and the coarsest materials are generally
restricted to the stream channels. In pediments the coarsest materials
are closest to cliff and mountain fronts. The thickness of such deposits
can vary from a very thin venheer to more than 100 feet. Alluvial deposits
in Kane County that cover or are fourd downstream from the Tropic Shale
and other Cretacecus rocks usually contain much gray mud. Those
downstream from the Claron and Kaiparowits Formations usually contain
rounded cobbles and pebbles from the conglamerate lenses of those units.
Claron Formation derived limestone gravel maintains the pink and white
color of the original formation ard has often been carried a considerable
distance from the scurce. These gravels resist abrasion and deterioration
so that they are identifiable many miles downstream. Elsewhere sand and
sandstaone debris daminates, the color often indicating the source
formation.

Along some stream courses rather thick well-stratified accumilations
are present, such as in the lower stretches of Kanab and Johnson Canyon
Creeks (photo 54). The varying hues of the sandstone layers irdicate that
the flooding that brought the sand came from local areas (due to
torrential type rainfall) in the upstream watershed; reddish layers from
canyons eroding reddish sandstones and yellow or white layers from canyons
eroding yvellow, tan, or white sandstones. Deep gullies have been cut into
same of these relatively thick alluvial deposits and show how temporary
even the thickest of these deposits are with respect to geoclogic time
(photo 55). In some Kane County locations plant regimes requiring a long
time to develop are present on the deposits, indicating that stream actjgnp
has been minimal or is temporarily inactive. Most of these deposits are
believed to be Holocene in age.
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A sample of charcoal was cbtained from an unconsolidated alluvial bed
along Kanab Creek in NWNW Sec. 28, T 43 S, R 6 W that is 65 feet above the
creek bed. The charcoal was found in a S5-inch thick, calcarecus, greenish-
gray, clayey silt bed that was 35.3 feect below the top of the bluff. 'The
charcoal had a radiocarbon age of 4790 + 275 years B.P. (Geochron Lab
sample mumber GX 11703). This indicates that much, if not all of the
Kanab Creek bluff is Holocene in age.

Alluvial gravel. Iarger areas of predominantly gravel deposits were
mapped separately (Qag). Interlayers of silt, mud, and other materials
are often present. These are usually pediment or terrace deposits or
similar types where coarser materials have accumilated, usually in well
developed landforms or gecmorphic features (photo 56). WNot all such
deposits would provide suitable aggregate for road metal. Many are .
dominated by angular sandstone pebbles, cchbles, and larger fragments with
no inherent strength. Scme of the gravels are remnant terraces, located
far above the present stream course, and are relatively old (photo 57) -
Same are partly cemented by thick white caliche affecting up to 4 feet of
the deposit (Bullfrog Basin). Many of these deposits are believed to be
Pleistocene in age and a very few may be even older.
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Partly cemented terrace gravel along Kitchen Corral

Photo S7.

hified zone can exceed

The thickness of the calic
Terrace gravels can be found several hundred feet

Wash.

5 feet.

above the present drainage levels in Kane County.
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Structure and GeomorpholodY

Kane County is a typical Colorado Plateaus area and reflects this
structurally and geomorphologically. In essence all strata dip gently
northward in a hamocline that is warped and faulted. The oldest rocks are
generally exposed to the south while the younger beds cap plateaus to the
north. The mostly gentle northward dip of the beds is often overshadowed
by the axes and trends 08 the warps (fo!sds), faults, and joint systems, of
which most trend N 20-45" W and N 15-30° E.

Structurally the county can be divided in half at the East Kaibab
monocline. The the west of the monocline the northward dipping homocline
is well developed into the "Grand Staircase." Northeast trending faults
are the most prominent structural features. The folds are geherally broad
and shallow (there are a few exceptions). To the east of the monocline
the strata are reqularly folded, mostly along northwest trending axes.
The beds drop into the relatively deep Kaiparowits Basin from the
monocline and then gradually rise easterly to the Circle Cliffs
anticline. The steep east limb of the anticline is known as the
Waterpocket Fold. East of this fold the beds drop into the southern part
of the Henry Mountains Basin and then gradually begin to rise an the west
flank of the Momument Upwarp.

: The dominant streams of Kane County are mostly cbsequent and flow

‘ southward into the Colorado River. Most of the county is in the Colorado
River drainage. A small portion, consisting of the tops of the
Paunsaugqunt and Markagunt Plateaus, in the northwestern parts, drain into
the Great Basin. The principal Great Basin streams are consequent. The
Colorado River drainages are more vigorous and steep ard the cliffs are
gradually (quite rapidly considering relative geclogic time) retreating
northward.

Western Kane County

Structurally western Kane County is dominated by the northward
dipping hamocline. The rocks dip generally northward into a large basin
in central Utah (Central Utah Basin) filled with Cretacecus and Tertiary
sedimentary and volcanic rocks. Structurally western Kane County can
further be subdivided into three blocks by two major NNE striking faultsg,
Both are high angle normal faults, both are complex in that each forms ga
fault zone. The downthrown block is on the west side in both cases.
These are known as the Sevier and Paunsaugunt faults of which the
westerrmost Sevier fault has the greatest displacement.

Sevier fault. The Sevier fault zone exterdds far to the north anQ far
to the south of Kane County and is about 300 miles long. To the south jt
begins about 35 miles south of the Grand Canyon and to the north its
affects are noticeable well into central Utah. The zone, in Kane Count.y,
consists of many closely spaced splinter faults tl}at together account gq,-
the 1000-2000 foot displacement. An escarpment with up to 800 fee1; of

' relief has developed along this zone. In most places, however, this
escarpment displays only several hurdreds of feet of relief. The blockg
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between the splinters are often moderately tilted and dips up to 60
degrees have been measured. At Coral Pink Sand Dunes State Reserve th€
"red" Navajo is abutted against the Moenave Formation rocks (1000+ feet of
displacement). The sand dunes deposit has collected at the foot of the
escarpment where it is high to the south and has drifted across and over @
low point in the escarpment to the north. The prevailing winds are from
the southwest. Near Orderville the Cretacecus Tropic Shale is abutted

against the cliff forming white Navajo Sandstone (about 1800 feet of
displacement) .

Paunsaugqunt fault. Escarpments are less prominent and intermittert
along the Paunsaugunt fault, which has a lower order of displacement.
Like the Sevier fault it is a lang fault zone that extends from Arizonad
into central Utah. The fault plane(s) dips at various angles from 45° E
(reverse fault) to 45 W (normal fault). The displacement decreases tO
the south from about 800 feet near Willis Creek to less than 100 feet INear
Deexr Spring Point. Then from Deer Spring Point scuthward to the Arizona
border it increases again to approximately 500 feet. In areas where the
displacement is less, the rocks on the upthrown block dip sharply toward
the fault. The total displacement effect alarg the entire Paunsaugunt
fault in Kane County is therefore estimated to average 500 feet. It is
interesting to note that escarpments are mostly posed on the downthrown
block (reverse topography). Same escarpments, however, have developed on
the upthrown block and the relief is totally dependent on the differences
of hard arxd soft strata. Along Willis Creek the Entrada abuts against the
Straight Cliffs Formation. Along Seaman Wash (to the south) the Chinle
abuts against the Moenave Formation. In many places the fault line is
cbscured or covered by alluvium and other Quaternary deposits.

Kolcb Region. The block located west of the Sevier fault (Kolacb
Region) is structurally simple and divided geamorphologically into four
physiographic subdivisions. These include Long Valley, Markagunt Plateau,
Kolob Terrace, and Coral Pink Bench and Canyonlands (figure 3). Long
valley carries the socuth-flowing East Fork of the Virgin River south of
the Colorado River Basin-Great Basin divide. The divide crosses the Long
Valley physiographic subdivision at Long Valley Junction. North of the
divide is another valley containing the headwaters of the rnorth flowing
Sevier River. Both rivers flow in alluvium filled valleys that are
entrenched into the bedrock. The rivers flow parallel one to three miles
to the west of the Sevier fault. The valley itself is usually west of the
zone of splinter faults, but several splays cross it, especially near
Glendale and Mt. Carmel Junction. The rivers usually bend where a famlt
crosses the valley. Soame of these splay faults have displacements of
several hundred feet. The alluvium filled valleys vary from several
hundred feet to 1/2 mile in width. The rivers meander across and are
slightly entrenched in the alluvium. The alluvium itself is relatively
thick, ranging to 40 or 50 feet above the bedrock. Terrace gravels are
plastered or lodged at several levels on valley walls that rise on both
sides indicating that the river has been in this area for a lang time,
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With the exception of a few areas the structure of the other thre€
physiographic subdivisions of the Kolob Region is simple. The structuf®
contours indicate that the average dip is less than two degrees. A broad
risetothewesthasskewedthestratasothatthehcmoclinedips
northeasterly rather than directly northward. Otherwise the "Grand
Staircase" is typically displayed.

The northermmost Markagunt Plateau is divided from the Kolch Terra@ce
along the Pink Cliffs. North of the Pink Cliffs all drainages flow into
the Great Basin and most flow northeastward. The principal drainages are
found in shallow alluvium filled valleys between which paralleling ridges
rising to 500 feet above the valleys have developed. Several volcanic
cinder cones are present along the Garfield County line which are
surrounded by very fresh appearing blocky lava fields. These Pleistocene
lavas have blocked at least one principal drainage and created Navajo Lake
behind it. Scme of the drainages flow into caves in the Claron and emerge
as large springs or disappear as "lost rivers." Scattered relatively
short faults with displacements are occasionally found on the plateau
surface. These are probably parallel and related to the closely spaced
joint systems found in the Claron Formation. Inasmuch as the Markagunt
Plateau is capped by the Claron Formation, which is mostly limestone, scme
karst features have developed. There are a few shallow caves amd
sinkholes on the ridges and at least one drainage is known to flow in a
cave system (Cascade Falls). Claron karst activity is largely controlled
by the joint system. The Pink Cliffs rise 400 to 600 feet all along the
southern boundary of the Markagunt Plateau. Bare cliffs are not
ocontimiously along the escarpment, parts are mantled with thin colluvium.
It is thought that the colluvial cover was contimuous during the
Pleistocene and is gradually being removed during the Holocene epoch.

The Kolob Terrace does not take on the form of a true terrace. It is
found between the Pink Cliffs and Gray Cliffs and consists of a series of
ridges between the principal cbsequent streams. Along the south and east
margins the ridges terminate as a series of points along an intermediate
cliff forming unit (Straight Cliffs Formation). Below the Straight Cliffs
Formation is a convex slope developed on the Tropic Shale and then a
concave slope developed an the Dakota Formation. The concave slope of the
Dakota is often mantled with colluvium and landslide debris and the Gray
Cliffs are not well developed. Faults are not abundant on the Kolob
Terrace except to the northwest (Ts. 38 and 39 S., R. 9 W.). A series of
nogmal faultsowith displacements up to 200 feet are present that trend N
507 E to N 88~ E. The lengths of these faults ranges fraom 2 to 4 milesg
and they are spaced 1/2 to 1 mile apart. In 9 larger faults the
downthrown side is to the northwest along four of them and on the
southeast side on the remainder, so as to form horsts and grabens. 1In tpe
same area lava flows are present, similar to those found on the Markagunt
Plateau. The lava erupted fram vents and volcanos below the Pink Cliffg
and flowed into canyons, partially filling them. The aforementioned
faults apparently cut same of the lava flows. Several cbsequent
originate below the Pink Cliffs and cross the Kolob Terrace in alluvium
filled valleys. These include the North Fork of the Virgin River,
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Orderville Canyon Creek, Meadow Creek, Muddy Creek, Iydias Creek, and
Stout Canyon Creek.

The Coral Pink Bench and Canyonlands physiographic subdivision covers
theremanungareaoftheKolchegioninKaneCOtmty. It exterds
southward from the Gray Cliffs (Dakota Formation) to the Vermilion cliffs
in Arizona. The White Cliffs usually divide this area into two
subdivisions, but there is little area between them and the Gray Cliffs
and no significant terrace has developed. Several deep canyons have been
incised into the white Cliffs and the overlying Kolob Limestone Member in
this northern part (where the terrace should have been developed) and
these units have been dissected to form mesas and buttes. The "req"
Navajo makes up most of the surface below the mesas and buttes and is
differentially eroded into rounded knolls and ridges. The Navajo o
Sandstone 1s strongly jointed with joint sets trending N 30° E and N 20
W. Same vertical displacement can be demonstrated along the most
praminent of the joints. The drainages have cut their valleys and canyons
along these joint trends. The Harris Mountain anticline is present just
west of the Sevier fault zone. Several splay faults from the Sevier fault
zone cut and displace the rocks in the anticline. The anticlinal axis
parallels the fault zone (about N 30 E), and the west flank is the more
gentle. Dips on the west flank range to 3 or 4 degrees while dips on the
east flank range to 7 or 8 degrees. In the fault slivers near the zone
the dips are occasionally as steep as 45 degrees. The East Fork of the
Virgin River is deflected westward near the nose of this anticline. Tt
has incised a deep canyon into the Navajo Sandstone and the Kayenta
Formation is exposed at the head of Parunuweap Canyon. Earlier in its
history the river meandered across the softer "red" Navajo and scme of the
meanders are now entrenched. The principal streams from the north all
flow into the Virgin River so that the area to the scuth has no permanent
streams.

Johnson Canyon Region. The area between the Sevier and Paunsaugunt
fault zones (Johnson Canyon Region) includes the Paunsaugunt Plateau,
Podunk Terrace, Skumtumpah Terrace, Wygaret Terrace, and Shinarump Flats
physiographic subdivisions (figure 3). The northward dips of the entire
region are very gentle ard rarely exceed 3 or 4 degrees. Locally,
especially along the margins of the Paunsaugunt and Sevier fault zcnes,
the beds are tilted at somewhat steeper angles. A very shallow and broad
syncline (Paunsaugunt syncline) is present on the Paunsaugunt Plateau that
plunges gently northward. Scuth of the Pink Cliffs the structure contours
broaden and flatten ocut. Several clusters of faults are present in the
region that offset the broad northward dipping homocline. Perhaps the
most important is the Bald Knoll fault zone. The zone starts near the
mitgﬂiffsatBrmczwmmﬂamlerPOMarﬂexterﬂsmrthwardabcut
N 20" E to Bald Knoll where the fault trace is covered by alluvium and
lava. Then it continues almost directly northward along the west side of
the Pink Cliffs. An en echelon branch, 1 1/2 miles to the east contimeg
northward from Rush Canyon into Garfield County. Many branch and splay
faults are present in the zone to the south of Bald Knoll. Here the 2one
is 2 Lo 3 miles wide and most of theobrandl faults parallel the main fay1¢
(N 207 E) or lie conjugately at N 20~ W. The displacements on individysy
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faults ranges to 200 feet or more. The branch north of Bald Knoll places
the Wahweap Formation against the upper part of the Tropic Shale for a
minimm of 500 feet of displacement. Farther north, in the en echelon
branch, the Kaiparowits Formation is brought against the lower part of the
Claron Formation for a maximum of 200 feet of displacement. The
downthrown block alang the fault zone lies to the east so that the are@
big:;km‘l the Bald Knoll and Sevier fault zones forms a wide horst-like

b .

Several faults are found to the west of the Bald Knoll zone including
the rather prominent Skutumpah Texrace fault that extends across the
Skutumpah and Podunk Terrace fram Timber Mountain approximately N 20-30 W
to the scuthernmost point of the Pink Cliffs. It appears to be offset 1n
a few places by northeasterly trending faults. The trends of faults in
the Bald Knoll zane and along the Skutumpah Terrace fault appear to be
controlled by the regional joint patterns. The offset on the Skutunpah
Terrace fault is in excess of 100 feet.

Two relatively short fault zones parallel Kanab Creek and Johnsan
Canyon Wash. They alsc subparallel the regional joint trends. Most have
the downthrown blocks positioned toward the canyons and this feature is
best developed along Kanab Creek. The faults are relatively short and
have displacements ranging to 100 feet. These fault zones are active (see
geologic hazards) and at least scme of the stresses are thought due to
unequal loading between plateaus and canyons. Many short faults are
observable along the Vermilion and white Cliffs that allow points to slump
downward.

The Paunsaugunt Plateau is similar to the Markagunt except that there
are no veolcanic flows. The consequent streams of the upper surface are
tributaries of the East Fork of the Sevier River, the flow is north
northeast into the Great Basin. The streams flow in shallow alluvium
filled valleys that are up to 1000 feet wide. The principal stream course
is nearly coincident wsm the very shallow and broad Paunsaugunt syncline
that trends about N 30 E. The Pink Cliffs are usually 400 to 600 feet
high and are partially mantled with a thin veneer of colluvium that is
presently being removed by erosive processes. The southern part of Bryce
Canyon National Park extends alang the Pink Cliffs on the east side of the
Paunsaugunt Plateau where the process of removing the colluvium is more
complete. The picturesque minarets, castle forms, arches, ard other
characteristics of the Pink Cliffs are the result of differential
erosional along closely and evenly spaced vertical joints and slight
differences in the hardness (horizontal) of the Claron Formation beds.

The Podunk Terrace extends from the Pink Cliffs to the Gray Cliffg
and the Skutumpah Terrace from the Gray Cliffs to the White Cliffs. 1In
the Podunk Terrace area the interfluves are largely parallelj{x; ridggs_
Well developed ledge or cliff lines are developed on the Straight Cliffg
and Dakota (Gray Cliffs) outcrops. The Straight Cliffs lf'onnatlon usual ly
forms a cliff to 150 feet in helight, whereas the Gray Cliffs are 200 to
400 feet high. Where the Gray Cliffs are highest the upper parts of the
Entrada or Carmel Formation form the lower part. Interfluve areas 1In te
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Skutumpah Terrace are similar to those in the Podunk Terrace in the
northern part, but broad benches have developed on the top of the White
Cliffs on the Kolcb Limestone Member of the Carmel Formation. The uppet
surfaces of these benches are generally veneered with fine brown sand ©f
mixed alluvial and eolian origin.

The White Cliffs form an imposing erosional escarpment across the
region with an average rise of 800 feet above the Wygaret Terrace. The
softer, more pinkish Navajo Sandstone below ("red" Navajo) is partly
covered by sheet sand and erodes to low knolls, ridges, low cliffs, and
other projections. The major streams and washes that cut through the
vwhite Cliffs form deep steep-walled canyons. Only a few major washes
cross the Wygaret Terrace and Shinarump Flats and these flow in alluvial
filled valleys. The alluvial fill in these valleys in places exceeds 50
feet and the streams are deeply entrenched in this alluvium. Farther
south on the Wygaret Terrace are alternating benches and cliffs formed by
hard and soft units (lower main body Navajo [hard], Tenney Canyon Tongue
[soft], Lamb Point Tongue [hard], and Kayenta Formation [ledgy and
soft]). The Vermilion Cliffs mark the southern boundary of the Wygaret
Terrace and they are formed fram the ledgy Kayenta above and the cliff—
forming blocky Moenave Formation. The Shinarump Flats are found below the
Vermilion Cliffs and extend southward to the Kaibab Uplift. They are
broken by the Shinarump Cliffs aleng the Arizona border in this region.
In the Utah portion the Flats consist of a gentle alluvial slope covering
the Petrified Member of the Chinle Formation. The Shi
outcrops form a 2-5° north sloping dip-slope along the state line.

Paria Region. The area between the Paunsaugunt fault and the East
Kaibab monocline (Cockscamb) is a block that is structurally higher than
blocks (regions) on either side. Several faults and north trending folds
alter the principally north-dipping Paria Region. The principal feafure
is the Kaibab anticline which enters Utah from Arizona trending N 45 W,
The axis may join with the Tropic anticline in Garfield County. The
plunge is steadily northward except for a sag as the axis crosses Kaibab
Gulch. The sag allows for some closure on Fivemile Mountain. Along
Buckskin Mountain the east flank coincides with the East Kaibab
monocline. On the east flank of the mountain, wh the upper surface
reflects the anticlinal form, dips range from 10-15" before steepening
further along the monocline. Locally, as along the sag at Kaibab Gulch,
dips decrease to as little as 4 or 5 degrees.

The anticline is more symmetrical to the north and flanking dips
usually range from 2 to 4 degrees. Other folds are present between the
Kaibab anticlinal axis and the East Kaibab monocline, the axes of the
Hackberry Canyon syncline and the Butler Valley antgcline. The dips of
beds between these folds are relatively gentle (2-6) except for the eagt
side of the Butler Valley anticline and the east side of the Kaibab
anticline near Wiggler Bench. The east side of the Butler Valley
anticline is coincident with the East Kaibab monocl:.ne The dips betwegn
the Kaibab anticline and the Hackberry Canyon syncline near Wiggler Bencp
(T 38 S) steepen to 10-15 degrees (photo 58). The axis ofthel-lackbetty




Photo 58. East flank of Kaibab anticline near Wiggler Bench.
The folds in the Paria Region are relatively subtle
except at a few locations, such as at this location.

The beds dip 10-15 degrees into the Hackberry Canycn
syncline.
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Canyon fold.is rather sinuous and there is some closure along the doublY
plunging axis of the Butler Valley anticline.

Between the Kaibab anticline and the Paunsaugunt fault, in the
northern part of the Paria Region, the strata are only gently warped ard
the folds are poorly defined. Roughly paralleling the sourse of the PAaria
River is the Paria River syncline. To the west and trending northwesterly
are the Deer Range anticline and Nipple Iake syncline. ']318 Deer Range
anticline has a relatively steep west limb with dips to 15°. The limb is
cut off by the Paunsaugunt fault and the Swallow Park fault zone. The

There are several fault groups or zones an Buckskin Mountain. oOne

zane, trending N 70-80° E, subparallels Pine Hollow Canyon (near the
Arizona border) on the east flank of the Kaibab anticline. The

displacement reaches a maximum of about 250 feet and the downthrown block
is to the south. There are at least three pairs of paralleling faults
which drop narrow intervening blocks between them into grabens. The
displacements range to about 100 feet and the trends are daminantly
north. Ancther fault is paired with a short anticline. Strata rise
gently southwestward from the sag of Kaibab Gulch and after reaching the
anticlinal axis, collapse sharply to the fault, which is downthrown to the
southwest. The trace of the fault is covered with alluvium in a narrow
paralleling valley. On the downthrown block, across the valley, the beds
rise sharply at first and then gently, suggesting collapse between the
anticlinal axis and the scuthwest side of the total structure.

A fault marks the wegt side of the Kaibab anticline and Buckskin
Mountain. It trends N 15° E and the displacement seems to increase
southward. Near the T 43-44 S boundary, the Lower Red Member of the
Moenkopi Formation is brought against the Kaibab Formation indicating 2s0
feet of displacement. Additional displacement is present in splay faults
that project northward, but their traces are covered by alluvium. The
trerds of most faults on Buc.ksgln Mcn.n'rtaJ.B (excepting the Pine Hollow
Canyon faults) range from N 30 W to N 15 E. An extension of ane of the
graben forming faults extends north, crosses Kaibab Gulch and is lost
under the alluvium of Kimball Valley (Shinarump Flats). It is downthromm
to the east and there is same dowrmard drag in the beds on the downthrosgm
block adjacent to the fault. Middle Red Member beds of the Moenkopi
Formation are brought adjacent to the ILower Red Member beds suggesting
about 200 feet of displacement.

The Swallow Park fault zone trends N 70-45° N and is a series of
faults which downthrow strata to the north between No Mans Mesa and Deey
Rarge. The northwest extension of these faults extend and bend into the
Paunsaugunt fault. It is difficult to estimate the true displacement
inasmich as only the Navajo Sandstone strata are involved, but a minimgyy
of 200 feet is indicated. The beds rise quickly to the north of the zgpe
on the steep flank of the Deer Range anticline.
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Of the remaining faults in the northern part of the Pg.ria Region, |
most trend parallel to the dominant joint pattern, N 15~35" W. The jo
with offsets are concentrated along the major stream courses (HackberrY
Canyon, Paria River, and Kitchen Corral Wash). The most impressive set iS
along the Paria River north of Paria. There are two major faults, one ©n
each side of the river, that are 3/4 to 1/4 mile apart. Each downdrops
strata into the canyon and each exhibits a maximm displacement of about
250 feet. On the east side fault the deformation starts at the south €nd
as a riverward dipping fold, then the fault appears and drops the strata
flatly or with a small amount of reverse dip. Still farther north the
fault breaks into several branches same of which cross the river. The
western fault starts south of Paria where it seems to join splay faults
from faults attendant to the East Kaibab monocline. The downdropped block
has been lowered uniformly or exhibits a small reverse dip angle. The
fault planes dip steeply toward the river or are nearly vertical. Between
these major faults there are additional ones with less offset, scme of
which cross bends in the river. These faults appear to cut and displace
high river terrace gravels. Detailed examination of chinle Formation
outcrops north of Paria indicates the presence of some nearly horizontal
slippage planes above which the strata are imbricated (photos 59 and 60).
To the north of the fault zone the strata rise somewhat before returning
to the gentle northward dip. This is probably because the area to the
north of the fault zone has not been collapsed into a graben. It may also
be due to the axis of the Deer Range anticline swinging eastward across
the area. It is thought that collapse has occurred along the regional
joint systems due to unequal loading between the river valley and the high
cliffs that bound it. The sinking blocks probably displace incompetent
strata beneath (Chinle and Moenkopi Formations) which move riverward along
shear planes and buckle up urder the valley floor. Indications are that
this process was more active during Pleistocene time.

Similar collapse appears to have occurred on many of the points along
the Vermilion Cliffs. An outstanding example is evident near the
Manganese King mine (see fiqure xx, p. zzz). Kayenta, Moenave, and Chinle
beds slipped over the Chinle and Moenkopi beds on an old surface rotating
into nearly vertical position. The Moenkopi beds immediately in front of
the slide plane dip more steeply than in unaffected areas.

The Paria Region is divided into at least four physiographic
subdivisions (figure 3) that generally contain the geamorphic patterns of
counterparts in the Johnson Canyon and Kolok Regions. In addition smalj]
remnants of a "Podunk or Kolob Terrace" extend into the region in the
north. They physiographic subdivisions include the Paria Terrace, the
eastward extensions of the Wygaret Terrace and Shinarump Flats, and
Buckskin Mountain. Each has some unique characteristics worthy of
discussion.

The northern part of the Paria Terrace exposes the members of the
Entrada and Carmel Formation. The area consists of mesa ridges and butteg
built of these units, between which rather large valleys have developeq
which are covered with alluvium. To the west, and to a lesser degree ip
the east, the tops of the mesa ridges are veneered with pediment grave]



Photo 59. Deformation in the Chinle Formation, west of the Paria
River across from the abandoned townsite of Paria. The faults
are thought to have been created because of differential loading
of sediments @n the incompetent Chinle Formation. Bed A is
correlated with Bed A on the opposite side of the high angle
fault. The dip below the low angle fault is represented by the
dashed line. Another high angle fault is found just to the right
{east) of the picture which is upthrown to the east beyond which
the beds have nearly horizontal attitudes (see photo 60).




Photo 60. Fault deformation just west of Paria River and abandoned townsite
of Paria. Photo taken just cast of photo 59, but looking south.

Notice the shear fault imbrications to the east of the high angle
fault.
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Principal streams and washes, all tributaries of the Paria River,
generally flow in valleys filled with alluvium. Most of the streams ar€
cutting into the alluvium and reach patches of bedrock along the bottom-
Vertical and rounded pipes have shattered and deformed the beds of the San
Rafael Group in T 38 S, in Rs 1 and 2 W. The pipes range in diameter t©
40 feet (photos 61 and 62). Same have been recemented and are more
resistant than the rock that encases them. These form colums and otheX
momuments that add to the interest in the Kodachrome Basin State Reserve-
Same are bleached and others are mineralized with lead and copper (see
Econamic Geology, p. 22Z). These features have been discussed by
Hornbacher (1984). The southern part of the Paria Terrace consists of
northward dipping benches developed on the Kolcb Member of the Carmel
Formation that rest on top of the White Cliffs. These benches are
generally veneered with fine sand of mixed alluvial and eolian origin.

The Wygaret Terrace is mainly built on outcrops of the Navajo
Sandstane. The upper 400 feet of the Navajo stand as the White Cliffs at
the northern boundary of the subdivision. Drainages have cut many deep
canyons into the White Cliffs in this region. There are several
impressive buttes at the erds of points and there are some large mesas
isolated from Paria Terrace benches to the north. Most of the remainder
of the Wygaret Terrace is built on the softer middle part of the Navajo
Sandstone. The lardforms consist of bare rock domes, swales, and slopes.
Between the bare rock forms are numerous hollows filled with sand. The
lower part of the Navajo (lower 50 feet) forms cliffs, towers, and even
arches. In the south, along the edges of the terrace, the upper surface
exposed the ledgy Kayenta Formation. In places the principal drainages
and their tributaries have cut deep canyons into the terrace and canyon
walls are generally unscalable (Hackberry Canyon, Paria River Canyon, ard
Kitchen Corral Wash Canyon). Most principal streams and washes flow over
alluvium, but in places flow over bedrock.

The Shinarump Flats physiographic subdivision exposes ocutcrops of the
relatively softer Triassic units and large connecting areas of alluvium
covered Flats (Telegraph Flat and Kimball Valley). Harder beds form
discontirmious cuestas (Virgin Limestone, Shinarump Member, etc). The
exposed bedrock areas are rough and eroded into badlands. This is
especially developed around the Kaibab anticlinal axis. Arocund the base
of the vermilion Cliffs, which form the north boundary of the subdivision,
mass wasting deposits form pediment like benches on the Chinle Formation,
In places, where short cbsequent washes have been able to cut deep canyons
into the Moenkopi, the difference in loading causes the rock to buckle
the canyon floors (photo 63). This can be cbserved 1n almost every cCanyon
south of Pilot Ridge and Calico Peak.

Buckskin Mountain is a large anticlinal whaleback, the upper surface
of which consists mostly of the tough Timpoweap Member of the Moenkopi
Formation (photo 64). On the gentle west slope the drainages are all
srmllowardubsthavemtbeenabletocutﬂnxmghﬂ}enenberuto_the
underlying Kaibab Formation, which is also quite resistant to erosion. gp
the steep east side nearly every consequent wash has cut relatively
straight canyons into the Kaibab. They flow perpendicular to the
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Photo 62. Pipe in the Gunsight Butte Member of the Entrada Sandstone
at Kodachrome Basin State Reserve. Some of the pipes have
been recemented and are more resistant to erosion than the
host formaticns. There are at least 60 pipes in and around
the reserve.
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structure contours in most cases. Some of their courses have been
deflected by faults. Sand Gulch ard Kaibab Gulch are washes that cross
the whaleback perpendicularly (superposed washes). The latter has it a
550 foot deep canyon through the whaleback. The exposed units aon Buckskin
mHTtamaxennstlylnmtonearﬂthemhasbeenscmekarstactlv1ty It
is not extensive and mostly found along the faults. The surface evidence
is mostly in the form of deep sinkholes.

East Kaibab monocline. This sharp flexure divides the county in half
and151tsmostcntstand1ngstructuralfeamre The structure exterdds
from the Colorado River in Arizona northward to Canaan Peak in Garfield
County. 'Iherockstratadropshaxplyeastwaxdatan;lwrangjngfrcm 15
degrees to slightly overturned, with an average of 40 to 60 degrees in the
steepest part of the flexure. The structural displacement in the southern
part of Kane County is about 5,000 feet. This displacement decreases
gradually northward to Butler Valley and then rapidly dies out. Its
parallelism with the Sevier and Paunsaugunt faults suggests that it too
could be a fault at depth. Since soft and hard units are involved the
landforms consist principally of a series of hogbacks and strike valleys.
There is usually one strike valley that is filled with alluvium up to 40
or 50 feet thick. The present drainages have usually cut a deep channel
in this alluvium and some have reached patches of bedrock beneath. In
addition there are patches of pediment along the edges high above the
present drainage levels. These are especially well displayed south of
Kaibab Gulch.

The principal trend of the monocline is N 20° E, but a N 35° E
trending "jog" appears each 5 to 8 miles. In the vicinity of these "jogs"
the structure becomes more camplex. "“Jogs" appear in the vicinity of
Kaibab Gulch, Shurtz Gorge, Pump Springs, and at the Gut. South of Kaibab
Gulch the steepest part of the fold irwvolves the Moenkopi, Chinle, ard
Moenave Formations. Between Kaibab Gulch ard Shurtz Gorge the steepest
involvement with the fold is gradually shifted fram the Kayenta-Navajo
Formations to the Navajo~Carmel. North of Shurtz Gorge the steepest dips
are found in a zone involving strata fraom the Judd Hollow Tongue to the
Dakota Formation. In the next segment the sharpest flexure extends to the
Tropic and lower Straight Cliffs Formation, but the Judd Hollow and
Thousand Pockets Tongues remain relatively steep. From the Gut northward
the steepest part of the flexure involves the Straight Cliffs and Wahweap
Formations.

Several faults can usually be found paralleling the strike of the

beds along the East Kaibab monocline which usually serve to cut out
In a few places strata are repeated. Splay faults, most of which

trerxiN45 W extend ocut from the fold in both directions, mostl
originating in the vicinity of the "jogs." The mumber of faults increases
near the "jogs" and dips change rapidly. In a few instances there is
evidence of back-~thrusting (photo 65). In the section between Pump
Spnmsarﬂthecuttherearemmercmscloselyspacedperpendlmﬂar
offsetting faults. Several faults extend into the Navajo Formation on the
west side of the fold, which have recemented fault traces that are more
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:ég?istarrt ard form very narrow linear dike-like or wall-like ridges (photo

In the central part of the monocline, notably between Shurtz Gorde
and the Gut, the west side of Cottonwood Creek, which occupies the
principal strike valley, consists of a steep dip slope of the Navajo
Sandstone, Judd Hollow Tongue, or Thousand Pockets Tongue of the Page
Sandstone. In places the relatively thinbedded Judd Hollow limestones
have sheared away from the Navajo and have slid out over themselves and
the Thousand Pockets Tongue near the bottom of the slope.

Eastern Kane County

It is also corvenient to divide eastern Kane County into three
regions. The first (Kaiparowits Region) involves the deepest part of the
Kaiparowits Basin and extends from the Cockscomb (East Kaibab monocline)
to the Straight Cliffs. The secord is the Escalante River Region which
extends from the Straight Cliffs to the Waterpocket Fold. The third
region (Bullfrog Region) has the smallest area arnd involves that part of
the county east of the Waterpocket Fold. The Kaiparowits Region includes
the Kaiparowits Plateau, Clark Bench, and Glen Canyon Bench and
Canyonlarnds physiographic subdivisions (figure 3). The Escalante River
Region includes the Flats, Escalante Bench arxl Canyonlands, and
Waterpocket Fold physiographic subdivisions. The Bullfrog Region includes
only one physiographic subdivision, the Cane Springs Desert.

Kaiparowits Region. The Kaiparowits Plateau daminates the region and
is areally the largest in Kane County. It is difficult of access and is
bounded on all sides by steep cliffs (Tropic ard Straight Cliff
Formations). It is a typical plateau with two major benches built on the
Drip Tank Member of the Straight Cliffs formation ard on the hard
sardstones at the top of the Wahweap Formation. Deep canyons have been
cut imto the plateau by the principal drainages ard their tributaries:
Wahweap Creek, Last Chance Creek, Rogers Canyon Wash, and Left Hand Collet
Canyon Wash. All but the last named drainage flow south toward the
Colorado River. Left Hand Collet Wash flows easterly to the Escalante
River. The east boundary of the Kaiparowits Plateau is marked by the
famous Straight Cliffs or Fiftymile Mountain. In Kane County this line of
cliffs is unbroken from Ieft Hand Collet Canyon (near the Garfield County
line) to Navajo Point (just north of the Colorado River), a distance of
about 35 miles (photo 4).

The Clark Bench physiographic subdivision lies between the East
Kaibab monocline and the Echo monocline south of the western part of the
Kaiparowits Plateau. Much of the bench area is covered by Quaternary
alluvial or eolian sand deposits. These deposits even fill in the
shallower drainage ways. In most places canyons are not conspicucus,
except for the deep canyons of Kaibab Gulch and the Paria River cutting
the Navajo Sardstone.
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~__ The Glen Canyon Bench and Canyonlands physiographic subdivision
differs from Clark Bench in that almost every drainage cuts a deep
canyon. ‘Ihennstuup?rtantbe.mhes (Grand Bench, Sit Down Bench) are
developed on the Morrison Formation which is missing in the Clark Bench

subdivision. Mesas and buttes are cammon in the Glen Canyon Bench and
Canyonlands area.

_ Structurally the Kajparowits Region is a gently warped table land.
Anticlinal and synclinal axes alternate each one to six miles and dips
rarge to about 7 degrees. Most of the axes trend northerly or
northwesterly and most plunge northerly. A few have steeper limbs and
have been called monoclines. The Echo monocline forms the boundary
between the Clark Bench and Glen Canyon Bench and Canyonlands subdivisions
and is found just west of Big Water (Glen Canyon City). It is the limb
between the Tomny Canyon—Cedar Mountain anticline (west) and the Wahweap
syncline (east). It is steepest near the Arizona border where the
structural relief between the fold axes approaches 1500 feet (across 3
miles). Several subparalleling short faults are present in the area of
stegpest flexure. The Dutton monocline extends into Kane County from the
north between the Upper Valley anticline and the Table Cliff-last Chance
syncline. The structural relief at the county line is over 2000 feet, but
the monocline diminishes into a gentle limb 8 or 9 miles to the south.
The Grand Bench monocline is a local steepening between the Rock Creek
anticline and the Glen Canyon syncline and is located in the southeast
part of the region. The dips on each of these monoclines increases to a
maximm of 20 degrees. Faults are not coammon or are short and of
relatively small displacement. More have been mapped in the southern part
of the region.

Escalante River Region. This region lies between the Straight Cliffs
on the west to the Waterpocket Fold on the east. The principal drainage
is the Escalante River which has cut a deep canyon into the exposed
sandstones. It flows into the Colorado River which forms the socuth
boundary of the region. The Colorado River has also cut a deep canyon
(now inundated by Lake Powell). The rivers have meanders incised into the
rock indicating superposition. In the central part of the region
(Escalante Bench and Canyonlarnds) and the Waterpocket Fold, surfaces are
dominated by bare bedrock with infilled scattered hollows of sand. Along
the west margin flats or benches have develcped consisting of pediments of
sand and gravel. These have developed on the Entrada and Carmel
Formations. Below the Straight Cliffs a line of lower cliffs built on the
Morrison Formation is present. The bench (Fiftymile Bench) between the
two sets of cliffs is mainly covered with colluvium and landslide debris.
Here and there windows of the underlying Tropic Shale or Dakeota Formation
can be noticed. 'Ihebenc:l'lisaveryruggedbcmldel_:'—strewnarea. In
places the mass wasting deposits have flowed (debris flows) over the lower
cliff to the flats below. These debris flows are presgntly mgstly
inactive and undergoing erosion. The importance of rainfall in the
present erosicnal process is evident from the numercus damoisselles that
have developed on the debris flows.
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Structurally the western edge of the region is similar to that of the
Kaiparowits Plateau. Several closely spaced, generally north trendind
fold axes with gentle flanks are present. These die out easterly as the
stratagentlyrlsetothemsofﬂuemrthtrexﬂ.mg south plunging
Circle Cliffs anticline (photo 13}, the steep easterly limb of which iS
the Waterpocket Fold. Dips on the gentle limb of the Circle Cliffs
anticline rarely exceed 4 degrees. The dips on the Waterpocket Fold in
KaneCcaJntyarenotove.rlysteep thefolddm:.m.shnngsmthward The
dips rarely exceed 15 degrees. Faulting is not significant in the
Escalante Reiver Region, most are short and of small displacement. The
most significant faulting is located along the Waterpocket Fold just north
of the Colorado River. The downthrown blocks are easterly, as is the
structural displacement of the fold. The displacements are not great, but
the belt of joints and faults is at least 12 miles long.

Bullfrog Region. This region is partly inundated by ILake Powell.
The remainder consists of rough bare rock surfaces, gravel or sand-capped
mesas ard buttes, and large low sandy areas. Cliffs are built on the
Navajo, Entgrada, and Morrison Formations. Northwest trending and
plmlgnngoldaxesextexﬂmtotheregion from the south. The most
praninent fold is the Rock Spring syncline which subparallels Halls Creek
Bay. One fault zone is present to the socuth that trends east-west (T 39
S) armd exterdds from the Waterpocket Fold faults across the Colorado River
into San Juan County. The displacements affect only the Navajo Sandstone
and are small.
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pages of this report. Table 1 lists the commodities and their values in

Qurrently there are no campletely active mining, quarrying, or
extractive operations in Kane County. Sand and gravel pits ;grate
intermittently, but usually produce each year. Ieases on coal, petroleum,
and gem ccmnodJ.tJ.es are kept current as are mining claims for uranium,
copper, silver, and other metals. Gem materials are mined according to
demand. The material is intensively mined for a short period of time and
stockpiled until inventories diminish. Each cycle may take several
years. New areas are oonstantly being prospected. Coal has not been
mined since 1972 and metals have not been shipped since shortly after
World War II. Even then metal ores shipped from Kane County have not
exceeded test lot sizes.

Coal

Resources, production, and history. Kane County's greatest potential

for mining activity is coal. Parts of three coal fields are found within
its boundaries and its tonnage potential (original coal resources) is
higher than for any county in Utah. Kane County holds 28.9 percent of the
Utah resource, with Carbon, Emery, and Garfield Counties following with
20.9, 18.0, and 15.2 percent respectively (Doelling 1972b, p. 553) (figure
27). The estimate of in place coal, in beds more than 4 feet in
thickness, is more than 7 billion short tons. In resocurces estimates of
this type it is presumed that about 1/3d can be recovered as indicated by
the experience of mined out areas in Utah. Although the results of most
coal drilling in the county is still being held confidential, indications
are that the above estimate is reasonably sure and may be larger.

Coal production figures for Kane County that accampany the large
resource are extremely low. Through 1986 about 90,000 short tons have
been mined. The last regularly producing mine closed in 1970 (Alton
mine). In 1971 an experimental mine (Warm Creek mine) produced 12,000
tons to test mining cost estimates and was shut down. Kane County coal
deposits are distant from cheap rail transportation, making them non~
campetitive for transport to distant markets. The local market has always
been small, the permanent county population limited to a few thousand

people.

Several mines were opened as wagon mines around Glendale, Mt. Carme],
and Alton in the early 1900s. Same closed after only one or two years ag
a few were able to supply the market. Same were opened in fault blocks
adjacent to the Sevier fault and experietngi structural problems or
quickly ran out of minable coal. Prospecting was directed westward as fay
as Meadow Creek, a haul of about 10 miles to Mt. Cax_'lr\elaxﬁzG.mllesto
Kanab. The King Cannel mine opened in 1907, and being quite distant fygp
the market was able to struggle along on the basis of its cannel coal, g




‘anTeA 1303 JO sbejueniad S93ROTPUT JIRYD BTd
86T ubnoiyy A3zuno) suey ut pasnpoad serlTpoumos TerauTl (edriourad oYz Jo senyea

LID}]OQ O SPUDENRGY| W anjDA

00002 00064 0008 000P 0008 0002 000! )
F > , T 05602 SIVINILVW  NOLLONY 1SNOD

_‘ _‘ — ‘ 00G | SANQLS m:_o_ummm IW3S “m!moﬂ

‘ .
_OQ_ WD _

2 av3d ‘d3aAns ‘Y3440 ‘0709

I WNINYSEN- 353NTONYH

%E5E
SIVIHALYAN  NGILXLISNGD

%ee
5TWE3Lv
W39

%0> STVLIW-=

%81 oD —

¢y




Gartield
County
B.2%

Figure 27. Distribution of Utah's coal resources, by county.



=07—=

specialty fireplace fuel. Production from any of these mines rarely
exceed a few hundred tons annually. By 1930 roads and trucks had improved
to the extent that hauls within the county added little to the cost. A1l
the coal could be supplied by one efficient mine, and that was the smirl
mine near Alton. The depression speeded up the demise of any remaining
competitors.

_ Coal was the available fuel during World War IT and a few additional
mines were opened in ocutlying areas for local ranchers in order to save
gasoline. These soon closed after the war. Low petroleum prices in the
1950s and 1960s caused many Kane County coal users to switch to cil and
propane for heating. Eventually even the school system switched.

