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GEOLOGIC INVESTIGATIONS IN THE SLICK ROCK DISTRICT, SAN MIGUEL AND DOLORES COUNTIES, COLORADO

STRATIGRAPHY OF SLICK ROCK DISTRICT AND VICINITY, SAN MIGUEL AND DOLORES
COUNTIES, COLORADO

By Danter R. SHAWE, GEoRGE C. S1mMmons, and NoreerT L. ArRcHBOLD

ABSTRACT

The Slick Rock district covers about 570 square miles in
western San Miguel and Dolores Counties, in southwestern
Colorado. It is at the south edge of the salt-anticline region of
southwestern Colorado and southeastern Utah and of the Uravan
mineral belt.

Deposition of Paleozoic sedimentary rocks in the district and
vicinity was principally controlled by development of the Para-
dox Basin, and of Mesozoic rocks by development of a deposi-
tional basin farther west. The Paleozoic rocks generally are
thickest at the northeast side of the Paradox Basin in a north-
west-trending trough which seems to be a wide graben in Pre-
cambrian igneous and metamorphic basement rocks; Mesozoic
rocks generally thicken westward and southwestward from the
district.

Sedimentary rocks rest on a Precambrian basement consisting
of a variety of rocks, including granite and amphibolite. The
surface of the Precambrian rocks is irregular and generally more
than 2,000 feet below sea level and 7,000-11,000 feet below the
ground surface. In the northern part of the district the Pre-
cambrian surface plunges abruptly northeastward into the
trough occupying the northeast side of the Paradox Basin, and
in the southern part it sags in a narrow northeasterly oriented
trough. Deepening of both troughs, or crustal deformation in
their vicinity, influenced sedimentation during much of late
Paleozoic and Mesozoic time.

The maximum total thickness of sedimentary rocks underlying
the district is 13,000 feet, and prior to extensive erosion in the
late Tertiary and the Quaternary it may have been as much as
about 18,000 feet. The lower 5,000 feet or more of the sequence
of sedimentary rocks consists of arenaceous strata of early
Paleozoic age overlain by dominantly marine carbonate rocks
and evaporite beds interbedded with lesser amounts of clastic
sediments of late Paleozoic age. Overlying these rocks is about
4,500 feet of terrestrial clastic sediments, dominantly sandstone
with lesser amounts of shale, mudstone, siltstone, and conglom-
erate, of late Paleozoic and Mesozoic age. Above these rocks is
as much as 2,300 feet of marine shale of late Mesozoic age. Per-
haps about 5,000 feet of clastic sedimentary rocks, dominantly
sandstone and in part shale, of late Mesozoic and early Ceno-
zoic age, overlay the older rocks of the district prior to late
Cenozoic erosion.

About 500-700 feet of dominantly marine clastic rocks of Cam-
brian age overlies Precambrian rocks. Light-gray to pinkish
conglomeratic arkosic sandstone grades upward into interbedded
shale, siltstone, dolomite, and sandstone, some of which is
glauconitic.

From 250 to 550 feet of sandy thin-bedded dolomite and lime-
stone with interbedded grayish-green and reddish sandy shale
of Devonian age disconformably overlies Cambrian rocks.

Next higher strata consist of at least 240 feet of uniformly
fine grained medium-gray limestone overlying dolomite of Early
Mississippian (Kinderhook) age.

The Molas Formation of Pennsylvanian age consists of about
100 feet of interbedded reddish-brown, dark-gray, and greenish-
gray shale and silty shale and gray fine-grained limestone.

Several thousand feet of marine strata consisting of a lower
limestone member, Paradox Member (dominantly evaporites),
and upper limestone member of the Hermosa Formation, Penn-
sylvanian age, disconformably overlies the Molas Formation.
The lower limestone member consists of 100-150 feet of medium-
gray very fine grained limestone containing some thin dark-
gray shale interbeds. The lower unit of the Paradox Member
consists of 50-200 feet of interbedded dark- to light-gray anhy-
drite, gray dolomite and limestone, dark-gray shale, gypsum,
and halite. These strata are overlain by 2,900-4,150 feet of domi-
nantly halite strata and minor interbedded gypsum, anhydrite,
limestone, black shale, and sandstone composing the salt unit of
the Paradox. The upper unit of the Paradox Member consists
of 300-500 feet of interbedded gray limestone, dark-gray shale,
gypsum, anhydrite, and halite. The upper limestone member of
the Hermosa Formation is made up of 1,000-1,800 feet of thin-
to thick-bedded light- to dark-gray fine- to medium-grained fos-
siliferous limestone interbedded with lesser amounts of dark-
gray, gray, greenish-gray, and reddish-gray shale, and greenish-
gray and reddish-gray very fine to fine-grained sandstone.

The Rico Formation of Pennsylvanian and Permian age con-
sists of 130-240 feet of strata transitional between the under-
lying Hermosa Formation and overlying clastic beds. Because of
it transitional nature the unit is poorly defined in the district.

Overlying the Rico Formation is as much as 3,000 feet of
reddish-brown, orangish-brown, and light-brown arkosic ter-
restrial sandstone, siltstone, mudstone, and shale of the Cutler
Formation of Permian age.

From 0 to 200 feet of chiefiy light-reddish-brown micaceous
siltstone and sandy siltstone of the Moenkopi Formation of
Barly and Middle(?) Triassic age disconformably overlies the
Cutler Formation.

Next higher strata consist of several hundred feet of clastic
terrestrial red beds of the Chinle Formation of Late Triassic
age unconformably overlying the Cutler and Moenkopi Forma-
tions. The lowest, the Moss Back Member of the Chinle, consists
of 20-75 feet of light-greenish-gray limy arkosic and quartzose
sandstone and gray to greenish-gray limy sandstone (calcar-
enite) and conglomerate (calcirudite), with small amounts of
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greenish-gray, and even less reddish-brown, mudstone, siltstone,
and shale. The Petrified Forest(?) Member of the Chinle
consists of 0-100 feet of greenish-gray mudstone, siltstone, and
shale, with minor reddish-brown mudstone and greenish-gray
sandstone and conglomerate. Unit 1, the so-called Black Ledge
of the Church Rock Member, consists of 0-40 feet of chiefiy
light-reddish-brown to reddish-brown medium-fine, fine, and
very fine grained sandstone and siltstone, in places interbedded
with lenses of dark-reddish-brown and dark-greenish-gray sand-
stone and conglomerate. Unit 2 of the Church Rock consists of
200275 feet of reddish-brown siltstone and sandstone, contain-
ing locally a few thin layers of dark-greenish-gray conglomer-
ate. Unit 3 of the Church Rock Member, upper unit of the Chinle
Formation, consists of 140-190 feet of reddish-brown, purplish-
brown, and orangish-brown shaly siltstone and mudstone con-
taining several thick beds of reddish-brown to orangish-brown
generally structureless sandstone, silty sandstone, and siltstone.

From 200 to 400 feet of light-reddish-brown, light-orangish-
brown, and light-buff fine grained to very fine grained eolian
sandstone displaying large tangential crossbeds makes up the
Wingate Sandstone of late Triassic age which disconformably
overlies the Chinle Formation.

The Kayenta Formation of Late Triassic(?) age consists of
160-200 feet of largely reddish-brown to purplish-brown sand-
stone, shaly siltstone, shale, and conglomerate, showing sparse
gray mottling in places.

Conformably overlying the Kayenta Formation is 0420 feet
of light-buff, locally light-reddish-brown, very fine grained to
fine-grained sandstone with large-scale tangential eolian-type
crossbeds which makes up the Navajo Sandstone of Triassic(?)
and Jurassic age.

About 100-150 feet of tidal-flat siltstone and overlying eolian
sandstone of the Entrada Sandstone of Late Jurassic age lies
unconformably above the Navajo Sandstone. The lower unit, the
Dewey Bridge Member, consists of 20-35 feet of -reddish-brown
clayey siltstone and very fine grained sandstone. The Slick Rock
Member consists of 70-120 feet of light-brown or buff and light-
reddish-brown chiefly very fine grained to fine-grained sandstone
displaying large-scale tangential crossbeds truncated in places
by horizontal beds.

From 80 to 160 feet of evenly bedded principally reddish-brown
mudstone and siltstone, and some reddish-brown, brown, and
light-greenish-gray very fine to fine-grained sandstone compos-
ing the Summerville Formation of Late Jurassic age conform-
ably overlies the Entrada.

Sandstone beds laterally equivalent to the upper part of the
Summerville Formation compose the Junction Creek Sandstone
of Late Jurassic age at the southern end of the Slick Rock dis-
trict. Light-buff medium- to fine-grained eolian sandstone about
150 feet thick displaying great sweeping tangential crossbeds
changes facies northward, becoming light-reddish-brown and
light-buff sandstone interbedded with reddish-brown mudstone
and thinning to about 20 feet where it merges with the Summer-
ville. The lower part of the Junction Creek is continuous with a
thin medial sandstone bed in the Summerville.