However, some local users continued to enjoy burning coal in their
fireplaces. Nevertheless, production dropped and the Alton mine, now the
only producer, worked only a few months of the year. Shortly before 1970,
new stringent mine safety regulations were imposed on the U. 5. coal
mining industry, which the "shoestring" Alton operation could not afford,
and its entryway was closed for good.

In the 1960s, energy campanies, foreseeing shortages in petroleum
fuels, instigated by a steady increase in U. S. per capita consumption,
investigated, leased, and drilled Kane County coal lands and proved many
hundreds of millions of tons of minable coal reserve, even large tonnages
of surface minable coal. Attempts to open viable mines were thwarted by
(1) pressure by ernvirormentalist groups to keep the rugged lards of
eastern Kane County preserved in their natural pristine state, (2) the
fear that an electric generating plant, that would be needed to burn the
coal, would deter from the air quality and visibility on Lake Powell, (3)
the fear that the view from Bryce Canyon National Park would be marred by
a deterioration of air quality (dust) and by the visibility of the strip-
mining operations, (4) by the predicted high costs (due to natural
parriers) to transport coal out of the area to market, and (5) by the
reduction in per capita energy consumption in the late 1970s and early
1980s brought on by the 1973 Arab oil embargo. In 1986 the world was
experiencing a glut in petroleum; the cheap price of oil damaging the ccal
market everywhere.

Seamsofcoalthickenou;htobeminedccmnexciallyoccmrinthe
Cretaceous Dakota and Straight Cliffs Formations of Kane County.
Occasional stringers and lenses of coal have been cbserved in Triassic ard
Jurassic rocks as well, but are non—commercial occurrences. The Triassic
Chinle Formation contains a thin coal bed (up to 14 inches thick) in a
deposit of several hundred acres, and is probably the only bed occurrence
of coal in non-Cretaceous units (photo 67). This Chinle coal bed has a
l1ow heat value relating to a lignite B coal rank. ’Ihnee.szrfac.:e sanples
were analyzed and are related in table 9. Scme of the high moisture
cnntatwaﬂdbeexpectedtodmjjﬁshifadeepsan'plecmldbed?tained_
consideri.rqtheareale:ctmtofthecoalbeda:.ﬂthedegxeetowhldmit
has been eroded, this would probably be impossible.




Photo 67. Thin bed of ccal in the Chinle Formation near Paria.
Palynological specimens found in the coal date it as
Carnian.
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Table 9. Analyses of Chinle coal seam, NENE Sec 13, T 41 S, R 1 W.

Proximate Analysis Sample 1 Sample 2 Sample 3
Moisb..lre 36.4% 31.0% 30.9%
Vqlatlle matter 28.7 41.5 40.0
Fixed carbon 25,2 13.7 15.2
Ash 9.8 13.8 13.8
Btu/1b. 4,951 4,884 4,767
Sul fur 4,2 2.6 2.7

Parts of three coal fields extend into Kane County: Kaiparowits
Plateau coal field, Alton coal field, and Kolab ccal field. Straight
Cliffs Formation coal beds are the most important in the Kaiparowits
Plateau coal field and the Dakota Formation coal beds are most important
in the Alton and Kolob coal fields (figure 28).

Kaiparowits Plateau Coal Field. The area of the coal field coincides

with that of the Kaiparowits Plateau. It i1s limited by the edges of the
Cretacecus outcrops, i.e., the base of the lowermost coal is the Dakota
Formation. The plateau is about 54 miles across east-west to the south

. and 30 miles east-west along the Garfield County line. It has a maximm
length of 33 miles north-south in Kane County. Three units contain coal
zones: the middle member of the Dakota Formation and the Smoky Hollow and
John Henry Members of the Straight Cliffs Formation (figure 29).

The coal beds in the Dakota Formation are mostly thin in the
Kaiparowits Plateau. There are usually 2 or 3 horizons or beds of coal,
one near the base, one in the middle, and ancther at the tcp of the middle
member. At local places a fourth bed is occasionally seen between the
lower and middle beds. The most persistent and thickest is the upper
seam, the least persistent is the middle seam(s). The thickness of coal
beds rarnges to 5.6 feet and in most places there is at least one bed 1
foot or more in thickness. In a few places all beds are missing. The
thickest known bed is 5.6 feet at the Bryce Canyon Coal & Coke mine, SWNE
Sec. 21, T 42 S, R 1 W. This bed quickly thins laterally to less than 3
feet along cutcrop from the mine. Other places where beds reach 4 feet
are in Sec. 4, T 38 S, R 1 W, near Wiggler Wash and in Sec. 25, T 41 S, R
8 E, near Fiftymile Point.

The coal beds are encased in mudstones and sandstones. The mudstones
are often carbonacecus or ccaly, especially above or below the coal beds,
the black color giving a false impression that very thick beds are
present. At most locations arocund the Kaiparowits Plateau the Dakota
middle member coal beds dip gently into the Kaiparowits Basin, rarely
exceeding 7 or 8 degrees. Alorng the Cockscomb (East Kaibab monocline},
however, dips may reach 70 degrees. Occasional faults cut the Dakota

' Formation at wide intervals except along the northern part gf the
Cockscomb, where transverse faults occur at closely spaced intervals
(especially in Ts 39 and 40 S).

e
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Agfarasisknc:wnorﬂ.ytwomineshavebeenopenedintheDakorba .
Formation coal seams of the Kaiparowits Plateau coal field. The fiyst 15
the aforementicned Bryce Canyon Coal & Coke Co. mine, SWNE Sec. 21, T 42
S, R 1 W at the southwest corner of the plateau. The other is the
"Dakota” mine, NESW Sec 7, T 43 S, R 4 E, in Crosby Canyon, a tributaFY of
Warm Creek. The coal bed mined is less than 2 feet thick. Five adit®
were opened ard about 456 tons of coal were removed (voluretrically
calculated). Production from the Bryce Canyon Coal & Coke mine is
unknown, but presumed to be no more than 1,000 tons.

r

The Smoky Hollow coal zone is found at the base of the Smoky HolloW
Member of the Straight Cliffs Formation and is as much as 30 feet thick.
It contains several thin, rather lenticular coal beds generally less than
2 feet thick. In a few places (Wahweap and Warm Creek synclines) the coal
beds reach nearly to 5 feet in thickness. Most Smoky Hollow coal zone
beds are replete with splits and partings. The whole coal zone is misSsing
locally, especially over the anticlines ard along the northexrn portion of
the Straight Cliffs (Fiftymile Mountain). The remainder of the zone
consists of carbonacecus mudstone, bentonitic and gray mudstones, and
Yellow brown sandstone. As far as is known there has been no development
of Smoky Hollow coals.

The John Henry Member contains the thick and commercial cocal beds of
the Kaiparowits Plateau coal field. Four coal zones have been identified
and three, possibly all four, contain commercial coals. The thickest beds
often exceed 20 feet, Peterson (196%9a, p. 68) reports one measuring 29.6
feet in the Christensen zone on the northeast side of the Last Chance
anticline. In ascending order the John Henry Member is subdivided into a
lower cocal zone, lower barren zone, Christensen-Henderson coal zone,
middle barren zone, Rees coal zone, upper barren zone, and Alvey coal
zone. The thicknesses of both barren and cocal zones vary greatly from one
part of the plateau to another so that it may be difficult to separate
them. To the east the coal zones pinch ocut against marine littoral
sandstone tongues so that no thick coals persist under most of Fiftymile
Mountain. The coal zones also thin and disappear socuthwestward.

Therefore the important parf of the coal field is a 15 to 18 mile wide
band that trends about N 35 E through the center of the plateau. In this
18 mile wide bard the coals are thickest in the synclines and often pinch
out over the anticlines.

The lower coal zone beds of the John Henry Member are usually thin,
but are best developed in the synclines. Peterson (196%9a, p. 215) Yeports
that the thickest bed found in the lower coal zone is 12.6 feet on tha
northeast side of the Iast Chance syncline in the Smoky Mountain areq,
The coal zone is probably not present in the Tropic area. In the
Escalante area the zone is lenticular ard not everywhere present. Whep
coal beds are found they are generally less than 2 feet thick.

The Christensen coal zone contains the thickes and most continug,.
coal beds in Kane County. 'I'hec:oalzoneizsthertlolst<-:o.xten«.s.1veax::d,*Ls
probably valuable throughout the 18 mile wide band. In the Tropic
the zone is known as the Henderson coal zone. It may contain up to g,
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thick coal beds and in the synclinal areas it is rare to find less tP27
two. Individual coal beds within the zone are extensive. The coal P25
vary in thickness, acquire partings and splits and divide into benche®-
The average Kaiparowits Plateau coal bed may be contimucusly minable V€Y
4 to 5 square miles, beyond which the coal either becames too thin of
develops too many partings (too much ash). In many places an overlyid ©or
underlying coal improves and a new mine must be developed or rock mst be
mined to make a connecting link to contimue an established mine (figuFe
30). The seams often have little separation, scme will need to be
sacrificed because of mine safety considerations. The roof or floor ¥ocK
may be too weak to support itself after removal of the coal. As the
extent of a commercial coal bed covers an area of 4 to 5 square miles, the
average good roof or floor rock is usually limited to the same areal
extent, but in most cases will not coincide with that of the "goodw coal.
With proper mining practices, however, all of these problems can be
overcome, and the coal can be produced. To the east, the Christensen c<oal
beds rapidly thin and pinch ocut along the east edge of the basin. In the
Escalante area, at the confluence of Trail Canyon and Left Hand Collet
Canyon (photo 68), there are three coal beds in the zone, the lower twoO
each over 7 feet thick separated by about 2 feet of rock, the other over 5
feet thick arnd separated from the others by 8 to 15 feet of rock (figure
31). Within a mile and a half northeastward, along the canyon walls, the
coal zorne thins and disappears.

-. The Christensen coals achieve their greatest development in the Smoky
Mountain area. As previously indicated the thickest sections occur in the

synclines. The coal beds are extensively burned along the ocutcrop and the
red color of coal bloom is everywhere evident. The ccal may be completely
burned out at the ends of points and salients where fracturing has allowed
the oxidation to contimue far behind the outcrop. This is especially true
in the southeastern part of the area, notably along the Rees anticline and
Croton syncline. The most extensively burned area is known as the Burning
Hills. Indeed scme coal bed fires still continue. Most attempts at
putting them out have failed. The least burning has occurred where most
of the upper portion of the Straight Cliffs Formation has not been
intensively dissected by erosion, mostly along the west side of the 18
mile band.

Toward the southwest the Christensen coal zone eventually thins, jtg
coal beds splitting, increasing in ash, and finally p1:nch:|.ng_wt )
altogether. From the Echo monocline westward only thin or discontinuoye
ceams are to be expected in the coal zone. About 3 mines and a few

have been developed in the Christensen coal zone 1n Kare County,
all in the Smoky Mountain area. The total tonnage produced is probab) .y,
less than 14,000 short tons, most having come from the Warm Creek
experimental mine (about 12,000 tons). All are presently inactive or
abandoned (table 10).

The coal beds in the Henderson coal zone of the Tropic area aPbegy in
outcropalorgthecocksoanb(EastKaibabmnocline) J'n';‘s:isand39.

9P measured section of the zane is shown in figure 31 and is found along 4y

road from Grosvenor Arch through the Gut to the Kaiparowits Plateau. (e

e ——__
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Table 10. List of mines in the Straight Cliffs Formation, KaiparowitS
Plateau coal field, Kane County, Utah. ’

Mine Location

Warm Creek experimental mine N 1/2 N1/2, Sec 36, T4a1 5, R 3 E
Spencer No. 1 mine SWSW Sec 3, T 42 S, R3 E
Spencer No. 2 mine SWSW Sec 3, T42 S, R3 E

"John Henry" prospect NWSW Sec 12, T 42 S, R3 E
Prospect NENE Sec 33, T40 S, R4 E

feet coal are exposed, but split in the lower portion. To the scuth the
bed thins, to the north it is mostly 2 to 5 feet thick, often contaminated
with several thin partings of shale or bone. The bed dips moderately to
steeply, increasing southward. At the 9 foot location the dip is about 17
degrees toward the basin. Although the outcrop dip is not favorable
toward cocal development, the dip quickly diminishes eastward and coal
thicknesses are expected to improve.

The Rees coal zone is present in the east part of the 18 mile wide
band. The zone is absent in the Tropic area. In the Escalante area the
zone is thin and hard to define. It is found in the middle of the John

-‘ Henry Member between two thick sandy barren zones. The coal beds of the
zane are generally thin, occasionally reaching 3 feet. A sample
measurement of the Rees coal zone in the Escalante area is given in figure
31. The best zone development is in the Smoky Mountain area. There the
intervening barren zone becomes very thin so that the zone nearly merges
with the Christensen zone, if indeed the zone is continuous between the
two areas. Peterson (196%9a, p. 216) has noted that there are as many as
three beds 4 or more feet thick, with the thickest measured being 9.5
feet. He limits the commercial possibilities of the zone to the Last
Chance syncline.

Commercial coal beds in the Alvey coal zone are limited to the
northeast part of the basin, in the Escalante area. There the zone is
reasonably wide and stretches across the entire cutcrop width of the ganhn
Henry Member. A 4 to 8 foot coal bed is usually to be expected at mogt
locations in the Kane County part of the area (figure 31). The zone
persists a considerable distance to the south into the Smoky Mountain
area, but is limited to the very eastern margin of the 18 mile wide band.
The thickest cocal bed in the zone is about 12 feet thick.

The total overburden over the Christensen coal zone in the

Kaiparowits Basin does not exceed 3000 feet in Kane County. It approaches
3000 feet under the Table Cliff syncline in T 38 S, R1 E and part of q 3g
S, R 2 E. Mining in the Kaiparowits Plateau will generally be und
because the cliffs supported by the Drip Tank Member erode by cliff
retreat, not allowing larger bench areas to develcp on the John Henry

‘ Member. 'Ihebenc:hformedatthetopoftheDripTankMemberlsusuaqu
400 to 700 feet above the lowest bed in the Christensen coal zane.
Augering and rim-stripping may be possible in same areas.

IR S
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Alton coal field. The Alton coal field is based on Dakota Formation
coal beds and correspords closely to the Podunk Terrace with the coal €4S
exposed along the Gray Cliffs. Some coal is also found in the Straight
Cliffs Formation, but the seams are very thin and discontinuous. Most ©f
the field is found in Kane County, but part extends into Garfield County-
A convenient eastern boundary is the north-south i ic 11ine,
which has its axis about 1 1/2 miles east of the Eﬁ?ﬁ”ﬁﬁ“ﬁn Garfsyngeld
County. At that location the coals are thin and subcammercial. From that
line westward the Dakota coals gradually thicken.

In the Alton coal field the Dakota Formation is 140 to 240 feet .
thick, generally thickening toward the west. There are two coal zones in
the Dakota, one near the base and one near the top. These are known 25
the Bald Knoll and Smirl zones respectively , and are named for the
principal mines which operated in them.

Three corvenient area subdivisions can be made on the basis of
location, geology, and geography: Canncnville, Skutumpah, and Alton. The
Cannonville coal area is that part of the Alton coal field lying between
the Tropic synclinal axis and the Paunsaugunt fault. Most of the
Cannonville area is in Garfield County, the Kane County portion consists
of Horse Mountain and two other benches to the north. The displacement on
the Paunsaugunt fault is about 500 feet near Bryce Point and diminishes to
the south. The coal cutcrops and the Dakota Formation exposures are
projected socuthward well into Kane County on the west side of the fault.

The remainder of the coal field lies between the Paunsaugunt fault

and the Sevier fault, the latter structure making an effective west

with its 1000 to 2000 foot displacement. The outcrop length
between the two faults is about 20 miles. Structurally the beds dip 1-3
degrees into a northward plunging Paunsaugunt Plateau syncline. Northward
the overlying formations add overburden and the 3,000 foot cover line is
roughly coincident with the base of the Claron Formation. The bard
between the coal ocutcrops and the cover line averages 5 to 6 miles in
width.

Ancther important north-south trending fault or fault zone cuts the
strata one third of the distance from the Sevier fault to the Paunsaugunt
fault. This is the Bald Knoll fault which has a maximm displacement of
abouat 500 feet. It makes an effective boundary between the Alton area on
the west and the Skutumpah area an the east.

In the Alton area both coal zones are well developed. 'Ihegmirl zZone
coal bed averages 12 feet in most places; but averages 7.5 feet in the
Sevier fault zone area near Glendale ard 9.3 feet to the southwest agajct
the Bald Knoll fault. The thickest exposure is about 18 feet. The Ryjg
Knoll zone coal consists of several closely spaced seams or one that jg
badly split. The coal averages 5.5 feet in thickness in which 1.2 fegy of
waste would have to be mined. Near the Sevier fault zone the Bald Kngpj
coal thins and becomes subcommercial. The thickest known exposure of .
Bald Knoll coal is at the Bald Knoll mine and is 18 feet. At the ming ;o
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bed contains at least one split, a foot in thickness. The mine is tholdht
to have produced little coal, possibly because of the irreqular quality
brought on by the lateral addition of partings and splits.

Almost all of the coal production recorded for the Alton coal field
has come from the Alton area and two mines have produced the bulk (smiTl
and Alton mines) (table 11). The total production for the field, and hence
the area, is no more than 50,000 short tons.

Table 11. Mines and prospects of the Alton area, Alton coal field in Kane

County.
Mine Iocation Coal_ zone
Alton mine NE Sec 24, T39S, R6W Smirl
Bald Knoll mine SWSW Sec 21, T 40 S, RS5W Bald Knecll
Foote mine CSec 26, T40S, R7 W Smirl
Glendale mine NENW Sec 24, T 40 8, R7 W Smirl
Johnson mine SENE Sec 26, T 39 S, R6 W Bald Knoll
ILevanger mine NE Sec 26, T40 S, R7 W Smirl
Seaman mine NE Sec 14, T39S, R6 W Smirl
Silver mine SWSE Sec 25, T39S, R6W Smirl
Smirl mine SESE Sec 13, T39S, R6 W Smirl
Prospect SESE Sec 25, T39 S, R6 W Smirl
Prospect NWNW Sec 19, T 39 S, R5 W Smirl
Prospect SW Sec 16, T 40 S, S W Bald Knoll
Prospect SWSW Sec 5, T40 S, RS W Smirl?
Prospect SWSec 26, T40 S, R7 W Smirl

Inasmuch as the thicker and better Smirl zone bed is near the top of
the Dakota Formation and the soft overlying Tropic Shale has eroded back
leaving wide benches at the top of the Dakota, same of the coal is minable
by surface mining methods. The Alton area is considered one of the
premier potential coal surface mine areas of Utah. Roof and floor
conditions vary, but in most places the immediate roof and floor rock ig
shale or mudstone. Resistant sandstone ledges are sometimes fourd above
the shales or mudstones of the Smirl zone roof and would need to be
removed in a strip-mine operation. Development of the coal, cother than in
the mines, consists of exploratory and mine development drillholes, ang
several cuts to expose the coal bed.

The Skutumpah coal area is the largest areally. Bcrthgoalzonesare
present, but the upper is decidedly more important. The Sm.u;l zone
averages 9 feet in thickness from the Bald Knoll fault to Slide Canyon gng
then thins considerably. It is only 3 to 4 feet thick along the
Paunsaugunt fault. More than half the measured coal sections show thg
immediate roof and floor material to be mudstone or shale. The Bald g,
zone coal bed averages 4 feet in the west and 3 fee-,t.'1.1'1_1:.heeasthalfof
the area. It is split in many places. It thickens again to 4 feet aj

o
the east edge of the Skutumpah area. ‘Ihernoc:kst.hatenca.c.:aa-ti'xecxmlinnlg
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the Skutumpah area are similar to those for all Dakota Formation areaS’
interbedded mudstone, sandstone, with a small amount of siltstone.

An example of a drillhole log of the Dakota Formation in the
Skutumpah area is given in figure 32. As in the Alton area there are
several surface minable benches, although they are not as wide or
extensive. There are no mines and no production is known. Develcgme-“t
work has consisted of drilling and several surface prospecting cuts have
been made to expose the coal.

The total coal area of the Cannonville area in Kane County is small,
perhaps 4 square miles, located en benches between Sheep Creek and willis
Creek, and south of Willis Creek on Horse Mountain; all east of the
Paunsaugunt fault. A larger area of buried coal is probably present
between Bryce Canyon National Park and the fault with a width of two t©
three miles. The depth to the Bald Knoll zone, the more important in the
Cannonville area, will be 1000 to 2500 feet.

Between Sheep Creek and Willis Creek the Bald Knoll zone coal bed
(minable portion) averages 7 to 9 feet. The maximum amount of coal found
in any one section is 27.8 feet, gplit five times with a total of 7.3 feet
of waste. Some sections contain considerable bone coal. On Horse
Mountain the minable coal is 7 to 10 feet thick and seems to contain a
smaller amount of parting material. Several thin coal seams lie above the
Bald Knoll zane, bunched together near the middle and near the top (Smirl
zone) of the formation. Only a few exceed 2 feet in thickness and are
dquite lenticular and discontinucus. At Horse Mountain the Smirl zone coal
is 3 1/2 feet thick, but the lower foot is bone. Drillhole data is
available by Bowers (1977) for the Cannonville area.

Kolch coal field. The Kolcb coal field extends westward from the
Sevier fault zone and incorporates parts of Kane, Tron, and Washington
Counties. The field coincides with the Kolob Plateau or Terrace. The
Gray Cliff coal outcrops extend westward from Long Valley near Mt. Carmel
to Clear Creek Mountain and then extend northward in the canyon of the
North Fork of the Virgin River almost to the northwest cormer of the
county before crossing the line into Washington County. The part of the
Kolocb coal field that is in Kane County is known as the Orderville aren,

As in the Alton coal field the important coal seams are found nea-
the top and bottom of the Dakota Formation, which is 180 to 400 feet
thick, thickening westward. Most of the development has been in the cegar
City area where facies changes show the Tropic Shale cut out be the
overlying Straight Cliffs Formation (Lawrence, 1965, p. Bl). There Gy,
coal zones are recognized; upper Culver ard lower Culver (Averitt, }962,
p. 47-52). These zones are found near the top of the Dakota Formation ngot
far beneath the Straight Cliffs contact. The upper Culver zohe may
correlate with the upper coal in the Orderville area, but direct evidgnqe
is lacking because of poor outcrops north of Zion National Park. Untj;
such correlations are verified it is probably best to simply call the
upper coal in the Orderville area as the "upper" zone and the lower og,q
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Figure 32. Representative column of Dakota Formation in the Alton coal
field. Drillhole 104, NW Sec. 18, T 40 S, R 4 1/2 W; from BLM 1975
EMRIA Rept. No. 4. The Dakota Formation is about 211 feet thick at
this location.
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as the "lower" zone. These zones do correlate with the smirl and Bald
Knoll coal zones of the Alton coal field.

The U. S. Geological Survey drilled 14 holes on the Kolob Terrac® ‘O
test the coal and these provide the most reliable information on the
condition of the coal (Bowers and Strickland, 1978). Fourteen driliholes
indicate an average 7.5 feet for the "upper" coal with the thickest bed
intercepted at 11 feet. Eight drillholes reached the "lower" coal which
averages 9.6 feet. It is present, however, in 3 to 5 benches with
individual benches separated from the other by an average of 3.3 feet ©f
rock. Usually individual benches are less than 4 feet, but locally a ed
is found to 10 feet in thickness, which could be locally mined (photo 69) -

At least 6 small mines have been opened in the Orderville area, all
are inactive and the total production from all of them is probably 1esS
than 2,000 short tons (table 12 and photo 70). Unlike the Alton field,
where much of the overlying Tropic shale is stripped from the more
resistant upper beds of the Dakota Formation, the overburden in the
Orderville area build rapidly so that surface mining will not be
economically feasible. Coal ocutcrops are poor, especially to the west
vhere the Dakota is usually covered with colluvium and other mass wasting
deposits.

Table 12. Mines and prospects of the Orderville area, Kolcb coal field in

Kane County.

Mine Iocation Zone
2dair mine (Meadow Brook) SE Sec 32, T40 S, R8 W " '
Cannel King mine NE Sec 26, T39S, R9 W "upper™"
Kroft mine NW Sec 16, T 41 S, R7 W "upper*
Meeks—-Carroll mine NWSec 5, T4l1S, R7W "upper'
Mt. Carmel mine NWSec 16, T41 S, R7 W upper!
Muddy mine or prospect SWSec 7, T41 S, R7 W (?
Zion mine SESec1l, T4l S, R9 W "] ower

Coal resources. The resources of the county are divided among the
three ococal fields as indicated in table 13. They were detennined_
(Doelling 1972b, p. 549-553) to include measured, indicated, and inferreg
coal as extrapolated up to 4 1/2 miles from a control point in reasonah] y
continuous beds at least 4 feet in thickness and under less than 3000 fept
of cover. Treatment of split coal beds followed the procedures outlu-,ed
in Bass and others (1570). Since the calculation is one‘of coal j_-n,place,
it cannot be considered a minable reserve, since the strict definition
points ocut that the coal must be economically producible (Wood and Others,
1983) . Experience in other Utah areas with sim:@ar geologic circumstan .o
shows that about 1/3d of the principal resocurce is usually recoverableg in
underground mining operations. The control points are mostly from Nterpop
measurements as most of the drillhole information is still held
confidential by the energy companies that lease the land. Drillhole




Photo 69. Good natural exposures of coal beds in the Kolob coal field
near the Coal Hill slide. The lower photo is an exposure of the
"lower" coal on Coal Hill.
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information is considered the most reliable in making reserve or resoVroo
estimates. Limited drillhole information that has been released mx;ports
high tonnage figures, and if extended over the whole area would far exceed
those shown. The identified resource includes known coals that are 14
inches to 4 feet in thickness. Since the thin beds of Kane County ar®
presently considered to be marginal or subeconcmic, less attention ha$
been directed to them. If additional studies were made of the thinne!
beds the identified resource could be increased substantially. Some
estimates indicate that the total coal rescurce of Kane County may be 25
high as 4 times that shown in the initial overall estimate.

Table 13. Kane County in-place coal resources (millions of short tons) -

Coal field Principal Identified
Kaiparowits Plateau 4,428.6 63.1% 4,959.9 61.6%
Alton 1,475.3 21.0% 1,492.1 18.6%
Kolob 1,113.0 15.9% 1,597.7 19.8%
Total 7,016.9 100.0% 8,049,.7 100.0%
Coal quality. The quality of Kane County coal is variable and ranges

from subbituminous C to high volatile bituminous € in rank. Part of the
variability may be due to the physical conditions in which the coal is
found, i.e., the depth of burial, altitude (which controls the
precipitation in the county), density and depth of jointing in the host
rocks, and others. Same appear to be regicnal, either related to the
degree of metamorphism to which the coal was subjected or to the
conditions that prevailed in that part of the depositicnal basin. Table
14 lists the average proximate analyses in a general east to west fashion
across the county, paying no head to formation or coal zone. Most are
from the available mines, but many are fram fresh cutcrops, as no
development has occurred in many areas. Additional quality information is
provided in tables 15 and 16. Information from Doelling and Graham
(1972), Affolter and Hatch (1980), and Bur. Land Management (1975), or
averaged from company files.
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Table 14. Representative analyses of coals in Kane County (as J:'ecei\f\gd
and in percent).

East to West—> 1. 2, 3, 4. 5, 6, —1ix
Moisture 10.5 9.6 19.5 15.8 19.3 17.0 12.1
Vol. Matter 40.6  38.4 35.7 31.9 35.2 33.4 40.1
Fixed carbon 41.9 44.1 33.7 35.0 37.7 41.8 36.0
Ash 7.0 7.9 11.1 17.3 7.8 7.8 11.5
sulfur 0.88 0.68 0.79 0.73 0.86 1.1 2.2
Btu/1b. 10,349 11,211 9,022 7,182 8,204 10,018 10,492

1. Escalante area, Kaiparowits Plateau coal field, Straight Cliffs Forma-
tion coals, many samples from Garfield County.

2. Smoky Mountain area, John Henry Member, Straight Cliffs Formation
coals.

3. Tropic area, Kaiparowits Plateau coal field, Straight Cliffs Formation
coals, same fram Garfield County.

4. Cannonville area, Alton coal field, Dakota Formation coals.

5. Skuatumpah area, Alton coal field, Dakota Formation coals.

6. Alton area, Alton coal field, Dakota Formation coals.

7. Orderville area, Kolob coal field, Dakota Formationcoals,

Table 15. Drillhole analyses (as received) from area locations in Kane

Counity.
Smoky Mtn Area Skutumpah Area Kolob Field

Type 15 samples 4 Smirl 1 Bald Knoll 7 samples
Proximate Analysis

Moisture 0.47% 20.86% 16.20% 17.90%

volatile matter 38.17 32.37 28.20 32.00

Fixed carbon 43,67 39.19 34.70 39.00

Ash 7.67 7.58 20.90 11.10
Btu/1b. 11,369 9,555 8,120 9,273
Ultimate Analysis

Carbon 65.08 42.34 37.06 53.70

Oxygen 11.91 22.85 20.12 27.10

Hydrogen 4.48 4.70 4.21 5.80

Sul fur 0.47 0.79 0.80 1.20
Parr Formula Btu/lb. 11,837 10,436 9,914 10,547
ASTM Rank Hivol. C Subbit. A or Subbit. B Subbit. p

X bituminous Subbit. B. Subbit g,




®

Table 16. Average ash analyses for 15 Smoky Hollow area samples, 8 es)
Skutumpah, and 7 Orderville area samples (mostly drillhole samp+ =5/ -

Major oxides Smoky Hollow Skutainmpah Orderville ——
Sio 53.25 37.00 40.43
Fe263 5.08 7.65 7.99
1203 18.35 22.62 16.00
'1'152 0.90 0.93 0.83
ca0 10.52 8.77 8.36
Mgo 2.51 1.89 1.67
SO 6.98 16.32 n/t
P 85 0.20 0.10 0.14
ﬁéo 0.63 0.25 0.40
0 1.19 2.35 3.27
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Metals

_ ing mine. This mine is located east of Kanab i e
Kitchen Corral Wash drainage north of U. S. Highway 89J'nSec;_’_?'§h42 S, R
3 W. Manganese nodules were discovered in 1908, but their source was 't
pinpointed until 1939. Through 1941 improvements were made on the
property and 21 tons of manganese nodules were mined and stockpiled. In
February of 1941 the property was subleased, development work continue’
two tunnels were started, and ore washing facilities were installed al©"d
with housing, ore bins, and jiggers. Roads were improved and an intri<®
water supply system (6,000 feet of pipe from wells) was installed.
Another 30 tons were produced and shipped with the previously stockpiled
material. Work continued intermittently through 1944 and the records
(Buranek, 1945, p. 10) indicate that at least 191 tons were shipped.

The deposit itself is contained somewhere in the middle of the
Petrified Forest Member of the Triassic Chinle Formation. The outcrops
are located in a cove just north of a spectacular landslide in which the
Chinle, Moenave, and Kayenta Formations participated. The strata consist
of a lower bentonitic mudstone which grades upward into dark manganese
bearing mudstone. This is overlain by a light cream to greenish-gray
altered calcareous tuff(?) that is 6 to 7 feet thick. Prown and Hannigan
(1986, p. 17) indicate the tuff may be rhyolitic. The tuff(?) appears to
contain altered lithic fragments or altered phenocrysts. The ore horizon
is just below the lower contact of this tuff(?) in the dark shale or
midstone beneath it. Overlying the tuff(?) is a sandy limestone ledge

o\!—ra/nam 0-12 feet in thickness. This ledge is tan gray to lavender gray,
arnd breaks up into both thin and thick blocks, 2 inches to 4 feet in
diameter, and is mineralized with specular hematite. The specular
hematite oocurs as thin lentils oriented subparallel to the bedding and
spaced 1 to 4 inches apart. At the edges of the limestone lens, where it
is thin (less than 3 feet in thickness), the limestone becomes nodular and
contains little or no specular hematite.

14
Manganese nodules occur iry'the upper 8 to 10 feet of the dark
midstone, but are mostly trated in the upper 6 inches to 1 foot.
The ore beccmes rapidly 1 below. In past mining practices only the
upper foot apears to have been taken. The limestone lens does not oocyr
everywhere over the manganese horizon (it is not directly superimposeq
over the interesting part). The tuff(?) horizon overlies the manganese
horizon everywhere and extends beyond the area of interesting manganege,

ing has extended to the east and west, along both the botygy,
and top of the tuff. To the east the ore horizon is first displaced by a
fault? and the Chinle is mostly covered by colluvium. The light tuff
horizon reappears in outcrop 400 to 500 yards to the east and has beer,
prospected in at least 3 cuts. The dark mudstone 1s very bentonitic a4
there are small or no manganese nodules. There are lots of small
1limestone nodules present, however. To the west the ocutcrops are COVered
by bouldery alluvium and when they reappear there are no manganese
nodules.
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Photo 71. Manganese nodule 2 inches x 3 inches from the
Manganese King mine in Kane County.
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) Accordlrg to Buranek (1945, p. 6), the ore consists of nodul
J..rregularl?odlesofmnganeseoxidesmslmle. 'Ihe1ua.rn;;:—:v.r'neserm.n:rrai‘g‘:i
J.nclur:le ps:.Z!.cmelane, pyrolusite, ard wad. Psilamelane predominates,
especlally in the nodules, and many show pyrolusite centers (Photo 71) -
The nodules seem concentrated along vertical openings in the shale just
below the tuff(?) contact ard range in size to 4 or 5 inches in diamet€*
and average 1 or 2 inches. Many of the nodules have botryoidal surfac®s:

. In 'I‘riagsic t.u'ne the scene was probably a small lacustrine basin into
which volcanic material was deposited. The source of the manganese i%
cbscure but was prcbably leached from the volcanic materials in the
deepest part of the lake.

Buranek (1945, p. 7) indicates that five tunnels were driven intc the
ore for distances of 140, 10, 110, 90, and 60 feet respectively.
Presently only one underground working is evident with about 70 feet of
underground tumnel length (see sketch map, figure 41). The remainder ©f
the tunnels were probably destroyed by later surface mining (rim
stripping).

It has been reported that the quality of ore was better at the turnnel
faces than nearer the portals. Shipments made from the property
reportedly assayed 48.94 percent manganese (Buranek, 1945, p. 11), but
Havens and Agey (1949), U. S. Bureau of Mines, tested a 2 ton lot from the

- Manganese King (Black John) property which assayed about 40 percent after

ing. According to Havens and Agey the ore consisted of crusts and

nodules of high grade psilamelane and disseminated grains of pyrolusitegd
distributed in a clayey gangue. The total ore assayed 7.1 percent Mn,
48.7 percent silica, 14.3 percent alumina, with 0.062 percent phosphorus.
The samples were washed, eliminating slimes, and it was found that 62
percent of the Mn was contained in that part of the ore in the +10 mesh
range. Buranek reports a probably ore reserve of 20,000 tons. All mining
ceased when the ore buying of the Metals Reserve Corporation was
discontimied after World War II. Good ores should contain 45 percent or
more manganese. Manganese is essential to the steel industry, helpful to
desulfurize and deoxidize the molten steel.

Uranium

The birth of the Atomic Age relegated importance to the metal
uranium, which had previously been a by-product of Colorado Plateaus
vanadium ore. After World War II the Federal goverrment offered
incentives to stimulate exploration and production, which reac:hed a Peak
in the middle 1950s. Perhaps all of the ocutcrops of the principal Urapim-
vanadium bearing formations (Morrison and Chinle Formations) were clajy,.q
and explored, including those in Kane County. The amount of uranium
discovered in the county was disappointingly small and did not compare
with discoveries in San Juan , Grand, Emery, and Garfield Counties.

'Ihreeareascxmtaininguranimnarekncxminl(aneccxmty, each in

: i iun has been found in the }
separate host formations. To the waf-t uranium s
™ Dakota Conglamerate in channels cut into the Winsor Member of the Cax"ﬂel



Bulloch Claims. The western area of uranium deposits are known
cqllectively as the Bulloch Group of claims. These are located on bot!?
sides of Orderville Gulch at the Carmel-sub-Dakota Conglamerate contact:
The sub-Dakota Conglamerate, which is 50 to 100 feet thick, cuts broad
shallow channels into the yellowish friable slope-forming sandstone of the
Winsor Member of the Carmel. The sub-Dakota Corglamerate, at this
location, is mostly conglomerate in the lower part and grades upward jnto
conglameratic sandstone ard crossbedded sandstone. The pebbles and
cobbles are mostly quartz, quartzite, and chert, and range from grit t© 3
or 4 inches in diameter. The color of the sub-Dakota Conglomerate randes
from light gray to yellow gray and brown. There are a few i:mrpomted
clay lenses or pods, especially near the base. Locally there are logs of
petrified wood and fragments of carbonized wood. The crossbed directions
(festoons) indicate that streams flowed northeasterly to northward.

The mineralization appears to be strongest at the contact, especially
arourd the carbonized wood fragments and clay lenses and pods. Carbonized
wood, petrified wood, and clay galls are generally surrounded by brown
iron oxide halcs, streaks, and mineralization fronts. Beroni ard others
(1953, p. 3) report that abnormal radioactivity extends alorxy 4000 feet of
outcrop. The concentrations within this zone are erratic. The three
richest deposits are located on the Lynn No. 1, ILynn No.3, and Jeannie No.
3 claims. The better Lynn claims are located in the N 1/2 of Sec 21 ard
the S 1/2 of Sec. 16, T 40 S, R 9 W. The Jeannie No. 3 claim is located
near the center of Sec. 8 of the same township. The better deposits range
in length fram 14 to 75 feet and are 1 to 7 feet in thickness. The
average ore grades in these zones vary fram 0.05 to 0.15 percent U308'
There is much low grade ground between the richer deposits.

Identifiable minerals include carnotite, tyuyamunite, torbernite, anq
autunite. Much uranium is fourd as finely disseminated material in the
clay or carbonized wood. Carnotite fracture coatings are also present
The ore was checked for cother elements. The mineralogy indicates the
presence of vanadium, same grab samples have yielded nearly S percent
V.0.. In spectrographic analyses copper, molybdenum, lead, ccbalt,
nicﬁel, yttrium, and germanium are present in higher than background
quantities.

Tn June of 1950, 8 1/2 tons of 0.16% U0, ore was shipped and
rejected by the U. S. Atcmic Energy CommissioR. More was undoubtedly
shipped as reported in Dasch (1967, p. 116). Apparently 100 to 1000 tons
were shipped from the Iynn 3 claim, and less than 100 tons were shi
fram School Section 16 and the Lynn No. 1 claim each. Records J.nch.cate a

total of 689 pounds of U.0, were produced frantt}emllodmclaims
1973 (U. S. Bur, Mines Masarecords) . No production has occurred Sﬁ)@gh

The most extensive workings occur aon the ILyrn No. 3 claim (figure 42) °




Figure 42,

Mine outline map of the Lynn #3 claim workings, SWSE Sec. 16,
T 40 S, R 9 W. The mineralization is localized at the base
of the sub-Dakota Conglomerate and at the top of the Winsor
Member of the Carmel Formation (see text).
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Radiance claims and Buckskin Mountain area deposits. The Shinar®™®

Member of the Chj.ple Formation crops out discontinucusly around the
margins of Buckskin Mountain (Kaibab Uplift), which is cored in Permi?"
mcks._ The unit cuts channels intheUpperRedMenberofthePberﬂ(opi
Formation and consists of gritty sandstones, conglameratic sandstones:
conglamerate. The Shinarump grades upward into similar appearing

that are more friable and slope forming, that include sandy, carbonace S
and bentonitic mudstones that probably correlate with the Monitor Butt®
Member. The Monitor Butte rocks are probably more continuous than the,
true Shinarnup, but show little uranium mineralization. On the east S19€
of the uplift, the Shinarump beds dip steeply eastward, are often faulted
or cut out by attenuating faults. Uranium mineralization has also be€™!
identified along faults where the Shinarump has been cut ocut, and may ¥¢
the result of a secondary uranium migration from that unit. As far as 1S
known, there are only six prospects or groups of claims in this belt
most show only localized increases in radioactivity.

The best known deposit or occurrence is that of the Radiance or
Cockscanb group of claims. They are apparently one and the same, the |
latter name evidently being the older. They are located on the east side
of U. S. Highway 89 in Fivemile Valley, in Secs. 24 and 25, T 42 S, R 2
W. Several poorly defined paralleling faults, trending N 15 E cut out
rocks along the west side of the Cockscamb between cutcrops of the
Moenkopi and Moenave or Kayenta Formations. A small sliver of Petrified
Forest Member of the Chinle Formation is present between fault traces.
There is no exposed Shinarump Membexr. The deposit consists of uranium
mineralization that coats fractures in the Moenave or Kayenta Formation
sardstones along the fault traces east of the sliver of Chinle Formation.
The Moenave sandstones dip 30 to 65 degrees eastward. They appear to
contain no carbon trash, clay galls, or other features characteristic of
channel-type deposits in the Chinle and Morrison Formation of the Colorado
Plateaus.

Buranek (1942, p. 5) reports that the property was developed by
several small workings, including lower workings with a shallow inclined
shaft (that was caved at the time), a small prospect hole, and upper
workings (150 feet above the lower) of several small prospect plts._
Presently there is only a long cut, indicating a later attempt to mine the
occurrence by surface methods. Additional non-mining surface work wasg
done by the Utah Department of Transportation when the big highway cut yas
constructed through the Cockscamb immediately to the south. At preseny
there is a rimstripped zone about 1000 feet long and no undergrourd

discovered before World War I, apparently as part of the search for Xagium
(Sanford and Stone, 1914; Schrader, Stone, ard Sanford, }916; and in
Butler, 1920). Then little was done on the.pz_:opex"ty until World war I,
presumably to investigate the vanadium pOSSJ.bll..ltleS- Through 1973 g &
173 1bs of U.O_, were produced (mostly in the middle 1950s) (U. S. Bux_
Mines MAS filef).
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Figure 43. Sketch map of workings in the NWNW Sec. 14,
T 43 S, R 2 W, along the Cockscomb, developed to

find uranium (see alsc photo 65).
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The mineralization is of the uranium-copper type and there is 1J'ﬁ"’t:le
vanadium. ]-:dentified minerals include yellow autunite, green
metatorbernite, torbernite, azurite, malachite, schroeckingerite(?),
uranophane(?), wavellite, and jarosite. Uranospinite has also been
reported. Grab samples have yielded up to 0.25% U.O. and channel samPtcs
in the better part of the occurrence yield 0.03 to20°18% U.O.. No
estimate of the remaining resource has been made, but itigsrcbably
small. Backgrourd radiation in the area is low (50-100 cps total coun't) /
local "spots" along the disturbed ground often record over 3000 cps, 2
notable concentration of radioactivity.

The highest radiation count of any area removed from the Radiance
Group occurrence is found in the S 1/2, Sec. 11, T43 S, R2W. Ina )
bleached zone between the Moenkopi and Chinle Formations, the Shinaru® 18
not well developed and is probably missing. The strike of the rocks
parallels the structure and the dip is very steep to the east or
vertical. Faults that are coincident with bedding are also present. 7The
mineralization appears to be localized in coarse grained sandstones
between the gray shales of the Monitor Butte Member of the Chinle
Formation. The count is highly variable ranging from 150 to 2200 cps
total count. The best count comes from thin sandstones that contain red
chert as a constituent. The bleached zone is about 1000 feet in length
and 150 feet wide. Within the bleached zane normally red-colored rocks
have been altered to yellow. The only identifiable minerals are iron
oxides.

About 4 miles farther south are two exploration adits cut to
intersect the Shinarump Member (or Monitor Butte Member?) or a fissure
(mineralized zone paralleling a fault or fracture). They are both located
in Sec 14, T 43 S, R 2 W. The first is easily visible from and east of
the House Rock Valley road in the SWNW of the section, a half mile north
of the Kaibab Gulch crossing. The durp is not far above the road level.
The adit is approximately 60 feet in 1 and cut entirely in the
Moenkopi Fogmation along a bearing of N 86 E. The strike of rocks in the
adit is N 8~ E and the dip is 42 degrees east. A gulch to the south has
eroded perpendicularly through the Cockscomb strata and exposes a steep]y
eastward dipping cutcrop of Shinarump Member. This was the target of the
underground working, but was not reached (see figure 43). Crude sWveying
shows that if the fault separating the Upper Red Member of the Moenkopj
Formation from the Shinarump Member is vertical, then it would have
required only 7 feet to reach it. A dip measurement of the fault plane
taken north of the mine shows a 60-70 degree inclination to the west.

East of the Shinarump cutcrops another fault breaks the normal sequencg
and brings a thick slice of Kaibab Limestone and Timpoweap Member of the
Moenkopi Formation against the Chinle.

The Shinarump Member is mineralized with iron oxides and ou
give radiation readings 4 or 5 times higher than background. A few
shallow pits have been dug or blasted ont_:hecntcrop: It 1sassxm1edthat
thesurfacerockoftheShjnannupMemberlstoolwmgraQearﬂtoo.
irreqular in the contained U,0 to make ore grade. .'Iheadlth?sdeslghed
o intersect the member in hdpds that the uranium might be enriched ag
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deptt_l. AcnxtcrossestheShjnaerpmtc:ropjustscuthofthegulch. Ihe
vertmalbedsofﬂmmanberareabmt?Ofeetthickardthethinbedéare

rad::Loactive, 6 to 7 times that of background. Some of the rocks are
plainly bleached.

To the south of the gulch arnd higher on the hill intl‘neNWSWpa:ff'Of
Sec. 14, is a 300 foot adit known as the Copper CLiff (figure 44). 1t
consists of one long tunnel with a bearing of S 37" E. The strike of the
rocks in the adit are N 47° E and the dip ranges fmn30degreeseastt°
vertical. The adit did not reach the mineralization or there was nong® 2v
that level. Above the portal, higher and southeast, the Shinarump is
exposed in which the rocks are slightly overturned and dip 70-80 degre®®
westward. Copper mineralization with a slightly higher than backgxwﬂd
radiation count is evident. The copper mineralization is quite cbviou®
and may have been the primary target, rather than uranium. The
mineralization parallels the beddirg in a rather narrow zone, mostly 1€SS
than a foot wide. The mineralization is probably localized by a beddild
plane fault and has a length of at least 50 feet along strike. Several
shallow pits have been dug along the fissure including one 52 foot shaft.
Other than abundant iron oxides the mineralization consists of scales ard
coatings of malachite with black copper pitch, chrysocolla(?) and
occasional blebs of cuprite. No uranium minerals could be identified. AN
analysis of a high-grade grab sample yielded 7.46 ocunces of silver per
ton, 0.001 cunces of gold per ton, 11.65 percent copper, 900 ppm lead, and
1650 ppm zinc.

Another occurrence has been reported in Sec 35, T 43 S, R2 W
(Lovering and Gress, 1958). These are known as the Virginia Park claims.
They are certainly not located in Sec. 35 because that section is not
located along the Cockscomb and the suitable geologic formations. The
description of the mineralization is similar to that for the Copper Cliff
area. The report indicates the radiation count to be 4 or 5 times that of
packground along an altered zone containing chalcopyrite, bornite(?),
bentonite, and iron stains. The radiocactivity apparently follows 'the
Shinarump horizon and overlies hard Moenkopi shales.” The Virginla Park
claims lie about a half mile north of another altered zone 2 to 8 feet
thick and uyp to 150 feet wide that is irregular in shape.

East of the movie set, 3/4 mile southwest of the abandoned toWnsite
of Paria, in SWSW Sec. 18, T 41 S, R1 W, a small adit or "dig" has begp
cait into a 1l footlersofgrittysarﬂstoneneartl}etopofthel\domtor
Butte Member of the Chinle Formation. The "dig" is located about 100 geot
above the Shinarump contact. No uranium minerals were evident and the
radiation count is only slightly higher than bac]ogromﬂ (about twice
background) . Thebottcxnofthespectacmlarsmmnmpm?.rpbe{cchamel in
the drainage west of the movie set shows no abmrmal radiation {photg 12).
Brown and Hannigan (1986, p. 10) report sanmpling clayey matex_‘lal from
prospect pits in the Chinle Formation around the Paria townsite. Thej,.
samples contained only 2.6 to 6.0 ppm uranium.
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COPPER CLIFF MINE

NW Sw Sec 14, 4395.2°W, Kone Co.
dugusl 2, 1974
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Figure 44. Mine outline map of the Copper Cliff
workings, NWSW Sec. 14, T 43 §, R 2 W.
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_ AnaxtcropofShmnmpMenberisexposedalon;KitdlenOomlW”gh
in Sec. 3,_T42 S, R 3 W at white Rocks. The ruins of a loading dock are
plainly evident just east of the main Kitchen Corral Wash road. A ri" cut
with a length of about 400 feet is the extent of development. The cut
exposes the base of the Shinarump and its contactwithUpperRedMemb@r(Df
the Moenkopi Formation. At the base there is a yellow green mudstone-

The Shinarnump oons:.sts of ledge coarse and gritty yellow tan c:rvc:ss.be(il‘flec1
sandstone containing lenses of pebble conglamerate. The pebbles are
mostly chert, quartzite, and sandstone. The sandstone contains many PXo
plant ocutlines, but there is little carbon trash. The unit is heavil¥
stained and streaked with iron oxides, notably at the base. No uranit®™®
minerals can be recognized and the highest radiation count is about

:maz-backgrwrﬂ The Shinarump channel is about 20-25 feet thick at S
oCATt1on.

Another prospect consists of an open pit in the Shinarump Member JUSt
south of Pioneer Gap along the Shinarump Cliffs near the center of SeC-
32, T 43 S, R 4 W. The pit is 50x40 feet with the long axis trending N
327 E. The highwall is 14 feet , the dip of the rocks in the pit is
gentle, perhaps 6 degrees to the northwest. There is a limonitized hale
in the pit 12 feet long and 6 feet high. The rocks are fractured, but the
fractures have not contrvlled the mineralization. A few local hotspots
are present within the halo and are outlined by heavier concentrations of
iron oxides that emit only twice the background radiation count. The
Shinarunp channel is 25 to 30 feet thick.

Morrison Formation deposits. The Morrison Formation also has uranium
mineralization in Kane County. It is located on the east side of the
Kaiparowits Plateau along Fiftymile Bench in the south of T 38 S, R 6 E,
and in the north T 39 S, R 6 E. The Morrison Formation dips gently
sorthwest and there are no faults of consequence at this location. The
formation is about 415 feet thick and is mostly conglameratic sandstone.
The mineralization is in the upper half of the unit where individual
sandstone channels are a bit thinner. About three channel sandstones, one
lying above the other in a vertical interval of about 100 feet, emit
radicactivity above background levels. The count drops to background gyer
covered areas, but responds well in the immediate vicinity of the
charmels. On the average the radioactivity is 4 to 6 times backgroung
but locally rises to 15 times background. The channels range to 15 feet
in thickness. Evident on these sandstone channels are mineralization
(iron oxide) fronts. These fronts are usually found in pairs and rOughly
parallel bedding, but commonly cross stratigraphic features. No organ.
or carbonacecus material seems to be present, the sands are gsn.xai!.ly
calcite cemented. Along or within the boundaries of nu:_nerallzatlon fronts
are occasional lentils of coarse sandstone with a pin]glsh cast. The Dink
coloration is due to a pink or red chert and the lentils carry the highest
radioactivity.

One short adit and same surface work comprise the total developme, .
work in the area. The highest radiocactivity (400 to 1200 cps total o )

are recorded here. Fres.he@oazresandareaswithjnaditsseemtorpa ity
T 38

the count. The radiocactivity has been followed in Secs. 32 and 33 1ip
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Precious and base metal®S

Most areas of the world have been extensively prospected for preCious
and base metals, and Kane County has not been overlocked. Altl'nmg}?lﬁd“e
pr:'oduction has been achieved it has been very small. Gold, copper,
silver, and lead have been produced in relatively small quantities, put no
such operations are presently active.

Colorado River gold. Gregory (1950, p. 188) speaks of the "futile"
gold excitement of Kanab in 1876. Thereafter Cass Hite discovered gold in
gravel bars along the Colorado River in the Garfield-San Juan County area
(1883) . Prospecting soon reached all the gravel bars along the river and
it is assumed that production was achieved from the Klordike, Horse, and
Meskin bars in Kane County. Most of this production ococcurred between 1886
ard 1889. The recovered metal was in the form of flour gold and none was
found as flakes and mxjgets (Gregory and Moore, 1931, p. 147). The gold
was accampanied by black sards consisting of magnetite, hematite,
ilmenite, garmet, and small amounts of chromite, zircon, and rutile. One
analysis irndicated that the Colorado River gold contained a little
platimum. At present all the Colorado River gravel bars are inundated by
Lake Powell. Whatever production was achieved on the Kane County bars is
probably credited with the San Juan County records.

Paria gold. Another period of gold "fever" occurred fram 1910 to
1913 when gold was sought fram the Chinle shales around the abandoned
townsite of Paria. Iawson (1913, p. 446) reports trench sampling the
lower half of the Petrified Forest Member and finding that this j
averaged 4 to 5 cents per ton in gold values. Individual assays rangeg to
12 1/2 cents per ton. The price of gold at that time was $21 per ouncg
ard presently (late 1986) stands at about $400 per amce. This woulq
equate to about a dollar in gold per ton at present.: prices. Lawson ( .
447-448) humorocusly summed up the situation by imdicating the gold Ontent
of the Shinarump clay in Utah might be worth $1,500,000,000,000 (see the
cuote on page 1).

ILawson also indicates that the Moenkopi Formation in the same argy
was tested and found to average 4 cents per yard (80 cents at current
prices). Ruins of construction designed to remove the gold from the
chinle Formation can still be cbserved at Paria.
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Cockscomb_copper and the Hattie Green mine. Copper minerali s8] 18
present in at least three areas of Kane County; mthescn.lthern;fzi—:;p}rd
of the (_Zockscmnb, south of Kodachrame Basin State Reserve south of
Cannorville, and in the Montezuma area along the White Cliffs at the
sgm'.hem edge of the Skutumpah Terrace. The ocopper is usually associﬂted
with another metal or metals: uranium, silver, or lead.

. Oxide copper minerals with a few blebs of sulfides are associated
with fissures in the Navajo Sandstone, Moenave Formation, and i

Member of the Chinle Formation along that part of the Cockscomb (East
Kaibab monocline) starting 5 miles south of Paria and extending to the
Arizona border. The fissures generally subparallel the strike of the
monocline and, like the bedding, dip steeply eastward from 30 degrees
vertical. There are also same transverse or obligque fissures. Most
occurrences of the mineralization appear small, extending only a few feet
along strike, the largest extending several hurdred feet. The width Of,f
the mineralization along the fissures is usually narrow, rarely ex

5 feet, but occasionally exceeding 30 feet.

The mineralization chiefly consists of iron oxide stains and fronts
vhich pervade the sandstone. Along fracture faces or openings are
encrustations, coatings, scales, and impregnations of malachite and copper
pitch. Azurite is not cammon and same chrysocolla(?) and chalcanthite (?)
is occasionally present. Tiny blebs of bornite stained chalcopyrite ard

e chalcocite are occasionally found in the best areas. A few fissures also
contain uranium or uranium—copper minerals (torbernite or
metatorbernite). Most workings are very small and consist of shallow
diggings or pits and short adits. The Copper Cliff workings were
previously discussed (p. l14).

The largest workings are those of the Hattie Green mine, located
along the crest of the Cockscomb in NW Sec. 18, T 42 S, R 1 W. The host
is the Navajo Sandstone and several scattered fissures cut the rock both
subparallel and normal to the bedding. The Hattie Green consists of
workings scattered about a quarter mile of area and includes adits,
shafts, and pits. According to Blakey (1970, p. 147) the main deposit js
exposed in a pit about 20 feet in diameter and 10 feet deep. The fissure
has additionally been worked by trenching over a ltf_rgth of 30 feet.
w'gth of the pit corresponds to the width of the'flssure which strikeg y
50° W and dips 53 degrees to the northeast. A little ore has been
stockpiled ard it is thought that a few test lots were shipped to a
smelter. A grab sample analysis yielded 0.55 ocunces of silver, 0.00)
ocunces of gold per ton, 7.05 percent copper, 2800 ppm lead, and 260 pry,
zinc. The handcohbed stockpileed ore probably cortains 3 to 5 percent
copper (visual observation). A channel across the best part of the
fissure would probably yield less than 1/2 perce.nt copper. Blakey algg
reportsanootsquareadit, about 300 feet in length, cut to 1
the fissure. Copper minerals scatteredonthgdtmpseemto irqlcatethat
the fissure was reached. Blakey th:.nks me.flssur?.s are associated With a
zone of shearing related to monoclinal folding as indicated by rn.‘any9

N outcrops of recemented crushed and fractured sandstone. Mahoney 6l 43,
' reports that the underground workings total approximately 1000 feet Qg

— —_—_ ..
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drifting and crosscutting. He describes a lowermost 660 foot crosscut
driven from the west slope of the east ridge. At a point 465 feet fr@™
the portal a northwest striking fissure was encountered with copper
mineralization averaging 6 inches in width. A drift 40 feet in lengt? "o
dx'-lve.n mxﬂ)@tt::-rly and another 310 feet southeasterly to follow the
fissure. This fissure was assayed and averaged 1/2 percent copper.

. Another adit 138 feet in length was driven on a northwest fissur®
wi}lchmgybgmesameoneintersecbedbythelmrercrosscmt. The
mineralization is spotty ard assayed 1.7 percent copper (16 inch chapel)
at the portal, 1.8 percent at a winze 80 feet into the adit (2.5 foot
channel), and 0.95 percent copper at a fissure intersection 113 feet iNtO
the adit. In another assay taken fram a 3 foot channel in the same miXe
northwest of the bottam of the winze the copper content was 0.7 perceﬂt
and there was 0.1 percent lead.

Rock Springs lead deposit. The Thousand Pockets Tongue of the pagde
Sandstone is mineralized with copper and lead in the Rock Springs area:
south of Kodachrame Basin. There are three principal areas: one in the
NESE Sec. 22, another in the NESW Sec. 26, and the last in the SENW SeC.
35, all in T 38 S, R 2 W, and are known as the Rock Springs, Ridge Copper
or Surprise, and Bullet shafts, respectively (figure 45).

The Rock Springs deposits was worked primarily for lead, but there is
also same copper mineralization present. The mineralization is contained
in elongated iron-stained pods in a thick yellow sandstone bed (Thousand
Pockets Tongue). The beds are up to 8 feet in length and are rather
irreqular in shape and do not conform to the bedding. The lead is present
as amglesite impregnations in the sandstone. In fresh exposures an
occasional cubic grain of galena is also identifiable. Malachite is not
abundant, kut is the principal copper mineral. Same malachite coatings
are also found in shale partings and in thin sandstaone beds adjacent to
the thick yellow sandstone bed.

The workings consist of a 10 foot shaft, some surface scrapings on
the sandstone, and a 25 foot adit. The disturbed area is 100x200 feet,
Apparently there has been some production and it occurred in the 1930s,
The U. S. Bureau of Mines Minerals Yearbook series credits Garfield County
with 850 pounds of lead production from an area near Cannornville. the
Rock Springs deposit is the only one near Cannonville and is located jp,
Kane County. The lead was valued at $34. The lead-bearing sandstone Lo
gzumdtosandinahorseormleoperatedarras_trearﬂthenpammedto
concentrate the galena and anglesite. The remains of the arx:astre
still present along the Rock Springs road on the northwest side of theg
Rock Springs Creek crossing in 1980. Brown and Hannigan (1986, p. 15)
took a chip sample of shale on massive sandstone showing minor malad'ﬁte
stains in the pit which showed the presence of 0.04 and 0.06 percent of
copper and lead respectively. Itisthca:\ghtthatnnstofapodhadbaen
mined from the pit which had contained higher percentages of both met@lls.
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Ridge Copper (Surprise) and Bullet Shafts deposits. The Ridge PPt
or Sur.pr:.se.depos1t 1s found about a mile scutheast of the Rock Spri
Creekcrossnmgalorgtheroadmichrisesonthedipslopeofthe'm .
Pockets Tongue. Spotty mineralization affects 5 percent of a 50x1500 £
area that has its long axis paralleling the rcad. The "spots" consist ot
luponltzed pods and small pipes in the sandstone. The copper oxides,
chiefly malachite, occur as stains and scabs in iron concretions, iron
nodules, or on fracture surfaces in the sandstone. Occasionally small
patches of copper pitch and tiny blebs of cuprite are identifiable. 1229
is also present as anglesite and is easily overlooked.

The workings are mostly shallow diggings, the largest of which iS 2
5x5x5 foot pit. Brown ard Hannigan (1986, p. 15) analyzed a grab sampl€
of a strongly mineralized nodule which yielded 10.4 percent copper and
1.1. percent lead. The sample also contained 5.3 ppm silver.

The Bullet deposits are located 3/4 mile south of the Ridge Coppe¥
deposit. The workings are found in a wooded area west of the principal
road and consist of two relatively deep shafts and a shallow pit cut into
mineralized pipes in the Thousand Pockets Tongue. Each working is about
80 to 85 feet apart along a N 45~ W trending line. The northwesterrmost
working is a 4x4 foot shaft that is 97 feet deep. The middle working is a
4x6 foot shaft that is about 105 feet deep (the bottom was filled with
water when examined), and the southeasternmost working is a 4x6x4 foot
shallow digging or pit.

The mineralization is of copper and lead, but the copper is the most
obvicus. White anglesite is the lead mineral. The malachite, as coatings
and scales, is sparsely scattered in pipes of iron oxide mineralized
concretions, nodules, and irregqular bodies that are present along the full
depth of the shafts. Dump grab samples collected by Brown ard Hannigan;
the first of decamposed sandstone, the second from a small ore stockpile,
yielded 0.08 and 6.3 percent copper respectively and 0.12 and 9.7 percent
lead respectively. The latter sample also contained 5.9 ppm silver,

It should be noted that the area is one where a myriad of collapse
features are present in San Rafael Group Formations. Unverified reportg
indicate many are mineralized, but prospecting was beyond the scope of
this study (see Hornbacher, 1984). The collapse features are mostly
vertical and generally circular in plan (see photos 61 ard 62).

Jodies Knoll deposit. Copper-silver mineralization is found at iy,
Jodies Knoll deposit near the south edge of the Skutumpah Terrace, NEgyame
Sec 17, T 41 S, R4 W. 'Ihehostistlm'lhmsqrﬂkacl:cets'fonggeofthe
Page Sandstone. Spotty iron oxide and malachite stained and impregnat.y
calcareocus sandstone is exposed over 1 1/2 acrvasnearthewesternplnqmut
of the tongue. PeﬁmapsSpercentofthisareashowg.cleamn_:
mineralization and most of this is weak. An analysis of a high-grade
sample yielded 10.95 ocunces silver per ton and 12.55 percent copper. 'Ihgreab
sample also contained 25 ppm lead and 875 ppm 21nC. The workings ist
of bulldozer scrapings and cther surface disturbances {small pits).
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Production from the deposit is not indicated, but same pave
oy ; ’ test lots may

Montezuma mines. A north-south trending belt, extending no
frt:mSec..'?, T 42 5, R4 1/2 W to Sec. 20, T 41 S, R 4 1/2 W delimits 21
area of mineralization in the Navajo Sandstone main body that have be2,
tested by numercus small workings. 'Iheu;::;:narpart:s.ofse-vr:'.ral(:roe‘:‘.sb@‘-;l
sets are the most affected by the mineralization. Faults or fractureS do
not seem to be involved. The largest of these is in SE Sec. 30, T 41 57 R
4 1/2 W and is known as the Montezuma mine (photo 72). The mineralizatlon
consists of weak to moderate iron staining. No ore minerals are pr&se-ﬂt'
One analysis of the rusty sandstone yielded higher than normal
concentrations of barium, chromium, and arsenic, but the precious and ¥2se
metal content was very low. The mines may have been used to produce
colored sand.

Titanium and zirconium

Titanium and zirconium minerals are found in several dark tan,
reddish-brown, or dark purple sandstone lenses in the Straight Cliffs
Formation in the southeastern Kaiparowits Plateau, notably in Ts 40 and 41
S, Rs 5 and 6 E. These sandstone lenses are fossil beach placers in the
John Henry Member. So far, at least 14 individual deposits have been
identified, although some may be parts of an originally single larger
deposit. All are exposed at the surface and are undergoing erosion. The
gecmetry of the lenses indicates that they are elongated and that the
original beaches, in which the titanium and zirconium minerals were
concentrated, were at least a mile in length. The identified deposits
range to lengths of 1500 feet and widths of 400 feet. CObsexrvable
thicknesses show most lenses to be 4 to 8 feet thick, although drilling in
their central parts has indicated thicknesses to 15 feet (from a private
report donated by Morris O. Rambo, 1986).

The sandstones vary considerably in color, resistance to erosion, and
in heavy mineral concentrations. The sorting is moderate and fractiong
range from fine to coarse grained. Generally the zircon percentage
improves in the finer grained fractions. Several of the deposits form
benches and can be surface mined. Parts of others are covered with othg,-
strata.

Identified minerals include zircon, magnetit_:e, ilmenite, rutile,
quartz, calcite, monazite, garnet, sphene, hematite, a.nd anatase. Theyg
appears to be no relationship between the amount of zircon present to .
amount of titanium minerals present. A small amount of gold has also )
detected (to 0.04 oz./ton). Peterson (1969, p. 73) reports.on the
mineralogical composition of 5 samples taken from one deposit and Bureg,
of Mines' investigators V. T. Dow and J. Vance Batty (1961, p. 11-14)
examined the deposits and tock several samples for analysis.
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Table 19. Varicus analyses of titaniumzirconium deposits in Kane oo vy
From Peterson (1969, p. 73):

Opaque minerals 73% (magnetite and titanium mJ'.nefalS)
Zircon 22%
Rutile 2%
Garnet 2%
Tourmal ine 1%
Staurolite <0.5%
Sphene <0.5%
Apatite <0.5%

Fraom Dow and Batty (1961, p. 11-14):

Sargent Dep. U-249 Dep. Mann Dep. Croton, Sunday
5-405-5E 5-405-5E 8-40S-5E Cyns, several
locations
Ti02 9.5% 23.9% 22.5% 13.5%
Zr02 2.9% 7.0% 7.3% 3.7%
Fe B.3% 16.2% 21.1% 12.7%
e’I‘hOz 0.06% 0.09% 0.09% 0.08%

The best developed deposit(s) are those of the lLong Shot claims, Mann
claims, or TZ group claims. The deposit was drilled and analyzed and an
estimate was made of the ore reserves. From a private report (Morris O.
Rambo, 1986), this deposit contains from 450,000 to 550,000 tons average
11 percent zircon and 22 percent titanium minerals. Some of the other
deposits may approach these concentrations, but many are known to be of

lower grade.

Titanium is a metal whose chief ore minerals are ilmenite and
rutile. Although both are found in the Kane County deposits, they are
dominated by ilmenite. Ilmenite is used in the manufacture of titaniym
dioxide for pigments—for use in paint, enamel, lacquer, paper, rubber,
floor coverings, ard textile products. Titanium dioxide pigments have
high opacity or covering power, are relatively light, and are c:hemlcally
inert. Ilmenite contains titanium, iron, and oxygen (FeO.TiQ,), wheregg
rutile (Ti0.,) is natural titanium dioxide. Therefore the prife of ruti;e
is general1§ about 6 times as high as that for ilmenite. The latter jg
therefore favored in the production of titanium metal, for steel alloyg
and in fiberglass. The metal is relatively light, strong, and res:.stam’_-
to corrosion and its alloys are used in aircraft and Jet engines.

Zirconium was called the "Cinderella" metal after World War IT

becauseofitshighresistarmetoheatanienteredthenarketplaceaga

structural material for rnuclear reactors. zircgnimn.mimrals can bt=.-'1l
with or without processing and zircon is the chief mineral. Zircon ig
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jur
orthosilicate of zirconium (2r5i0,) and contains 1/2 to 2 percent Hat?
in its crystal lattices and is thé most abundant socurce of this metal'
Zircon is used as foundry sand (47%), as a refractory (22%), in ce.ram}
(10%), as an abrasive (6%), with the remainder (15%) used in the

manufacture of chemicals, zirconium metal and alloys, and for nuclear
applications.

The Kane County deposits are located in a remote area and the or€
mustbeupgradedarﬂprocessedmplacemordertocanpetemthe Ke
place. Processing will require a cheap source of electricity and water
The possibilities are favored by the presence of the Kaiparowits Pla
coal deposits (for electrical power generation) and that the poss»sn_bn.ll—":‘]"E
of increasing the reserve through additional drilling and prospecting ar
great.
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hway construction has been Kane

ig

Sand and gravel for h

Photo 73.

The upper view shows partly

calichified (partially cemented) gravels on benches near the

County's most valuable commodity.
Bullfrog marina.
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Industrial and Construction Materials

Industrial and construction materials in Kane County include sand and
gravel, limestone, gypsum, building stone, volcanic cinders, clays, and
glass sand. Miscellaneous deposits, specifically those that fall in the
gem materials classification, are included. The large deposits of gypsunm,
the various clay deposits, and limestone are resocurces that have not been
mined as yet.

Sand and Gravel. Samnd and gravel, by far, have been the greatest
econamic natural resources taken from the earth in Kane County (photo
73). Large tonnages have been used in concrete for hame and building
fourdations, driveways, bridges, and in bituminous mixtures for highway
pavements. The single greatest use has been for highway construction.

Many of the early homes were built of stone held together by mortar
which required much sand. The population of the county slowly increased
and during the late 1920s the gradual improvement and paving of the main
roads began. In 1928, Bryce Canyon became a natiocnal park, and, in 1930 a
tunnel and a highway was campleted linking Zion National Park and
Washington County to Kane County, opening a previcusly dead end drive with
the cother nearby national parks and momments. In the 1950s tourism
became important and more road miles were upgraded and paved. From 1961
to 1963 almost $19 million worth of sand and gravel were used in building
U. S. Highway 89 between Kanab and Page, Arizona, and for the construction
of the Glen Canyon dam.

Sand and gravel that meets construction specifications are not
abundant in the county, however, there has been a fortunate distribution
of excellent deposits that do. During 1967, geologists of the Utah
Department of Transportion (U.D.0.T.) investigated and inventoried 27
material sites (table 20). Several reserve quantities, as expressed on
this table, were increased because of additional mapping. Six of the
sites were for rip-rap or borrow. The best sand and gravel sites occur in
6 areas: (1) southern Long Valley, (2) south of Mt. Carmel Junction, (3)
Kitchen Corral Wash, (4) adjacent to the Paria River south of U. S.
Highway 89, (5) adjacent to Wahweap Creek, and (6) the Bullfrog area.
These deposits were mapped under the symbol Qag (alluvial gravel) on the
geologic map. Not all the fields on the map marked Qag are suitable sand
and gravel deposits for construction purposes, the best are the old stream
terrace deposits. The ancient streams that deposited these gravels
originated in the rocks on the Markagunt Plateau, Paunsaugunt Plateau,
Canaan Mountain, and the Henry Mountains to the north. During
transportation the softer rock types were disintegrated and carried away
as sand and silt. Consequently, the deposits of these 0ld streams contain
an abundance of indurated, well rounded, hard-rock types, namely
guartzite, quartz, limestone, and dense ignecus rocks. It appears that
the basal conglomerate beds of the Claron Formation supplied much of these
gravels to the first 5 areas. Erosion of the Henry Mountains supplied the
gravel to the Bullfrog area.
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Southern Jong Valley. These river terrace deposits are located go u;:h
and southwest of Orderville in the SW Sec. 4 and the NW Sec. 9, T 41 =
7 W. The deposits contain bedded and graded sand and gravel that xa"3=°
to 50 feet in thickness. The gravel is mainly subangular to rounded XV
quartzite and gray limestone and subordinate tan sandstone. Two pit® have
been cpened in the deposit: one is U.D.O.T. pit 13003 (when all the
counties of Utah are arranged in alphabetical order, Kane County is No.
13) and the other had not been opened before 1967. Material from the=€
pits were used in upgrading U. S. Highway 89 in Iong Valley as well 2%
other construction uses. The samples fraom both pits have good test
characteristics - low swell, low abrasion, low sodium sulfate loss, and @
small amount of silt and clay (material passing the No. 200 sieve). These
data substantiate that the sand and gravel is suitable for aggregate 1N
concrete and bituminous mixtures. A substantial reserve remains in the
area.

South of Mt. Carmel Junction. The largest pit area in the county is
located 1.4 miles south of Mt. Carmel Junction and 0.3 miles east of
present U. S. Highway 89. The gravel has been used by U.D.O.T. and others
for many years. In Octcber, 1985 there were 4 large pits at slightly
different elevations in the N 1/2 Sec. 31, T. 41 8, R 7 W. Exposures
reveal gravel to 14 feet in thickness and muich of it is in well graded
gravel lenses that gradually and laterally change into brown sand. Clasts
are subrounded to round and consist of limestone, quartzite, and hard
sandstone. In many place the upper 3 or 4 feet of gravel is a hardpan
cemented by calcium carbonate.

This area includes U.D.O.T. pit No. 13010. Samples from several
exposures were obtained and tested in 1964, 1967, and 1980. All test
characteristics were good and the sand and gravel meets the specifications
for concrete and bituminous aggregate. There is a large reserve in the
area; the estimated 1 million cubic yards is a conservative figqure.

Kitchen Corral Wash. Aan extensive old river terrace deposit is just
east of and parallel to this wash near U. S. Highway 89. Two pits, one
sauath of the highway and one north, have been opened in the deposit. rqhe
exposed gravel is 20 to 40 feet thick and it is well cemented in places,
The gravel is graded and very few cobbles exceed 3 inches in diameter,

The clasts are subrounded to round quartzite (60%), limestone (30%), ang
sandstone (about 10%) with a few scattered conglomerate boulders. The pit
south of the highway was inventoried by the U.D.O.T. as site No. 1301g

put that small area is almost mined cut. By far, the largest reserve jgo
in the old terrace north of the highway in the E 1/2 Sec. 23, T 42 8, 4
W. The test data on material from both pits are good. The sand and
gravel from this old river terrace deposit is suitable for use in Congpote
and bituminocus mixtures.

Adjacent to the Paria River south of U. S. Highway 89. The Parijy

River also has an old river terrace along the east side in this area.
Auger holes have proven at least 11 feet of gravel, mostly subroundeg o
rounded quartzite pebbles and cohbles. The U.D.0.T. inventoried one Dit

(13022) and three potential material sites (13019, 13020, and 13021) A ong
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the river. Test data indicate that the sand and gravel meets
specifications as aggregate in concrete and bituminous mixtures., THY £
listed reserves at the 4 sites are very conservative; probably milli¢"™® ©
cubic yards are present along the length of the old river terrace.

Farther north along the Paria River additional terrace gravels are
available (especially SE Sec. 6 and NE Sec. 7, T 38 S, R 2 W), 1a:cgely
composed of quartzite materials, that should make excellent aggregat®-

Adjacent to Wahweap Creeck. An extensive old river terrace deposit 1S
present on the bluffs that parallel Wahweap Creek on its southwest s%de'
Several pits have been opened in the deposit east and northeast of Bl
Water (Glen Canyon City) in the E 1/2 Sec. 11, T 43 8, R 2 E. The
U.D.O.T. listed one of these as pit 13024. The gravel is graded, is
mainly quartzite, and is at least 12 feet thick throughout most of thé
deposit. It extends for several miles northwest and southeast of Bid
Water. Samples tested over the years show that the material meets
specifications for concrete and bituminous aggregate. There are probably
several millions of cubic yards remaining in the deposit. Its latest use
was for highway construction in Arizona (hichway repair south of Page) -

Bullfrog area. Veneers of sand and gravel cap most ridges and knolls
in this area. Small alluvial aprons, locally thick (to 30 feet), extend
downslope from many of the caps. On same of the ridges and knolls a zone
of hard, white caliche has formed that ranges from 1 to 4 feet in
thickness. They were deposited by ancient rivers on a pediment which is
now being removed by erosion. The sand in these deposits is fine grained,
subrounded, and quartzose. The gravel is very hard and consists of
angular to subrounded diorite (30%), gray, white, brown, and black
quartzite (45%), gray and brown sandstone (10%), and tan, red, brown, and
black chert (15%). The gravel is fairly well graded and 90 percent of the
clasts are 0.25 to 1.0 inches in diameter.

A fairly large gravel pit is present about 2 miles ESE of Bullfrog
marina in Stanton Canyon (SE Sec. 9, T 38 S, R 11 E). The excavation jg
about 500 feet north-scuth and 80 feet east-west. Thirty feet of well-—
graded, previcusly described gravel is exposed in a highwall. Presumably,
material from this pit was used in construction of the highway near
Bullfrog as well as other facilities near the marina. The U.D.O.T. dig
not inventory any material sites in the region; therefore no test daty ;¢
available. However, judging fram the hardness of the rock types, the
apparent gradation, and other aspects, it quite likely makes good
and bituminous aggregate. The pit can be extended north at least 500
feet, west at least 60 feet, and south about 200 feet. This pit plust
other Qag deposits should provide ample reserves for future constructjg,
use in the Bullfrog area.

Other sand and gravel areas. There are several other areas that
might be exploited for sand and gravel. The previously discussed dePogits
cover areas that have been convenient for highway construction. The
wogther" areas have not been tested or prospected for their potential, but
same are rather large. There are very large gravelly pediments that h&ve
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developedmcxetaceazsaMJmassicdepositsmthePodmﬁcarﬂSkdﬂﬂw
Terraces below the Pink Cliffs. Such gravelly pediments cover simil®c
rocks in the northern part of the Paria Region. Itisassnmedthatd;fd
source of the gravels is fram the basal part of the Claron Formatiaon
hence, should have the favorable characteristics necessary for good
construction material. Another very large gravel deposit rests on HOEZ=S
Mountain in the northern part of the Kaiparowits Plateau. The deposlt 15
7 or 8 miles long and averages 2 miles in width. Again the source st be
the basal Claron Formation. The deposit rests on the Kaiparowits
Formation and probably is 20 or more feet in thickness. Smaller gravel
deposits parallel the streams and washes in the western Kaiparowits
Plateau, and, in addition to Wahweap Creeck, Warm Creek and Iast Chanc®
Creek are lined with them.

Volcanic cinders

There are 14 volcanic cinder cones in the western half of the
county. All except four of these are on the Markagunt Plateau or Kolob
Terrace. The remainder are found on the Skuturpah and Podunk Terraces -
The pyroclastic cinders and ash that build up the cones all have fairly
similar textures, camposition, size ranges, and colors. The cinders and
ash are cellular, frothy, lightweight, and mostly range in size from 1/4
inch to 2 inches in longest dimension. Larger pieces occasionally found
usually are fractured and soon break up into the above noted size ranges.
Comparatively little volcanic dust is present. Colors are reddish-brown
through gray and black. The cinders are thought to be the last offshoots
of a viscous, highly gaseous, olivine basalt magma.

Material from three volcanic cinder cones has been used for dirt road
surfacing on the Markagunt Plateau (photo 74). These cinder pits are
located in the (1) NWNW Sec. 11, T 38 S, R9 W, (2) NENE Sec 9, T 38 S, R
8 W, and (3) SESW Sec 10, T 38 S, R 7 W (Strawberry Knolls). The U.D.O.T.
inventoried (2) as pit number 13001 in the county. The reddish~brown to
black cinders do not meet the abrasion requirements for base or surfacing
aggregate on standard highways. However, on many dirt roads, the cingers
get packedd down and provide a good driving surface. The National Forest
Service uses the material on their roads and such surfaced roads have the
advantage of not getting as muddy during wet weather. An additional
cinder pit was opened on the flank of Black Knoll, east of Glendale, k.t
it is not known where the material was used. Use from this pit has heap
minimal and it may have been used by local ranchers to surface approacy
roads to fields and hames.

Possibly the best future use of the cinders would be as 1ightwei%t
aggregate. The cinders fram all the cones appear to be strorg, durab],
ard to contain sufficient voids in their natural cellular condition. 'H:ley
are considerably lighter than the sand and gravel normally used in
concrete. When larger buildings are contemplated for construction, Same
consideration might be given to using the cinders as lightweight a e
to manufacture pre-stressed and pre-fabricated concrete items. This,, la
reduce the total load on the reinforcing steel in the building as wely as
permitting lighter handling and transport.
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Glass sard

The major requirement for glass sand is a high silica content Wpld;
is at least 93 percent for ordinary container glass, and over 99 pta'.l-"’e‘n
for optical glass. Glass is made of a mixture of 52 to 65 percent gUArt2
sand by weight plus scda ash (Na,00,) and lime. Aside from the sil1i¢2
content the main concern in the élags industry is the percentage of
impurities in the sand. Iron, chromium, cobalt, manganese, and severa‘l
other elements are strong colorants, even in very small amounts. AlU™INA,
however, is needed in the mix and may be present in sand up to 4 or 9
percent. Generally, grain sizes should be between 0.590 and 0.105
millimeters, but grain shapes do not seem to be important. Very few
natural sands or sandstones meet the exact specifications and )
beneficiation becomes necessary, especially for removal of clay and iron
oxides.

There are numerous sandstone formations in Kane County, but only the
Navajo Sandstone and derived sand dunes have been tested specifically for
use as glass sand. For the present four samples of Navajo sandstone and
derived sand were tested: (1) one sample each from the lower and upper
adits of an old glass sand mine about 4.5 miles north of Kanab (Lamb Point
Tongue of the Navajo Sardstone), (2) a sample of dune sand in the Sand
Hills area adjacent to U. S. Highway 89, (3) a sample of the Coral Pink
sand dunes, and (4) the Navajo Sarxistone in the Paria-Hackberry Wildermess
Study area. The first three samples were submitted to a cammercial
laboratory in Salt Lake City for major oxides and selected elemental
determinations. Brown and Hannigan (1986, p. 11), sampled and tested the
fourth sample for suitability as glass sand. The test data, exact
locations, and remarks are given in tables 21 and 22 (see also figure 46
and photos 75 and 53). Brown and Hannigan (p.11) state that the Navajo
sand could be used in the mamufacture of ordinary colored container
glass.

Fram all indications Navajo sand probably could also be used for
fracturing sand, foundry sand, filter sarnd, and abrasive sand
(sandblasting, sandpaper, metal polishing, stone sawing, etc.), as weljl as
industrial chemical uses.

Limestone and Dolomite

Limestone is mainly calcium carbonate (Cacn3) , and, in addition o
being a precipitate, may also originate fram the accumilation and

cementation of fossil animal shells and plants. Dolamite contains
oonsiderable magnesium in the form of (CaMg)(C0.). Limestone is p

for use in the production of cement, refractorles, fluxstone, lime
products, filtration, poultry grit, cocal mine roc:k dust, filler, calqium
carbide, and other chemicals. Limestones containing more than 95 Perocnt
Ca(0,, are called "high—calcium limestones" and they are desirable for tho
nanu%aculre of lime, cement, and chemicals.
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Photo 75. Sand mines near the confluence of Kanab Creek and Three
Lakes Canyon. The upper is an abandoned glass sand mine, the lgyer
is a mine with colored sand used to fill decorative bottles.
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Utah Department of Transportation Inventory
of Material Sites in Kane County

Material
Thick-
Present ness Depth
{ estimated of of
Pit or quantity mater- aver- Date Type of
Site # Location Owner Use of Materlal Type of Deposit {cublc yos) sl burden sampled sample
13001  NWNE-7-385-6W National Forest Base Gravel, Surface Grawvel Cinder Cone 200,000+ 50 D=3 1941 Cut Bank
13002 SENE-30-355-6w A, Pugh - Talus 800,000+ b o 0-3 1967 "
13003  SWSN-4-415-7W L. Heaton - Rlver Terrace 400,000 50 2-5 1945 "
13004 SENE-168-415-7W R. Esplin " - 190,000 & 0=1 1940 Test Hole
13005  SENW-19-415-7wW E. Sorensen Rip Rap Bedrock 100,000 10+ o] 1961
12006  MWSW-9-&15-8w ¥, Fairchlla Base Gravel, Surface Gravel River Terrace Mined Out 1967 Test Hole
13007  SESW-8-415-8w 5.L.M. Borrow Talus Mined Cut
13D08 SENE-25-4]15-0w - Borrow & Rip Rap Strean Channel 30,000 3 0 1959 Cut Bank |
13009  MeSW-30-415-7wW = Base Gravel, Surface Gravel River Terrace Mined Out
13010 NWNW-31-415-7W = - - 1,000,000+ 14 o-5 1964 Cut Bank 1
13011 SWNE - 9-A4.5-EW B. McAlllster s Resldual Cap Mined Out 1952 Cpen Face
13012  SESE-3Z-42N-7W State of Arlzona - " Mired Out
13013 NWNW—6-845-4R 8.L.M, Borrow Stream Channel 80,000 10 -1 1956 Open Face
13014 SENW-13-435-5W - Base Gravel, Surface Gravel River Terrace 300,000 s 0-1 1962 Cut Bank !
13015 NN - 3 5 2 S50 A, Judd " - 18,000 5 D=1 1982 Open Face
13016  NENE-26-425-3W B.L.M, - - 1,000,000+ 20 1-3 7-63 Test Hale b
13017 SwSk-1-425-7W " Rip Rap " 16,000 10 a 1965 Open Face
}g}; g:g-z:c-zs-azs-a - Base Gravel, Surface Gravel " NOL Meps. 1956
27=425-1w - " River Terrace 200, 000+ 10
13020  SME-33-425-1w - - 200,000+ . 13‘,‘? pen Face £
13021 NEMNE-4-435-1w - Stream Channel Not Meas. 1956 "
i}}gg ;Iush:-f;:?-si;[ B.L.M, - River Terrace &00, 000+ 30 0-1 1964 -
13026  SANE-11-43S-26 - - " ﬁw&' 12 3-5 g:; ?:::B::;-
13025 NWSW-12-435-2F . - Stream Chanrel 24,000 10 0-1 1563 - ‘' B
13026  SWNW-29-435-3 - o River Terrace 250,000 10 15 196 Cut Bank 5
13027  SENE-32-435-3E Private and B.L.M. Borrow - 1956

—



—{tal Départsent 0l JTansportation Inventory
et e sives 4 Fane Caly. .

Immersion
compression
Sieve analysis average psi
'\ i fte Rlasti- Socti
Depth Percent passing after um
rush crushing ta 1" max. size  Uquid  city Lime Abrasion sulphate loss
- S o v B ‘a [ «a o 20 Limit Incex Swell wos w/, 500 rev. +& -4
-~ L) . ;‘ "—L s g j—:
< 15 100 a2 59 a2 9 2 49
100 100 100 80 45 30 la 3 1& Y e
13 7 37 100 66 b 3l 17 5 15 N 003 160 30 33 11 13
1= 9 1u 33 100 74 45 37 2% 9 17 N 007 353
le 5 u 17 100 72 sl 43 8 7 NP .00z - 5 W 8 13
k Mo Crushing 100 100 9 % il 18 NP A0
the a 2 23 100 70 &0 30 14 4 14 NP 004 248 432 26 10 a
ce 7 3 100 51 40 13 11 1s NP .021 25
ICx 0 1] 100 57 g2 45 10 13 .
L b u] 28 100 70 42 34 F} g 18 NP 011 30
8 0 13 100 79 53 &5 b1 pa] 15 NP a1 27
le 9 3 5 100 69 47 ad F73 [ 14 NP 002 T4 167 38 2] é
Ice 24
3 53 100 40 Vi 13 & 18 NP .al 37
Yo 8 11 35 100 66 36 27 14 5 16 N 007 25 1 6
17 30 100 36 25 18 & 17 NP .03 2
11 69 100 3 21 15 5 16 L 028 34
9 3l 100 71 39 'l 15 4 14 NP .01 20
s 9 3 33 100 6l 30 pa) 15 3 16 NP 001 321 &52 18 4 5
31 10-20 @ o 100 70 62 47 ] 11 19 NP 024 173 233 la 5 3
0-10 aQ L1 100 &7 48 42 27 -1 18 NP .02 14 .6 2]
~u 3 3 21 100 Fyi] 38 3 18 4 18 NP .0 37 512 0 5 8
99 77 54 4i 3 16 NP
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In eastern Kane County limestone units are very thin and negligible.
In the western part of the county limestone is present in the following
units: (1) Toroweap Formation, containing sandy, thick-bedded to massive
limestone beds, (2) Kaibab Formation, with thick beds of cherty limestone,
(3) Timpoweap Member of the Moenkopi Formation, with thin sandy limestone
beds, (4) Kolob Limestone Member of the Carmel Formaticn, with thick sandy
limestone and shaly limestone beds, and the (5) Claron Formation, which
form the Pink Cliffs. Additionally there are thin beds of limestone and
dolaomite in the Virgin Limestone Member of the Moenkopi Formation, Chinle
Formation, Kayenta Formation, Navajo Sandstone, and the Paria River Member
of the Carmel Formation. Of these units the Kolob Limestone Member and
Claron Formation are more suitable for use by virtue of accessibility and
extent.