Conformably overlying the Summerville Formation and the
Junction Creek Sandstone are several hundred feet of inter-
bedded fiuvial sandstone and flood-plain mudstone strata of the
Morrison Formation of Late Jurassic age. The Morrison Forma-
tion in the Colorado Plateau contains more than half of the
known uranium reserves in the United States and hence is of
prime economic importance. In the district the lower member,
the Salt Wash Member, consists of three units aggregating 275—
400 feet in thickness. The lower unit consists of 60-140 feet of
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light-reddish-brown and light-buff to light-gray fine-grained
sandstone complexly divided by thin discontinuous reddish-
brown mudstone layers. The middle unit is made up of 100-200
feet of chiefiy reddish-brown mudstone containing discontinuous
lenses of light-reddish-brown and light-buff to light-gray fine-
grained sandstone as much as 60 feet thick. The upper unit of
the Salt Wash Member, called the ore-bearing sandstone because
it contains most of the uranium-vanadium deposits in the dis-
trict, is a persistent layer 15-100 feet thick made up of numerous
juxtaposed light-reddish-brown to light-buff and light-gray, fine-
grained to very fine grained sandstone lenses locally separated
by thin strata of reddish-brown and greenish-gray to gray mud-
stone. In places the unit contains abundant carbonized plant
debris, with which the ore deposits are universally associated.

Above the Salt Wash Member is 300-700 feet of dominantly
reddish-brown and greenish-gray bentonitic fiood-plain mudstone
interbedded with lesser amounts of light-reddish-brown, light-
greenish-gray, and light-gray to light-buff sandstone and chert-
rich conglomerate and minor thin limestone layers composing
the Brushy Basin Member. The lower brown unit of the Brushy
Basin consists of 50-200 feet of chiefiy reddish-brown and light-
reddish-brown mudstone, sandstone, and conglomerate. The mid-
dle green unit of the member is made up of 0-280 feet of dom-
inantly greenish-gray or light-greenish-gray mudstone, parts of
which are mottled or interlayered with different shades of red-
dish-gray, brownish-gray, purplish-brown, purplish-gray, and
reddish-brown mudstone, and contains proportionately more
sandstone and conglomerate, largely light greenish gray, than
the rest of the Brushy Basin Member. A few thin limestone lay-
ers oceur in the wnit. The upper brown unit consists of 120460
feet of reddish-brown mudstone with minor amounts of light-
reddish-brown sandstone and conglomerate, and locally contains
greenish-gray strata chiefiy at the top of the unit.

Between 40 and 400 feet of clastic terrestrial strata making up
the Burro Canyon Formation of Early Cretaceous age conform-
ably overlies the Morrison Formation. The Burro Canyon is
composed of dominantly light-gray to light-buff sandstone and
conglomerate interbedded with thin layers of greenish-gray mud-
stone. In the vicinity of Disappointment Valley the formation
has thin layers of interbedded mudstone, limestone, and chert at
its top.

Unconformably overlying the Burro Canyon Formation is 120-
180 feet of strata assigned to the Dakota Sandstone of Late
Cretaceous age. The Dakota consists of chiefly fine- to medium-
grained light-brown to dark-gray carbonaceous sandstone and
minor conglomerate, dark-gray carbonaceous shale and mud-
stone, and impure coal. The lower arenaceous unit of the Dakota
consists of fluvial lenticular sandstone and conglomerate. The
middle argillaceous unit contains mostly mudstone, shale—
including some thin layers of bentonitic shale—and coal. The
upper arenaceous unit is mostly marine or marginal marine
sandstone.

About 1,600-2,300 feet of dominantly dark-gray marine shale
of the Mancos Shale conformably overlies the Dakota Sand-
stone; a complete section is not present in the district. The
shale, or mudstone, contains abundant silt and sand grains,
pyrite, biotite, and glauconite in many layers, a few percent
carbonaceous material, and about 25 percent calcite. Minor
limestone, siltstone, sandstone, and bentonitic shale or clay-
stone make up some layers. The formation abounds in marine
invertebrate fossils, and these have been the basis for dividing
the Mancos into fossil zones of late middle Greenhorn, late
Greenhorn, earlier Carlile, later Carlile, earlier Niobrara, and
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later Niobrara age of the Western Interior of the United States,
and Austin and Taylor age of the Gulf Coast.

Outside the Slick Rock district the Mancos Shale is overlain
by dominantly terrestrial sandstone, mudstone, and coaly beds
of the Mesaverde Group of Late Cretaceous age, and younger
units such as the Wasatch and Green River Formations of
Tertiary age, which once may have extended across the district.
These units, totaling possibly 5,000 feet in thickness, were
removed by erosion following middle Tertiary uplift of the
Colorado Plateau.