The Kolob Limestone Member of the Carmel Formation was sampled at
several places in the western part of the county. The samples were
analyzed for quantitative oxides and, more specifically, for whole rock
analysis for use as cement rock (table 23). In most of the places sampled
the material consisted of blocky medium to thick bedded rock. The
remainder of the samples were of thinbedded, argillacecus limestone. The
table also displays quantitative data fram two commercial cement rock
quarries operative in north-central Utah.

Analyses for the Claron formation carbonate rock are not available
for Kane County. Certainly all the carbonate (both limestone and
dolamite) rocks of the county would produce suitable crushed stone. 2Again
the Kolob and Claron units would be most favorable because of their
thickness and extent.

Building Stone

The most important qualities of a good building stone are ease of
quarrying, durability, color, strength, low porosity, textures, hardness,
and workability. Also, the rock should be free of closely spaced cracks,
joints, bedding planes, or cther lines of weakness. The uniformity of all

these qualities is also desirable throughout a prospective deposit.

In the western part of the county the settlers used field stone and
quarry stone mostly from three rock units for home and building
construction: Moenkopi Formation, Moenave Formation, and the Kolob
Limestone Member of the Carmel Formation. In the old town of Paria many
home foundations were made using the blocky sarndstone fram the Moenave
Formation. The walls of many of these homes consisted of cut and broken
sandstone of the Moenkopi Formation (probably the Virgin Sandstone
Member). Its flaggy and very flatbedded nature was especially prized and
valued to form windowsashes. 1In Kanab, the old city and county building
(now torn down), was constructed of sandstones of the Moenave Formation.
In Mt. Carmel, the old schoolhouse (still standing) was constructed of
dimension stone from the Kolob Limestone Member. Ancther pioneer building
in Orderville, an old L.D.S. bishop's storehouse, was also constructed of
dimension stone from the Kolob Limestone Member (photo 76).




9], -SUOISPUBRS SABUIOHN JO 9I¥ SHDOTY UOTILPUNOT YT
®y3 wozy pataxenb Arqeqoad sem 3387 sy3l o3 burpTTng ayz jo suolshbels ayl -eTied 3O 93TSUMO] pauopueqe
SUI 3B USyE] OI9M SMITA OM] IIMOT SYL “UOTIRUIOI TSUIR) 3YJ JO ISQUIDK JUOISAUTT qOTON Y3 Y3ITM P9300ILSUOD
2I9M SBUTPTING Y3o€ ‘'TaWIR) "3IW UT ISTOYTOOUDS pauopueqe ue sT 3ybrr zaddn pue 9T TAIIPIO UT ,9STOYSI0]S
$,doystq, 1enT1I03sSTY Ue ST 33oT I9ddn ‘Ajunog auwy UT TPWTUTW u33q sey suols BUIpPTINg SATIRU JO 9SO 3yl ‘9z 030Ud




*L3T0 eyeT 3Tes 3O 3ses ‘uoduen sAartiRd AUOISIUTT AIDID UTMT 9

UTE3UNOoOW aTlTIaASIUBRIG AUOYSaUT] anlg JedIT =

‘4 £ o 'S Tp L ‘TE 235 ISAN SNoadBTTTIbIE ‘pappaq uty: qy

M LY 'S TP L ‘TE "295 ASAN pappaq yoryz ‘ALyoorq ey

"MZ/T v d ‘s Ob 1 ‘EE *095 INMSAN snoaoer1ibae ‘poppaq UTY3  qg

MZ/T v M 'S OF L ‘EE "095 INMSAN peppaq ¥oTy3y ‘Ayoorq  ®E

M LY 'S 0F L 'VZ 035 HSMNMS JU0IEAWTT] gOTOoN z B
‘M6 M 'S TP L ‘ST ‘o9S FSINIS snosoerTthae ‘pappaq urys | qi v )

‘Mmed ‘S Tk L ‘5T "85 ANIASAN ) peppaq ¥otys ‘Ayoolq ey
- :satdues jo suorydrrosop pue mrmMHMan..-.- R
0L et = £2°T 95°0 £6°1 we's 00722 LT Tetif g
£6°2y - 9T1°'0 IT1°0 0s*0 26°¢ 96°0 69729 g
B0 TA 1 £71°0 02 ¢ 66°0T 0§74 qete  18°LT ar
1% 16°T B60"0 69°1 L2y 1978 LT1°%  09'¢g e
1T°o 10°0 "0 $9°0 R6°6 €70 204 q¢
1°0 10°0 oo 19°'0 S6°6 €70 0T°0L eg
91°0 0°'0 70 L0 8etel G6°8 99°¢S Z
00 10°0 e 0 590 BL'6 £¢'0 22799 qt
20 10°0 B8Z°0 BE'T 94701 T M1y et
UOT3TUBT Uo $S07 5 S0dq 0y oeN £0lay £ty 218 00K 0ed IaqurN
se 7z . - 2,1 B L7 I 1 -7 - adueg

INJTNS Y/ ¥ rdl b )

SaTIIENY >I0y=juawa) TETOIaWWO) OM] JO SasATeuy
pue 3U03SSUTT QOTOX 8Y3 JO SIPTX) SATIBITIUENY * €Z BTqEL

¢




=129-

Building stones quarried from within the county are little used
today, but in many old foundations the blocky Moenave sandstone is
recognized. Unfortunately it quickly gramulates with age and is crushed
under excessive weight. Most present day construction, if stone is called
for, uses imported stone. Although not strictly building stone, Kane
County petrified wood has been used for wall facings, momments, and
decorative stone. The olivine basalt blocks have been favored by scme as
decorative garden stones.

Gypsum

Gypsum is hydrous calcium sulfate (Caso, .2H,0), and anhydrite is the
anhydrous form (CaSO,). These minerals were ipitated by the partial
or complete evaporation of restricted marine brines in a dry climate.
They are classified as evaporite sediments along with rock salt, primary
dolomite, and potassium and magnesium salts. Most of the deeply buried
material is present as anhydrite, gypsum being formed when the mineral is
brought into the zone of weathering. In semiarid climates hydration
progresses to 40 feet or less below the surface or behind outcrops.

Most gypsum is a canpact massive finely crystalline to granular
rock. It is white when nearly pure, but may be gray, bluish-gray, yellow,
or pink, owing to such impurities as clay, iron oxide, or organic matter.
Anhydrite is similar in appearance to gypsum, but is harxrder and heavier.
It has little value at present because in plaster it absorbs water and
swells. Three varieties of gypsum are satin spar, a fibrous form with a
silky luster; selenite, a transparent cleavable form; and alabaster,
massive and finely crystalline, pure white or delicately tinted and
translucent. Satin spar and selenite are common in occurrence, but are
not usually present in the thick beds or veins necessary for commercial
production. Alabaster is found in thick beds, massive varieties are known
as rock gypsum and less pure varieties are classed as gypsite (<60%). The
best alabaster is used for carving and sculpturing. Nearly all commercial
gypsum occurs as sedimentary beds, ranging in thickness fram 3 to 100 feet
or more (Bates, 1960, p. 201). Most gypsum deposits contain from 5 to 15
percent impurities (clays, halite, anhydrite, silica minerals, etc.) and
some beneficiation is usually necessary.

When heated to a moderate temperature (300—3500 F) gypsum loses
3/4ths of its chemically held water. On cooling, the resulting
hemihydrate (CasSoO .1/2H%((;)a (calcined gypsum or plaster of Paris) may be
mixed with water and spfead, cast, or molded. It then dries into a hard
mass. The calcined gypsum is manufactured into a variety of plasters,
wallboard, and block for construction use, or into plasters for industrial
applications. Calcined gypsum has almost totally replaced lime in
plasters. Uncalcined uses of gypsum are mainly as a retarder for portland
cement, as a soil conditioner, as a mineral filler, and other industrial
uses.

gyps:.nnisahnﬂantarﬂwidespreadinkanecmmty; however, no
deposits have been developed. Sedimentary gypsum, in beds thicker than 3
feet, i1s found in the upper part of the Toroweap Formation, the Shnabkaib
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Member of the Moenkopi Formation, and the Paria River and Wiggler Wash
Members of the Carmel Formation (see photos 28 and 81). The Paria River
Member of the Carmel Formation is largely one massive white rock gypsum
bed that has a fairly consistent thickness from Slide Canyon to the
western county line. In places the member can be strip-mined. It has the
best potential for commercial development. A characteristic gypsum
section of the Paria River Member was measured in Meadow Creek (see
measured section of Paria River Member, p./2z). Our best judgement, from
examining many samples, is that the white gypsum beds contain 5 to 10
percent impurities, and these are mostly at, or near contacts with other
lithologies. The gypsum beds of the Shnabkaib Member and Toroweap
Formation appear to be less pure and may approach gypsite in quality;
often sand grains and silt can be identified throughout. The beds of
these units are not as contirmuous or as well exposed for surface mining as
those in the Paria River Member. The Wiggler Wash Member of the Carmel
Formation has good, but mostly thinner gypsum beds exposed and like those
in the Toroweap and Shnabkaib are not very extensive.

Clay

No clay deposits, claystones, or shales, as far as we know, have been
investigated and tested for quality in the county. However, we do know
that there are fairly thick and extensive clay units that can be used for
general purposes. Van Sant (1964, p. 141) described a bentonite clay bed,
3 feet thick, in a pit opened in the Dakota Formation near Cannonville,
Garfield County. Clay from the pit was dried, crushed, and sold in bulk
or bag for drilling mud, canal sealing, and for bonding molding sand.
Tests showed that the bentonite has a 90 percent water of plasticity and
its dry linear shrinkage was 19 percent. Firing tests showed t a
sample cracked and warped at all temperatures from 1800 to 2400~ F.
Therefore the bentonite has little value in ceramics. The Dakota
Formation bentonitic bed, as exposed near Cannonville, can be traced from
Cannonville southwesterly to Table Mountain (Sec. 21, T 40 S, R4 1/2 W)
in Kane County. The Dakota Formation may have other such beds in its

exposures throughout the county.

Many earthy mudstone and claystones of various colors are present in
the Chinle Formation. These beds are 9 to 81 feet thick and same develop
the bentonitic "pop corn" texture on weathered surfaces. Some Tropic
Shale beds and certain horizons in the Straight Cliffs Formation are also
clayey and would be suitable for lining canals ard reservoirs. Studies
would certainly turn up particular horizons suitable for the mamifacture
of bricks and other structural clay products. Some of the clays in the
Straight Cliffs Formation in the Burning Hills area of the Kaiparowits
Plateau have been fired by the natural burning of the coal beds in the
area. The clay has been converted to many colors of brick.

Generally speaking, the resources of common clay and shales are
enormous, but for development, as with many industrial and construction
materials, there must be a consistent demand and a large market along with
cheap, or short transport.
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Gem Materials

The term "gem materials." under which these materials are usually
classified, is a misnomer for such items found in Kane County. It is
difficult, however, to came up with a better name that encompasses them
all. Same are ornamental stones, same could be fashioned into jewelry,
scme are used as raw materials to create ornamental conversation pieces,
others are prized for their unique shape or form, and still others are
mementos of the geologic past. In Kane County the best known items
include septarian nodules or concretiaons, petrified wood, picture rock
(wonderstone) , colored sand, chalcedonic polishing material, ironstone
concretions, carving gypsum, fossils, jet coal, and clinker (figure 47).
The most sought after, and the leading money makers, are the first four
items. They can be found in fine rock shops all over the world. The
cumilative value for such produced items is estimated at a minimm of
$500,000. The estimate is probably too low and probably exceeds
$1,000,000. The sales of these items have not been as faithfully recorded
as have the records for the precious metals.

Septarian nodules. These nodules are usually found along a favorable
horizon near the base of the Tropic Shale. In most places they are
regarded as a lucky find, but two areas of concentration are located in
the caunty. The first is fourd a few miles up Muddy Creek, northwest of
Mt. Carmel and Orderville, and the second is found along the Cockscomb
opposite Shurtz Gorge. Since the nodules are world class items most of
the area northwest of Mt., Carmel and Orderville has been claimed by
commercial operators. Suitable places, where a shallow cover of Tropic
Shale exists over the Dakota Formation are stripped, the nodules collected
and transported to town, where they can be safely stockpiled. The nodules
are less cammon along the Cockscomb, hence they are not commercially
pursued there, but provide a better and legal place for the collector who
wishes to find his own.

The nodules range from a few inches to 18 inches in diameter and are
roughly rounded balls or spheres of drab gray limestone (photo 77). When
these are cut in half or broken a star of bright yellow calcite fills or
partially fills the interior, the latter forming sort of a gecode.
Apparently the concretions were partially hollowed ocut by groundwater at
one time in geclogic history, later to be refilled by the much more
beautiful calcitic filling. Those partially filled are often lined with
drusy crystals. A few contain fossil cores.

It is, of course, impossible to tell how beautiful a nodule will be
upon cutting, they are not of uniform quality. The cheapest are broken
pieces, with uninteresting fillings. Broken pieces generally sell from $1
to $40, the higher priced ones being larger and more beautiful. Unbroken
nodules are sold by the pound, the smaller ones having a lower unit
price. Some are cut with the diamond saw ard polished into bookends or
conversation pieces, still others are polished into spheres and "eggs."
The added work usually doubles or even triples the price. Especially
beautiful polished pieces can cost well over a hundred dollars.




| S—

Photo 77. Septarian concretions are found at the base of the Tropic
Shale near Orderville in Kane County and sold commercially all
over the world. The drab gray spherical concretions or nodules are
filled with bright yellow calcite.
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petrified wood. Petrified wood is a common item in the formations

exposed in Kane County. It has been identified in all members of the
chinle Formation, in the Kayenta, Dakota, in all menbers of the Straight
Cliffs, Wahweap, Kaiparowits Formations, and in the cobbles at the base of
the Claron Formation. Most of the petrified wood is not of "gem" quality
and is not worth polishing. Nevertheless, some specimens are interesting

in appearance, have drusy interiors, or have other special characteristics
that might make them attractive to a collector. Same of the petrified
wood found in Kane County is very beautiful and is ccmrerclally collected
and sold (photo 78). The best materials have been found in the Petrified
Forest Member of the Chinle Formation and in the Morrison Formation.

Even though the petrified wood is found in so many of the Kane County
formations and their members, the distribution is not uniform or even.
They are generally preserved in channel sandstones, especially in the
point bar deposits. The most beautiful petrified wood from the county has
been commercially mined from the Petrified Forest Member of the Chinle
Formation in Ts 40 and 41 S, R 2 W, near Paria. The logs are usually
fowﬂinthelowerhalfofthememberandaresurfacemined. Benches with
shallow overburdens are found over favorable channels and are stripped.
The material is gound as logs ranging to 4 feet in diameter and in
seqments to 12 feet in length. Most are found in much shorter segments,
averaging two feet and the average diameters range from 6 inches to 2
feet. The bark is well preserved, ard the tree rings are well defined.
The color is ocutstanding, with reds, yellows, browns, and blacks
predominating. The chalcedonic material which makes up the logs polishes
extremely well. The material is usually cut into bookernds (quarters or
halves of logs) or into complete log diameters. Attractive bookends sell
fram $25 to $100 a set and the best polished log diameters can be
purchased from $50 to well over $1000 each. Unpolished material is sold
by the pourd ard the price is dependent on quality.

Beautiful pieces of mahogany colored petrified wood are occasionally
found in the upper part of the Morrison Formation along Fiftymile Bench
and the Grand Bench. The interior structure of the wood is mostly lost
and camplete diameter tree trnunks are extremely rare. Nevertheless, the
material polishes beautifully and imperfections are less cammon. Polished
bookends of this type are preferred by some over the more colorful Chinle
wood and the prices are comparable.

For the casual collector who wants a few specimens of petrified wood,
primarily to show the petrified woody features, it is recoamended to walk
over benches of channel sandstones in the upper part of the Wahweap
Formation or Drip Tank Member of the Straight Cliffs Formation. A walk
along the Shinarump Menber of the Chinle Formation should also prove
profitable. Much petrified wood, not suitable for polishing, has been
discovered in the Monitor Butte Member(?) of the Chinle Formation in and
arcund Sec. 2, T 43 S, R4 W. Chips and fragments of petrified wood
litter the area. Even same commercial activity has occurred nearby. The
supply appears to be inexhaustible at this location. Evenso men have been
known to move mountains and the amateur collector should familiarize




Photo 78. Complete section of a petrified log from the Chinle
Formation. This highly polished section is colorful,
excellently exhibits the tree rings and sells for more than
$1,000. Petrified wood from the Chinle Formation near Paria
is a world class salable item.



=133~

himself with the amount of wood collectable by law so that many can enjoy
the collecting experience.

Picture rock. Picture rock in Kane County is a crossbedded sandstone
that is differentially mineralized by varying iron oxide coloration along
crossbedding laminae or mineralization fronts. The quarrying sites are
generally near faults that acted as conduits for the mineralizing
solutions or are near springs. It is cbservable in several formations,
hxxtprtbablyb@tdevelopetimtlleNavajoSandstone Lamb Point Tongue of
the Navajo Sandstone, and Shinarump Member of the Chinle Formation near
Kanab. Blocks of sandstone are quarried, sliced into thin slabs, sanded
lightly, and mounted on picture frames. Same larger interesting slabs are
offered in matching pairs and same of the sandstone is even ground into
spheres. Ordinary crossbedding patterns do not usually provide
interesting pictures and the quarries are limited to areas where contorted

ing is prevalent or where the mineralization fronts are irregular
(figure 48). The viewer's imagination in interpreting the scenes is
necessary to fully appreciate the product and every specimen is unique.
To cur eyes they depict billowy clowds, seascapes, mountains, miniature
unconformities, and faults (photo 79).

The more color, color contrast, and the more interesting the pattern,
the higher the price. Even very small framed pictures are expensive ($30-
$50). Less colorful slabs and spheres, unmounted, can usually be
purchased for under $20. Two especially colorful matching and mounted
slabs, about 2x4 feet in size, can be priced as high as $1000. Locally,
the material is known as Kanab picture stone.

One of the better deposits is located in Sec. 3, T44 S, R5 E, in a
small reentrant along the Shinarump Cliffs near Johnson Wash. No contact
with the underlying Moenkopi Formation is cbservable. The lowest
observable sandstone beds in the Shinarump is a pebbly medium grained tan
sardstone in thin lenticular beds, including same fine grained sandstone.
The sequence is more than 10 feet thick and is altermatingly soft and
hard. Overlying is a tan sardstone, medium grained and crossbedded, in
lenticular thick to massive beds. This is the "ore" horizcon and the
individual lenses make several benches. The total thickness of the "ore"
horizon reaches a maximum of about 17 feet. It thins to as little as 7 or
8 feet laterally. Same lenses are more decoratively colored than others.
the patterning coloration is red, lavender, arnd black. Above this horizon
is a 2 to 2 1/2 foot horizon of shale and shaly sandstone that is gray and
silty and slope forming. This is overlain by thick channel pebble and
cobble conglamerate and sandstone that is cliff forming and at least 20
feet thick. The pebble and conglamerate marks the top of the Shinarump
Member.

Colored sand. Colored sand was and is being used by the American
Indian in producing sarnd paintings. Local entrepeneurs use colored sand
to fill colorless glass bottles, alternating the colors to produce
interesting designs. All are offered to tourists as mementos of their
visit to "Color Country." The color of the sand is due to small and
varying amounts and oxidation states of iron oxide minerals that coat the



Figure 48. Mine outline map of the Three
Lakes Canyon mine NE Sec. 31, T 42 S, R 6 W.
This is a picture rock sandstone mine in the
Lamb Point Tongue of the Navajo Sandstone.

20 ft
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otherwise colorless siliceous sand grains. Colored sand can be dbtained
fram almost every sandstone formation in the county, but certain colors
are rare ard hard to find. It would be unusual to find many of the colors
in one locality, but such a mine exists in Kane County. It is located in
the NWSESE Sec. 31, T 42 §, R 6 W in the Lamb Point Tongue of the Navajo
Sandstone adjacent to a fault. The colors of sand within the mine are
controlled by porosity and crossbedding. Mineralizing groundwater carried
into the area through the fault system was able to permeate the sandstone
in varying degrees, the color mostly dependent upon the amount of iron
brought in contact with the grains. In a set of analyses it was fourd
that the other constituents varied little (table 24).

i o
Table 24. Analyses of colored sand from Kane County.

Alumina Iron Magnesia Calcium oxide
Color of sand A;zg_ Fe. O, Mgo Ccao
3 2=3
Off-white 0.25 0.16 0.02 0.05
Salmon pink 0.31 0.34 0.19 0.04
Green 0.29 0.36 0.07 0.04
Orange 0.26 0.73 0.04 0.05
Purple 0.25 0.89 0.24 0.03
Dark purple 0.40 1.53 0.24 0.04
Black 0.35 5.46 0.20 0.03

The mine is not deep and has several portals and interconnecting
underground passageways (figure 49 and photo 75). Bards of colors
(following crossbedding) are exposed on the walls and faces of the mine.
Containers are filled along each band with enough care to avoid
contamination from the other color bands. The volume of sand mined from
this mine so far is approximately 40,000 cubic feet or 2000 tons. An
indeterminate amount remains, but the resources are many times the amount
mined. Bottles of sand sell from $1 to $50 depending on size and the
beauty of the design. The shape of the bottle also influences the price.
It is not known how efficient the mining is——-how much of the sand can
actually be used to fill colored sand bottles. If all the sand extracted
fram this one mine was used to fill quart jars over a million would have
been filled. At $5 a bottle the value of the sand, the bottles, and the
work necessary to fill the bottles would be valued at $5 million. The
value of the mined sand alone should stand at $1 million. This
mathematical exercise is, of course, invalid because not all of the
extracted sand could have been efficiently used, or was used
comercially. But it illustrates that the less glamorous non-metallic
items, such as ordinary sand, can be quite valuable resources.

Chalcedony. Chalcedony is a cryptocrystalline quartz that forms
during diagenesis or through grourndwater action by the leaching of highly
siliceous rocks. They are often found where volcanic material has been
part of the depositional material. Small amounts of iron and other
elements provide the coloring matter. Chalcedony is hard, easy to polish,
and when interestingly colored can be fashioned into jewelry, bookerds,




Figure 49. Mine outline map of "colored sand" or "bottle sand"
mine, SE Sec 31, T 42 5, R 6 W. Ground water from a nearby
fault undoubtedly mineralized these sandstones with iron
oxides.
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conversation pieces, and other decorative pieces. They are usually found
as broken nodules, in thin beds, and as irregular concretions. Jasper,
agate, and chert are varieties of chalcedony. The aforementioned
petrified wood is mostly composed of the chalcedony mineral. It is tough,
often without inherent fractures, breaks conchoidally like glass, and can
be polished to a high luster. Value is added by working the material into
cabachons, ring-stones, earrings, bookends, and spheres.

Jasper is commonly red and yellow, but occasionally it is green or
grayish blue. It is the most common chalcedony found in Kane County.
Agate is a variegated chalcedony, usually gray and white banded,
irreqgularly clouded, or varied by visible impurities. Occasionally tints
of brown and blue are seen. Agate is not a common chalcedony in Kane
County. Chert is impure chalcedony, usually dull gray or brown in color
and found in the form of nodules, irregular flattened bodies, or as thin
beds in limestone strata. cChert is comon in Kane County, especially in
the Kaibab Limestone of Buckskin Mountain. However, the large spherical
nodules of the Kaibab are nearly white and so impure as not to take a
polish well.

Larger pieces of jasper are generally found in the Petrified Forest
Member of the Chinle Formation and in the Morrison Formation. These units
contain volcanic ashes in their makeup that have been altered through time
to produce the chalcedony. In addition the cherts in the occasional
limestones of these units is often jasperized. One of the better
collecting localities is in the Chinle Formation near the abandoned
townsite of Paria. Thin beds of jasperized material can be found along
select horizons anywhere in the Petrified Forest Member. These weather
out and are strewn about as rubble. Colors include yellows, reds, browns,
and gray. Jasper chalcedony can occasionally be found in most non-
Cretacecus formations in Kane County, but, excepting the Chinle and
Morrison, are usually found as smaller, less interestirng pieces. The Kane
County chalcedony has only occasionally been exploited commercially.

Ironstone concretions. Concretions are rounded to irregularly shaped
hardenings of rock material. In Kane County they are found in many of the
formations. Most are uninteresting and not worthy of collecting. Some,
by virtue of their mineral filling, interior coloration, or peculiar
shapes, put them high on the list for rockhounds and tourists.

Concretions are formed in natwre by several means. Most involve an
improvement of the rock cement either by silicification, calcification, or
limonitization. Sometimes a cavity is formed in the rock when ground
water dissolves a fossil or nodule of limestone from the originally
deposited sediment. ILater the cavity is filled or partly filled with a
mineral precipitate by chemically charged ground water. Concretions with
hollow cores are called geodes and the septarian nodules of Kane County,
that are filled with honey—colored calcite, are of this type. Most of the
aforementioned cherts and jaspers are concretions. Sometimes the cement
surrounding sand grains is selectively replaced by harder bonding
materials. Ironstone concretions usually form in sandstones, the
cementing material being iron oxides.
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Most of the sandstone units of Kane County locally contain ironstone
concretions. They ooccur in irregular to spherical shapes, or as contorted
sheets. They ooccur at specific horizons in the formations, where the
porosity and permeability are good, indicating they are related to past
groundwater activity. The degree of hardening is highly variable ard the
color rarges commensurately fram light brown to dark brown to black.

The best ironstone concretions are probably found in the Navajo
Sandstone, in the middle, more friable part. The hardening is pronocunced,
most pieces are dark brown and black, and the fragments are irreqularly
shaped (photo 80). They can be used as ash trays, pieces of art, or
merely the abject of a day's rock collecting. One of the better
collecting localities is in an area known as the Swag, in Sec. 19, T 40 S,
R 2 W. .

carving gqypsum. Blocks of alabaster gypsum capable of being carved
are present in the Wiggler Wash Member of the Carmel Formation. Some of
the white alabaster gypsum from the Paria Member may also be suitable, but
most 1s too grainy and friable for carving or polishing. At the Dalboe
quarry the Wiggler Wash gypsum is found in beds up to 4 feet in thickness
(mostly averaging 2 feet) which can be broken out in blocks in dimensions
of 2x4x3 feet. There are several minable beds 5 to 10 feet apart
separated by soft brown silty sandstone crisscrossed with gypsum
veinlets. The alabaster is colored white, pink, brown, light greenish-
gray along thin and crerulated bedding laminae. The quarry is located
near Grosvenor Arch in Sec. 1, T 39 S, R 1 W. Other ocutcrops of Wiggler
Wash gypsum are located along Wiggler Wash in the W 1/2 of T 38 S, R 1 W.

One of the uses to which the Dalboe gypsum has been put, is in the
erection of a nearby religiocus shrine. Blocks of the gypsum have been
erected into monuments and have been arranged in a Stonehenge fashion
pattern. Blocks standing out in the weather have split along scme of the
laminae indicating an inheremt weakness in the carving material (photo
81).

Fossilg. Rare and especially well preserved fossils are protected by
law ard such finds should be reported to a suitable repository. Several
such occurrences have been discovered in Kane county and additional firds
are expected to occur. Dinosaur bones (Wahweap Formation), fossil fish
(Moenave Formation), cephalopods (Tropic Shale), and palm fronds (Dakota
Formation) are among such items found to date. Nevertheless, there are
other areas in which the species are found so abundantly that they can be
collected, either to be sold cammercially (by claim or lease), or in
limited quantities by amateurs. Crinoid stems and brachicpods are common
in the Kaibab Formation, occasional asteriscus crincids and shellfish can
be found in the Kolob Limestone Member of the Carmel Formation, wood and
leaf imprints are common in the Dakota, Straight Cliffs, and Wahweap
Formations, and the Cretacecus sandstones contain coquinas of shellfish.
Occasional sharks' teeth can be found in the marine Cretaceocus
sandstones. A good place to collect fossil oysters is at the to of the
Dakota Formation, especially in T 42 S, R 1 W.
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Photo Bl. Gypsum in the Wiggler Wash Member of the Carmel
Formation near Grosvenor Arch. Color variations occur
as laminae in the rock. The gypsum could be used as
carving material but has an inherent weakness in having
a tendency to split along the laminae.
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Jet coal. Small amounts of jet coal canbe found in the Straight
Cliffs Formation cropping cut in the Right Hand Fork of Collet Canyon
along the Garfield County line. The jet coal is found as coalified
branches arnd pieces of branches encased in clay beds. The jet is not
found in the regular coal beds of the area. Jet coal is a shiny coal that
breaks conchoidally with a smooth surface. It can be polished into black
Jewelry. Jet jewelry was popular at one time for use at funerals ard
other festive occasions. The jet branches are usually flattened in the
clay beds parallel to the bedding.

Clinker and other collectables. Many of the spontanecus fires that
have burned in the Kane County coal fields burned so hot that adjacent
rock was baked ard partially melted. Some of the baked rock formed brick
of many colors, including bright yellows, greens, purples, reds, and
blacks. These are occasicnally collected for conversation pieces and
garden stones., Well formed volcanic bambs are occasionally found in the
northwestern part of Kane County near cinder cones. They are collectors'
items.
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GEOLOGIC HAZARDS:

Geologic hazards in Kane County include (1) mass movements, (2)
swelling and shrinking rocks and soils, (3) flooding, (4) earthquakes and
liquefaction, (5) sand dune migration, (6) hydrocompaction, (7) high
grournd water, and (8) peat bogs.

Geologic hazards are integrated into the geclogic makeup of Kane
County. The terrain that characterizes this distinctive regiaon of Utah
results from ongoing geclogic processes operating over many millions of
years. The gradual but sametimes abrupt, processes of weathering, mass
wasting, erosion, deposition, and tectonics with associated fault
movements {earthcquakes) have shaped the landscape. Some hazards, such as
landslides and flooding, result from the climate and geology of southern
Utah. Other hazards are controlled by dynamic forces operating within the
earth, the hydrosphere, the a X ere, and the sun.

The geologic hazards in Kane County are portrayed on plates 8 to 10
and defined in the map explanation. Mass movements, swelling and
shrinking rocks and soils, flooding, earthguakes, faults, liquefaction,
sand dunes, and hydrocompaction are discussed in the followirng pages.
Areas of high ground water and peat bogs are described in the engineering
geology reports of Long Valley and Alton that follow.

Most engineering works of man are on the surface or at a small depth
beneath. Where structures are placed and how they are designed, built,
and effectively maintained, must deperd largely on the characteristics and
relationships of the surrounding rocks, soils, and water. General
measures that can minimize or avoid hazard risk are also discussed.

Mass movements

Weathering and mass movements contribute greatly to the gradation of
the earth's surface. The combined weathering processes result in the
weakening, splitting, and decamposition of the bedrock. The masses of
rock ard soil moved downslope by the force of gravity range in size from
tiny bits of rock rolling down a steep slope to a large landslide,
thousands of feet across, crashing down a mountainside.

Inﬂuisreportmssmvementreferstothedamslopenwementofrock
and earth. It includes rockfalls, colluvium, creep, talus, detrital
masses, and landslides of all types. The distinction of the various types
of landslides is chiefly based on the size and shape of the moving mass,
the type of material, the water content, and the geometry and rate of
movement. Debris slides, rock slides, debris flows, slumps, rotational
slumps, ard landslide zones that are combinations of materials and types
of movement, have been identified in Kane County (photos 82 and 83).

Hundreds of individual mass movements plus two extensive mass
movement zones are shown on the geologic hazards maps. In most cases it
was possible to apply the term "active" or "less active" to each of the
mass movements. However, this should not be construed to indicate the



Photo 82. Ground cracks in the lower part of the Judd Hollow Tongue
along the Cockscomb. Great sheets cccasicnally slip down steep
bedding planes without completely breaking up. See photo 83.
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relative stability of the involved slopes. Inactive appearing landslides
can become active if the conditions favoring activity return. The vast
majority of mass movements are found associated with five formations:
Moenave Formation, Dakota Formation, Tropic Shale, Straight Cliffs
Formation, and the Wahweap Formation. Two of these, the Moenave and
Straight Cliffs Formations, produce debris because of the soft
undercutting formations beneath them. The landslide producing capability
of the Dakota Formation and the Tropic Shale is chiefly related to their
clay content. The Dakota Formation in the east is thin and mostly
sandstone and produces little debris. In the west it is thicker and
contains much clay-bearing shale and mxstone and produces many mass
movements. The Tropic Shale in the east has produced many mass movements,
but becames sandier to the west and produces little debris except where
destabilized by the movements of the underlying Dakota.

We believe that mass movements were more prevalent and active during
the wetter and colder parts of the Pleistocene epoch. Freeze and thaw
cycles were more numercug and Sgroder (1971, p. B) states that
temperatures averaged 10~ to 15° F. lower and the anrmal precipitation
averages 10 inches higher than at present.

The availability of water in regard to mass movements cannct be
overly emphasized. The introduction of water into a rock or soil mass, or
adjacent to a slope, will likely produce the following conditions that
promote mass movements: (1) water adds to the unit weight of the
material, (2) water will cause an increase of pore-water pressure with a
resulting decrease in shear resistance, (3) water will likely dissolve a
soluble cement which reduces cohesion and shear strength, and (4) water
may freeze and thaw repeatedly, fracturing and weathering material to
reduce shear strergth. B2As more water is added these conditions become
progressively worse.

'Ihe‘are far two many mass wasting deposits in Kane County to describe
in this bulletin. Therefore only the most prominent areas, zones, and
individual landslides are discussed.

Kaiparowits Plateau landslide zone. This zone extends to the
southeast for 38 miles from the Garfield County line in a broad belt along
the base of the Straight Cliffs. At the socutheast end of the Kaiparowits
Plateau the zone wraps arourd Navajo Point and continues northwesterly 18
miles to Mudholes Canyon then 28 zigzag miles (following the cliffs)
southwesterly to the vicinity of Warm Creek. In width, the zone ranges to
2.4 miles and averages 1.3 miles. The Tropic Shale, about 700 feet thick,
is overlain by tan, massive cliff-formirng sandstones of the Straight
Cliffs Formation where they form the impressive Straight Cliffs. The much
weaker shales of the Tropic weather easily, disintegrate, and slough
downslcpe. As the jointed sandstone above loses support, it breaks and
falls in small to very large blocks.

The lower part of the Tropic Shale and the underlying Dakota
Formation form a wide bench that is covered with a thick pile of colluvium
that consists of gray silt, clay, and weathered shale intermixed with the
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tan sandstone boulders of the Straight Cliffs Formation. The broken,
porous material allows the percolation of rainwater and snowmelt.
Consequently, in many places, the lower part of the mass maintains a high
water content. The Dakota Bench is underlain by the steep slcpe ard
cliffs of the Morrison Formation, which is 300 to 500 feet thick. Wwhen
the thick colluvium on the bench becomes unstable (too muddy), it starts
to move. In Pleistocene time it spilled over the edge of the Morrison
slopes and cliffs. A few of the mass wasting deposits are still believed
to be active. The resulting mass movements are of several types: rock
slides, rockfalls, debris slides, wet debris flows, and lobate debris
flows. In places, successive flows have banked debris in large compressed
ridges near the base of the steep slopes. These movements have ranged
from very slow to fast and the deposits range from a few feet to several
hundred feet in thickness. Most of the active movements today are slow.
Many areas are presently on the verge of instability and mocderate to heavy
precipitation could induce new mass movements and trigger movements of old
slides. Many of the landslides have been considerably eroded, and hoodoos
(damosels), capped by sandstone boulders are fairly common. These type of
mass wasting has probably been the principal means by which the Straight
Cliffs of the eastern and southern Kaiparowits Plateau have retreated from
the Escalante and Colorado Rivers.

Fuller, Williams, and Colton (1981) mapped the landslide zone and
distinquished areas of recent landsliding and areas of older landsliding
based on geomorphology. Recent landslides (the last few thousand years)
have fresh, sharp forms and are not extensively weathered. Older
landslides (more than a few thousand years old) have lost much of their
original form due to weathering and erosion. On cur map we show their
areas of "recent" landsliding as "active" because the corditions that
favor movement (steep slopes, moisture content, thick debris, etc.) are
still prevalent as compared to those in adjacent areas. They also discuss
radiocarbon dates on wood and charcoal that were deeply buried beneath
alluvium derived from a large debris flow. The two dates are 1680 + 70
__Yyears ago_and 1370 + 110 years age. The material eroded from the
landslides and was transported as far as 5 miles from the zone. Williams
(1984) in a more detailed spin-off paper, describes the landslide zone and
the debris flow origin of the alluvial deposits and terraces. He cites
several authors (p. 457) that have incorrectly mapped these deposits as
pediment alluvium.

A few of the larger imdividual mass movements have been named on
topographic maps, such as the Fortymile Slide in the NW Sec. 14, T 40 S, R
7 E, the Sooner Slide inE 1/2 Sec. 2, T 41 S, R 8 E, ard the Soda Slide
in the SW Sec. 2, T 41 S, R 8 E. These, and several other large slides
(without much engineering or economic ocutput), provide all of the
practical and suitable road grades up to Fiftymile Bench. In 1973, during
road studies for the region, personnel of the Utah Department of
Transportation (U.D.O.T.) obtained a sample (73-7-FS-31) of Tropic Shale
in the Socner Slide area (table 25). This type of lardslide material,
especially when wet, is not good to build a road on, and slope stability
would be a major problem.
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Table 25 Engineering characteristics of,Tropic Shale in the Sooner Slide
area as tested by U.D.O.T. -

Characteristic or test Percentage or result
Coarse sand 2
Fine samd 6
Silt and clay 92
Hydrometer analysis 31% clay
Soluble salts 7.8
Swell 1.1
Dry density 114.5 lbs/cu.ft.
A.A.S.H.0. classification A-6(10)
Liquid limit 35
Plasticity index 14

Interior Kaiparowits Plateau mass movements. Mass movements in the
interior of the plateau to occur in groups or linear aligmments along
the lower and middle parts of the Wahweap Formation. These parts of the
Wahweap consist largely of gray mudstone, shale, and siltstone that
weather and disintegrate easily. These are chiefly rockslides, debris
slides, and debris flows. Fuller, Williams, and Colton, (1981) did not
include these with their studies. The largest group of mass movements is
located inthe S 1/2 T38 Sand N 1/2 of T 39 S, R 3 E on the steep rugged
slopes of Escalante Canyon and an unnamed tributary (tributaries of Iast
Chance Creek). This is the area on the plateau that receives the most
precipitation (about 13 inches). Other groups of slides are around Wesses
Cove ard Ship Mountain Point, both of which are in the S 1/2 T 40 S, R 3
E.

Most of these mass movements are fairly well adjusted to their
present slopes and will remain so until disturbed by usually heavy
precipitation, erosional undercuts, earthcquakes, or human activities.
Rockfall is a hazard in all the canycns of the plateau.

lake Powell shoreline mass movements. Grundvig (for U. S. Bur.

Reclamation, 1980) describes and illustrates eight hazardous mass movement
sites along the Iake Powell shoreline in Kane County. Five are actual or
potential rockfall sites from cliffs of the Navajo Sandstone. Three sites
are slump failures of the toes of sandy talus cones or piles. All of the
sites are shown as "active" on plate 10. Grundvig's report indicates that
in August, 1975 a boater was killed by a rockfall in Padre Bay. The
Bureau of Reclamation performs landslide surveillance each year on at
least part of Lake Powell to update information regularly.

The steep cliffs along the shoreline should alert everyone about the
dangers of rockfall. The talus accumulates at the base at precariocus
angles. Great masses of rock have been known to part from the cliffs and
came crashing into the water and small rocks falling from above pick up
much speed in their descent. The Glen Canyon Group formations are
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normally strongly jointed and is the dominant means by which they
deteriorate and crumble. Thin shaly partings can aggravate the danger.

The talus piles are favorite places to moor houseboats and
speedboats, but when the parts above water are saturated the strength
thereof may be diminished to the point where shearing would allow the
whole mass to quickly slide into the lake. Sand blowing over the edges of
the cliffs often accumilate to more than 100 feet above lake level. The
sand deposits lie at the steepest angle of repose possible. If the lake
removes the toe of such a deposit (during a storm) it can slide into the
lake in a matter of seconds. Sometimes large cracks have develcoped in
water saturated sand deposits, which can be starting points for the
sliding. The danger from all of these landslides is not only from the
rock that might crash on boats, or loss of support if a person or persons
are walking on them, but the resultant huge waves that develop at the
point of impact. Grundvig (1980) sites the case of a huge rockfall that
ocanxred June, 1974 near Iceberg Canyon. Apparently a large slab was
released along a joint and fell into the lake. The wave lifted a boat
anchored across the main channel, depositing it 40 feet from the existing
shoreline. Such dangers are also present in the deep canyons favored by
hikers, the most dangerous places being directly adjacent to vertical
cliffs and under overhangs. Perhaps the most dangerous time is in the
winter, early spring, and after a torrential rainfall, when everything may
became saturated.,

The Chinle Formation is exposed opposite the Rincon alang the shores
of Lake Powell. It has acted much the same way as the Tropic Shale at the
foot of the Straight Cliffs. The cliffs of the Glen Canyon Group overlie
the Chinle and retreat as the softer and incompetent unit removes
support. Most of the surface of the Chinle is littered and covered with
boulders and clasts of all sizes. The clayey units of the Chinle have
also allowed for rotational slumping within, especially in the lower part
of the unit.

Gray Cliffs of the Podunk Terrace. The narrow Podunk Terrace is
bounded along its socuthern margin by the Gray Cliffs, on the west by the
Sevier fault zone, and on the east by the Paunsaugunt fault. Most of the
mass movements (plate 8) originate in the Tropic Shale, but a few are
derived from the urderlying Dakota Formation. The Tropic Shale is 650 to
700 feet thick in most places and consists mostly of blue gray claystone
and mudstone in the lower part and brown-gray claystone and mudstone in
the upper part (Goode (1973a, 1973b). Many of the mass movements, chiefly
debris slides, blockslides, and slumps, originate from the upper part of
the Tropic and many of the masses contain sandstone boulders and debris
from the overlying Straight Cliffs Formation. Several clusters of these
nmasses are present along Tenney Creek, Mineral Creek, and Slide Canyon,
but the largest landslides are northeast and east of Alton. Shroder
(1971, p. 39-44) describes these two landslides as follows:

"The North Roundy landslide is 1.0 mile northeast of Alton and
is a blockslide and debris flow. It has a width of 8000 feet, a

length of 3500 feet, a thickness of 100 feet, and a volume of 100
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million cubic yards. The landslide material is shaly mudstone and
benttonite beds of the Tropic Shale; also Straight Cliffs Formation.
The causes of the landslides were unstable bentonitic mudstones of
the Tropic Shale coupled with shattering of the rock, possible inflow
of water, ard earthquake tremors along the Sevier fault."

"The South Roundy landslide is 1.6 miles east of Alton ard is a
blockslide and debris flow. It has a width of 10,000 feet (north to
south), a length of 3000 feet, a thickness of 100 feet, and a volume
of 100 million cubic yards. The landslide material is debris from
the Tropic Shale, the Straight Cliffs Formation, and the Wahweap
Formation. The cause was failure of the Tropic Shale."

Beneath the gray slopes of the Tropic Shale is the Dekota Formation
which also produces a few and generally smaller mass movements in this
area. The Dakota is about 200 feet thick and is composed of interbedded
sardstone, mudstone, and coal with claystone and bentonite abundant in the
lower one—third. The slumps and debris slides emanate from the lower
part, especially when it becomes saturated with water.

Mass movements at the base of the Vermilion Cliffs. The slopes at
the base of the Vermilion Cliffs are composed of the colorful, relatively

weak Petrified Forest Member of the Chinle Formation. The unit consists
of argillaceous and bentonitic midstones, sandstones, and siltstones that
are easily weathered, eroded, ard form moderate to steep slopes. The
overlying cliff forming Moenave Formation is mainly fine grained blocky
sandstone with vertical or nearly vertical joints. The Moenave and
cambined Chinle-Moenave have two general types of cliff retreat (figure
50). Type A involves the undermining of the Moenave, resulting in simple
rockfall of sandstone debris ard boulders. Type B is illustrated as
progressive Toreva block failures.

An extreme case of the latter is apparent in a NE to SW diagrammatic
cross section through the Manganese King mine area in Sec. 2, T 42 S, R 3
W (figure 50, type C). A water well was drilled in this locality in
1952. From depths of 15 to 65 feet the well encountered sandy clay
(Chinle?). At €5 feet a seep of water was encountered which probably is
the old slip surface. At the leading edge of the slide it lies over the
Moenkopl Formation which lies at a steeper dip angle than the general
bedrock of the area. Whether the sliding affected the Moenkopi is
unclear, but the Moenkopi is quite sensitive to loading pressures. The
strike length of the slide is evident for at least a mile.

At the base of the Vermilion Cliffs aprons of colluvium developed
(probably during the Pleistocene epoch) in the Paria Region which are
currently being eroded. The upper surfaces of these rubble piles contain
all sizes of clasts from the Moenave and Kayenta Formations, including
very huge angular boulders. Chinle materials are incorporated in the
basal portions of these aprons which appear to have nearly flat bottoms.
The deposits partly loock like pediments but may have slid downslope during
thgir active period. 01d Toreva-type blocks can often be identified in
Chinle cutcrops where no rukble from the overlying formations is present.
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Figure 50. Diagrammatic sketches that portray landslides occurring at the base of
the Vermilion Cliffs. Type A shows a typical rockfall situation. The next
three sketches (Type B) shows sequential rotational block landsliding. The
last sketch (Type C) shows an older landslide near the Manganese King mine
from which the present cliff has retreated (see text).
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Gray Cliffs-Kolob Terrace mass movement zone. This zone is found in
the northwestern part of Kane County. It develops near Meadow Creek near

State Highway 9 and extends west to Clave Canyon, then northerly along the
west side of Clear Creek Mountain in a broad zigzag patter, to Cogswell
Point. The zone is about 24 miles in length and ranges from O to 1.9
miles in width. Numercus mass movements are on the slopes of Meadow
Creek, Little Meadow Creek, Orderville Gulch, and the North Fork of the
Virgin River. "Active" landslides of the region were mapped by Kilbourne
(1984).

The Dakota Formation is the chief producer of mass movements in this
part of the county and therefore it is shown only west of the Sevier fault
zone on the geologic hazards map (plate 8). In most places the overlying
Tropic Shale is involved in the slope failures due to movements in the
underlying Dakota. One of these mass movement areas, the Coal Hill
larndslide caomplex, has been an expensive and perennial problem for the
Utah Department of Transportation (U.D.Q.T.)

The Coal Hill mass movement area covers about 2.5 square miles and is
located in parts of Secs. 5, 6, 7, and 8, T 41 S, R 9 W. The area is
abaut 6.6 miles west of Mt. Carmel Junction on State Highway 9 (figure
51). Elevations on the landslide complex range from 5760 feet at the toe
(along Meadow Creek) to 6600 feet on the north side at the head of the
slide area. The area has an average anmual precipitation of 14.5 inches.
The maximum precipitation occurs in the months of December to March in the
form of snow that on melting seeps into the grourd.

The Coal Hill landslide complex is just west of an arcuate northeast
to southwest ridge called Coal Hill that is comprised of the Jurassic
Winsor Member of the Carmel Formation and the overlying Cretaceocus Dakota
Formation. To the north the Dakota is then overlain by the Tropic Shale.
All of these involved units have a regional northeast dip of 1 to 2
degrees. The area is termed a landlide complex because different hummocky
masses are within it, or adjacent to it, having their own gecmetries and
differential downslope movements. Same of the individual masses are
blockslides, earthflows, slumps, and camposite rotational slump-blocks
along concave (upwards) sliding surfaces. Some of these masses are
presently active whereas others haven't moved in years.

The largest mass movement area is between Little Meadow Creek (west
side) and Meadow Creeko(east se'sde) . Slopes from the head of the mass to
the toe range from 6.5  to 8.7 . The terrain is very hilly, hummocky, and
highly dissected by gullies. Many straight, and a few arcuate ridges are
an the mass and could be either (1) pressure ridges, (2) scarps of
successive, or stepped, rotational siumps, or (3) blockslides
(translational) of material that originated higher on the slope. The
steep southward slope of these features is shown on figure 51. We believe
most are linear blocks of intact Tropic Shale that have been rafted
downslope on the moving mass. The mass wasting scarps along the north
side of the camplex range from 240 to 350 feet in height and are higher on
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the west side of the complex. 'Iwo seeps, or springs, issue from the steep
scarps on the east side.

Two langitudinal north-south shear faults were traced in the southern
part of the mass. These faults are 2500 feet apart on the present State
Highway 9. The most active part of the complex is moving southward
between the two faults. The westernmost fault splays as it approaches
Little Meadow Creek. On the jumbled toe of the landslide there are
numerous zigzag cracks and scarps. Most of the debris is light to dark
gray, highly weathered, soft, silty shale. On scarps ard slip surfaces
this material is gray silt and clay with a " " texture indicative of
the presence of bentonite. Little Meadow Creek is clogged with debris in
one place, but the stream has eroded a tunnel beneath it. Meadow Creek is
coursing over and through slide material in two places. Along the
northwest bank of Meadow Creek, in the center of Sec. 7, there appear to
be unaffected outcrops of the upper three members of the Carmel
Formation. On the old highway (abandoned in 1964), which is approximately
210 feet socuth of the present rocadway, has its twisted and deformed
pavement offset 16 feet by the eastern shear fault. The western shear
fault offsets the old pavement 20 feet. These measurements were made on
July 23, 1985,

Along the steep southeast slope of Meadow Creek there are 10 mass
movements that were produced by failure of the Dakota Formation. Nine of
these were slumps and earthflows. The cother, a rotational slump block in
the N 1/2 Sec. 8, and just north of the present highway, is the original
"Ooal Hill" slide. This slide area is presently a large amphitheater
facing the northwest. The crown height is about 90 feet and the crown
length is about 1200 feet around the semi-circle. The difference in
elevation from crown to toe is 160 feet and the width of the slide at the
foot-line is about 700 feet. The slump material consists of gray shale,
gray and black carbonacecus shale, and gray mudstone that long ago
disintegrated into silt and clay. Water seeps from the slump and it is
ponded on a slide bench about 20 feet above the creek level.

Along the steep west slope of Little Meadow Creek in Sec. 1, there
are several slumps from the Dakota Formation. Water issues from near the
base of one of these. At the scuth end slump debris overlies an intact
interval of sub-Dakota Conglamerate. Stouffer (1964) reported on the
lardslides in the Coal Hill area and did his geologic work in conjunction
with an extensive drilling project and seismic survey of the Utah
Department of Transportation (U.D.0.T.) in 1962 and 1963. At the time
U.D.0.T. was considering the realigrment of a part of State Highway 9 (at
that time State Highway 15) that traversed the particularly troublescme
"Coal Hill" slide. This badly slumping area had been a perennial
maintenance problem since the construction of the highway in 1928. As a
result of the investigation it was determined that a 65 to 75 foot
interval of blue gray bentonitic shales, near the base of the Dakota
Formation, was the prime zone of failure (Stouffer, 1964, p. 19). The
zone of failure is just above the 15 to 30 foot basal sub-Dakota
q:;nglcxnerate of the Dakota and just below the "lower" coal zone. The
incompetent bentonitic shales in the zone of failure were nearly always
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water saturated, especially durirg the winter and spring, and testing of
21 core samples determined that the average plasticity index was 76.0 (p.
68). The shales are highly plastic and indicate a high sensitivity to
water. A north trending fault cuts through the rotational slump area.
The fault plane is vertical, has several branching fractures, is upthrown
to the east, and movement along it has broken and brecciated adjacent
strata. This fault zone allows the dowrward and lateral percolation of
mich surface water.

The 13 seismic refraction profiles and the 38 drill holes revealed
that the slide mass ranges to 79 feet in thickness. In 1964 the U.D.O.T.
changed the highway aligmment which now crosses Meadow Creek about 2500
feet below the old crossing. The line change was very expensive and
entailed about two miles of new highway. The present highway is still on
the landslide complex of Meadow Creek (photo 84). Stouffer (on his
geologic map) termed this area a "“creep zone" and mapped it as colluvium
between Meadow Creek and Little Meadow Creek, a distance of one mile. The
U.D.0.T. drill hole mumber 12, located 200 feet west of Meadow Creek and
just north of the present highway, showed 38 feet of colluvium overlying
the Winsor Member of the Carmel Formation. The U.D.0.T. seismic line
number 14, 150 feet west of Meadow Creek amd trending northeast parallel
to the creek, showed 42 feet of colluvium overlying the Winsor.

Since 1964, the mass movement area between Meadow Creek and Little
Meadow Creek has been a high-cost of maintenance road, especially the
section between the two shear faults which is actively moving southward.
In May, 1983, the road between the shear faults moved southward several
feet. The shearing movement offset, twisted, and deformed highway
pavement, subgrade, and culverts. Temporary and minimum repairs were made
at the time, such as smoothing and patching the pavement. In the spring
of 1985, the highway between the shear faults, and a little beyond, was
canpletely regraded and resurfaced at a cost of about $150,000. On
September 10, 1985 there was one inch of centerline offset in fissured
pavement on the west shear fault and 0.5 inch centerline offset on the
east shear fault. This indicates that movement along the west side of the
mass is more rapid. By sumwer of 1986 the offsets were greater than a
foot (photo »0¢) and new patching was necessary on the new pavement.

Orderville Gulch area mass movements. Fifteen "active" mass
movenents were mapped in Orderville Gulch. The Dakota Formation and the
Tropic Shale form very steep slopes and the largest "active" slides
originate in the Dakota. Above the "active" slides on the south slope of
the canyon is an extensive and thick mantle of colluvium. The downslope
movement of this debris is slow, but some parts more relatively faster
than others. Developers and potential lot buyers should be aware of the
actual and potential unstable slopes in Orderville Gulch. Many roads in
the canyon lead to private lots, but several of them are on steep
sloughing slopes of the Dakota or Tropic. Slope disturbances by humans
could aggravate potential landsliding.




Photo 84. Road deformation along the Coal Hill slide. Upper photo
shows abandoned roadway with 16 feet or more of displacement along

a shear fault. Lower photo shows displacement on the new highway
experienced in one year.
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North Fork of the Virgin River. Additional collyvium covered areas
are found along the high slopes bordering the North Fork of the Vlrgm
River. Most of the debris is from the DaKota Formation and Tropic Shale.
In general, the colluvium moves downslope very slowly. During scme fairly
dry years it may not move at all. In any event, these slopes are
potentially unstable and movement could be aggravated by development.

Claron Formation mass movements. There are a few cut slope problems
in the Claron Formation adjacent to State Highway 14 between Long Valley
Junction and Strawberry Creek. Two miles west of Long valley Junction, in
the NW Sec. 21, T 38 S, R 6 W, a road cut is slumping on the south side of
the road. The slump is about 90 feet long and 25 feet high. The material
is silt, sand, and gravel that has weathered from the Claron Formation.
Inthenw Sec 23, T 38 S, R 7 W, there are several mass movements along
the northwest 51da of the hlghway. Two of the sloughiryxy areas are each
about 150 feet long and 40-45 feet high. Ancther slump is about 75 feet
long and 35 feet high (July 6, 1985). The debris is silt, sand, and marly
gravel weathered from the Claron Formation.

Swelling and Shrinking Rocks and Soils
(poor foundation materials)

Silt and clay are sediments that consist of the very finest grained
products of erosion. Silt size particles are 0.08 to 0.002 mm in diameter
ard clay sized particles are 0.002 mm or less in diameter. Silt and clay
minerals reflect the rocks of the source region from which they were
derived. Silt particle minerals are usually quartz, feldspar, mica,
garmet, magnetite, hormblende, etc. Clay particles, of colloidal sizes,
consist of kaolinite, montmorillonite, bentonite, illite, halloysite, and
other so—called "clay minerals." The clay minerals are chiefly hydrous
aluminum silicates that have their basic chemical unitss arranged in a
layered structure. Clays have the ability to absorb water both by
interparticle and intracrystalline forces. Thus, clays tend to swell or
expard when they are exposed to water. Some clays, such as
montmorillonite and bentonite, have a large swell potential. Also, clays
can lose water ard shrink or consolidate. Either of these two phencmena
can cause structural damage to edifices and other constxuction.

In addition to clay-bearing rocks, gypsumand sulfate-bearing rocks
can cause swelling in rocks and soils. Also, if the sulfates are
dissolved then the rock or soil can differentially lose its ability to
support the weight of anything built upon it. Three formations in Kane
County contain considerable amounts of gypsum, the Toroweap, Moenkopi, and
Carmel Formations.

Several Kane County formations, and soils that have been derived from
them, have a relatively high expansive clay content. These include the
Tropic Shale, the lower middle part of the Dakota, and the Chinle
Formation. Other units, especially in the Cretacecus System, contain
thinner horizons, but could locally cause problems. In addition, these
units may exhibit other undesirable foundation characteristics.
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The size gradation of a soil and four physical tests provide a means
to classify it. There are several soil classification systems, but we
prefer the Unified Soil Classification System (USCS), table 26. Tests are
made to determine the shrinkage limit, the plastic limit, the liquid
limit, and the plasticity index of a soil (see glossary for definition of
these terms). These four soil-moisture conditions are often called the
"Atterburg limits" or simply the index properties of a soil. A sieve
analysis determines the size gradation of the soil particles. The size
distribution of soil particles, in the USCS, is given in table 26.

The USCS is based on identification of soils according to their
textural and plastic qualities and their grouping with respect to their

ormances as engineering construction materials. The soils are divided
into three divisions: (1) coarse grained soils, (2) fine grained soils,
and (3) highly organic soils. The coarse grained soils are those that
contain 50 percent or less material smaller than the No. 200 sieve, and
fine grained soils are those that contain more than 50 percent material
smaller than the No. 200 sieve. Highly organic soils can generally be
identified by visual examination.

The coarse grained soils are divided into gravels (G) and sands (S)
which can be divided into secondary groups - GH, GP, GM, and GC; SW, SP,
SM, and SC respectively (W=well graded, P=poorly graded, M=silty,
C=clayey). Fine grained soils are subdivided into silts (M) and clay (C),
depernding on their liquid limit and plasticity index. The silts and clay
groups are each divided into secondary groups based on whether the soils
have a relatively low (L) or high (H) liquid limit. Representative soil
types found in each of the resulting groups are given in table 26, under
"Typical names."

The multiplicity of factors that govern the swelling of a particular
rock or soil unit makes it imperative that tests be made on representative
samples of the actual soil and rock involved during construction, in all
cases where swelling damage may be expected. Local construction practices
and experience should be considered in evaluating these factors. Das
(1984, p. 466) has developed a potential swell classification based on the
standard tests (table 27).

25
Table .27. BExpansive soil classification system modified from Das (1984)%

Potential swell Potential swell
Licuid limit Plasticity index percent* __ classification
50 25 0.5 Iow
50-60 25-35 0.5-1.5 Moderate
60 35 1.5 High

*Potential swell = vertical swell under a pressure equal to overburden
pressure.
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If a soil is classified as having a low swell potential, standard
construction practices may be followed. However, if the soil has moderate
or high swell potential, precautions need to be taken. This may entail
one, or a cambination of the following (Das, 1984, p. 466): (1)
Evcavating and replacing the expansive soil urnder, or adjacent to the
foundation, (2) changing the nature of the expansive soil by such measures
as caompaction control, prewetting, installation of moisture barrigrs, and
chemical stabilization, and (3) strengthening the structures to withstand
heave, constructing edifices that are flexible enocugh to withstand the
differential soil heave without failure, or constructing isolated deep
foundations below the depth of the active zone.

The structural strength of a particular soil or rock is dependent on
five basic physical characteristics; internal friction, cochesion,
capillarity, elasticity, and compressibility, which combine to indicate
the shear strength and resistance to consolidation and movement that may
be expected in the life of a specific soil or rock. These factors are
influenced most by the gradation of a soil and its moisture content, which
in turn, determine the possible influence the various soil properties will
have on the structural strength or support value of the soil or rock.

Various laboratory tests have been devised to evaluate rock ard soil
bearing capacities. They include shear tests, consolidation tests, and
bearing value tests of varicus types. Four ocur limited testing program on
the chinle Formation and Tropic Shale, we selected the soil classification
tests, combined swell-consolidation tests, and water socluble sulfate
analyses. Hydrated calcium sulfate (gypsum) and sodium sulfate, or 'white
alkali" may have moderate swell potential if they comprise more than 15 to
20 percent of a soil or rock. Although these sulfate minerals have caused
swelling damage to structures, they are more normally considered a hazard
because of their corrosive effects on certain types of concrete and on
buried metal pipes and cables. A commercial geotechnical laboratory in
Salt Lake City did the testing as well as providing interpretations. oOur
sample of Chinle Formation and cur two samples of the Tropic Shale were
weathered, decamposed, and disturbed,and perfect for most- types of
- contemplated construction. It would have been considerably more expensive
to obtain urweathered drill cores for testing.

Chinle Formation tests. The sample of Chinle Formation for testing
was cbtained in highway roadcut southeast of Kanab in SWSE Sec. 27, T. 43
S, R 6 W. The field description is highly weathered gray, grayish- red,
and purple claystone and siltstone. The sampled interval was four feet.
This sample (C-1) was tested and had a silt and clay content of 74.5
percent of which 16 percent was clay (figure 52). The liquid limit was 64
percent and the plasticity index was 31 percent. These results indicate
that the Chinle has a moderate swell potential. The percentage of sulfate
in the sample was 0.089 which indicates a negligible potential for
reaction with concrete and buried metal conduits.

. Part of sample C-1 was remolded to a stiff consistency at a moderate
molsture content and tested for swell-consolidation (figure 53). At a

pressure of 1000 pounds per square foot (1.0 Ksf) the consolidation of the
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sample was about 2.4 percent and oonsolidation predominated over swell.
At this pressure the sample was wetted and a sudden volume loss, slaking,
and collapse was observed. Testing was continued to 4.0 Ksf and the
consolidation was 10.1 percent.

The test data indicate that the Chinle Formaticn has moderate swell
ial based on the index properties. When slightly to highly

weathered the Chinle exhibits significant slaking potential. The slaking,
or physical deterioration, is expressed as a relatively sudden volume loss
or partial collapse when wetted and is expected predominate over the swell
potential when it is subjected to lightly to moderately loaded, relatively
unconfined corditions. These conditions should be anticipated to prevail
in many areas of (future) residential canstruction on this formation. The
canposition of the Chinle Formation, and derived sons, appears to be
fairly uniform throughout Kane County. Our test data is empirically
applicable to any of the formation and derived soils. However, it should
be expected that physical and chemical properties will vary samewhat, both
laterally and vertically.

In northeastern Arizona the Chinle Formation crops out extensively
and has caused numerous construction problems, especially road building
and maintenance. Because of the swelling clay content, methods of
stabilizing the Chinle have been under consideration by the Arizona

of Transportation since the early 1960s. O'Banncn and Mancini
(1975, p. 42) collected 18 slightly weathered to hard, unweathered samples
of the Chinle. The samples had an average density of 106 pourds per cubic
foot and a specific gravity of 2.75. Liquid limits ranged from 28 to 44
percent and averaged 39 percent. Plasticity indexes ranged from 14 to 25
percent and averaged 22 percent. The average silt and clay content was 70
percent. Swell percentages ranged from 2.5 to 17.8 and averaged 8.8
percent. Their electro-chemical treatment of samples moderately reduced
both expansive pressure and percentage of swell, but apparently had no
affect on the Atterburg limits (p. 107).

Dakota Formation tests. The only test data we have an the Dakota is
that which was done by the Utah Department of Transportation (U.D.O.T.)
and reported by Stouffer (1964, p. 68). Twenty-one shale cores were
tested from the unit and had an average plasticity index of 76 percent.
The average moisture content of these shales was 20 percent.

Tropic_Shale tests, Two samples of Tropic Shale (T-1 and T-2) were
obtained for testing. Sample T-1 was obtained from an old roadcut in the
NWSE Sec. 5, T 41 S, R 7 W and is described as a gray weathered shale.
Sample T-2 was obtain from a roadcut in SESW Sec 5, T41 S, R 7 W ad is
described as a dark gray relatively wmweathered shale. Both sample
intervals were of two feet of material.

Sample T-1 had a silt and clay content of 75.8 percent of which 25
percent was clay (figure 54). The liquid limit was 54 percent and the
plasticity index was 33 percent which indicate that the 'I‘m:plc Shale has a
moderate swell potential. The percentage of soluble sulfate in the sample
was 0.584, which would severely react with concrete or buried pipes. The
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consolidation testing on T-1 was made on a disturbed sample remolded to a
stiff consistency at a moderate moisture content. At a pressure of 0.5
Ksf the consolidation was 1.2 percent and at 1 Ksf the consolidation was
2.3 percent (figure 55). At the latter pressure water was added and the
sample slaked and collapsed to consolidation of 8 percent. Testing was
continued and at a pressure of 4 Ksf the consolidation was 17.4 percent.
The physical deterioration, wetting behavior, and structural performance
comments on sample C-1 apply to sample T-1.

Sample T-2 had a silt and clay content of 84.9 percent of which 16
percent was clay (figure 56). The liquid limit was 51 percent and the
plasticity index was 35 percent which indicate that the shale has a
moderate swell potential. The percentage of soluble sulfate was 0.289,
which would potentially react with concrete or buried pipes.

The consolidating testing on sample T-2 was made on a shale fragment
that was trimmed to conform to the test apparatus. At a pressure of 0.4
Ksf the consolidation was 1 percent (figure 57). At a pressure of 1 Ksf
the consolidation was 1.4 percent. At this pressure the sample was wetted
and slaking and collapse occurred and the consolidation went to 9.6
percent. Testing continued and at 4 Ksf the consolidation was about 16
percent. The consolidation of sample T-2 was slightly less than that of
sample T-1. The test results of both samples indicate that weathered and
near surface Tropic Shale will consolidate significantly, slake, or
partially collapse under light to moderate loads in relatively unconfined
conditions.

As previously noted, if abundant enough, gypsum and other sulfates
can cause swelling in rocks or soils and solution can lower the bearing
capacity. The Toroweap Formation locally contains thick gypsum beds in
its upper member, but its area of exposure is quite small. The unit
urnderlies hard limestone beds under most of the county. The Moenkopi
Formation crops out in the Shinarump Flats physiographic subdivision. The
Middle Member chiefly has thin layers and crisscrossing veins of gypsum,
usually 1 inch or less in thickness. Also some sardstone and siltstone
beds are partly cemented with gypsum. The Shnabkaib Member, however,
contains much gypsum. In the SW Sec. 13, T 41 S, R 2 W, this member has 6
white, light green, and reddish-brown gypsum beds that were 0.2 to 6.8
feet thick. Several thick sardstone and siltstone units contain thin
layers of gypsum as veinlets as well. Any type of construction on these
two members of the Moenkopi Formation face the potential of significant
swell and the potential loss of bearing strength. Also, of course, the
sulfate might react with concrete and buried pipes.

In western Kane County the Paria Member of the Carmel Formation
contains thick gypsum beds as white, massive alabaster or rock gypsum.
One measured gypsum bed is 26.9 feet thick ard others range from 2.8 to 9
feet in thickness. IncentralKanecmmtythenglerWashMemberhaS
significant gypsum and smaller amounts have been discovered in the Kolob
Limestone Member. The Wiggler Wash gypsum has beds to four feet in
thickness and many beds are crisscrossed by thin veins of secondary satin
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spar gypsum. The same construction hazards apply to these members of the
Carmel Formation.

Flocding

All of the perennial and intermittent streams of Kane County are
subject to erratic and unpredictable overbank flooding (photo 85). It is
more likely to occur in the Colorado River Basin than in the Great Basin
streams. Historically, cloudburst floods have been more recurrent and
severe than floods associated with spring snowmelt. Table 28 shows the
historic record of major floods that are associated with summer, locally
intense thunderstorms. These heavy, short-lived storms produce local
flash floods that erode banks above floodplains and erode the canyon walls
in which they flow. They "clean out" their channels, carrying all sizes
of debris in their wake. It is the most effective method of erosion
operative in the county. Each year has its flooding, although the same
areas may not be affected. Over the years those that occur in the
undevelcoped areas go unreported. It is not uncommon to find that a canyon
road has been washed cut along 6 miles or more. In some cases it is
almost impossible to find even remnants of the former road.

The campilations by Woolley (1850-1938) and Butler and Marsell (1939-
1969) are chiefly from newspaper articles. The greatest flood damage has
occurred adjacent to the East Fork of the Virgin River, Kanab Creek,
Johnson Wash, and the Paria River, because of the past and present
concentration of population and agriculture along these streams. A series
of extraordinary cloudhurst floods during the 5 year period 1882-1886
caused ercsion of the Kanab Creek channel to a depth of 50 feet and a
width of 200 feet. During this period dams were repeatedly washed away.
In 1874 the present townsite of Paria was settled by 15 families. For 9
years the ccmnunlty prospered, garden and crop ylelds were good and cattle
increased in number. However, floods of the Paria River in 1883 were
followed by the umusually severe winter of 1883-84 and by more floods in
the sumer of 1884 that washed away farmhouses and croplarks. In the
spring of 1884 Paria had its maximm population of 107, but by September
only 48 people remained (Gregory and Moore, 1931, p. 30). It was evident
that the Paria River occasionally claims its floodplain. To local
residents, Johnson Wash is notorious for flash floods and the mouth of the
canyon, long ago, was aptly termed "Hells Bellows." U. S. Highway 89 is
within this area and the bridge over Johnson Wash suffers spasmodic
damage. On August 1, 1983, erosion of the bridge abutments by flash
flooding resulted in repairs costing $45,000.

The supervisor of the Kane County Road Department has numerocus
flooding and erosion problems in the county (Davis, 1984). Among the most
persistent and expensive areas are the following. (1) Flooding, erosion,
and landslides along the North Fork county road cause damage amounting to
an average of $15,000 annually. This is the unpaved road that connects
State Highway 9 to State Highway 14 (Navajo Lake). These problems occur
in the spring and are due to the melt of the winter snowpack on the
Markagunt Plateau and Kolob Terrace. (2) Summer flash flooding, erosion,
ard sand deposition from Pugh Canyon, one mile southeast of Kanab, results
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in repairs costing about $7,000 annually. (3) Summer flash flooding and
erosion cause damage to county road crossings of Thampson Creek, Skutumpah
Creek, Adams Creek, and others in the area. New culverts, rebuilding, and
regrading the road costs around $6,000 per year. (4) Summer flash
flooding and ercsion of the Sheep Creek and Willis Creek county road
crossings, and others in the area (T 38 S, R 5 W) result in annmual damages
of about $30,000. Other regular damage to roads in Kane County occurs
along the Cottormood Creek road (East Kaibab monocline), roads on the
Kaiparowits Plateau, and the Hole in the Rock road.

Maps showing the flood-prone areas of Kane County have been published
by the U. S. Dept of Housing and Urban Develcpment (HUD). The 45 flood
hazard boundary maps are dated 1978, except for the Kanab flood map which
is dated 1985. These maps portray the extent of the 100-year flood (flood
with a one percent chance of occurring annually) on major streams, and
were used to show the flood-prone areas on plates 8 to 10. On our
cbservations we have added additional areas. It should be pointed out
that even if the drainage is not depicted on the HUD maps or ours, a flash
flood can occcur in, or issue from any, (photo 86) .

Table 28. Historical floods in Kane County, 1870-1983.

Date Iocal itv:L Stream2 Remarks

1 Aug 1881 Orderville East Fork of Cloudburst-heavy rain of an
Virgin River hour's duration. Town was
flooded and "hurdreds of
loads of rock, timber, and rubbish" were deposited in streets and
fields. Damage estimated at $2800 to $3000.

30 Aug 1882 Kanab Kanab Creek Streets flooded, cellars
filled, hay and grain
damaged. Third flood in season; the first two were not large. Creek
bed deepened 10 to 15 feet, and irrigation ditch was filled with
sand.

29 Jul 1883 Kanab Kanab Creek "Heaviest flood known in this
part of the country."
Masses of earth as large as a common house floated down the stream
with willows still standing. Extensive damage to crops, ard all
farming land in canyon was destroyed. Some cattle killed. Canyon
near old city dam cut 50 feet down and 16 rods wide. Flood lasted 7
to 8 hours. Fresh cutting in channel opened up several new springs.

12 Mar 1884 Kanab Kanab Creek Five successive days of rain
bring flocds down creek,
doing damage to extent of $500. Rainfall unprecedented.

10 Sep 1885 Kanab Kanab Creck Flood damages irrigation
ditches. Estimates of two
former floods give fresh cutting at canyon mouth as 64 to 69 feet
total depth. (Probably exaggerated, see next item).




Photo 86. HNarrow steep-walled canyons are favorite places
for hikers, but should be avoided when summer thunderstorms
threaten the watershed above.
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12 Apr 1886 Kanab Fanab Creek Heavy runoff (probably a
spring freshet) washed out
dam and added 10 feet to depth of channel. Total depth reported as

50 feet.
18, 28, 31 Kanab Kanab Creek Four successive floods. First
Aug and filled cellar of Tithing
1 Sep 1886 Office and caused settle-

ment of building. Secon
flood deposited sand and gravel on several acres. Third of series
caused some damage to three properties. Largest flood of series
occurred in conjunction with intense rain and hail storm. Hailstones
as large as 1 1/2 inches were noted, Correspondent says, "The dams
in the creek...went ocut some time agc, but we are so used to that I
had almost forgot to mention it."

5 Jul 1896 Kanab Kanab Creek Cloudburst damages flumes
and threatens dam.

1 Sep 1909 Orderville East Fork of About $3000 damage ensued
Virgin River from recent storms. The
river cut away much crop-
land and destroyed bridges at its height on Aug 31...canyon roads
washed out in many places.

7 Aug 1941 Alton Main, Rush, & Heavy rainfall resulted in
Little Roundy heaviest flood in over 30
Canyons years, Floods fram canyons

east of town did consider-
able damage to meadows and to grain and hay fields. At least $1000
damage to meadows and to grain and hay fields. At least $1000 damage
to irrigation ditches that were washed out or filled with sand. The
water 10 feet deep in the big wash, which took ocut all crossirgs and
carried Sink Valley bridge half a mile downstream.

8 Aug 1941 Kanab In Kanab 1.05 inches of rain-
fall in 1 hour Friday
afternoon did little damage.

13 Aug 1942 Mt. Carmel Storm raged in Mt. Carmel.
Hail shattered corn and
roads flooded with water.

11 Aug 1950 Kanab Buckskin Creek A flash flood stranded 64
members of a £ilm shooting
in the mountains 40 miles to the east of Kanab. A torrent
7 feet deep filled Buckskin Creek after heavy rain and hailstorm.

8 Oct 1954 Orderville East Fork of More than $500,000 damage in
Glendale & Virgin River three towns and i
Springdale farmland. "Worst flood in
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90 years" in Ordexrville
where 1.2 inches of rain were recorded during the short storm. Water
poured from all small canyons into the Virgin River which reportedly
crested at 4 feet in Orderville. Two bridges across the river in
Orderville were weakened ard the town's culinary water system was
washed out in four places. Floodwater swirling down the town's main
street moved cars and clogged street with debris including boulder
weighing "at least a ton." Most basements in town flooded; winter
feed crop ruined. In Glendale many basements flooded and mud and
silt 6 to 12 inches deep reported to cover every lawn.

4 Aug 1955 Kanab Kanab Creek Today nearly 150 members of
a motion picture company

were working on scenes of a Lone Ranger picture near Kanab when a
flood in Kanab Creek rose so fast they had to scramble up the banks
to dry ground. Most of the coampany was marooned for nearly 3 hours.

10 Aug 1955 Kanab Barracks Canyon A flash flood down Barracks
Canyon, 18 miles northwest
of Kanab marconed 150 members of a motion picture company for 3 hours
The storm lasted about 1 hour. Many pieces of equipment used to film
a western movie were swept away by the flood.

20 Axg 1957 Kanab Kanab Creek, Flash floods in eastern Kane
Johnscn Wash, County Johnson Wash;
Paria River. stranded more than 225

persons. Two culverts
washed out 20 miles east of Kanab trapping 100 workers from Glen
Canyon dam project. Heavy flooding of Kanab Creek stranded 125
employees of National Broadcasting Company 5 miles south of Kanab.
Johnson Wash, Buckskin Gulch, and Paria River all ran at record

levels.
22 Aug 1957 Kanab Heavy rain washed out culverts
and roads in Kanab area.
21 Sep 1957 Kanab Buckskin Gulch Heavy rain washed aut

& Paria River numercus roads in southern
Utah ard flooded homes.
Buckskin Gulch and Paria River were flooded.

4 Jul 1961 Kanab Hog Canyon General rain over most of
Utah July 4. High
intentsities in isolated areas caused floods on several streams, On
one stream, Hog Canyon, 2 miles north of Kanab, the peak discharge of
6580 cfs from 18.5 square miles has a recurrence interval of greater
than 50 years. Only 0.85 inches of precipitation recorded at Kanab.

24 Aug 1961 Mt. Carmel Muddy Creek ...t only 0.38 inch of rain
at Orderville, less than 3
miles from Mt. Carmel, where Muddy Creek peaked at 8190 cfs, which is
about 3 times that of a 50 year flood.
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17 Sep 1961 Glen Canyon Wahweap Creek Nine year old girl swept away
City by flocdwaters in Wahweap
Creek.

28 Jun 1962 Orderville East Fork of Orderville hit by two flash
Virgin River floods. One flood hit from
the north as another came
from the south. Damage to the town estimated at several thousand
dollars. A wall of water crossed U. S, Highway 89 in local business
district. Stores, swimming pools, and basements were filled. Mud
deposited on lawn and gardens.

18 Ang 1963 Mt. Carmel Mineral Gulch A large flood occurred in
Mineral Gulch, 3 1/4 miles
west of Mt. Carmel. The peak discharge was 3210 cfs from a 7.6
square mile drainage area. No precipitation was recorded at Order-
ville.

31 Aug 1963 Kanab Paria River A peak discharge of flood in
Paria River near Kanab from
645 square miles was 15,400 cfs which is 1.4 times the expected 50
year period.

12 Aug 1964 Kanab Hog Canyon Flash flood in Hog Canyon, a
tributary of Kanab Creek,
about 2 miles north of Kanab. Peak discharge of 10,850 cfs from
drainage area of 18.5 square miles represents a discharge of 4.7
times that of a 50 year flood.

2 Sep 1966 Glen Canyon Tributary to Thunderstorm caused a peak
City Wahweap Creek flow of 479 cfs from small
drainage area of 1.61
square miles in tributary to Wahweap Creek. 1.1 miles northwest of
where U.S. Highway 89 crosses the Utah-Arizona boundary.

Spring 1983 Mt. Carmel East Fork of High flows of the river
Junction Virgin River have greatly ercded U. S.
Highway 89 embankment 0.5
miles north of Mt. Carmel Junction. A $40,000 wire gabion structure
was constructed to protect the highway embankment in 1984.

Summexr 1983 Kanab Hog Canyon Two or three cloudburst
floods during the summer
have severely ercded the abutments of the Hog Canyon bridge on U. S.
Highway 89. A new bridge, costing $300,000 was built in 1985.

1 Ang 1983 Kanab Johnson Wash A flash flood ercded the
bridge abutments and
damaged the county road embankments 3.5 miles north of U. S. Highway
29 on the Johnson Canyon road. Damage repairs were estimated at
50,000.
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gources: Woolley (1946), Butler and Marsell (1972), Davis (1984).

Ctmnum.ty affected or nearest town.

21f no stream is indicated the flooding was on streets, yards, fields, or
elseswhere.

Faults, earthquakes and liquefaction

Faults are fractures in the crust of the earth along which movement
has taken place (photo 87). The movement alorng faults may be
translational or rotational., BAn earthquake is produced by a sudden fault
movement. Billions of tons of rocks may be displaced in a moment,
releasing enormous energy. In the process of breaking and moving,
vibrations termed "seismic waves" are generated that travel through the
earth and along its surface. Earthquekes are generated below the earth's
surface and this point is the focus or hypocenter. The spot an the
surface vertically above the hypocenter is the epicenter.

An earthquake can be expressed in terms of both intensity and
magnitude. Intensity is a measure of the observed effects of an
earthquake on pecple, buildings, and natural features. Intensity values
are denoted by Roman numerals in the Modified Mercalli Intensity Scale
which ranks seismic effects into 12 levels of increasing severity. The
scale ranges through imperceptible shaking, pecple awakening, movement of
furniture, damage to chimneys to, finally, catastrophic destruction.
Magnitude is an instrumental measure of the amount of seismic energy
generated at the hypocenter of the earthquake. It is based on the
amplitude and period of the recorded vibrations and the distance of the
seismograpl'x from the epicenter. On the Richter scale, magnitude is given
in whole numbers and decimal fractions. Because of the logarithmic basis
of the scale, each whole mmber increase in magnitude represents a tenfold
increase in measured amplitude. As an estimate of energy, each whole
mmber in the magnitude scale corresponds to the release of about 31 times
more energy that the amount associated with the preceding whole number
value. Although the Richter Scale has no upper limit, the largest known
earthcquakes have magnitudes in the 8.8 to 8.9 rarge.

Earthquakes tend to reoccur alorng faults which reflect zones of
weakness in the earth's crust. The fact that a fault, or fault zone, has
recently experienced an earthquake offers no assurance that enough stress
has been relieved to prevent another. Western Kane County is within the
Intermountain Seismic Belt (ISB), a zone of extraordinary earthquake
activity extending from Arizona northward through Utah, eastern Idaho,
western Wyoming, and terminating in northwestern Montana. Seismicity is
characterized by shallow focal depths with most less than 10 miles (15 km)
(Smith and Sbar, 1974, p. 1205). The ISB is more than 800 miles lorg, up
to 65 miles wide, and has one of the highest levels of earthquake risk in
the contiguous United States. In western Kane County the ISB includes the
Paunsaugunt fault, the Johnson Canyon fault zone, the Kanab Creek fault
zone, and the Sevier fault zone (plate 8). Smith (1978, p. 132) states
that a distinct feature of the Colorado Plateaus is the zone of seismicity




Photo 87. Faults in Kane County. Movement along faults is thought
the c%%e of earthquakes, of which several have historically been
felt in the county. Above is a view of a fault west of Three Lakes
Canyon on the active Xanab Creek fault zone. Below is a view of the

"Golf Course" fault, just west of Mt. Carmel Junction, a splay fault
on the Sevier fault zone.
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arourd its margin which suggests that it is a rather rigid block that does
not permit internal strain release in the form of earthquakes, but may
allow vertical movements or rotations (strain release) at its edges.

A record of historical earthquakes of Richter magnitude 2.0 and
greater in Kane County has been compiled from Arabasz and others (1979)
and the University of Utah Seismology Catolog (1986). The tabulation
covers the period 1850 to February 1986 and lists 33 seismic events (table
29). Through 1949 earthquake epicentel"s and estmated intensities were
largely derived from "felt" reports, distant seismographs, newspaper
articles, and several scientific journals. From 1950 to the present, the
epicenters, magnitudes, and depths of focus (when determined) of the
earthquakes, were almost entirely intrumental and determined by
seismograph stations in Utah.

The epicenters of the two greatest magnitude earthquakes in Kane
County are located near Kanab. On December 5, 1887, a strongly felt
earthquake with a modified Mercalli Intensity of VII (magnitude = 5.7) was
pinpointed at Kanab (No. 2 on table 29). On July 21, 1959, an
instrumentally monitored earthquake with a Richter magnitude of 5.5 was
detected ard its epicenter was located just south of Kanab on the state
line (No. 20 on table 29). The following quote was taken from a Kanab

newspaper after this earthquake, dated July 23, 1959:

"what was described as the strongest earth tremor ever felt
in this area occurred Tuesday morning at approximately 10:45 a.m.
and was felt in a wide area covering southern Utah and northern
Arizona. It appears from reports that the tremor centered near
Fredonia (Arizcna). It was felt as far south as Flagstaff, Arizona,
195 miles south of Kanab, and was strong encugh in Kanab to break
plaster from buildings, knocked over several floor lamps and dishes
fraom the shelves... Persons in the Kanab, Fredonia area reported the
quake lasting from about 10 seconds to as long as 2 minutes."

Four other earthcquake epicenters (Nos. 1, 18, 19, and 23) are plotted
in the Kanab vicinity. All 6 earthquakes are thought to be related to
movements along faults in the Kanab Creek fault zone. This mmber of
earthquakes, especially within the pericd of instrumental monitoring,
indicates that this is a seismically active fault zone. A large part of
the displacement along these faults may have occurred in Quaternary time.

On January 1, 1924, an earthquake with a Mercalli Intensity of III
was localized at Orderville in Iong Valley. From that date until November
23, 1927, there were 14 additional shocks, all with intensities of IT or
ITI, at this same epicenter (Nos. 3-17 on table 29). These earthquakes
were undoubtedly caused by slippage along a fault in the Sevier fault
zone. Epicenters 26 and 30, both west of the Sevier fault zone and both
with focal depths of 4 1/2 miles, could be related to movement on a Sevier
fault plane if it had a listric dip, at depth, to the west. Quaternary
basalt flows are displaced by faulting in the Sevier fault zone arcund
Black Mountain in Secs. 32 and 33, T 39 S, R 6 W. Best, McKee, and Damon
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(1980, p. 1038, sample 28) report that the t in upper long Valley has
a K-Ar radiometric date of 0.56 + 0.06 x 10~ years B.P.

Earthquake epicenter No. 22 is possibly related to the Johnson Canyon
fault zone. The movement below epicenter No. 33 was probably a crustal
adjustment due to the loading of Lake Powell. Seven or eight epicenters
in the county are enigmatically placed in relation to surficially mapped
faults.

Under certain canditions earthquake ground shaking can result in soil
licuefaction which can result in settlement or tilting of buildings, flow
failures of slopes, and large deformations of the ground surface.
Liquefaction primarily affects water saturated cohesionless soils (sandy
soils). Grourd shaking induces rearrangement and denser packing of the
soil particles and sand grains; gravity loading produces excess fluid
pressure that causes pore water to make a channel and carry soil particles
to the surface. Field studies have identified recent geologic deposits
and sandy soils to be most susceptible to liquefaction (Committee on
Earthquake Engineering, 1985, p. 2). Riverbank, floodplain, and alluvial
fan deposits, most notably those deposited within the last 1000 years, are
most prone to such failures. A high water table (most likely 10 feet or
less) is a cruclal and essential condition.

Kane County has an abundance of unconsolidated recent surface and
subsurface sandy deposits that have variable silt contents. However, it
is only those areas adjacent to rivers, streams, springs, and lakes that
have the necessary high water table for liquefaction. During a
sufficiently strong earthquake, areas of potential liquefaction
(especially during spring months) include: (1) adjacent to the East Fork
of the Virgin River in Long Valley, (2) adjacent Kanab Creek, (3) adjacent
to Johnson Wash and the area south of its mouth, and (4) adjacent the
Paria River. The exact delineation of these areas cannot be shown on the
geologic hazards maps.

Hydrocampaction

In wam dry climates certain originally wet alluvial deposits may,
after drying, form loose, porous, low-density soils that are susceptible
to collapse when they are wetted and/or subjected to loading. This
process of collapse or subsidence is termed hydrocampaction., It is a
result of reduction in intergramilar strength due to wetting and includes
campaction under natural overburden load as well as compaction that occurs
only with the addition of a surcharge load (human construction).

ctible soils are usually fourd in regions where seasonal
rainfall seldam penetrates more than 2 or 3 feet of the soil, and they
invariably occcur above the water table (Lofgren, 1969, p. 273).

Dry, sandy to silty alluvial deposits, including alluvial fans,
floodplains, and mixed alluvial and eolian deposits, are prevalent in the
county. No undeniable case of hydrocampaction has been reported, but
there are indications. Gill (1981), in a report on sites investigated
for a new Kanab high school, found a definite subsidence feature and other
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depressions in the mouth of Tams Canyon (Flood Canyon), on the northeast
side of Kanab. Due to a lack of soil test data and structural
performance, areas of potential hydrocompaction are delineated on the
geologic hazards maps. Damage from hydrocampaction can be minimized by
thorocughly wetting and precaompacting soils (on the ground surface or on
floors of excavations) before construction begins.