Igneous rocks of Tertiary age crop out in only one small
area in the district, but they are intruded extensively in the
Mancos Shale east of the district, and, as shown by deep oil test
wells, appear to be intruded widely in the Paradox Member of
the Hermosa Formation in the southern part of the district and
southeast of the district. Andesite porphyry occurs in a dike
on Glade Mountain, microgranogabbro and microgranodiorite
occur in thin sills east of the district, and rocks of similar com-
position form thick sills in the subsurface. All are similar
chemically to igneous rocks in the San Juan Mountains south-
east of the district and probably were the result of a specific
igneous episode. They were intruded most likely during the
Miocene.

Surficial deposits of Quaternary age include glacial till, ter-
race gravels, alluvial fans, landslide debris, loess, other soil,
alluvium, colluvium, and talus. On Glade Mountain, glacial till
of probable early Pleistocene age merges westward with ter-
race gravels that are correlative with terrace gravels which
lie on an old weathered surface of Mancos Shale farther west
on the rim of the Dolores River Canyon.

INTRODUCTION

Shortly after World War II the U.S. Geological
Survey, on behalf of the Atomic Energy Commission,
began a program to search for and appraise domestic
uranium resources. In 1947 the Survey began geologic
studies of, and exploration for, uranium deposits on
the Colorado Plateau, the site of the largest and the most
numerous deposits then known in the United States.

The earliest work in the Survey’s Colorado Plateau
program included extensive diamond drilling, largely of
development nature. Drilling was concentrated in the
Uravan mineral belt, then the most productive area in
the Plateau, to locate as quickly as possible adequate
reserves of uranium. Eventually the mineral belt was
divided into districts, the Slick Rock district being the
most southerly (fig. 1), in which exploratory drilling
was integrated with general geological studies. A pro-
gram was thus begun in the Slick Rock district in 1958
to evaluate previous diamond drilling, to extend explo-
ratory drilling to areas where possible uranium deposits
are deeply buried, to synthesize previous geologic studies
that pertain to the district, and to undertake additional
studies. The aim of the program was to gain a compre-
hensive understanding of the geology and ore deposits
in the district.

Work in the Slick Rock uranium-vanadium district
constitutes only a small part of the many hundreds of
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man-years of geologic studies by the Geological Survey
of the uranium deposits in sedimentary rocks.

FIELDWORK AND EXPLORATORY AND
DEVELOPMENT DRILLING

From the start of geologic investigations by the
Geological Survey in the Slick Rock district, 12 sepa-
ate drilling programs and more than 35 man-years of
field and office work have been completed.

Between November 1947 and August 1953, the Sur-
vey completed nine exploratory and development
diamond-drilling programs in the district. These were
directed by A. L. Bush, R. D. Trace, Henry Bell III,
C. C. Withington, L. S. Hilpert, W. L. Emerick, and
J. L. Gualtieri. These geologists were assisted by D. O.
Beehler, Leonid Bryner, J. J. Folger (geologic field
assistant), R. B. Hall, H. M. Icke, H. L. Jicha, H. S.
Johnson, J. A. MacKallor, R. L. McDonald, C. H. Meiss-
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ner, F. B. Moore, R. W. Osterstock, B. K. Replogle,
H. S. Samsel, C. L. Setzer, E. M. Shoemaker, H. K.
Stager, L. R. Stieff, C. M. Tschanz, and J. D. Vogel,
and by engineers M. F. Gilkey, W. T. Millar, T. W.
Oster, E. V. Reinhardt, J. I. Schumacher, and J. E.
Werner. Many of the results of the drilling programs
and geologic studies undertaken by these persons are
included in this report.

Geologic work in the district during 1947-58 con-
sisted principally of examination and mapping of un-
derground mine workings and surface areas in the
vicinity of mines.