Sarnd dune encroachment

There are two large areas of thick, wind-blown sand in the county.
The first of these areas, the Sand Hills, lies astride U. S. Highway 89 in
the east part of T 42 S, R7 Wand the west paxt of T 42 S, R 6 W. The
secord area is in the east part of T 43 S, R 8 W and Secs. 7, 8, ard 18 of
T 43 S, R 7 W, Part of this area is a state park (Coral Pink Sand Dunes
State Reserve). The sand in both areas is derived form the Navajo
Sandstone. During unusually strong winds, these sand sheets and dunes can
migrate over roads or produce poor visibility during a storm. Sand dunes
on the highway could cause a sudden reduction in velocity that might cause
a driver(s) to loose control of his vehicle. Road departments become
involved in sand removal.

Kane County has six major perennial streams that flow southwesterly,
south, and southeasterly across the county: (1) North Fork of the Virgin
River, (2) East Fork of the Virgin River, (3)Kanab Creek, (4) Johnson
Wash, (5) Paria River, and (6) Escalante River. These streams originate
in the Markagunt Plateau, the Paunsaugunt Plateau, and in other plateaus
north of Kane County. There are stretches of streams that are perennial
and several smaller perennial streams such as Orderville Gulch, Meadow
Creeck, and Muddy Creek.
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ENGINEERING GEOLOGY OF URBANIZING AREAS:

People are keing attracted to Kane County by the scenic vistas, the
mild winter climate, the grandeur of Iake Powell, the outdoor recreation,
and the alpine and forest setting on the Markagunt Plateau. The growth
in population and construction is presently occcurring in four main areas:
Kanab, Johnson Canyon, Long Valley, and on the Markagunt Plateau. Three
other areas have growth potential: Alton (coal develcpment), Big Water
and its satellite commmities (nearness to Iake Powell), and Bullfrog
Basin (to a limited extent).

As urbanization proceeds, land must be carefully examined to avoid
problems that might develop because of geologic hazards. Developments,
sooner or later, will encroach onto steep slopes, flood pathways, and poor
foundation materials. Comunity and county building constraints should be
adhered to. Soils, foundation conditions, slope stability, groundwater
conditions, and surface water features are described, where appropriate,
for the above mentioned areas. A table listing the general terrain and
construction characteristics of soils and rocks in the county is included
at the erd of the individual area reports. No U. S. Soil Conservation
Sexrvice soil surveys have been made, therefore engineering test data on
soils is woefully lacking. In the urbanizing areas we obtained eight
samples for testing and classification by a camercial soil test lab in
Salt lLake City.

Markaqunt Plateau

The top of the plateau is a forest and grassland area on flat to
rolling, smoothly rourded topography. The greatest relief is found at
about 1300 feet in the vicinity of Navajo Iake. The Claron Formation,
practically horizontal, forms the smooths slopes and rounded hills and
ridges. Four basaltic cinder cones are present. Blocky and jagged basalt
flows cover the floor of Duck Creek Valley from Navajo Lake eastward to
Aspen-Mirror Lake. All drainages, except the valley occupied by Navajo
and Duck lLakes, flow to the northeast. The major northeast flowing
streams are Duck Creek, Strawberry Creek, and Swains Creek. State Highway
14 is the main road.

Because of the heavy winter snowfall people usually only live on the
plateau during the summer when the temperatures are pleasantly warm.
Surmer homes and cabins are presently clustered in four main areas: (1)
Duck Creek north of U~14 in the SW Sec. 5 and SE Sec. 6, T 38 S, R 7 W.,
on August 27, 1985 there were 47 cabins and several others under
construction; (2) Willis Creek socuth of U-14 in the S 1/2 Sec. 8 and the N
1/2 Sec. 17, T 38 S, R 7 W., many cabins plus a restaurant are present;
(3) Strawberry Creek, south of U-14 in Secs. 16 and 21, T 38 S, R 7 W.; on
August 27, 1985 there were 36 summer hames plus an airplane rurway; and
(4) Swains Creek 1.6 miles south of U-14 in Secs. 27 and 34, T 38 S, R 7
W., on August 27, 1985 there were more than 42 summer homes and several
more were under construction. There is also a store and a landing strip.
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In all the stream valleys the alluvium is largely derived from the
Claron Formation. It is mostly a light brown to dark brown sandy silt
and, in places, there are thin pehbly beds and thin black or brown silt
clay layers. A sample (N-1) of alluvium was cbtained from the west bank
of Strawberry Creek, 0.5 miles scuthwest of U-14 in the NENE Sec. 21, T 38
S, R 7 W. The sample represents soil from the ground surface to a depth
of 3 feet and was described as a brown sandy silt. The soil has a Unified
Soil Classification (USCS) of ML, with a silt and clay content of 65.5
percent, a liquid limit of 32.2 percent, and a plasticity index of 9.7
percent (figure 58). When wet, this soil would have a very low stability
and load-bearing capacity. There are no summer homes, as yet, built on
the Strawberry Creek floodplain and it is recommended that ncne will.
Until proven otherwise, it might be prudent to consider sample N-1 as a
soil typical of alluvium in the other stream valleys as well.

A local summer resident stated that Strawberry Creek floods over its
banks in late May about every other year and is another reason not to
build adjacent to it. Duck Creek, Strawberry Creek, and Swains Creek are
perennial streams and the water table on their floodplains is within a few
feet of the grourd surface. In the Duck Creek sinks, SESW Sec. 5, and the
NW Sec. 8, T. 38 S., R. 7 W., the water table is very close to the ground
surface and no one should contemplate building in that area.

In the Duck Creek, Strawberry Creek, and Swains Creek areas the
summer hames are built on gentle slopes, moderate slopes, and steep slopes
covered by residual and colluvial material derived from the Claron
Formation. Here and there a cabin, or part of one, is built directly on
the Claron. Fresh, urweathered beds in this unit should form competent
foundation rock. However, on most of the moderate to steep slopes the
colluvium is 1 to 12 feet thick, and the locse, unconsolidated debris
cannct maintain as steep a slope as the underlying bedrock surface. A
sample (N-2) of Claron derived colluvium was dbtained on a steep slope
north of Duck Creek Village in the NENE Sec. 7, T 38 S, R 7 W. A channel
sample of 4 feet was taken and described as reddish-brown silty sand and
gravel. The gravel was light gray, hard limestone. The soil had a USCS
of GM, with a silt and clay content of 22.4 percent, a liquid limit of
18.3 percent, amnd was non-plastic (figure 59). The soil is permeable and
gramular. Under most conditions a soil with these characteristics is
stable and has a good load-bearing capacity. However, the worst case
scenario has notohappe.ned as yet. If the colluvium on the steep slopes
(greater than 277) ever gets loaded enough, or wet enocugh, or has part of
the toe removed, it will translate downslope.

Alton

The town of Alton is on the Podunk Terrace in the NW Sec. 12, T 39 S,
R 6 W (figure 60). The town is in a tributary valley of Kanab Creek which
flows one mile to the southeast. There is a high craggy ridge of the
Claron Formation west of Alton and low, rolling hills of the Tropic Shale
northeast and south of town. The relief in the area is about 600 feet.
The Sevier fault zone is immediately west of Alton and it trends to the
northeast. On the west side of the zone the downdropped Claron Formation
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Photo 90. Geologic tourist attractions of Kane County. Upper left is
view of Grosvenor Arch cut in Henrieville Sandstone and sub-Dakota

Conglomerate. Upper right ig Lone ROCk, a monolith of “Slickrim"
Entrada. The lower view is of Starlight Arch, in the lower Navajo Sandstgne,
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abuts against the Tropic Shale, the Wahweap Formation, and the Kaiparowits
Formation in succession to the northeast.

The Tropic Shale forms low smooth slopes around the perimeter of the
valley and shallowly underlies it. Several knolls and ridges in the
valley also consist of Tropic Shale. The alluvium in the valley is
exposed in the banks of Kanab Creek which displays 20 feet of alluvial
gray clayey silt and gray sandy silt beds that weather yellow. The
alluvial thickness is indicated in a Nevada Power Campany water well
drilled in 1961 in the SENSWNW Sec, 18, T 39 S, R 5 W, about 1.4 miles
southeast of Alton. Clay and silt were logged to a depth of 52 feet where
bedrock was encountered (Cordova (1981, p. 71). Most of the alluvial clay
and silt in the valley was derived from the Tropic Shale.

on August 21, 1961, the groundwater level in the Nevada Power Company
well was at a depth of 86 feet. However, this may have been an artesian
level. Price (1982), in his groundwater map of the Alton-Kolcbh coal
fields, shows that the expected depth to groundwater in the Alton
amphitheater is 500 to 1000 feet. Shallow, and seasonally high,
groundwater is shown on figure 60 in four areas.

Four large mass movements are present in the general vicinity of
Alton (Shroder, 1971, p. 39-45). All four are Pleistocene or Holocene
failures of the Tropic Shale. The south edge of the North Roundy
lardslide is one mile northeast of Alton. Large hummocky masses, about
100 feet thick, are present on the west and east slopes of North Roundy
Canyon. The Dry Hollow mass movement is on the west slope of Dry Hollow
in SW Sec. 32, T 38 S, R 5 W. In places it is 500 feet thick. The South

mass movement is 1.6 miles east of Alton and the lower edge of the
debris flow is close to the 7400 foot contour on the mountainside. The
humocky mass is about 100 feet thick and covers almost the entire western
half of Sec. 8, T 39 S, R 5 W. Shroder (1971, p. 44) found a Ponderosa
prire log in the debris and obtained a radiocarbon date of 750 + 200 years
B.P. The Dry Canyon mass movement is 2.5 miles southeast of Alton in the
E 1/2 Sec. 17, T 39 S, R 5 W. It also has a thickness of 100 feet.

Construction of any kind should be avolded on these mass movement
areas. If construction is absolutely necessary then slope stability
studies need to be done. Proposed cuts on these slopes should be viewed
dimly. Caution should be kept in mind when construction is contemplated
in the Alton area. The Tropic Shale and the valley alluvium derived from
it contain expansive clays and soluble salts., Foundations, roads, and
buried utilities should be treated accordingly. Utility lines of all
types should be buried below the frost-free depth of four feet. No
critical buildings should be constructed on the fault lines shown on
figure 60. The Sevier fault zone is considered to be seismically active.

Long Valley
Long Valley is about 23 miles in length and has an average width of

about 1200 feet. The widest parts, 2500 to 3500 feet, are occupied by the
towns of Glendale, Orderville, and Mt. Carmel. The major tributaries are
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Stout Canyon, Lydias Canyon, Red Hollow, and Muddy Creek. Growth and
construction activities, thus far, have been rather gradual. Iong Valley
was assisted in its formation by the intense faulting along the Sevier
fault zone. Faulting has affected strata ranging in age from Jurassic to
Pleistocene. A basalt flow, dated 560,000 years B.P. (Best, McKee, and
Damon, 1980, p. 1038), has been displaced by faulting near Black Mountain,
adjacent to upper long Valley.

A large variety of Quaternary deposits are present throughout the
valley: alluvial fans, old river terraces (of at least two ages), spring
tufa, marsh and peat deposits, mass movements, and pediment sands and
gravels. However, the most widespread deposit is alluvium of the East
Fork of the Virgin River (figures 61 to 63). Exposures of the alluvium
can be observed along the banks of the river, which range from 2 to 40
feet in height (just northwest of Glendale). In many places these
exposures are vertical. There is no "typical" exposure of the floodplain
and channel deposits which consist of heterogenecus, lenticular, and
variably thick horizons of sandy silt, fine sand, silty sand, and sand and
gravel. The two following measured sections will serve to illustrate the
nature of the alluvium.

Measurement of alluvium just north of Orderville in NENE Sec., 4, T 41 S, R
7 W.

1. Grayish-tan, calcareous fine sandy silt 4.1 feet
2. Grayish-tan, calcarecus, silty fine sand 2.5
3. Tan silty sand and gravel (clasts of quartzite, chert,
limestone, and sardstone. 0.7
4. Grayish-tan silty fine sand. 0.6
5. Tan silty sand and gravel with cobbles of limestone and
sandstone. 1.3
6. Grayish-tan, calcarecus, silty fine sand 1.9
7. Tan silty sand and gravel with cobbles of limestone and
sandstone. 0.6
8. Brown, calcareocus, silty sand 0.4
9. Tan silty sand and gravel with cchbles of limestone and
sandstone. 1.1
Total 13.2 feet

Measurement of alluvium just northeast of Mt. Carmel in NESW Sec. 19, R 7
w.

1. Reddish-brown silty fine sand 1.7 feet
2. Light gray silty fine sard 0.3
3. Reddish-brown silty fine sand with pebbles along base 0.7
4. Light gray silt 0.4
5. Gray sand ard grit 0.2
6. Reddish-brown silty fine sand 0.3
7. Gray silty sand and gravel with boulders (mostly limestone) 7.6

Total 11.2 feet
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The alluvial thickness is indicated by two drillers' logs (Cordova,
1981, p. 72): (1) a water well just north of Mt. Carmel Junction in the
SWSESW Sec. 19, T 41 S, R 7 W. drilled into bedrock (Carmel Formation) at
a depth of 46 feet. A well just northeast of Orderville in the NENENE
Sec. 4, T 41 S, R 7 W was bottamed at a depth of 75 feet and was still in
alluvium. Groundwater was encountered at a depth of 24 feet.

Alluvial fans have not been deposited at the mouths of the main
tributary canyons of Long Valley. The main creeks are graded to the level
of the Virgin River and erosion has kept pace with the deposition.
Numercus small and medium sized canyons have pronounced alluvial fans at
their mouths. The fan materials are normally very lenticular beds and
lenses of silty sand ard gravel with boulders. Generally, the same
material extends a considerable distance up the canyons. For the most
part these are flash-flood deposits and, over the years, deposition has
exceeded erosion. Slope-wash is also an important component in these
canyons.

Along the sides of Long Valley are remnants of at least two ancient
river terraces. The lowest and youngest deposits (Qt.), consist of
unconsol idated and bedded sanded and gravel. The hi t and oldest
terrace (Qt,), is composed of well-indurated conglamerate that is
plastered ofito the formations that form the valley sides. These
conglamerates are usually orange-brown in color. In one place a lava flow
has channeled into the deposit.

Pediment sands and gravel are present on a bedrock surface that
slopes westward from the base of the Elkhart Cliffs. On the pediments
south of Orderville and east and southeast of Mt. Carmel, the material
oconsists of 1 to 8 feet of red to brown silty sand. On a large pediment
east of Mt. Carmel Junction the material consists of 1 to 15 feet of sand
and gravel.

In 1961 segments of the present U. S. Highway 89 were constructed
through upper long Valley. The U.D.O.T. soils investigation revealed some
marsh and peat areas in the S 1/2 Sec. 30, T 39 S, R 6 W, about 3.0 miles
southwest of Alton Junction. Part of the area is presently occupied by a
comercial campgrourxd. Two test holes just west of a large pord revealed
the following (table 30). Most of the area has a high groundwater table.
Several samples of the peat, and silt and peat, were cbtained ard tested.
These materials would not perform as a foundation for any kind of
structure, they have a very poor load-bearing capacity, an infinite time
settlement curve, and would have a non-uniform settlement. On the USCS
system they would be classified as Pt.

Four mass movements of the Tropic Shale were mapped along the east
side of Glendale. The three largest, in places, may be 60 to 70 feet
thick. It is possible that the slumps were initially triggered by a
movement in the adjacent Sevier fault zone.
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Table 30. Two Utah Department of Transportation test holes in S 1/24 T 39
S, R6W.

U.D.0.T. test hole # 7 U.D.0.T. test hole #8
(132 feet N of hole #7)
silt and clay 5.6 feet silt and clay 10.0 feet
peat 17.9 peat 6.8
lava boulders 6.1 silt and peat 3.2
sandy silt 5.0

In general, all the areas mapped as alluvium (Qa) should be adequate
and safe for all types of construction in Long Valley. In tributary
canyons flash floods occur regularly and roads or hames should not be
build adjacent the stream channels or near the mouths of the canyons. For
the most part, the main construction problems that might be encountered in
Long Valley would be (1) the Tropic Shale poor load bearing capacity,
expansive clays and soluble salts, as well as potential slope failures;
(2) peat bog areas described above and areas of high ground water in upper
Long Valley; (3) building on moderate to steep slopes that are covered by
potentially unstable colluvium; and (4) presently unevaluated hazards of
soil liquefaction and hydrocampaction.

Kanab

Kanab, the county seat, is located just south of the Vermilion Cliffs
and adjacent to Kanab Creek (figure 64). Kanab Creek Estates, a rapidly
growing suburb, lies south and southwest of Kanab. The Kanab area is
built on alluvium deposited by Kanab Creek and pediment alluvium derived
fram the Vermilion Cliffs. Three soil samples were abtained and tested,
(K-1) a sample fraom 1.0 to 4.5 feet in depth of an alluvial reddish-brown
silty sand and obtained from a canal bank at the mouth of Toms Canyon in
the NENENE Sec. 28, T 43 S, R 6 W; (K-2) a sample fram 1.0 to 5.0 feet in
depth of an alluvial reddish-brown and light gray stratified silty sand
obtained from the west bank of Kanab Cresek in the NENWSW Sec. 33, T 43 S,
R 6 W; and (K-3) a sample froam 0 to 2.0 feet in depth of an alluvial
reddish-brown sandy silt taken fram a ditch bank in the SESENE Sec. 5, T
44 S, R 6 W.

The alluvium of sample (K-1) was largely derived from the nearby
Petrified Forest Member of the Chinle Formation. The sample was 55.4
percent sand and 44.3 percent silt and clay (figure 65). It had a liquid
limit of# 34.8 percvent, a plasticity index of 11.2 percent, and a USCS
classification of SM. This scil would have a good load bearing capacity
when campacted to maximm practical density, but it would lose this
bearing capacity if water is absorbed. The soil is compressible and would
rebound very little if load is removed. It would be very expansive if
compacted as a subgrade at a moisture condition below optinwm,

Sample (K-2) is alluvium deposited by Kanab Creek. It comtains 56.6
percent sand and 43.0 percent silt and clay (figure 66). The soil was non-
plastic and has a USCS classification of SM. For engineering purposes
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this soil is better than (K-1). It will maintain good stability through a
wide range of densities and would only have a small change in volume if
water were added.

Sample (K-3) is alluvium either washed from the Vermilion Cliffs or
deposited by Kanab Creek. The sample is 36.7 percent sand and 60.4
percent silt and clay (figure 67). It has a liquid limit of 20.4 percent,
a plasticity index of 2.1 percent and a USCS classification of ML. The
sample contains considerably more silt and clay than sample (K-2). The
soil of (K-3) will be relatively unstable at all moisture contents and
have very low stability and bearing capacity.

The three soils described possibly represent the difference range of
all the alluvium shown as Qa on figure 64. In general the soils range
from silty sands to sandy silts. The pediment alluvium from the Vermilion
Cliffs probably grades into, and interfingers with the alluvium of Kanab
Creek. One-half mile southeast of Kanab, and beyond, there are northeast
trending ridges of the Chinle Formation. Soils adjacent to these ridges
should have characteristics similar to those of (K-1).

The best exposures of the alluvium are in the banks of Kanab Creek.
Sixty-five feet of thin to medium bedded alluvium is exposed in the NWNW
Sec. 28, T 43 S, R 6 W. In 1974 a water well was drilled to a depth of
225 feet in the SENWSE Sec. 27, T 43 8, R 6 W (Cordova, 1981, p. 63 ard
72). 'The driller's log showed valley fill to a depth of 95 feet where the
Chinle Formation was encountered. On Octcber 14, 1976 the water level was
at a depth of 42.87 feet. The alluviumChinle contact under the area is
probably a surface of significant erosional relief.

For general construction in the Kanab area a few simple precautions
appear necessary. Adequate campaction of all soils should be made before
construction. This includes the floors of excavations as well as
subgrades of streets and building foundations. It is well advised to
provide a substantial base course, preferably a well graded gravel on all
subgrades. The campaction should negate the effects of hydrocompaction
and the gravel base course should accammedate the effects of expansive
soils.

Almost every year, in July or August, there are one, or several,
locally intense cloudbursts that result in flash flooding and erosion from
one or several canyons., Tams Canyon and Pugh Canyon, northeast and east
of Kanab, are notoricus for these sumer events. Construction should not
take place in the floodpath of any canyon.

Johnson Canyon

Johnson Canyon is 10 miles east of Kanab and is a major NNW trending
canyon through the Vermilion Cliffs. The canyon is a fault zone and
faulting and subsequent erosion of broken strata are believed to have
formed the canyon. Within and in the mouth of the canyon, as well as to
the south, the alluvium was deposited by Johnson Wash and by slope wash
from the Vermilion Cliffs. The two components probably merge and
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interfinger with each other. Three samples of alluvium were cbtained and
tested, (J-1) a sample from 0 to 4.5 feet in depth of a brownish—gray to
reddish-brown silty sand cbtained from a trench excavation in the NWSE
Sec. 36, T 43 S, R5 W, (J-2) a sample fram 0-4 feet in depth of a
brewnish—gray silty sand cbtained from a vertical bank of Johnson Wash in
the NESW Sec. 12, T 43 S, R5 W, and (J-3) a sample from 0. to 4.5 feet in
depth of a brownish-red silty fine sard cbtained from the west bank of
Johnson Wash in the SENE Sec. 24, T 43 S, R 5 W. The banks of Johnson
Wash are 40 to 50 feet high in places.

All three alluvial samples are non-plastic and have a USCS
classification of SM. Sample (J-1) has a sand content of 66.6 percent and
a silt and clay content of 33.3 percent (figure 68). Sample (J-2)
contains 75.9 percent sand and 23.0 percent silt and clay (figure 69).
Sample (J-3) has 60.8 percent sand and 26.4 percent silt and clay (figure
70) .

With respect to construction there is nothing detrimental about these
soils. However, as in the Kanab area, adegquate campaction should be
carried out to abtain maximm densities before construction begins. This
should mitigate any future hydrocompaction effects. Johnson Canyon, its
tributary canyons, and adjacent Willis and Flood Canyons are all subject
to sumer flash flooding. No construction is recommended in, or near, the
stream or wash channels.

Big Water (Glen Canyon City)

This commnity is built on a blanket of eolian and alluvial sard.
The sand is mostly clear white, tan, and pink, rounded and subrounded
grains, perhaps largely derived from the Entrada and Carmel Formations.
East of town and along the high west bank of Wahweap Creek is an old river
terrace of sard and gravel. The deposit ranges fram 10 to 12 feet in
thickness, and in places, to as much as 20 feet. The gravel mostly
consists of quartzite, volcanics, chert, and sandstone. The gravel
terrace quite likely externds westward underneath the sand blanket and may
underlie most of Big Water.

West of Big Water, on East Clark Bench, are two sparsely inhabited
settlements——Church Wells and an unnamed place. Southeast of Big Water
and adjacent Wahweap Creek and Wahweap Bay of Lake Powell, are several
small settlements and business establishments. All of these places are
built on the same sand blanket as that of Big Water.

In places the sand may lack a soil binder and may be unstable under
wheel loads except when they are damp. The sands would be affected only
slightly my moisture conditions, have no volume change, and make suitable
subgrades for roads and foundations when confined and compacted.

Bullfrog

Most of the roads and buildings of this recreational comunity are
built on two embayments of eolian and alluvial sand derived fram the
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Entrada Sandstone. Surrounding the embayments and separating them, the
Entrada Sandstone forms ridges, hills, cliffs, and crops out along the
Lake Powell shoreline. The Entrada Sandstone is a competent unit and
poses no construction problems. The comments on the eolian and alluvial
sand at Big Water apply to the sand at Bullfrog. Gravel terraces cap some
of the Entrada ridges around Bullfrog.
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WATER RESOURCES: !

Water is a vital resource in any area, and if a true dollar value
could be placed on it, would exceed that of any other., It is especially
vital in semi-arid climatic areas such as Kane County, and can be a
limiting factor in its development. The source of the water is from the
precipitation that falls either as snow or rain. Water resources are
usually divided into surface water and ground water. Geology helps
understarnd the ground water supply, but the two are interrelated so that
one cannot be urderstood without the other.

The best water oollecting areas for both surface and groundwater
supplies are the high altitude areas. Precipitation is generally at its
highest and evapotranspiration is lowest. Areas with more than an 18
inch potential evapotranspiration index contribute little if any water to
the ground. The precipitation that falls as snow and lingers on the
ground the longest is most likely to contribute to ground water supplies
and not be lost as runoff or evaporation. Surface water supplies either
originate in the county or are through-going. Many of the headwaters of
the upper Virgin River, upper Sevier River, Kanab Creek, Johnson Creek,
and Kaibab Gulch (tributaries included) originate in the Markagunt and
Paunsaugunt Plateaus. The headwaters of the Paria River are in the High
Plateaus of Garfield County. The Kaiparowits Plateau is not as high as
the Markaqunt or Paunsaugunt and the principal drainages are all
intermittent (Wahweap Creek, Warm Creek, Last Chance Creek, Left Hand
Collet Wash, etc.) and flow only for a short time in the sprirg.
Occasionally they drain the torrential rains of summer and carry high
flows for short periods of time. The Escalante River and Colorado River
(now Lake Powell) are through-going streams,

A stream course may donate water to the grourd or receive water from
the ground. Generally there is more receiving at higher altitudes and
more giving at lower altitudes. Grourd water seepage into streams
generally keeps the perennial streams flowing in the warm period of the
year and when drought conditions prevail. The average annual runoff of
some important Kane County streams is 55,000 acre feet per year from the
the Escalante River at its mouth, 30,000 acre feet per year from the
Paria River at Iees Ferry, 50,000 acre feet per year on Kanab Creek at
Kanab, and 213,000 acre feet per year at Hurricane in the Virgin River,

Storage of water occurs in reservoirs. There are only two surface
water reservoirs of consequence in and adjacent to Kane County. Navajo
Iake has a capacity of 10,700 acre feet and Lake Powell has a capacity of
23 million acre feet. Water in the ground is also in storage in ground
water reservoirs. Ieakage or overflow is noted as springs. Water is
held in both hard rock units and in unconsolidated deposits. The size of
sane groundwater reservoirs is enormous. Cordova (1981, p. 1 and 37)
reports that the Navajo Sandstone ground water reservoir in and around
western Kane County holds an estimated 200 million acre feet.

The suitability of rocks as ground water reservoirs is dependent
upon their physical makeup. The two most important values are porosity



and permeability.
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Formations of the Colorado Plateaus have been tested

by Jobin (1956) for regicnal transmissivity, which is the capacity of a

rock formation as a whole to transmit fluids.

Generally rocks are

sukbdivided on the basis of their transmissivity into (1) relatively
impermeable rocks, such as limestones, shales, mudstones, and evaporites,
(2) uniformly permeable rocks, such as eolian sandstones, and (3) rocks
of differing or alternating permeabilities, such as the fluvial

sandstones, siltstones, and conglamerates. Jobin assigned many of the
formations a value based on the natural logarithm of the product of the

arithmetic mean thickness in feet and the arithmetic mean permeability in
Table 31 is modified to fit Kane County and illustrates the

darcys.

potential value of Kane County units as sources of ground water.

Table 31. Estimated regicnal transmissivity of geologic formations in
Kane County, Utah, based on Jobin (1956)

Formation Transmissive type Value* _ Comments
Unconsolidated Differs moderately 1-7 Numerous springs
Volcanics Differs moderately 0-7 Same large springs
Claron Fm. Differs slichtly-I 1-5 Few large springs
Kaiparowits Fm. Differs highly 1

Upper Wahweap Diffemlnoderabely 3.5

Lower Wahweap Uniform 0-1

Drip Tank Membexr Differs slightly-P 2.5 Small springs
John Henry Member Differs highly 1

Smoky Hollow and Tibbet Canyon Members, and western

Differs moderately 2.5 Small springs
Tropic Shale Uniform—I 0
Dakota Formation Differs highly 3.3 Small springs
Morrison Fm, Differs highly 3.8 Small springs
Summerville Fm. Uni form—T 0
white Point, Romana Mesa, and Henriewville

Differs slightly 1-3
Entrada Sandstone  Uniform-P 3.2
Carmel Formation Differs slightly-I 0-3
Page Sandstone Uniform-P 3-4 Small springs
Temple Cap Ss Differs moderately 2-3
Navajo Sandstone Uniform-P 6.1 Excellent aquifer
Tenney Canyon Uniform-I 1
lamb Point Tongue Uniform-P 6.5 Excellent aquifer
Kayenta Formation Differs 2.1 A few small springs
Wingate Sandstone  Uniform—P 3.6 Small springs
Moenave Formation Differs slightly-I 2.5
Petrified Forest UniformI 0
Shinarnump Member Differs moderately 1-4 Small springs to west
Moenkopl Formation Differs slightly-I 0-1
Paleozoic rocks Uniform (both P & I) 0-5

Straight Cliffs Fm.

*estimated value of transmissivity-larger numbers indicate best aquifers.
P=mostly permeable; I=mostly impermeable, heavy fracturing or solution of
these rocks may provide for excellent ground water bearing capabilities.
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Table 31 indicates favorability in a general way because local
conditions may alter the water carrying characteristics considerably.
The more uniformly permeable sandstone aquifers, normally with the most
pore space may locally be tightly cemented, whereas normally tight
limestone or shale may be highly fractured or dissolved along joints.
The ground water is naturally tapped at springs or can be produced in
wells. Springs can occur in a variety of places, most small springs in
the county occur at the base of a permeable sardstone where it rests on
an impermeable barrier, such as a clay layer. Even a very thin partings
can be an effective barrier to further downward migration of water.
Spring horizons or seep planes can usually be identified by the abundant
growth or vegetation along a particular horizon. The yields of springs
is deperdent upon local conditions, but can often be enhanced by suitable
development.

The depth to which wells must be drilled is again dependent upon
local corditions, but broad generalizations have been made (Price,
1977). The same is true of expected yields. Generally wells in the
Navajo Sandstone (best aquifer) may yield 50 to 500 gallons per minute
(sustained yields), wells dug into other Jurassic and Cretaceous
sandstones may yield 5 to 50 gallons per minute, and the tighter (less
permeable) units 1-5 gallons per minute. In addition the unconsolidated
deposits along the more important surface waterways may locally provide a
good supply of water. Wells in the sandstones adjacent to Lake Powell
might be capable of producing 500 to 1000 gallons per minute and
illustrates the close relationship between surface and grournd waters
(photo 88).

As groundwater percolates through the rocks it can take chemical
matter into solution and it can deposit chemical matter in the rocks. If
the aquifers, through which the water migrates, contains easily soluble
materials, the the water will increase in dissolved solids. The type of
dissolved chemicals can affect the desirability and use to which the
water can be put. One measurement of water cuality is the total
dissolved solids (TDS) content, measured in parts per million or
milligrams per liter. Generally, the higher the TDS the less desirable
the vrcnter {table 32).

Table ,‘32/ Water quality classification (Price, 1977; others).

Class my/l

Fresh 0~1000

Slightly saline 1000-3000 } brackish water
Moderately saline 3000-10,000 } brackish water
Very saline 10, 000-35,000

Briny 35,000 +

Dissolved solids generally consist of silica, iron, manganese,
calcium, magnesium, sodium, potassium, bircarbonate, carbonate, sulfate,
fluoride, and others. The acidity and alkalinity of the water are also
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important. It is beyond the purpose of this report to define the effect
of each, but calcium and magnesium make the water hard, iron and sulfates
contribute to odors and discoloration, bicarbonate and sulfate can cause
adverse physiological corditions, and still others or cambinations of
others would have adverse affects on irrigated plants or on stock.
Generally water for human consumption (culinary water) should have less
than 500 pom TDS, but humans can usually tolerate up to 1000 ppm; cattle
and horses can usually tolerate higher levels, usually up to 3000 ppm.

The expected water quality is related to the type of rock that makes
up the ground water reservoir. The best porous and permeable sarxdstone
aquifers provide water of the best quality because they usually contain
few chemicals. Rocks with much shale, gypsum, and organic debris
generally provide waters with a greater TDS content, especially sulfates
and bicarbonates. Limestones provide hard water, but otherwise can be of
good quality (photo 89). Also water cbtained near the recharge (higher)
areas generally contain lower amounts of dissolved solids.

Kane County is fortunate with respect to its ground water quality.
Water from the best aquifer (Navajo Sandstone) usually contains water
containing 100-500 mg/1l TDS. Ground water from units of Tertiary and
Cretacecus age, excluding the Tropic Shale and Dekota Formation, contains
100 to 1000 mg/1l in the west and 500 to 3000 mg/l TDS in the Kaiparowits
Plateau. Ground water from the Carmel, Tropic, Chinle, and Moenkopi
Formations would be expected to contain the least desirable water.

All of the important towns in Kane County, including Fredonia,
Arizona, adbtain their municipal supplies from wells extracting ground
water from the Navajo Sandstone or Lamb Point Tongue of the Navajo
Sandstone. Details about the expected yield and quality of water wells
and springs and surface waters in Kane County were beyond the purposes of
this report, but the interested reader may find much additional
information in an abundant literature on the subject: Connor and
Mitchell (1958), Cordova (1981), Feltis (1966), Goode (1964, 1966, 1969),
Hendricks (1964), Iorns and others (1964, 1965), Jobin (1956), Price
(1977a, 1977b, 1979, 1980, 1981, 1982, 1983), and Wilson and Thomas
(1964) .



Photo B9. Cascade Spring and Falls. Wwater from Navajo Lake
drains through underground channelways dissolved along
joints in the Claron Formation.
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Scenic Wonders ard Generalized Geologic History of Kane County

Kane County, in south—central Utah is a part of "Color Country"
because of the colorful geologic formations of the area. The exposed
beauty of these formations plus the intricate erosional forms that display
them have been attractive to tourists ard local inhabitants as well as to
geologists. Much lard has been set aside for tourism and recreation (see
Iand Ownership, p. 9, table 3, and figure 9). Additionally much lard is
being investigated for suitability as wildermess or roadless areas. Kane
County has national parks, state parks, a national recreation area,
National Forest and Bureau of ILand Management sites, and a primitive area
within its borders.

The southern ard highest part of Bryce Canyon National Park is in
Kane County. It owes its beauty to the spectacular Pink Cliffs of the
Claron Formation, which have been sculpted into towers, minarets, castles,
natural bridges and arches, arnd other interesting forms. Man's woes,
works, and zeal fades into insignificance in the massive, chactic amd
lonely immensities of the nature-sculpted magnificence. The onslaught of
such vastness, such violent color ard configuration stuns cne
momentarily. Tt is awesome indeed, and it takes a while to regain
perspective, After a time it seems to become a spiritual experience,
which was the value attached to it by prehistoric man and handed down to
present day Indians. The park is the result of the eternal cycle of
Earth's uplift and erosion. This region began rising about 13 million
years ago, until parts of it were more than 2 miles above sea level, but
the contoured rocks we see now were deposited by lakes that once covered
the area. From hour to hour, from sunrise to sunset the scene changes.
What may be a fairly accurate description of the color at 2 p.m. is no
longer viable at 4 p.m.

Kodachrame Basin State Reserve is a fairly secluded section of
unusual rock formations (mostly Carmel and Entrada Formations). Vvivid
sandstone spires reflect numerocus hues, changing constantly with the angle
of the sun. These sandstone spires are pipes that have been recemented to
a degree of induration that surpasses that of the country rock. At least
60 of these collapse or breccia pipes have been counted in the vicinity.
Kodachrome Basin was named by the National Geographic Society for its
splendid color.

The Coral Pink Sand Dunes State Reserve is known for its geolcogical
diversity and gets its name from the fine shifting pink sand unique to the
area (from the middle of the Navajo Sandstone). The sand dunes have been
used often in Hollywood movies. They are exposed with a backdrop of the
Vermilion Cliffs exhibited along the Sevier fault. Like in other areas of
color country the sand colors change to the eye according to the time of
day. The area is especially beautiful at sunset. It is a haven for dune
buggy enthusiasts.

Glen Canyon National National Recreation area exposes the 1800 mile
shoreline of ILake Powell, of which part is along Kane County. The Kane
County portion exposes not only part of Glen Canyon itself but the
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Escalante River Canyon. Because of the canyons the lake is described as
the most incredible and fantastically beautiful body of water in the
United States arnd quite possibly the world. There is such an excess of
color and diversity of structure that one is held enthralled from one
moment to the next. The exposed rocks are of the Glen Canyon Group:
Navajo Sandstone, Kayenta Formation, and Wingate Sandstone. There are
endless side canyons along the lake where the formations rise vertically
out of the water (in scme places to more than 500 feet), where arches have
formed, and where the beauty that is above the water is perfectly
reflected in the lake below.

"Nothing can exceed the wonderful beauty of 2ion... ...In the
nobility and beauty of structure there is no comparison... ...There is an
eloquence to their forms which stirs the imagination with a singular
power, and kindles in the mind a glowing response," (Dutton, 1882). Zion
National Park is mostly in Washington County, but a small portion extends
over the line into Kane County. The basis of the park are the massive
cliffs of the crossbedded Navajo Sardstone. The impressive White Cliffs
cane to a climax in Zion National Park. The most famous landmark in the
Kane County portion is Checkerboard Mesa. When viewing the Navajo
Sandstone cne is immediately impressed by the high argle crossbeds. These
can be viewed outside of the park as well and an excellent place is in
Three Iakes Canyon along U. S. Highway 89 north of Kanab. In addition to
the crossbeds are the narrow canyons, monuments, and arches which have
been carved in it (photos 90 and 92). Some of the narrow canyons follow
joints which are relatively quite straight. Its bare rock outcrops extend
across the county and many of these areas are being stixdied as primitive
areas. The Paria Canyon Primitive area has already been set aside.

Two areas being studied for primitive area consideration are the
canyons of the Paria River north of the ghost town of Paria and Hackberry
Canyon (photo 91). The capping formation is the Navajo Sandstone, but the
canyons themselves are cut into the Kayenta, Moenave and Chinle Formations
as well. Hikers can be delighted by spectacular and colorful views around
each bend in the canyon. The area arourd the ghost town of Paria is
especially beautiful. The banded colorful cutcrop of the Chinle Formation
is often called "the land of the sleeping rainbow." Below the Chinle are
the chooolate brown outcrops of the Moenkopi Formation which are
handsomely sculpted into interesting badlands.

Perhaps the most famous arch in Kane County is Grosvenor Arch named
after the fourder of the National Geographic Society, Gilbert C.
Grosvenor. It is cut in Henrieville Sandstone and in the sub-Dakota
Conglamerate. It is xox ft high and is xx ft wide. There are many arches
cut in many formations across the county and these are marked with
triargles on plates 4, 5 and 6. Because the formations are so beautifully
exposed in Kane County, the geologist should find special pleasure in
traversing its roads. One should not omit seeing the cinder cones and
fresh lava fields on the Markaqunt Plateau, looking southward from the top
of the Pink Cliffs, driving the Cottormwood Canyon road along the
Cockscomb, seeing the giant debris flows along the Straight Cliffs,
locking into Kaibab Gulch from the top of Buckskin Mountain, and driving



Photo 91. Gorgeous colors adorn the rocks of Xane County. Upper view
is of Hackberry Canyon and the lower view is of the Pink Cliffs
at the south margin of the Markagunt Plateau.
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across the Kaiparowits Plateau. Kane County is one of the best places to
see well exposed geologic formations, structures, and landforms in the
world.

The geologic wonders of Kane County beccme more enjoyable with a
general knowledge of its geologic history. Figure 71 diagrammatically
shows the Grand Staircase and when and under what circumstances scme of
the formations were deposited. Kane County has had a very varied geologic
history, several times covered by seas and oceans, sametimes experiencing
tidal flat or floodplain enviromments, and relatively recently one of
uplift, erosion, and volcanism.

Little is known about the geologic history of Kane County prior to
Permian time inasmiuch rocks deposited earlier are not exposed at the
surface. Some information is available from deep drillholes and from
evidence in suwrrounding areas, notably the Grand Canyon. At the Grand
Canyon the Colorado River has cut into Precambrian rocks at least 1.6
billion years old that participated in mountain building episodes
(Matzatzal Orogeny) (Hintze, 1973, p. 11). These rocks are highly
metamorphosed (Vishmu Schist) and were intruded by granites. Thick
sequences of younger Precambrian rocks were deposited (at least 15,000
ft), including sandstones, cuartzites, shales, limestones, lava flows, and
conglomerate that were tilted and eroded before rocks of Cambrian age were
deposited.

During much of Lower Paleozoic time Kane County received sediments on
a continental shelf. A marine invasion moved over the shelf in Canmbrian
time, from west to east, depositing sandstone, shale, and finally
limestone. Deep wells pass directly from Devonian into Cambrian rocks
indicating that the shelf received no sediments durirg the missing time
intervals (Ordovician and Silurian) or that any deposited were removed
prior to Upper Devonian time. The Upper Devonian sediments deposited were
relatively thin and deposited under shallow marine conditions with nearby
fluctuating shorelines. Parts of the Devonian suffered some erosion
before the Mississippian rocks were deposited.

Limestone deposition under marine below wave base conditions
prevailed. This limestone (Redwall) was elevated and subjected to
subaerial solution and erosion and developed a karst topography on its
upper surfaces. Sinkholes were filled by the initial Pennsylvanian
deposition (Molas). Deepening marine basins developed in Utah during
Pennsylvanian time which were separated by "divides" or platforms over
which deposition was very thin or missing. One of these divides crosses
central Kane County north-south and is known as the Piute Platform. The
mostly marine rocks of the Pennsylvanian thicken east ard west of the
platform.

The earliest Permian rocks were also affected by the Piute Platform.
However, subsidence occurred and the thickness of Permian rocks nearly
amount to the thickness of all the other Paleozoic rocks carnbined. Some
of the units were deposited under marine and restricted marine corditions
and contain same land derived sediments. Others were deposited in



THE GRAN

— Lake envirosmenl
o~ B
[
{ s ! Clnder comty
Quaternor Liva ficids - Sinkholt
1.8 mya PINK CLIFFS
Tertiary o saon FORMATION
o Fluwia-iscustrise tnrironswenn
Wmve  AIPAROWITS FORMATION "
WAHWEAP FM = STAAKGHT CLIFFS
Cretoceous  STRAVGHT GLIPFS FM " Cosl beda —
Reamicred
TROPIC SHALE / GRAY CLIFFS /ru-m-"
S DAKOTA Fll . S Grrom remple Cop
: CARMEL FM P\ WNITE CLIFFY ~
o walbive
———Tewrua cA S8 :
Jurassic NAVAJO SANDSTONE o
S R
KAVENTAFM -i=io ot e L L T
MOENAVEFM " . e ok
e X g S Y
ey ]

NORTH

2087 million yeers 890

Figure 71.

Triassic
/,K,@E—'
245 milfion years 890 Permian TOROWEAP

Diagrammati i
g atic cross section of the Grand Staircase in western kg
L=

The section pictures the most colorfully g



THE GRAND STAIRCASE
e in western Kane County

Brack and marine environmen?

== ST
SFFS
“Turic-lecusiring enpiroamenis
S\ STRAIGHT CLIFFS /_,.- n
e e T
5 7 . Coul bade Cosl swemps

;aurcmrn iy i

Temple Cap
WHITE CLIFF3

pink
browm
KAYENTA FM G e e ; _.———'—-'
WOENAVEFM T ieemm i E s an
——*"_:'_:_:__-:._‘—_———:'_:_._ --E_:l'_-"-":._"_"_é —— = = _v_,\ru' FEaLd
CHINLE FW e
Bt 390 Permian

section of the Grand Staircase in western Kane County. Reference is made to
ge and environments of deposition, and famous lines of cliffs which build the
The section pictures the most colorfully exposed geologic section in the world



=177~

littoral and mxd flat situations and as basin edge beach deposits. The
marine sedimentation is recorded as a series of alternating transgressions
and regressions, mostly transgressing west to east.

An unconformity marks the transition from the Paleozoic to the
Mesozoic. The Triassic period is represented by rocks of the Early amd
late parts, the middle missing and represented by an unconformity. In
Early Triassic time marine conditions prevailed to the west and mostly mud
flat conditions prevailed in Kane County. Several relatively brief marine
transgressions spread into Kane County and deposited the Timpoweap,
Virgin, and Shnabkaib Members between the red silts and sardstones of the
remainder of the Moenkopi Formation. The initial Moenkopi sediments in
Kane County are somewhat younger than those deposited to the north, west,
and even to the east. The earliest Moenkopi rocks in Kane County are
thought to contain the Meekocerag fauna. The basal Timpoweap Member is
variable in thickness and contains numercus breccias containing material
from the Permian Kaibab beneath suggesting deposition began with a series
of turbidity currents.

The Chinle Formation was deposited in river floodplains. The initial
sediments were coarser grained and deep channels were cut into the
Moenkopi below. Thereafter shallow rivers meandered across the nearly
flat area that was dotted irreqularly with shallow lakes. Forests were
present along the stream courses and many of the logs were petrified in
the stream channels. Volcancs, active in southern Arizona (Hintze, 1973,
p. 58), spread volcanic ash onto the floodplain from time to time that
soon altered to bentonite. The volcanic ash provided a ready source of
silica for the petrifaction process and to create the thin layers of
chalcedony prevalent in the unit. At one place in Kane County (near
Paria) a coal bed was formed.

There is some doubt as to the age of the Glen Canyon Group of
formations which were deposited next. They are considered to be of latest
Triassic or earliest Jurassic age and consist mostly of sandstones with
subordinate siltstones, intraformational conglamerates, siltstones, and
limestones. In this report they are treated as if they were completely
Jurassic in age. After the Chinle was deposited the region was subjected
to a period of non—deposition and some erosion may have followed (Wilson,
1958, p.165). When deposition was renewed the western part of the county
was an area of shallow stream channels, mud flats, with lakes and ponds
scattered over the flood plain. Fresh water fish Inhabited the lakes. To
the east a nearly equal amount of fine grained sard was deposited,
probably in a desert eolian enwvircmment. The source of the sediment is
thought to have been eastward. In Kayenta time fluvial conditions
daminated, but in the east eolian sediments interfinger with the fluvial.
To the west the sediments become finer and finer, reverting mostly to
siltstone. Eventually the desert eclian envirorments became prevalent
over the whole area and the Navajo Sarxstone was deposited. The lower
part of the Navajo interfingers with the upper part of the Kayenta. Some
investigators believe the Navajo may be a product of marginal marine
deposition.
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If the desert eolian enviromments are the correct interpretation the
area was a Sahara like desert with high sand dunes and rare shallow lakes
in low areas. Evenso the formation was a good aquifer at depth and
probably supported a deep water table. The normal sweeping high angle
crossbheds, characteristic of the Navajo, are occasionally highly
contorted, especially in the lower part, and may indicate liquefaction
activity induced by earthquakes before the rock was thoroughly cemented.

The top of the Navajo was eroded nearly flat before the remainder of
Jurassic units were deposited producing the J-1 unconformity. Thereafter
a Middle Jurassic seaway opened from the north and extended to socuthern
Utah. At first the sea lay to the west or north of Kane County. Western
Kane County was lowered in elevation and briefly received mudflat and
eolian sediments (Temple Cap Formation). Then the western half of the
county was covered by a shallow sea in which limestone and clayey
limestone were deposited (Kolob Member of the Carmel Formation). This
depositiaon extended as far east as Big Water. In eastern Kane County the
environments were similar to those that produced the Temple Cap Formation
and the Page Sandstone was deposited. The western seaway regressed and
the Crystal Creek Member was deposited in a mudflat envirorment.
Eventually the desert eolian or beach eclian enwvirarments briefly returned
and the Thousand Pockets Torgue of the Page Sandstone was deposited almost
as far west as Johnson Canyon. Another brief transgression followed and
externded across the county; the sea was restricted and gypsum (Paria River
Member) was deposited in the western half of the county. Before returning
to strictly mudflat deposition a thin white chippy limestone layer covered
the northern two—thirds of the county. The south was landward and tongues
of beach eolian sards and even gritstone intertongue with the mudflat
sediments. The remainder of the Carmel Formation deposition was primarily
in mdflat enviromments on which restricted embayments developed to the
north depositing additional gypsum beds.

By Entrada time the sea had regressed and its depositional
enviromments are described as tidal flat, sebka, and beach. For a while,
after the deposition of the Entrada was campleted, the area was subjected
to subaerial erosion, the upper surface of the Entrada was bevelled to a
peneplain (J-3 unconformity). Another sea invaded Utah from the north and
deposited the Qurtis Formaticon in northern and central Utah. The sea did
not reach southern Utah or Kane County. The marine Curtis deposits
interfinger with the marginal marine Summerville Formation which undergoes
facies charnges to the south and west (Romana Mesa Sandstone and
Henrieville Sandstone) to beach and lowland deposits. The true
Summerville Formation is present in easterrmost Kane County near Bullfrog
Bay.

Thereafter, the Morrison Formation was unconformably (J-5) deposited
over the Smtmerv:.lle, Romana Mesa, and Henrieville sediments. The
Morrison is represented prmc:.pally by braided stream channel deposition
and subordinate flood plain overbank deposition from sources to the south
and west (Sevier Orogenic Belt?). The presence of petrified wood in the
county and dinosaur bones elsewhere indicates the terrestrial nature of
the depeosition.
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After the end of Morrison deposition, Kane County was tilted and
eroded and the next deposition probably did not occur until latest Lower
Cretaceous time or earliest Upper Cretaceous time. Western Kane County
was uplifted and the K-0 unconformity successively cuts ocut formations
from east to west., In eastern Kane County the Cretaceous deposits rest on
the Morrison Formation. Along the Washington County line the Cretaceous
deposits rest on the bevelled edges of the Winsor Member of the Carmel
Formation. Although the Cretaceous units are occasionally fournd as
channels in the Jurassic units, the unconformity represents a peneplain.

The initial Cretaceous sedimentation was fluvial with sources to the
west or south. The deposition may not have resulted in a blanket deposit
and deposited discontinuocusly over Kane County. The coarse clastic
deposits often contain petrified wood, carbonized wood fragments, clay
galls, and fragmented rock fram below. Not long thereafter the
epicontinental Cretaceous sea invaded Utah from the east, eventually
covering all of Kane County. In advance of marine deposition, fluvial,
lagoonal and nearshore sands (Dakota Formation) were laid down. Coal
forests developed at intervals, especially to the west. The source of
sediments was westward in the Sevier Orogenic belt.

The inundation by the sea is recorded in the Tropic Shale which
contains many types of marine fossils. At least one sandstone tongue
(Sugarledge Sandstone) extends into the Tropic fram the west. Eventually
the Cretaceocus sea regressed making way to offshore, beach, and lagoonal
depositional regimes (Tibbet Canyon and Smoky Hollow Menbers of the
Straight Cliffs Formation). To the north, in central Utah, ancther
transgression of the sea followed, but in Kane County the next interval of
time is marked by an unconformity (Peterson, 1969b, p. J10-J14). When
deposition resumed (John Henry Member), the Kaiparowits Plateau area was a
marginal lowland with heavily vegetated lagoons arxd sandy beaches. The
sea lay eastward and received offshore sands. To the west the lagoonal
deposits interfinger with fluvial deposits. Same northwest trending
folding tock place simultanecusly with the deposition and synclinal areas
received a thicker prism of sediments. Peat collected in the lagoons to
form thick coal beds.

The sea regressed fram Utah and fluvial sedimentation spread eastward
(Wahweap Formation). The subtle folding continued and the synclinal
basins contimied to receive a greater share of the sediment. In latest
Cretaceocus time (and extending into Early Tertiary time) broad basins and
uplifts developed on the Colorado Plateau area (Laramide Orogeny?). High
mountains are thought to have existed in western Utah and the area between
them and the present Circle Cliffs Upwarp subsided slowly to continue to
receive sediment.

In early Paleocene time most of Kane County received a flood of
gravels that now lie unconformably on the Cretacecus sediments. Then a
large lake covered the same area producing the pink and white limestones
of the Claron Formation. It certainly covered all of Kane County from the
Kaiparowits Plateau westward. How far south the lake might have extended
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is also unknown. In later Eocene time lacustrine erwvirorments alternated
with fluvial envirormments. This is the point in time where the ancient
stratigraphic record ends in Kane County (excluding Quaternary deposits).
To the north deposition continued well into Oligocene time where great
quantities of volcanic materials were deposited.

Fram the work of McKee and McKee (1972) and Lucchitta (1972) we find
that Basin and Range faulting and tectonic activity began to affect the
Colorado Plateau about 18 million years ago (latest early Miocene).
According to Iucchitta's work deposits as young as 18-20 million years ago
show that the drainages flowed northward across the present lake Mead area
in Arizona into the Colorado Plateau area. The Muddy Creek Formation was
deposited next and laid down in the Lake Mead area in interior basins
formed by Basin and Range faulting. The deposition is thought to have
ended a little over 10 million years ago (late Miocene). The McKee's
indicate that Tertiary gravels along the southern margin of the Colorado
Plateau originated to the south at a time when southern Arizona was higher
than the Grand Canyon. Basalt cobbles from the gravels have ages of 10-12
million years. They indicate that the Verde River drainage, which flows
soauth in Arizona, was well developed 5 million years ago so that the major
part of the Grand Canyon uplift occurred 5-10 million years ago which
coincided with the major canyon erosion. ILuochitta further indicates that
younger deposits indicate that the Colorado River was well established 3.3
million years ago (Pliocene) and was flowing within 350 ft of its present
grade.

It is assumed that these tectonic activities extended well into
Utah. The Grand Canyon uplift and the High Plateaus uplift in Utah were
probably similtaneous events and general uplift, (although not as high),
probably ocourred across the entire Colorado Plateau. The general
northward dip is thought to have been established in Kane Couty along with
the displacements along the Sevier and Paunsaugunt faults. It is also
thought that the Kaibab upwarp and East Kaibab monocline were established
at that time. Folds marginal to the faults (Harris Mountain and Deer
Range anticlines) may represent some initial deformation prior to the
major Basin and Range fault movements. It is not known whether the
deformation (other than general uplift) extended east of the East Kaibab
monocline. Differential erosion has dominated the scene from 10 million
years ago cutting the spectacular canyons and forming the impressive
cliffs of the region.

During Pleistocene time the area was affected by increased
precipitation and generally lower temperatures. The more incompetent beds
became saturated and mass movements were cammcnplace. The develcpment of
colluvium was extensive, even to the point of campletely mantling the
higher cliffs. Gravel benches and surfaces (pediments) developed at the
foot of escarpments and flat sandy areas covered the low areas. As
erosion contimied along the more important drainages gravel terraces were
stranded at levels above the new stream gradients. Cliff retreat was
prevalent especially along the Straight Cliffs arnd Vermilion Cliffs.

Great blocks along the points sheared along old joint planes and dropped
down. Along the drainages there is evidence that the terrace gravels were
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displaced. In the northwestern part of the county volcanism made its
appearance, blocky basalt poured down the plateaus and cinder cones were
built up. The volcanic activity may have continued into Holocene time
considering the fresh appearances of the deposits.

In Holocene time the evidence points to a dryer regime of climate.
The great debris flows that surround the Kaiparowits Plateau are mostly
inactive and are undergoing erosion. A few, especially around the
Markagunt Plateau, are still active, fed by moisture from higher rainfall
an the High Plateaus. The Pink Cliffs are shedding their colluvial
mantles. Most of the principal drainages flow in alluvium filled valleys,
the sediments of which were deposited in Holocene time. Presently the
streams are cutting gorges and gullies during periodic flash fleoding in
this thick alluvium and there is evidence to indicate that much of this
has occurred in the last few hundred years.
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Measurement of the Mermit Formation in Buckskin Gulch, Sec. P-435-4F, Kane
County, Utah, by £. A. Noble (1928, p. 46). ’ ’

Cocondne Sandstore: Arenacecus limestone or calcarecus sandstore.

Herrit Famation:

1. Buff and greenish-buff slightly sancy clay shale containing stringers of
gypsum. Brownish streaks of limonite occur along the stringers and
between laminae of the shale. Some of the gypsum stringers are as

r::.:h as half an inch thick. The shale resembles a consolidated playa
. 3t

2. Greenish-buff nmassive fine-grained sandstone exnibiting marked concretion-
ary structure; in weathering splits off in concentric shells along the
concretionary surfaces; differs only in coler from the convet lonary
red sancstone {3) lying bereath it, The greenish-buff sandstone (2}
and the topmost foot of the underlying red sandstone (3) appear to
constitute a sort of mud-ball conglomerate 1ft

3. Very fine grained massive red sandstone, essentlally a consolidated sandy
mud; exhibits marked concreticnary structure anc weathers into rounded
surfaces or intc huge balls that shell off in layers, like an onion.
This concretionary structure is exactly like that characteristic of
the upper part of the Hermit Shale in the Grant Camycn. The material
of which the sandstone s composed does not differ in any respect from
that shich constitutes the shale and sandstone beds of the Hermit
Shale in the Grand Canyon. The sandstone contalns & few buff streaks,
but the difference in color bears no relation to beddino.  The rock
exhibits no partings or bedding planes and is not cross-bedded. it

4. Very massive bed, like No. 3; upper portion contalns buff streaks and
blotches. 221t

5. Red sandy shale; not consplicuously different from the overlying sandstone
in compesition but is laminated and soft, whereas the sandstone ex-

hibits no becding plames &nd is relatively compact. ft
6. Massive red concretionary sandstome, like MNo. 3, 3t
7. FRed soft sandy shale, like Mo, 5. art
8. Massive red concretionary sandstore, like MNo. 3. aft

Talus: Extends downward to the bed of Kaibab Guleh {Buckskin Gulch) and con-
ceals all underlying rocks.
Total exposed thickness: 557t

Measurement of the Coconino Sandstone(?) at Buckskin Gulch (formerly Kaibab
Gu%ch), Sec. 9, 1. 43 5,, R. 25, Kane County, Utah, by £. A, Noble (1928, p.
46).

Toroweap Formation: Buff limestone in massive beds from & inches to 4 ft
thick; forms a strong cliff. Thin platy partings of calcareous sandstone
separate most of the beos., The limestone contalns 8 large amount of chert,
most of which is in rounded masses or nodules of all slzes up to a foot in
diameter, but some of it occurs in bands. Lower 1 ft is massive bed of
chert; forms an glcove.

Coconino(?) Sandstone:

1. Hassive bed of hard fine-grained buff sandstome; forms stroma cliff.
The rock is vesicular, and weathered surfaces are cavemous. Basal
3 ft strongly and consplcuously cross-bedded; remainder of bed
contorted, pnarly, The sand grains consist of guartz and are tightly
packed topether; most of them are transparent and rownded, The ce-
menting material appears to be carbonate of lime, but some Of it may
be silica. The rock sparkies in the simlight like the typical Coco-
nino Sandstone of the Grand Caryon, The lowcr part of the bed con-
talns lenses of fine conglomerate, whose constituent pebbles are tiny
sheaflike aggregates of radially disposed quartz crystals, Most of
these aggregates are less than a guarter of an inch in diameter, but
sore are as much as 1 inch. They appear to represent weathered
guartz geodes, ot

2. Buff shaly sandstone, soft, poorly exposed; forms alcove. 27t

3. Gray crystaliine limestone in massive beds ranging from & inches to 2 ft
thick. Rock hard and moTe or less vesicular; forms strong cliff. B&ft

&. Buff gnarly sandstone; soft; forms alcove; weatheres surfaces are caver-
nous. The basal 2 inches of the bec 1s a conglomerate consisting
of chert fragrents that average & guarter of an inch in diameter. 8ft



L)

’a

Z

5. Altemnating beds of buff sandy shale in paper-thin laminae and buff chert.
Dne chert bed fs & inches thick. 21t

6, Buff hard fine-grained arenacecus limestone or calcareous sandstone;
seamed with calcite; exhibits faint cross-bedded structure on

weathered surfaces. 2ft

7. Lumpy and pnarly fine-grained sandstore; soft; forms alcove. 1727t

8. Buff hard fine-graineo arenaceous limestone or calcareous sandstone;
seamed with calcite; forms a cliff.

. Alternating beds of gray chert and buff sand, The chert beds average &
inch thick; some of them are composed of solid chert, others are ba
of elcngated notules.

10. Buff hard fine-graineg arenaceous limestone or calcareous sandstone;
forms cliff.

2ft
n

nds
2ft

21t

11. lrrepularly bedced buff soft fine-grained sandstone; structure contorted

and gnarly.

5ft

12, Sandy buff crystallire limestone; hard; weathers into nodular lurps; very

fossilifercus, but all fossils seen were too poorly preserved to be

determinable, 1/
13. Buff calcareous shale. 1/
14, Sandy buff limestone, somewhat cherty; fossi{liferous but fossils very

pocrly preserved. 1/

15, Soft lumpy sandstore, very irregularly bedded; largely a conplomerate o
breccia of sandstone lumps embedded in a matrix of churned up
sand.

14. Buff sandy calcareous shale.

17. Yellowish-buff hard fine-grained evenly bedded sandstore.

18. Buff soft fine-graineg sandstone; bedding gnarly and contorted.

19. Buff fine-grained hard arenaceous limestone or calcareous sandstone;
laminae very thin, horizontal; makes a small cliff.

20. One-lnch parting of calcareous shale in paper-thin laminae.
21. Arenaceous limestone or calcarepus sandstone, llke No. 15,
22. Twe=inch parting of calcareous shale, like No. 20,
23, Arenaceous limestore or calcareous sandstone, like Mo, 19.
24, Same kind of rock as No. 23, but even more thinly laminated,
25. Arenaceous limestore or calcareous sandstone, like No. 19,
26. Calcareous shale, like No. 20 17
27. Arenaceous limestone or calcareous sandstore, like No. 19,
Total thlckness: &3 3/
Hetmit Shale: (Description on page 16)

Joroweap Formatign.

Measurement of the Toroweap Formatlon (less 64 ft previpusly ascribed to the
Coconino Sandstcne [p. 1£1), Sec. 9, T. 43 S., R. 2 W,, by L. F. MNoble, 1578
p. &4=45,

Kaibabh Limestone: Gray crystalline limestone in massjve beds, separatec by
thin tegs of sandstore with wavy, irregular contacts; forms strong cliff
contalns & srall quantity of chert in bands and nodules. Fosslls and
cavities llmed with quartz crystals occur sparingly. The limestcre beds
average 4 ft in thickness,

Toroweap Formaticn {upper slope-forming unlt):

1. Soft sancstone; bedding contorted. Contacts with overlying and underly
beds are uneven, wavy.

2. Gray crystalline limestone, texture sugary.

2ft
2ft

21t
r

3ft
1ft
2ft
5ft

2ft

rt
1ft
2ft
27t
ift

4ft

irg
1ft

1ft



10.

11.
12.

13.
14,

15,

ls,

i7.

18,
19,

20.

21.
22.
23,

3

Irregulary bedder! hard sandy limestone; under surface very eneven; this
and the twc overlying beds make small cliffs. 3ft

Soft buff contorted sandstone; contains lenses of red shale averaging less
than an Inch thick; makes a slope and alcove; outcrops partly
concealed, 157t

Irregularly begded porous sandy limestone seamed with calcite; the rock
is in part travertine; bedding wavy throughout; rests upon an uneven
surface; forms a cliff. Fiad

Soft buff sandstone; bedding exceedingly contorted; contains a few
trecciated beds and some sandy travertine; rests upon an irregular
surface; forms a slope and alcove. Bft

Gray sandy limestone, in part travertine; makes a small cliff. 3ft

Beds of breccia and travertine interstratified with irregularly bedded
yellowish=buff sandstone; make a cliff. The upper 2 ft is entirely
travertine. The breccia consists of sandstone fragments of all sizes
up to 4 feet in diameter embedded in & matrix of contorted calcarecus
sand. All beds are very irregular and in all of them the bedding is

contorted and wavy. art
Beds of breccia and soft sandstone like No. 8; make a slope; much of the
breccia resembles fangiomerate. i7rt
Brewnish-buff fine-grained calcareocus sandstone in beds up to 1 foot
thick; almost a limestone. 6t
Recdish sandstone; forms slope; outcrops partly concealed. 3t
Buff hard fire-grained sandstone, composed of tiny transparent quartz
grains, which sparkle in the surmlight; forms a small cliff. 21t
Reddish soft fine-graimed sandstone. art

Buff to brown porous caicareous brecciated sandstone seamed with caleite;
largely travertine; forme a small cliff, 21t

Red soft sandstone; beoding gnarly and contorted; ocutcrops larpely
concealed. 151t

Buff to brown calcareous sarxdstone seamed with calcite; forms a small
cliff; beoding irregular, gnarly. e

white soft fine-graimed sandstone; bedding irregular, gnarly; rests upon a
wavy surface exhibiting relief of a foot or more in a distance of
50 feet. 21t

Red soft fine-grained sangstone; outcrops largely concealed. 121t

Breccia; angular fragments of sandstone, shale, limestone, and chert of
all sizes up to several feet in diameter embedded in a matrix cf
gnarled and contorted yellowish-burf sand. Much of the deposit is
cemented with carbonate of lime anc exhibits the characteristic

porous structure of travertine. 5ft
Largely concealed; the few cutcrops seen consist of brownish-buff

soft sand. 12t
Gnarly buff calcareous sandstone. 3t
Concealed; probably soft sandstone. 127t
Breccia in travertine, like No. 19. 3t

Total upper slope-former 1501t

{Lower cliff-forming limestone);

24,

25.

26.

27.

Platy gray limestone in beds averaging one-fourth inch thick. art

Dense siliceous buff limestone in beds ranging from 1 to 3 ft thick.
Bands of chert nodules abunctant. 107t

Dense siliceous limestone, like No. 25; forms two massive beds each 9 ft
thick; contains many cavities lineg with cuartz erystals; contalns
8ls0 nodules of chert, but the chert is not consplcunusly
abundant . laft

Massive arenaceous limestone exhibitimg gnarly contorted bedding on
weathered surfaces. 7t
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28, Buff arenaceous limestone or calcarepus sandstone forming a single massive
bed; bedding planes level and even. 121t

29. Soft calcareous sancstone; bedding irregular, gnarly, forms alcove, 10ft

30. Arenaceous limestone; most beds exhdbit faint cross-bedding on weathereg
surfaces, but some exhibit gnarly bedding; makes a Steep ledgy
slope. laft

3)]. Buff limestone in massive beds from 6 lnches to 4 ft thick; forms a
strong cliff; weathered surfaces feel sandy or gritty. Thin platy
partings of calcareous sandstone separate most of the beds. The
limestone contains a large amount of chert, most of which is in
rounded masseés or ncoules of all sizes up tc a foot in dlameter,
but some of it occurs in bands. Fossils, chlefly large brachinpods,
are abundant, and the rock contalns many cavities formed by the
solution of fossils. Most of the cavitles are lined with quartz

crystals. 221t

32. Massive bed of chert; forms an alcove. 1ft
Lower cliff-forming unit  100ft
"Coconino Sandstone" 64

Total Toroweap Formation: 3laf

Measurement of the Kaibab Formation, MW Sec. 5, T, 44 S,, R. 2 W,, Kane County,
Utah, Pine Hollow Canyon Section.

Timpoweap Member of Moerkopi Formation (only a thin veneer remains at this
lecation.

Permian Rocks=-Kaibal» Formaticn:
Alpba? Member:

1. Limestone, tan, medium-bedded, blocky, cliff-forming, upper part of unit

has rumerous dark brown weathering tubes, many in vertical orienta-
tion, filled with sandy chert. 3,60t

2. Covered slope. 2.8

3. Interbedoed chert and sandstone unit (banded); chert 15 bone-colered and
in beas 1-3 inches thick; sandstone is brown, fine-gralred, also in
beds 1-3 inches thick, 1.9

4. (imestone, tan, cherty, thin- to medium-bedded, forms ledgy slope, 8.1
Total Alpha? Member 16.4ft

Beta Merber:

5. Limestone, tan—gray, massive, cliff-forming, fossiliferous. 24,31t

6. LUimestone, tan, massive, cliff-fomming, contalns large productid brachio-
pods and pectens, 145

7. Umestone, gray, cliff-fomming, weathers hackly, contains spherical (mite
and brown chert nodules to 6 inches in diameter).

8. Limestone, gray, cliff-foming, thinbedded to massive, weathers hackly,
fossiliferous (brachlopods, crinocid stems, bryozoa). 9.3

%. Sancstone, medium tan, fine-grained, calcareous, contalns nogular chert
anc fossils (corals, brachlopods, and erinocid stems). 5.4

10, lnterbedced limestore ard sandstone; limestorme, graylsh tan; sandstone,
tan and fire-graimec with thin gray chert horizons; upper part cf
unit has poorly preserved crinoid stems. 5.8

11. Limestore, tan—gray, sandy, gnarly bedded, cherty, thinbegded, 2.7

12, Sandstone, tan, coarse-grained, calcareous, fomms top of cliff made
by underlylng unit. 1.9

13. Sandstone, yellcw-tan, finre- to medium-grained, slightly calcareaus,
massive, cliff-former. 13,9

14, Limestone, tan, sandy, thickbedded to massive, a few thin sandstane
partings near the top of the unit, thin horizonms of white chert
nodules, Some chert nodules are hullnu and lined with quartz of
calcite crystals, 8.7

15. Sangstore, tan, fine-grained, calcarecus, occasional layers of nocular
gray chert. 6.6

16. Lirmestone, gray, crystalline, thick-bedded, fractures lined with calcite
:ryst. $, & fem thin partings cf tan, fme -grained sandstone, forms
ledgy =lope. 26.4

Total Beta Mg-oer lau, 0
Total Kaibab Formation 1604
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MeasuTement of the Timpoweap Member of the Moenkopl Formation, east side of

Buckskin Mountain, ME Sec. 26, T, 42 5., R, 2 W,, Kane County, Utah
Lower Red Member of the Moerkopi Formmtion:

Timpowesp Member of the Moerkopi Formation:

11. Sandstone, tan, very fine-grained, calcareous, chippy weathering

10. Lisestone, tan, weathers yellowish, sandy, very hard, contains small

l.0rt

blebs of chert In lower part, single bed, contains poorly preserved

fossils on upper surface {pastropods and pelecypods)
®. Limestone, tan, sandy, forms notch in elifr

3.0rt
1.0

8. Dolomite, tan, sandy, contains small smounts of chert, thickbedded to

massive

7. Dolomite, tan and gray, blocky, contains small chert blebs and pebbles,
hard

very
&. Sandstone, tan, fine—grained, weathers chippy

5. Siltstone, chocolate brown, forms indentation In elirf, grades into
unit &,

4, Sandstone, tan, slipghtly calcareous, thin to medium-bedded, contains

chert pebbles, interbedded with thin bedded tan siltstone.
3. Siltstone, tan, sandy, laminated, forms indentations i{n steep slope

2. Sandstone, tan, fine- to medius-grained, slightly calcareous, thin-
to thickbedded

2.0

2.0

1.5

2.3
0.9

5.0

1. Siltstone, tan, sangdy, interbedded with subordinate tan, fine-grained
sandstone, both laminated to medium-bedded, sandstones calcarecus,
siltstones non-calcarecus, several horizons of white chert up to

4 inches thick
Total Timpoweap Member

5.5
.91t

Kaibab Formation: Limestone, medium gray, medium to thickbedded, hard and

blocky, contains sandy chert tubes, weathers hackly,

Measurement of the Lower Red Member of the Moerkopl Formation, near Road

Canyon at north end of Buckskin Mountain, ¥ 1/2, Sec. 23, 7, 41 5,, R, 2 ¥.,

Kane County, Utah

Yirgin Lisestone Member of Moenkopl Formation:

LoweT Red Member of Moenkopl Formation:

1l. siltstone, brown, with thin beds of brown fins—grained sandstone,

slope-former and platy weathering 17.4 ft

10, Sandstone, brown, silty, fins—grained, thin-bedded, platy weathering,
forming

leoge-

9, Siltstone, Lke unit 11 1.3

8. Sandstone, light-brown, calcereous, platy weathering, ripple-mathed,

forms slight ledges. A7.3

7. Siltstone, with occasiomal thin, tan, fine-grained sandstone beds,

reddish-brown, earthy weatharing, slope-former, 2.8

&§. Sandstons, tan, fine-grained, calcareous, thin-bedded, forms blocky
ledge or ledges.

2.6

3. Siltstone, redgdish-birown, with occasipnal thinbedded fine-grained tan

sandstone interbeds, bedding indistinct to shaly, forms earthy

slope. 49.7
4, Sandstone and interbedded siltstone, brown, thin-bedded, platy-
weathering, slope-former. 34,0
3. Covered slope, sand. 2,1
2. Sandstone, light-brown, fine-grained, thin-bedded, platy-weathering
forms ledge. 2.1
1. sSiltstone, brown with some thin interbeds of silty shale, brown
fine-grained sandstone, also occasional horizons of tan—gray,
nicaceous, calcarecus fine-grained sandstone; lower 15 ft is
bleached to yellow-tan, the color irregularly crossing bedding
planes, slope-former, 26.9

Total Lower Red Member 220.3 ft
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Measurement of the virgin imestone Member of the Moenkopi Formation near Road
Canyon, SE Sec. 23, T, 41 5., R. 2 W., Kane County, Utah.

Miodle Red Member of Moenkopi Formation:
¥irgin Limestone Member:
5. Sandstone, tan, finre-gralned, calcarecus, forms ledge. 3.5 ft

4., Siltstone, light greenish gray, clayey, calcarecus, bedding
indistinct. 2.0

3. Siitstone and interbedded mudstone, chocolate brown, calcareous,
thinbegoed, contains thin gypsum seamlets, shaly towards top. 12,0

2. Sandstone, light brown, silty, thin-bedded, plety weathering, 2.2
1. Sandstcne, light-brown to tan, fire-grained, calcarepus, mediume
beoded, cliff-former. 10.0
Total Yirgin Lirestone: 28,7 ft

Measurement of the Middle Red Member of the Moenkop! Formation, west of Parla,
W 1/2, Sec. 23, 1. 41 S., R. 2 ¥,, Kene County, Utah:

Shnabkait Member of Moerkopi Formation:
Micdle Red Member of Moerkopl Formatlion:
20. Sandstone, light brown, fine-grained, silty, forms ledge, weathers

platy. 10.0 ft
19. Mudstore, chocolate brown, silty, slope former. 6.0
18, Sandstone, brown to grayish green, silty, ripple-smarked, micaceous,

with thin interbedoed mudstone, slope-former. 13,5
17, Sandstone, like unit 1, ripple-marked. 4,0

16. Siltstone, dark-brown, gypsum seamlets, beoding indistinct, ocrcaslonal
lipht-green sandy horizons, slope-fommer. 32.7

15, Sandstone, light-brown to tan, gypsum velinlets, thin bedded to shaly,
thin interbeds of brown shale, forms ledges. 10.7

14, Siltstone and interbegded mudstone, dark brown to chocolate brown,
thin begded, criss-crossing gypsum veinlets. 7.7

13, Siltstone, dark-brown, interbegoed with orcasional herizons of light
green slightly mjcaceous sandstone, forms verticel cliff or steep
slope, criss—crossed with gypsum veinlets (paper thin to /2 inch
thick). Laterally this unit forms an earthy orange tan slope with

horizontal light-gray bands. 67.2
12. Covered slope, earthy, probably underlain with unit 13, 98.6
11. Caovered, stream alluvium, 10.0
10. Siltstone, like unit 13. 22.3
9. Sandstone, light gray green, flpe-grained, silty, thin bedded to

shaly, ledge-former, partly cemented with gypsum. 3.5
8. Siltstonc, dark brown, bedding inaistinct, paper-thin gypsum seamlets,

slope former. 16.2
7. Covered slope, earthy, probably like unit 8, a.8
6. Covered slope, but exposed laterally llke unit 8, 10.5
5. Cavered slope. 30.6
4, Siltstone, brown to dark brown, sliphtiy micaceous, occasional thin

sandstones, tan, fine gralned. 5.1
3. Sandstone, dark brown, silty, fime grained, shaly to thin bedded,

ripple-marked, forms ledges, weathers chippy. 2.7
2. Siltstone, like unit 13, 7.7
1. Sangstone, tan, platy, ripple-marked. 0.5

Total Middle Red Member: ¥0.3 1t

virgin Limestone Member of the Moenkopi Formation,
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Measurement of the Shnabikaib Member of the Mpenkopl Formation west of Parla,
S Sec, 13, 7. 41 S., R. 2 W., Kane County, Utah.

Upper Red Member of Moenkopl Formation:
Shnabkaib Member of Mperkopl Formation:

16, Sandstore, tan, very fine-gralned, criss—crossed with gypsum veinlets,

cliff-forming. 24.7
15, sandstone, brown, very flne-grained, shaly, gypsiferous. 14,3
14, Covered slope, earthy. 24.5
13. Gypsum bed. 0.2
12. Covered slope, earthy. 3.6
11. Gypsum bed (selenite). 0.5
10, Covered slope, earthy. 20.3
9. Gypsum, with interlayered greenish-gray siltstone, 4.5
®. sSiltstone, like unit 4, 21,5
7. Gypsum, silty, light green. 1.4
6. Gypsum, sandy, light green, thin layers. 6.0
5. Sandstone, greenish-gray, fine grained, ripple-marked. 5.5
4. Siltstone, reddish-brown, alternating with greenish-gray, shaly, silt-

stone, occasional thin beds of greenish-gray very flne grained

sandstone. €1.5
3, Gypsun, sancdy, reddish-brown, forms low resistant ledge. 1.5

2. Sandstone, recdish brown, very fine-grained, micaceous, occasional
thin layers of gypsum, forms steep slope. 11.8

1. Siltstone, chocolate brown, with interebedded greenish-gray shaly
thinbeaded, mottled and ripple-marked siltstone and sandstone. 18,1

Total Shnablalb Member: 220.7

Middle Red Member of Moenkopl Formation:

Heasurement of the Upper Red Member of the Moenkopl Formation, nesr Pioneer
Gap, SWSE Sec. 32, V. 43 S,, R, & W,, Kare County, Utah:

Shinarump Merber of Chinle Formation: Sandstone, light tan-gray, medium
gralned, crossbedded, medium to thick lenticular bedding, caicareous,
contains tan siltstone partings, at base are clay galls, petrified wood,
quartzite cobbles, and oscillation ripple marks, sharp contact wlth
underlying Moenkopi Formation.

Upper Red Member of Moenkopl Formation:

11. Siltstone, light tan gray. 1.0
10. Siltstone, reddish brown, slope former. 10.4
9. Sandstone, light broen, very fine-grained, calcareous, shaly to

thin bedded, ripple marks, platy weathering. 17.2
8. Sandstone, lavender, very fine to fine grained, celcarsous, massive,

forms vertical cliff. 12.5
7. Sandstone, reddish-brown, fine-grainmed, micaceous, platy, 8.9
€. Sandstone, brown, very fine grained, silty, calcareous, massive,

forms vertical cliff. 17.3
5. Sandstone, light brown, calcareous, weathers platy, shaly to medium

bedded, forms a blocky ledge. 9.3
4. Covered slope, sand and boulders from above. 38,2

3. Siltstone, reddish-brown, earthy weathering, interbedded with thin,
n, fine grained sandstone (siltstone to sandstome ratio s

0:1), slepe-forming. 24,5
2. Siltstone and sandstone, like unit 3, but siltstone to sandstone
ratio is 3:1, 20.5

1. Covered slope, contact with underlying Shnabkalb Member is poorly
exposed and typlcal gypsum outcrops merge into upper red slope, 3.9

Total Upper Red Member: 163.7

Shnabkalb Merber of Mpenkopl Formation: Sandstone, light brown, white ang
greenish, fire-grained, porous, friable, with criss-cressing gypsum vein-
lets, forms earthy rioges with characteristic upcer thin gypsiferous
sandstones,

ft

ft

ft
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Measurement of the Chinle Formation at Petrified Hollow, Sec, 2, 7. 43 §., R.
4 W,, Kane County, Utah:

Moenave Formation (lower unit): Sandstone and mudstone, moderate reddish
orange, in medium to thick beds; ssndstone is well cemented, fine-grained,
and forms ledges; mudstone Is less resistant and forms slopes and indenta-
tions. Contact with unit below appesrs conformable,

Petrified Forest Member of Chinle Formation:

26. Sandstone, white, very fine-grained, friable. 1.0 ft
25, Siltstone, redgdish-brown, shaly, slightly micaceous, 14,5
24, Sandstone, white, fine-graired, friable, upper & inches well cemented,

forms a ledge. 4.8
23. Siltstone, reddish brown, fooms earthy sicpe. 7.4
22, Pebblestone, white, composed of fine-grained sandstorne clasts,

no bedding. 2.0
21. Sandstone, white, very flnre-grained, forms a low ledge. 1.3

20, Gritstone, white, pebbly (mostly fine-grained sandstone pebbles). 1.7
19, Hudstone, mostly gray, but interlayered with some red and reodish-

brown beds, all bentonitic and most form earthy slopes, 399.3
18. Mudstorme, red, bentonitic, 3.8
17. Siltstone, mottled purple, yellow, and red, clayey. 5.0

16, Sandstone, light-gray, cosrse-grained to gritty and pebbly, cross-
bedded, friasble and massive. 20.4

15, Sandstone, datk-brown to lavender, silty, fine- to medium grained,
crosshedded, friable snd poorly cemented, deposited on a surface

of some rellef, 5.2
la. Sandstone, like unit 1é above. 2.0
13, mMudstone, Interlayered gray, lavencer, and red beds, bentonitic,

with thin interbedoded sandstones, slope-former. Bl.4
12, Sandstone, pale lavender, very fine-gralned to fine-grained, weathers

tc reddish-brown esrthy slope, 15.8 ft
11, Covered slope. 32.0
10, Sandstone, light gray, medium-grained, friable, 0.2
9. Mudstone, gray, bentonitic. 0.1
8. Sandstone, greenish gray, very fine-gralned (base of Petrified Forest

Merber if Monitor Butte is recognized below). 0.3
7. Covered slope. 16,2

€. Claystone, greenish gray, silty, weathers to light gray, contains
petrified wood. 9.2

5. Sandstone, reddish-brosn, silty, very fine-grained, contains dark-brown
nodular-weathering limestone, lenticular, weathers to earthy .
slope. 1.

4. Covered, but probably underlain with unit 3. 20,8

3. Sandstone, light gray, fine- to medium-grained, friable, logs and
branches of petrified wood are abundant, several thin beds of sandy
clay at base contains jet wood (base of Monitor Butte Mbr, if
recognized). 13.0

Shinarump Member of Chinle Formatlon:

2. Sandstone, gray, fine-grained, slop former, 3.0

1. Interbedded sandstone and conglomerate, gray; sandstone is medium-
grained, friable, lent{cular, and forms Jedges; conglomerate

contains clasts up to 2.5 inches in diameter (chert, guartzite,
and sangdstone), matrix is calcareous grit, contains petrified

wood, 6.0
Total Petrifieg Forest Member: 6%1.1 ft
Total Stingrump Member: 2.0 rt
(Total Petr, Forest Mor): 630.2 1t
(Total Monitor Butte Mbr): 58.9 ft
(Totsl Shinarump Mbr): 9.0 rt
Total Cninle Formation: 698.1 ft

Moerkopl Formation, upper Red Member:
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Measurement of the Moenave Formation Iin Kitchen Corral Canyon in SESW Sec, 22,
T. 4l S., R. 3 w., ana MwhE Sec. 34, T, 41 S., R. 3 w., Kane County, Utah.

Kayenta Formatlon (lower unit}: Conglomerate (intraformational), lavercer-
brown, clasts to pebble-size, ledge former.

Moenave Formation, Springdale Sandstone Member:
la. Sanastone, pinkish-:an! very fine-grained, friable; prominent 2 ft
parting of shaly light-brown sangstone 10 ft above the base; unit
is cliff ano ledge-forming. 41,3 ft
12, Sanostone, pirkish-tan to lavender, very fine-grained, legdpe- anc slope-
forming {shaly to thin-beoded in slopes and thickbedded in
ledges, 24,9
12, Sanastore, tan, very fine-grained, silty, massive, cliff-former. 15.9

11, Sancstone, light brown, fire-grained, shaly te thin-bedded, forms

earthy slope, 12.¢
10. Sangstone, plnkish-brown, fine-gralned, low angle crosstedded, occasional

siltstone partings, thick-beoded to massive, cliff=-former. 2.3
9. Sangstone, reaclish-brown, fine-grained, silty. 3.4

Note: Measurement shifts here from SESW Sec, 22 to NwME Sec, M, 1. 4l 5., R,
3w,

8. Sanastone, regdish-brown, fine-praimed, low angle cross-bedding,
occasional thin siltstones ano clay peilet conglomerate, thick-
bedded to massive, cliff-former. 41,5
Total Springoale Sancstone 161.9 rt
Dinosaur Canyon Member:

7. Sanastone, reddish-brown, fine-grained, silty, occasional cream to
gray Interbeds, siightiy calcareous, medium-bended,

forms low ledpes. 100.5
&. Sangstone, reagish-brown, fine-grained, occasional cream to gray

interbeds, slope-former, 23.8
5. Sandstone, reddish-brown, fine-grainec, massive, cliff-former, 17.5

4. Siltstone and subordinate claystone, reddish-brown, shaly, with thin
interbeds of flne-graineg redoish-brown sandstone with
cream-colored splotches, slope-former, &0.3

3. Claystore, reddish-brown, shaly, slope-former. 13,5

2. Sanostone, reddlsh-brown, very fine-grained, silty, thick-bedoed to
massive, cliff-former, 40.2

1. Sanostone, reddlsh-brown, fine-gralned, poorly sorted, thln-bedded,
with interbeos of readish-trown siltstore ana claystone; unit

has gray bangs and is a slope-former, 17.D
Total Dinesaur Canyon Mbr. 272.8 ft
Total Moenave Formation 434,77 ft

Chinle Formation: Mudstone, purple, with & mottled zone of sllty and clayey
coarse-gralned sangstone, slope-former,

Measurement of the Kayenta Formatlon neal the confluence of Coyote Creek and
the Escalante Rlver, NE Sec. 13, T. 39 S., R, 8 £., Kare County, Utsh

Navajo Sandstone {gescription of basal part): Sanostone, tan and lavender
alternating, fine- to medium-grained, somewhat crossbedded, massive,
grades upward to typlcal tan or salmor-colored Mavajo Sanostone, may
represent reworkeg Kayents Formation, contact s a sharp beddlng plane
parting.

9. Sandstone, lavender or purple, medium grained, micaceous, medium- to
thick-begoed, semi-resistant. 12.5 ft

8. Sangstone, lavenger gray, meglur-grained, carbonate cementati{on,
forms resistant lecge, varies in thickness from 2 Inches to o
2 ft. 2.

7. Sanastone, plok-tan, slightly micaceous, rediur—graired, low-angle
crossbeoding, partly friable, partly well-cemented (cartonate)
lenses, resistant ang lecge-forming, thickbedded to massive. 14.5

&. Sarastone, like unit 7, but without well-cemented lenses, more
friable, forms step-like slope. 21.0



1}

/0

S. Sanastone, pink, fine-grained, silty and crossbedded, occasional
thin interbeds cf well-cementea (carbonate) sandstone, chenneled,
clirf-former. 37.4

4, Sandstone, mottled greenish gray and reddish-brown, sllty to very fine-
grained, forms cliff uncercut. 1.7

3. Sandstone, pink, fine-grained, friable and poorly exposed in
slope. 24,9

2. Sangstone, lavencer to pink, fine- to medium—grained, some intervals
finely laminated, low-angle crossbedding, appears thickbedded to
massive, contains thin well-ingurated dolomitic sandstone lenses,

resistant, forms cliff, 43.0
1. Sandstone, like unit 2, but partially coverec by scree. 37.4
Total Kayenta Formation: 1944 7

wWingate Sandstone (upper part): Sandstore, orange, very fine—grained, slightly
micaceous in the upper 20 to 30 ft, massive, smooth weathering, cliff-
former, contact sharp.

Measurement of the Lamb Point Tongue of the Navajo Sandstone ln Cottonwoad
Canyon, SW Sec. 15, T. 43 5., R. 7 W., Kane County, Utah:

Tenney Canyon Tongue of the Kayenta Formation {lowest wnit}: Sanastone,
regoish-brown, fine-grained, shaly to thin-begded, slope-former,

Lamb Point Tongue:

5, Sandstone, tan, medium-grained, eollan crossbedded with occasional

contorted crossoeds, cliff-former. 48,8 Tt
4, Sandstore, like unit 5, but slope srd ledge-forming. &40
3. Covered slope (tan sand from leoges and cliff above). 80.4
2, Covered slope (fine-gralned orange-brown sand} 65.7

1, Sangstone, orange, medlum—grained, frlable, crossbedoed with angles
up to 360, crossbed sets up to 25 ft in thickness, massive,
clifr-former, 74.1
Total Lamb Point Tonpue 333.0 ft
Kayenta Formation: Reddish-brown blocky siitstone.
Measurement of the Tenney Canyon Tongue of the Kayenta Formation in Three
Lakes Canyon, SWSE Sec,, 30, T, 42 5., R. 6 W,, Kane County, Utah.
Main Body of Navajo Sandstone (not described):
Tenney Canyon Tongue:
7. Sandstone, oranfge-red, fine-graired, low angle crossbedaing, thinbedded,

platy, the upper few inches have been resorked. 11.8 rt
6. Sandstone, orange-red, fine-graired, low angle crossbedding, massive,

cliff-former, 10.4
5. Sandstone, reodish=brown, fine-gralned, thick-begded, with thin rec silt

interbeds, weathers to smooth ledges. £8.4
4, Sandstone, reocish-brown, fine-grained, thin silty interbecs,

weathers earthy, 21,5
3. Sanostone, tan, fire-grained, iimy, hard, 0.5
2. Ssndstone, recdish-brown, fine—gralned, silty. 4,7
I, Limestore, light-gray, hard, blocky. 1.0

Total Tenney Canyon Tongue: 1183 rt

Lamb Foint Tongue: Sandstone, fine- to medium graired, ealian crossbeds,
some contorted, massive and cliff-forming.
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Measurement of the Temple Cap Sandstone on Harris Moantain (Elephant Butte
quaarangle) in § 1/2, Sec. 3, 7. &2 S., R. 8 W., Kane County, Utah.

Kolob or Limestone Member of Carmel Formatlion (lowerwmost unit): Sandstone,
lioht tan, medium-prained, calcareous and well-indurated, forms lecge or
steep slope; probably reworked Temple Cap Sandstone. Lles over J=-2 uncon-
formity.

Temple Cap Sandstone:

8. Sandstone, light gray to tan, fine- to medium-grained guartzose grains,
calcareous, single massive crossbedoed set, forms cliff. 3.0ft

7. Sandstone, tan, Fine- to mealum-graimed, very friable, fomms steep
slope, massive, poorly exposed, high-angle crossbedding. 15.0

&. Sandstorne, light tan, mostly medium~qrained, very loosely cemented,
high-angle crossbedded, mixed resistance to erosion forming ledgy
to rough slopes, becoming more resistant toward the top. 36.0

5. Siltstome, light red and platy alternating with tan very flne-grained
silty sandstone, forms slope, poorly exposed. 20.

4. Sandstone, light gray and light tan, subanqular to subround gralns,
calcareous, farms ledge, probebly medium to thickbeoded, low-angle
crossbedding. 13.0

3. Alternating recdish-brown siltstone and very finc-gralned s!lty
sandstone, slope-forming and poarly exposed. 13.0

2. Sangdstone, lioht qray to plnkish gray, mostly fine, subrounded guartr
gralns, calcareous, weathers Inta thin (1 Inch) plates to medium
beds (2.5 ft thick) with redoish brown si{lty partings. The thicker
beos appear lenticular, are well cemented nard lecge-formers. 15.0

1. Siltstone, redoish~brown, sandy, or very fine-gralned silty sandstone,
massive, slope-former. 15,0

Total Temple Cap Ssndstone 157,0 ft
Measurement of the Page Sandstore In Coyote Gulch, NEME Sec. 16, T. 39 5., R,
7 E., Kane County, Utah,
Carmel Formation: Sendstone, very light tan, weathering light gray, fine- to
medlum-grained (fU-mL), very friable, evenly bedded, calcareous, forms
reworked rone of Page Sandstone about 0.9 ft thick and 18 overlaln by
redgish-brown earthy weathering, slope-forming siltstone,
Page Sandstone:

3. Sangstone, very light tan to gray, fine- to medium-gralned (fu-mL),
friable but resistant, massive eolian crossbedding, very

calcareous. 18,5
2, Siltstone, dark reddish brown, shaly, weathers to earthy slope. 4.0
1. Sandstone, tan to light brown, medlum grained (m_}, subrounded and
frosted grains, thin becs, reworked Navajo Sandstore, 2.1
Total Page Sandstone 26.6 Tt

Navajo Sandstone: Sandstone, tan to light brown, medium grained {(m_-ml),
guartzose, frosted, subangular to rounded, eollan crossteds with sets to 8 rt
in thickness, masslve, cliff-forming, upper contact 1s wnconformity,

Measurement of the Thousand Pockets Tongue near West Cove along a rocad cut on
U, S. Highway 89, NaSKW Sec, 19, T, 82 5,, R. 1 K., Kane County, Utah:

Carmel Formatlon (main body):

Thousand Pockets Tongue aof Page Sandstone:

12. Sandstone, tan, medium—graineg, frigble, 12.8

11. Sardstone, gray, fine- to medium-gralned, angular guartr gralns,
high-angle crossbedding, massive, 43,1

10. Sandstone, like unit 11, but containing red bands and streaks. T6.7

9, Sandstone, reddish-brown, fine-grained, irregular beddlng, thin
slltstone partings, earthy weathering {tongue of Camel Fm) 11.0

8, Sandstone, light-gray, medium-grained, high angle crossbeds,
criss-crossed with fractures, 49.3



Sandstone, light-gray, sedium-grained, high-angle crossbeds,
massive, cliff-forming.

Siltstone, redgdish-prown, earthy weathering, slope-former (start
of Judd Hollow Tongue [Crystal Creek Mamber]).

Limestone, mottled gray and lavender, sandy, platy weathering,
forms ledge (top of Kolob Limestone),

Siltstone, like unit 6.

Claystone, medium=Qray, upper part greenish-gray, esrthy
weathering.

11.3

3.0
10.6

7.5

Sandstone, tan, weathers ten and lavender, célcareous, platy, grades

upward into limestone that is stained blotchy green and gray,
thinbedded, leogy.

Sandstone, reddish-brown, mediun—grained, earthy weathering.

Total upper Thousand Pockets

Total Carmel Tongue

Total lower Thousand Pockets
Thousand Pockets Tongue of Page Sandstone:

Total Judd Hollow Tongue

MNavajo Sandstone (main body);

15.4
9.0

130.¢6
11.0
&0.6
202.6
55.8

ft
ft
ft
ft
ft

Measurement of the Carmel Formation at Meadow Creek (The Barracks quadrangle)
in S1/2 $1/2, Sec. 7, T. a1 S,., R. 6 W, (Winsor Member), NESW Sec, 18, T, 4l
5., R. 8 W, (Parla River and Crystal Creek Members), &nd NwSk Sec. 18, T, 4l
S., R. 8 W. (Kolob Limestone Member),

Oakota Sandstone:
popcom surface.

Carmel Formation——-Winscr Member:

37.

36.
35,

34,

33,

Sandstone, yellow and white, medium grained, some grit, slope-former,

earthy weathering,
Covered slope

Sandstone, light brown, silty, flne-grained, interbedded with
light-gray, fine-grained sandstone, weathersa to earthy siope.

Siltstone, chocolate brown.

Sandstone, like unit 35 with several thin brown shaly siltstone
partings.

Total winsor Member

Farla River Member:

2.

3l.
30.
9.

28,

27.

26,

25,

Limestone, light-gray, fossiliferous with molds and casts of
pelecypods.

Siltstone, light gray, shaly.
Sandstone, like unit 35 in Winsor Member
Gypsum, alabaster, white, cliff-former.

Siltstone, green; upper part intertecded with gypsum layers;
siope-fomer,

Gypsum, alabaster, white, massive, clifff-former.

Shale, gray (grayish-green at base), sandy, Ccriss-crossed with
gypsum veinlets,

Gypsum, alabaster, white, blocky.

Total Paria River Member

Crystal Creek Member:

24,

23.

2Z.

Siitstone, gray, sandy, with thin shaly brown bands.

Sandstone, banoed light-brown and light gray, fine- to mecium-
grained, very friable,

Covered slope (abuncant gypsum debris).

165.8
15.1

15.8

3.4

8.9

236.2

0.6
2.5
16.5
9.0

8.7
26,9

2.5
2.8
59.5

2.5

6.0
27.1

Claystone, grayish brown, sandy, bentonitic, weathers to a



21.
20,
15,
18,
17.

16,
15.
14,

13,

/3

Sandstone, like unit 23,

Siltstone, brown, chippy weathering,

Sandstone, brown, caarse-gralned.

Sandstone; like unit 23,

Sandstone, lipht-brown, silty, megium-grained, poorly sorted,
occasional 2-3 inch parting of light green siltstone, slope-
former,

Gypsum, white, sandy.

Sandstone, light-gray, frlable, weathers earthy.

Siltstone, brown, sandy,

Shale, brown, sandy, slope-former,

Total Crystal Creek Member

Kolob Limestone Member:

12,

11.

10.

3.4
2.0
1.6

14,5

16.1
2.5
6.0
2,0
3.0

176.7 rt

Shale, gray, interbeoded with Blocky light-gray crystalline limestone

in beds & to & inches thick, slope-former.

Limestone, gray, blocky, thin to medium bedoed, fossillferous,
stylalitic, forms a thick ledpe.

Limestone, gray, sandy, shaly, platy, ripple marks, slope-former

Limestone, gray, thin to medium bedded, lecpe former,

Limestone, shaly, like unit 10.

Limestone, gray, blocky, top and bottom are platy,

Limestone, gray and tan, thinbedded, small bodies of calcite,
occasional paper-thin, gray limy siltstones, weathers chippy,
slope-former,

Limestore, tan, blocky, forms low ledge,

Covered slope (gray shaly liaestone?)

Limestore, tan, sandy, platy, blocky, oscillation ripple marks,
& few thin beds of calclte nooules, forms cliffy ledge.

Siltstone, purple, slope-former.

Slltstone, bright reddish—brown, shaly with 2 bends of light-gray
sandy siltstone,

Total Kolob L imestone Member

Total Carmel Formation:

Temple Cap Sanostoma: Sardstone, tan, medium-gralned, friable, eclian
crossbedding, upper 2 ft are horirontal beds and might be reworked, unit is
massive and forwms a cliff.

12.4

5.2
10.7
2,1
117.0

4.1

40.1
2.1
9.5

26.0
5.8

6.9
248.9 ft

£94.1 ft
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Moagyurement of the Entrada Sandstone along the west and north mides of

¥odachrome Flat, Sec. 3, T 38 5, R 2 W, Kans County, Utah measured by Mark
E. Jensen.

Henrieville Sandstone: Sandstone, with intarbadded shale, pale grayish-

orarge fresh, yellowish—gqray waathered, very fine grained,
sorted, noncalcarecus, well indurated, contains large scale low angle
crossbedding, forms ledges and cliffs, well exposed.

Entrada Sandstone:

10.

5.

Sardstone, yellowish-gray fresh and weatheéred, vary fire grained,

moderataly sorted, calcarecus, moderataly osmanted, thick
bedded, flaggy splitting, forme a slope, moderately

Sandstone, very light gray to pale yallow fresh (pods and

stringers}, yellowish-gray to grayish-yellow weathared,

vary fina grained, well sortad, noncalcarscus, moderately
indurnted, very thick bedded, forms a slope, moderately
eposed, lowar oomtact appears sharp, crossbhedded. 7.9

Sardstone, yellowlsh-gray (5Y 8/1) fresh, yellowish-gray (5Y 7/2)

mthemd very fine grained, moderataly sorted with 54

vary

to madium hutlnd flaggy splitting, forms slopes and cliff,
well expomad, contains crosgbedding in beds to sboot 1 ft
thick, also contains iron-rich oconcretions and thin beds,
lower oontact has shale below and sandstone above., Conre
tains interbedded shale, pale grayish-green fresh, grayish-
yellow gresn weathared, noncalcnrecus, laminated bedding,
shaly splitting, in beds to 0.2 £t thick, 62.3

m,wmm.mmmnmmm

and weathered, toward top unit beccoes yellowish—grsy

{5Y B/1), with bands of moderats reddish-boown fresh, and
poderated reddish-orange weathared, very fina to fina
grained, subrounded, moderately sorted, with 2-5% dark
chert grains, calcarecus cmmeant, mxierately csmertsd, thin
to madium bedded, muddy to flaggy weatharing, forms banded
eslopes, modarate to well exposed, sharp lowmr contact.
Containg emall low angle crossbhedding. Iron staining in bed
near middle of unit. With interbedded mudstoss, dark reddish-
brown to pale yellowish—brown fresh, modearate reddigh-brown
{10R 4/4) to yellowish-gray weathared, calcareous osmentt,
moderately cementsd, laminated to very thin bedded, shaly

to flaggy splitting, forms a slope, well exposed, in beds
to 1.6 £t thick. 194.8

Total Escalante and Cannonville Membars: 270.8 ft
Siltgtone, sandy, dark reddish-brown fresh, graylsh red (5R 4/2)

weathered, very poorly scrtad, slightly calcarecus, poorly
oemerted, contains abundant iron staining, laminated to
very thin bedded, shaly to solly weathering, forms a small
ledge and slopes, well expased, has light colored bam
alag top, sharp lower contact. 1.4 £t

Sandstaone, pale reddish orangs fresh and weathared, very fina

grained, very poorly sorted with grains @ to medium,
contains grains of dark chert and fgldspar, calcarwous
ooment, moderately camerted, thin to thick bedded, blocky
spnct.l.rq forms ledges and slopes, well exposed, contains
low angle croesbedding, lamirations, and intraclastic
testure, 121.2

Shale, dark reddish-trown fresh and weathered, light colored

sandstone bardds above and below, forms a small reocess
in sandstone ladges, well exposed. 1.9

sandstone, like unit 5. 15.5
Siltstone, similar to unit 6, except this unit has light

oolored bands both above and below. 1.4

Sandstaone, pala reddigh-brown fresh, modersts reddish

-orange
waatherad, very fina grained, poorly sorted, calcareocus,
well camonted, massive badding, forms a rouded cliff,
well exposed, ocrntains large scale high angle croms-
bedling in same parts, lower contact oovered. Along base of
cliff is siltstone, sandy, moderats reddish—brown to
yellowigh gray fresh and weatherwl, silt to vary fine

derately

5.6 £t
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grained, pogrlymad, oomtains black chert and guartz
to fine grained size, and biotite, calcarems, well
cememted, thin bedded, flaggy splitting, forms recess ard

slopes at base of cliff, vary poorly expossd 148,99+
Total Guneight Butta Membar: 290,33+ ft
Total Erntrads Ssandstons: 561.1+ ft

Carmal Formation, Winsor ar Wiggler Wash Msnbar: Cowered, forms gertlas
slopes ard ledges, sandstore or siltstons.

Measurement of the Summarville Formtion mear the mouth of Halls Creek on
laka Fowell, Sec. 4, T38 S, R 10 E.

Morrison Formation: Sardstons, medium grained and gritty, crossbedded,
praninent ledge former.

18. Altermating sandstone and siltstons, red brown ard lavendsr, thin
svan bads, includes a 2-6 inch gypsamn layer. 4.8 fr

17. Sandstone slope interrupted by occasional bed of blocky sand-
astane, fine to xedium grained, with gypem layer 2 inches
thick. 6.4

16. Samistone, brown lnws, fire to medilm grained, finely
laminated. 1.1

15, Samdstone, off whita on fresh surfaces, weathsrs tan, fine to
medivm grained, single bed finaly laminated, forme
resistant ledge, 2.5

14. Sandstone, red brown to off whits coloration, svenly baddad,
fine grained thin to medium bads with altermating
resistanoa to arusion, red brown unit more resistant
than off whita unita. 28.5

13. Alternating fine grained sardstone, off whita tan hrown in
medium beds each 4 to 10 ft apart, separatsd by thin
bedded slltstons and sardstone, mostly red brown, sama
dark purplish amd off whits banding, noresistant.

Mediim beddadl sardstone forms resistant slight ledges,
like a stalrcase. 21.8

12, Siltstons amnd sandstone, wostly red brown, some dark puorplish
arnd off white anding, thin to msdium bedded, non
resistant, forming red brown slope. 14.0

11. Sardstone, gritty, off whits, vary friabls, crisscrossed with
gypsam veinlets, but stands as 5 ledge, single bed. 2.2

10. Sandstons, red brown, fine qrained, 3 ft beds, rounded
weathering, alternating with 2 to 6 inch beds, hlocky
weathering.

%, Siltstons altarnating with sandstone, thin bedded, slope
former, even beds, sulti-colored. 5.6

8. Sandstane, barded red brown and whits, fine grained, very
thin bedded, but together forme thick ledge, weathars

into the thin laainations. 1.2
7. Siltstons 1ike unit 3. 5.5
6. Sandstone, off whits, red brown, mottled, forme resistant

ledge. 1.6
5. Siltstone and sandetons, papla, red brown, orarge, and vhits,

colars interbedded, thin even beds, slope former. 10,6
4. Sandstons, off wvhits, thin to ediun bedded, ledge forzer. 1.6
3. Siltstone, banded puorple, whits, arange, and red hrown,

slope former. 4.7
2. Sandstam, light gresnish whits, fine grained. 1.6

1. Sandstona, off white and red brown mottled, mostly fine
grained and earthy weathering, ocamtorted sedium
beddirg. 12.5

Toral Surmerville Furmation: 38.1

Entrads Sandstone:
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Measurement of the White Foimt Membar of the Summervills? Formation near
White Foint, MNWSWSH Sec. 11, T 38 S, R 5 E, Kane County, Utah

Morrison Formation: Oorglomeratic sardstone, light brown to vhite,
crosshedded, pebbly struaks along crossbedding. Owrlies unit below
uncanformably.,  Unit immediataly owverlying the Whits Point is silt-
stone, medium reddish-hrown (10R 4/6) alternating with grayish
yellow green (5GY 7/2). wWeathers crumbly, bedding indistinct to
absent, calcarecus and slope-forming. Latsrmlly this unit comtains
suhstantial lenses, up to 2 £t thick, of pabhls conglowernte,
chamneled into the underlying sardstons.

Hhite Point Member:

11. Sandstone, yellowish gray (5Y 7/2), weathers to same color, fine
to wadivm grained, poorly sorted, frosted grains, angular
to subangular, calcmreous, Rasistant unit and weathers
irreqularly dua to solution of grooves along the srface.
Massive. 9.0 ft

10. Siltstore, medium reddieh hrown (10R 4/6) altarnating with grayish
yellow green {(5GY 7/2), badding indistinct to absent,

calcarecus and slope farming. 4.5
9. Sandstone, like unit 11, but without grooves. 1.0
8. Siltstone, grayish yellow grean (3GY 7/2), fins grainsd,

slightly calcareaus, shaly, breaks into flakes. 6.0

7. Siltstone, dark recklish brown (10R 3/4), weathers slightly
darker, fins grained, containing oocasional sard grains.
Slightly calcarecus, bedding inmdistinct or missing, slepe

formar. 1.5

6. Sandgtons, like unit 9, weathers imto hlocks. 2.0

5. Siltstone, like unit 7, but color seess to fade upwerd. 9.0
4. Sardstons, yellowish gray (5\' 7/2), fire grainad, poarly
, containing fin grained and medjim grainad

part.lr.-.lu, calcareous. Slightly more resistant than
beds above ard balow, beddad & to 14 inches, forms a

wank ladoe. 4.0
3. Siltstone, moderate redkdish brown (10R 4/6) nlt.mt.in; with

yallowish gray (5Y 7/2) and cartaining some thin fine

grainsd sarxdstonms, All units are calcareous, but the

redder the siltstone the weaker the reaction to acid.

Sard grains are slightly frostad, subangular to subrounded.
Forms an earthy alope; it is difficult to detarmine where
weathared surfaces end and fresh surfaces start. Bedding
in the siltstone is imperceptible. 44.0

2. Gritstona, pinkish gray ({5YR 8/1), poorly sarted, subangular to
subramnded grains, friable and calcarecus. Unit is massive
but weathers irmto 2 inch ledges. lowest 1/2 £t is a pebble
coglomerate; generally finer toward the top (graded
bedding) . 2.5

1. Reworked sandstone, grayish yellow green (56Y 7/2), including
same pebbles ard grit, calcarecus, massive, friable amd
easily wpathared, lowest 1/4 inch a fine sandstone with
darker green color. PRoorly sortad. 0.5

Total Whits Point Hember: 84,0 It

Ertrads Sandstone: Sandstone, massive, crosabeddsd, grayish-whitas
weathering, not peasured.

Moasurement of Sandstone at Romana Mesa at Crosby Camyon, SW Sec. 9, T 43
5, R4 E.

Morrison Formation: Sandstons, light tan, msdjium grained to gritty,
conglameratic, fluvial crossbedding. The base is an unconformity
with a relief of 15 to 20 feet.

Sandstone at Romana Mesa:

7. Sandstone, light tan, very fine to fine grajned, crossbed streaks
are mediun grained, mediun bedded to massive, low angle
crossherds, friable st forms cliffs amd ledges, oasional
thin lenticular layers of reddish-brown siltstone, sand-
stane is irreqularly silty (silty sandstone is softer and
less resistant), calcareous, oocasional lemticular inter-
beds of medium to coarse light gresnish—gray calcareous
sandstone, 19.6 ft
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6. Sardstons, lig'rttan very fine to coarse grained, loosely csmantsd,
massive, high angle eolian crossheds (forms single crossbed
sat), calcareaus, ralief an top. NeAr the top the unit
has worm tubes and green mineralization fromts. 24.6

5. Samdstane, like unit 7. 48.8

4. Siltstone, reddish-brown, sandy, calcarecus, shaly in places,
thinbedkied, less resistant than units below and above. 1.3

3. Samdstone, gray-tan, very fine grained to fine grained, silty,
increasingly siltiar towards the top of the unit,
calcarecus. 14.3

2. Si{ltstone, like unit 4. 4.0

1. Sandstons, light grayish-tan, very fins grained, silty,
calcareous, grades upward by mottling into the reddiah-
brown unit, reworked Bmtrada Sandstona. 1.5

Entrada Sandstons: Sandstane, light tan, very fine to fime grained,
angular to subargular graing, calcaredus, locsely oamanted, friable
but forms cliffs, massive, crossbadded, contact with overlyirg
Sandstone at Fomana Mesa is sharp.

Measurement of Henrieville Sandstone Alang the wast and north sides of
Kodachrome Flat, Sec. 3, T 38 S, R 2 W, Karm Oounty, Utah as msasured by
Mark E. Jansen.

Dakota Formation: Sandstone, with intarbedded ghale, pale grayish-orame
fresh, yellowish-gray weathered, very fine grainad, mcderatsly
sortad, nocalcarecus, well indurated contains large scale low angle
crussbedding, forma ledges ard cliffs, wall exposed. A oanglomarata
is present in scme places betwesn the Dakota and Henrieville; petble
canglaperata, clasts are rounded cheart, mudstons, and sandstonw, also
there are sandstones in the conglomerats, The conglamrats is
lenticular and up to 3 £t thick.

Henrieville Sarvistorse:

1. Samdstons, miutr-hwithpahytllwtodnrkyﬂlwhh-m
um'tajnqualul;h-diu'qplm c:mub-d:lirqqnyish-
yellow to pale grayish arangs weathered, very fine grainad,
well sorted, approx. 1 to 2% whits feldspar, approx. 1 to 2t
dark chert, slightly calcareous, moderately cementad, porous,
very thickbedded, blocky, forms cliffs ard alopes, wall
exposer, lower oontact is wevy and gharp. Contains albundant
cruesbedding, croes bed sets beome thicker upward in unit,
same crosasbedding contalne coarse grains. 91.7 £t

Entrada Samdstone: Sandstons, yellowish-gray fresh and weathared,
vary fins grained, mcclerataly sorted, calcarecus ommart, modarataely
» , flaggy splitting, forms a alops, mccerataly

Measurement of the Morrison Poowation near ™Iriangle Point®, E 1/2, Sec.
4, T39S, R 6 E, Xane Oounty, Utah.

Cakota Formation: Sandstone, light bvown, fine to medivm grained,
calcarecus, thin to medium bedded, contalme iron cocretions, ledge—
forming, contact with oonglapsrats below is sharp and well dsfined.

sub-Dakota Oonglamerate: Oonglameratas, light gray, pebbles of sandstone,
chert, quartrite, and hard siltstone, poorly sorted with oobbles to
4 inches in dismeter and averaging 1 inch. 5.4 ft

Morriscn Formation:

19. Sardstaone, green, fine grained, sarthy weathering, slope
farming. 9.0 fr

18. Samistane, yellow, vary fins grained and silty, eartry
weatharing. 7.2

17. Mudstons, green and mmroor, sarthy weathering. 3.2
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15.

14.

13.

11.

10.
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Sandstone, yellow, fine grained, friahle, forms earthy slope

ard goft ledges. 26.5
Mudstone and siltstone, parcon, earthy weatharing, slope

farming. 3.3
Caglameratic sandstaone, yellow and white, crossbeddad,

lodkm forming, pabhles to 1/2 inch in diameter. 19.6
Sandstone, white to yellow, fine grained, friable with

limonitic streaks, forms slopss and low goft ledges. 6.4
Conglomaratic sandstone, tan to yellow gray, crosebedded,

cliffy. 14.5
Sandstone, white, blocky, oalcerecus, hard, interbedded with

supordinats parcn mastanm and gray corglamsrate. 11.6

Conglameratic sandstona, white to tan, massive cliff formar,
with ciasts to 1.2 inch diamatar. 57.4

Caglameratic sandstona, brown, medius badded, blocky, with
hxatedsoftrlahleyﬂlouthtondimgnim
sardstone and thin red mxdstone pertings. 14.6

Conglameratic sardstone, white, pabbles to 2 inches in
diametar, thidth-dﬂnimmivn upper part has
chackerboard patterns, calcarecus, crossbedded, forms
rogh benches, bare rock surfaces. 0.0

Conglomaratic sandstone, bhrown, pebble to ) inches in diawstar,
subrounded to subangular, calcarecus, crossbadded, forme
strong cliff. 21.2

Interbadded mudstons and sarndstons, sarthy weatharing, punrly

light gresnish-gray and white, friable 37.1
Conglamaratic sandstans, pebbles to 4 inches in diametar,
resigtant cliff former, 19.3

Ooverwd bench, probably underlain by dark reddish brown
siltstons, gresn mxistooe, whits sandetons, all thinbedded
to meaive and sarthy weatharing. 28.9

Coglemeratic sandstona, poorly expossed. 5.2

Covered bench, probably underlain by conglosaratic sandstona,
gremn and marcon mxdstones, and very friably silvy
mandstones . 42.9

Conglomerstic sandetons, gray to tan; sandetons is fine to
ocoarse grained, crossbedded, thickbadded to messive;
pebbles and granules are streaksd along the crossbeds with
dimpetars yp to 1/2 inch. Pabbles are of sandstona,
qmrt.u\:e, chert, fsldspar; pebble ocolors are tan, arange,

gnmgny,mﬂhhd( Fluvial lanticular unite. 16.7

Total Morrison Parmation: 414.7 £t

Summerville? or Sandstone at Romana Mesa: Uppermost bed is sandstona,

white, madium grained, mostly subangular graing, weathers earthy,
hmlmamhi ft thick. This is underlain by reddish-hrown
siltstane.
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Measurement of the sub-Dakota Conglemerate in Lone Rock Camyon, MW&SE Sec.
24, T 43 5, R 3 E, Farne County, Utah.

Dakota Formation:

Sandstone, brown, fine to medium grained, weathers

hackly, contains amall angular white flakes and pebbles, thin to
medium bedded. Overlies the subDakota Conglomarate unconformably.

Sub~-Dakota Conglomerate:

2.

1.

pebbly, maasive.

Total sub-Dakota Conglamerate:

Sardstane, light tan, medium to coarse grained, gritty and

9.8 ft

Coglamerate, lavender. Overlies unit below unconformably. 1.5

11.3 ft

Morrison Formation: Conglameratic sandstone, tan, sedium grained to
pehbly, oocasional pebbles to 2 inches in diameter, subanqulsr to
angular grains, fluvial trough crosshedding, lemtiocular thick

beds {total Morrison at this location is 71.5 ft).

Heasurement of Dakota Formation near the southwest ocomer of Table
Momtain, 2.8 miles north of Skrtumpah, MW Sec. 21, T 40 S, R4 /2 W,
Kare County, Utah measured by Mark E. Jensem.

Tropic cantact not visible; msasured to top of bumned sandstons (coal

13.

11.

10.

bloam), overlain by yellowlish sandy soil.

Sarcistone, moderats
weathered, very fine grained, poorly sartad,
wall capented, thin to medium bedded, slabby

fresh, pale redish-orange

calcaraous,
wpl jtting,

forms a ladge, moderataly @gposed, comtains small scale
crogsbecdling and sllty partings, bassl part of unit ia
brecciated, lower contact is irreqular. Dirwctly above

coal burn area.

Coal ash and mxstona, ash ia white to grayish pink fresh and
sandetons, contains

woathersd, forms a recess below

1.6+ £t

Lrtar-

beddad lenaes of mxintons, vu'ydnrkndtnsharﬂ

waathered, scoty feal (Smirl coal zom).
Mudstone, olive gray (5Y 4/1) and dark gray fresh,

0.9
oderats

light gray weathered, thin badded, shaly splitting,
noncalcarecus, friable, forms a slope, moderataly
, catalrs carboracecus layers or lenses, Top

exposed
0.9 ft is carbonnosous mxdstans, black fresh.

17.9

oement, well comented, thick bedded, hlocky splitting,
crosshedding and

forms a ladge, well @xposed,
iron staining.

Mudstone, olive gray (5Y 4/1) and dark gray fresh,

5.0

moderate

light gray westherad, noncalcarecus, friable, thin bedded,
mhaly splitting, forws a mlops, moderataly exposed,

fragmants of iron rich slltstone as float on

wurface. 6.7

Sandstone, grayish-orange fresh and weatherw?, very fina grained,
subargular, poorly sarted, 20|m1tetoc1mdquz
grains, very thick bedded, blocky to massive q:liv:tin;,
forms a cliff, well exposed, contains crossbedding wi

angles to 20 degresas, and large scale

mmmumammzmuud:mr

center of unit.

33.6

Mdstone, medium light gray fresh, medium light gray to light
gray weatherwl, very thin badded, shaly splitting, forms
a repess, moderataly exposed, gradational oontact with

underlying unit.

1.1

Coal, black to grayish black fresh and weathered, mostly a dull
luster on sirface, forms & recass, poorly exposed, lower

oortact sharp,

0.9

Interbedded mxistoe and sandstane; mdstone, olive gray (5Y 4/1)
and brownish black fresh, light gray weathered, o
calcareous, friable, thin becded, shaly splitting, forms
a slope, wel)l exposed, lowar contact is sharp, comtains
carbonaceous and coaly beds; sandstone, grayish-orarge to
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4. Sardstane, pale grayish-crange fresh, very pale crange to
grayish—orange weathered, very fine to fine grained {vil-
fU), sabangular to subroundsd, poorly sorted, calcareos
cement, well cemerted, thick to very thick bedded, forms
cliff ard ledoss, well exposed, lower coxmact sharp,
cantains crogsbadding which dips to 25 degrees from over-
lying beds, laminatjons, soft-eediment deformation, and
occasional gramule—sized clasts. 2.5

3. Coal, black fresh and weathered, wostly dull luster, with
interbedded carbonacesus mudstone more abundant rear top,
forms recess bensath cliffs, poorly exposad, sharp lowar
cantact. Sandy claystons split (0.1 to 0.1 ft thick) 0.8
feet from base (Bald Kmoll coal zana). 2.3

2. Mstone, medium dark gray fresh, nocalcarecus, modeyataly
induwrated, thin bedded, covered, contains fragmants and
specks of coal. 0.8

1. Sandstone, pale yellowish=brown frech, wedium light gray
waathered, very fine to fine grained {(vil-fl), poorly
sorted, rancalcareous, poarly indurated, medium bedded,
shaly splitting, farms slopes, poarly sxposad, lower
cortact sharp, comtains clasts of carbonaceous mxdstons
Cntains interbedded mxdstone, dusky yellowish-brown
fresh, light gray weathared, poorly exposed, ghaly
splitting, forms slopes. 7.9 £t from base of this unit
is a localized sardstone, possibly a charmmel: sandstone,
dark yellowizh-hrown to very pale crange fresh, bodernte
yellowish-hrown weathered, fine to medium grained, fining
upward to siltstos, medium to thick bedded, forms a
rorded ledge, wall exposed, autcrop is less than 20 £t

randan orlentation (fluvial environment), approximately
5 ft thick {possinly sub-Dakota Conglameratae?). 32.4

Total Dekotsa Formation: 201.1+ It

Carmel Formation, Winsor Marbar: Sardstons, pale olive fresh (wet),
yellowish-gray weathered, ywllow and red bands present farther
down in unit, very fine grained, moderately sorted, slightly
calcareous, poorly cemerted, thin to wedium bedded, shaly to
flaggy splitting, forms slopes, well eposad.

Measurement of the Tropic Shale on sast gide of HWuddy Creak, narth of Mt
Carmel and approcimataly 1.3 miles morth of Deer Hollow, ME Sec. 36,'1‘40
S5, R 8 W, Kane County, Utah as measured by Mark E. Jensen,

Straight Cliffs Formation: Samdgtone, dark yellowlish-orarnge to vary dark

yellowish-orerge fresh, pale mlmﬂnmmthend very fina
, moderately sorted, calcarecus Ompant, well ceperted, medium

tovaxyuuckh-dd-d slabby to massive gplitting, forms a cliff,
gocd exposure, contains lamjnetions, low angle crossbedding, and rare
vertical burrows, lower 25 ft contains intarbecdkied shale and
mxistans, umper part is massive sandetone, interbedding along lowar
oanmtact.

Tropic Shale:

3. Interbeddad shale and sardstone; shale, wedium dark gray fresh, very
pele yellowish-trown weathared, calcarecus, frisble,
laminated, shaly splitting, forms slopes, fair espomure.
harges to mudstane in upper part of unit; sandstons,
pale red (IOR 6/2) ard dark yellowish-orange fresh, pale
yellowish hrown (10YR 6/4) weathared, very fine grained (vfL)
to pilty, miderately sorted, calcarecus, well cementaed,
thin to madium bedded, shaly to slabby splitting, farms
slopas ard ledges, u.u- exposure, aataine localized
spots of jron staining around mmall (3/8 inch) sandy o
balls. 40.2

2. Sandy siltstone, light gray fresh, pale yellowish crange weathared,
silt to very fine grained (vfl), mcderately sorted,
calcareous, moderntely cementad, very thin badded,
flagyy splitting, forms slopes, good exposure, wi!:h
interbedded shale. 36.6
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Imterbedded mudstone, shale, sardstone, and minor claystons;
mxdstona, mediuon dark ¢gray and pale yellowish-brown (wet)
fresh, medium light gray to grayish-crange and pale
grayish—orange weathered, very thin badded, ehaly
splitting, calcarecus cement, friable, forms grayish-
crange slopes, fair exposure, lower comtact is covered;
shale, dark gray and moderate yallowish-brown fresh,
medium light gray weathered, silty, slightly ocaloepeous,
friable, laminated, shaly splitting, forms slopes; sand-
stane, dark ysllowish-orange, yullowish-gray, ard pale

cemented, very thin to thick bedded, flaggy to blocky
splitting, forme ledges and slopes, poor exposure,
cmtamscalcxtnfncmtmhgsardmnpplenrks
sandstone increases in amdance upward in unit. Upper
85 £t of unit is interbedded shale (70t) and sardstone
(30%). Septarian module mines are present about 60 £t
from base. The nodules consist of limestone fragmants
with very coarsely crystallime calcite in the interior
and as fracture fillings., The nodules are 0.4 to 1.2
feet in diameter. Fractures are present in various
places in the slope of this unit, indicating wass
movepent. 709.6

Total Tropic Shale 786.4 £t

Dmkota Formation: Carbonacecus shale, black to dusky hrown fresh,

grayish-black weatherad, laninated, shaly splitting, forms slopes,
poor exposure, contains tiny stringers and specis of ooal. This
same it is a coal burn zone laterally. Whare bumed, it is
overlain by siltstone to sandstone, Eoderataly reddiah-orange to
very pale yellowish-brown (10YR 7/2) fresh and weatherwd, ailty
to very fine grained (vIl), noncalcarecus, wall indurated,
laminated to very thin bedded, ahaly splitting, forms alopss and
small ledges, fajir esposurs.

Measuremert of the Straight Cliffs Pormation in a side camyon

north from Broad Hollow, and approodmetaly 5/8 mile southwest of first
trout pond in Meadow Caryon, Sec, 29, T 39 5, R 4 W, Kame County, Utah as
moasured by Hark E. Jensen.

Walmeeap Formation: Sandstone, grayish-orange fresh, modarate yellowish-

crange weathered, vary fine to fine gralned (vIL-fU), subargular,

pocrly sarted, quartz with 5% dark gralns and rare mwoovite, well
oemented, thin bedded, flaggy splitting, forme a slops sbove cCliffs
ofﬂnsmigxtcliﬂsmrmtim wull expoped, cortaing emll scalae
low angle crossbedding,

Straight Cliffs Pormation:

5.

&.

Sandstone, grayish-crange fresh and weathered, very fine to fine

grained {(vIl~fU) with ooccasional larger gralns, subroundad,
poorly sorted, quartz with iron staining, wel)! ommented, medium
to very thick beddad, slabby to blocky splitting, forms ledges
am slopes, well eposed, oomtains crosabedding, and local
areas of high lron content giving a bunpy weatherwd snxface.
Hinor shale in slopes, mediom olive gray (5Y 4/2) fresh, thin
bedded, shaly splitting, forme slopes, poorly exposed.
At%stt.frunbueofuﬂtham;lmmmﬂmt
(congloperate less than 1 ft thick), grades laterally to
sandstane. Upward from the conglamerata for a distance of

of 25 ft, lron is locally abuandant as osment and barding
(staining), and unit contains cocasional md balls up to

0.75 inch in length. In upper 32.1 ft of unit sandstone
colors include white fresh and very pale orange wesathered,
grain size is fine greined (f1-fU), subangular, and unit
ocontains iron staining and low angle crossbedding. 1531,9 ft

Shale and sandstone intarbeddad: shale, grayish-brown to grayish-

black and medium dark gray fresh, grayish-trown and medium
gray weathered, carbonscecus, very thin to thin hnddnd
shaly splitting, forms slopes, wodarataly expossd;

stone, very dark yellowish-brown (10YR 3/2) fra=h, hrumi.ﬂ\-
gray weatherad, very fine grained, silty, poorly sorted,
poarly i.rm:'ate:i, very thin to thin bedded, flaggy to

shaly splitting, forms slopes and ramded ledges,

mderately exposed, contains fragments of carboraoecus
material up to very coarse (vocl) grmined, and yellow
sulfate. 9.9
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3. samdstone, light gray mﬁh. PAle grayisteorange (10YR 8/4)
weathered, very fine grained, poorly sortad, wall
ocementad, thick bedded, forms a cliff amd slq:a, wall
exposad, upper part of wnit contains pelecypod shell
fragments (locally as large as 3 indhas in langth). 5.7

2. Sandstone, grayish-orange and pale yellowish-brown fresh,
grayish orange, medium light gray, amd dark ywllowish—
crarge weathered, very fine to fins grained (vIL-fL),
quartz with 10% dark grains and ocoasional feldspar
grains, poorly earted, moderately to well cesnsinted,
very thick bedded, hlocky splitting, forms rounded
cliffs, ledges, ard glopes, poderntaly to well
exposed, contains low to high (to 30 degress) angle
crosshedding and laminations (the high angle cross-
herdding is in sets to 4 inches thick, and forms a
herringbone type pattam, indicating 2 different
d.uactinrsofumt),nlaomtahszmlm

1. Sandstone, similar to unit 2, exospt contains only abaat
5% dark grains, feldspar grains were not roted, and
anly low amgls crosshedding wvas presat. The lowar
ocattact is covered. 121.9

Total Straight Cliffs Parmation 330.9 £t

Tropic shale: Shale, olive gray (5Y 4/1) and dark ywllewish-brown (10R
4/4) fresh, medium light gray and grayish-orange weathared,
laminated, shaly splitting, foroms slopss, moderately exposed,
contains sitty layers.

Messurement of the Walrweap Formation taken in Secs. 32 and 33, T. 238 S, R
1 E, 0.75 niles northeast of Grosvenor Arch, Kane County, Utah as msasured
by Mark Jersen and Richard Stancliffe.

Kaiparowits Formation: Sandstone, yellewish-gray (SY 7/2) fresh amd
and weathered, very fine to fine grained (viL to fU), subroundsd,
medium sorted, sguant, calcite cament, well imdburated, platy to
maAgSive beds, abundant cross-stratification (up to 1 ft thick),
forms earthy slopes with rounded steps, moderately exgposed.

Walweap Formation:

12. Sardstone, mottled very light gray (N8) ard pale ywllowish-
orange {10YR 8/6), fine to malium grained (fU to m),
subramded, very well sorted, equart, 1-2% black and 1%
orange jrclusions, silica cemert, well irduratad, thick
to massive beds, cross—-stmatification (4 inches thick),
aburdant limonite vein and joint fillings, liponita
staining, forss rough rounded steps and ledges, wall
expoged], sharp lowar oontact. 96.7 ft

11. Sandstone, grayish crange (10YR 7/4), pale yallowish brown
(10 YR 6/2) and pale reddish-brown (10R 5/4) fresh,
weathers yellowish-orange (10YR 8/6): very fims to
medium grained (vIL~ml), subraoded, well sortad, sguant:
1% nlack inclusions, calcite cemsnt, moderately indurmted;
massive beds, ripple marks amd cross-stratification; forms
rounded cliffs to rubbly and step like ledges, well exposed;
this unit gerarally forms an axtersive dip slopz, lanses
of conglamerate with fragments to 1 oo are presat
though not aburdant. 178.8

10. Sardstone, mottled pale yellowish—orange (10YR 8/6) and very
light gray (N8) fresh and weathered; very fine to fine
grainead (viL to fL), subrarded to rorded, well sorted,
equant; sare carbonacecus material, petrified wood made
of ironetone, linonits ceamett, frisble; thick bed, forms
earthy recess, pocrly exgosed. 2.1

9. Samdgtone, like unit 11 except that soft sediment deformstion
was chcerved, sall (2mo dismeter) gastropods fourdd
in lower part of unit and some conglomerate flcat
oontaining bane fragments. 252.6

Total “upper” Walmes;, Pormation: 530.0
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§. Sandstone Interbedded with shale; sandstons, yellowlsh gray
(5Y 8/1), weathering pale yellowish-hrown (10YR 6/2),
very fine to fine grained (vfL to fl), subroundsd,
well sortad, sguant, calcarecus, modarately indurated,
fisgile to thin beds, ripplemaris, scwe sooux marks,
cmss—stratxfimum, limmite staining, forms an earthy
glope, very poorly exposed to coversd; shale, medium quay
(§-5) and dusky yellow green (5GY 5/2) fresh and weathared,
sce 5ilt, calcareoss, frishle, fissile beds, forms an
earthy slope, partially covered. 173.2

7. Sandstone, similar to sandstone of unit 5 except weathars
yellowish—gray (5Y 8/1), fissile to thick bacidad, stains
pale yellowish-hrown (10YR 6/2), forms rourded staps,
locally well exposed. 23.0

6. Siltstone, pale olive (10Y 6/2) fresh and weathers grayish-yellow
(5¥8/4), calcarwous, friable, fissile, forms earthy
glope, partially oovered, 13.8

5. Sarcdstone, lika unit 8, except no cross-stratification was
cheerved. 59.6

4. Sandstone, yellowish-grey (S5Y 7/2), fresh and weathersd, vary
fmegrained (vl viU), suibrounded, well sorted, sguant,
1% black inclusions, calcite cement, well imu‘ratad veary
thin to thin beds, som horizantal 1mim. o ttni.n-d
grayish-red (SR 4/2), forms a chippy sarthy alope,
partially coversd. 36.0

3. Interbeddsd sandstons shale, lika unit 8, sxoept no cross-
stratification or soour warks ware cbserved in the
sandstona. 24.0

2. Sandstona, similar to sandstone of unit 8, extept has an
additional fresh color of pale yellowigh-orarce

{10YR 8/6) and bads are fissile to thick. 25.7
1. Interbeddsd sandstons and shale, likes wnit 5, lowar comtact
sharp. 48.5
Total "lower™ Walwenp Pormation: 403.8 fr
Total Walseap Parmation: 933,98 £t

Straight C1iffs Pormation: Sandstons, bands of grayish-orange (10¥R 7/4),

very light gray (NB), pale yallowish-orange {10YR 8/6} and dark
yellowish-orange (10YR 6/6), fresh and weathared, vary fine to medium

mﬂmuﬂhﬂm,bﬂulsnfmamdlﬂm
predaminately rough blocky staps and ledges with soms smooth benches,
well epoged, thick to massive beds.
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