In the comprehensive study program in the Slick
Rock district, which began in September 1953, geologic
work was expanded and drilling programs were con-
tinued, under the supervision of D. R. Shawe. Field
investigations continued virtually uninterrupted until
April 1957, and a little fieldwork was done during De-
cember 1957 and June 1958. Exploratory drilling proj-
ects were conducted from April to November 1954 in
the Disappointment Valley, Legin, and Spud Patch
areas, and from January to November 1955 and from
June 1955 to April 1956 in the Disappointment Valley
area. The first two projects were supervised by Shawe;
the third, by D. A. Phoenix. Geologists who worked in
the district from 1953 to 1958, besides the authors of this
report, are E. L. Boudette, W. B. Rogers, W. B. Gazdik,
W. L. Emerick, J. A. Madsen, O. T. Marsh, R. L. Mec-
Donald, W. R. Barton, Jr., J. J. Connor, and O. B.
Raup.
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PREVIOUS WORK

The first publication on the geology of the area now
known as the Slick Rock district, which also included
what was probably the first published physiographic
description of the area, was by Peale (1878, p. 163),
who wrote that
between Gypsum Valley and the Dolores River is [a] synclinal
basin, the sides of which dip southwest and northeast. At the
northwestern end there is a dip to the southeast, which gives a
saucer-like shape to the valley. From this fact we called it Saucer
Valley. [It is now known as Disappointment Valley.] Around
the northwestern end or rim of this valley the Dolores flows in
a cafion emerging from it into Gypsum Valley. Southwest of the
Dolores the country rises into the northern border of the Sage
Plain.

The first publication on uranium-vanadium deposits
in the Slick Rock district was by Fleck and Haldane
(1907), who summarized the brief history of the new
district, then known as the McIntyre district, sketched
the geology of the area, described the processing of the
ores, and briefly described about 25 mining claims in the
district.

Moore and Kithil (1918) described (apparently in
part from Fleck and Haldane, 1907) uranium-vana-
dium ore deposits and mining activity in the McIntyre
district and other districts in Colorado and Utah and
briefly discussed the origin of the deposits, mining
methods and costs, and transportation, prices, and con-
centration of the ores.

Coffin (1921) described the general geology and stra-
tigraphy, the structural geology, the economic geology
of carnotite and its related ores, the origin of the ores,
and the geology of the McIntyre district and a large
part of the larger present Slick Rock district.

Hess (1933) described the uranium-vanadium de-
posits in southwestern Colorado, but he made no specific
mention of deposits in what is now the Slick Rock dis-
trict, although much of his descriptive data is applicable
to the district.

“In 1939 the Geological Survey * * * in cooperation
with the State of Colorado and the Colorado Metal
Mining Fund [now the Colorado State Mining Indus-
trial Development Boardl, began a geologic study of
[vanadium-uranium-radium} ores in the western part of
Montrose County, Colo.” and “other vanadium-produc-
ing areas in the region” including the Slick Rock dis-
trict (Fischer, 1942). Although details of ore deposits
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described by Fischer pertain specifically to areas outside
the Slick Rock district, general aspects apply to the
district.

In 1942, the U.S. Geological Survey, as part of a
national appraisal of vanadium resources, made a study
of ore deposits and geology in the Slick Rock district
(D. C. Duncan and W. L. Stokes, unpub. data, 1942).

In 1943, the U. S. Bureau of Mines did some develop-
ment diamond drilling, under the direction of D. C.
Duncan and W. L. Stokes of the Geological Survey, in
parts of the Charles T., Ownbey, Radium, Lower, and
Legin groups of claims. At that time Duncan, Stokes,
and R. P. Fischer mapped some of the underground
workings and surface areas in the vicinity of mines.

Fischer (1944) published a simplified geologic map
of the vanadium region of southwestern Colorado and
southeastern Utah on which is shown part of the Slick
Rock district. The map shows the generalized distribu-
tion of sedimentary rocks in the district and the loca-
tion of vanadium-uranium mines or groups of mines
known at that time.

During 1944 the Union Mines Development Corp.,
under contract to the Manhattan Engineer District,
which was developing the atomic bomb for the U.S.
Government, undertook detailed studies and mapping of
uranium-vanadium deposits in the Colorado Plateau.
Areas studied included the Slick Rock district, which
at that time corresponded approximately to the old Me-
Intyre mining district, and the Dolores River district,
which made up a large part of the south half of what
is now known as the Slick Rock district. The old Slick
Rock district was studied in the field in the summer of
1944 by R. K. Kirkpatrick, H. E. Vitz, J. H. Wells, J.
W. Clark, and D. E. Cooper. The Dolores River district
was studied in the field in the same summer by B. W.
Van Voorhis, Jr., A. H. Lindley, Jr., J. W. Clark, N. B.
Dodge, and J. R. Foster.

In addition to the Geological Survey geologists who
worked on drilling projects in the district between 1947
and 1953 (listed in the section on fieldwork and drill-
ing), other Survey geologists undertook topical studies,
part of which were carried out in the district during this
period. Some of these geologists and their studies are:
L. C. Craig and his coworkers, measurement of many
stratigraphic sections; R. A. Cadigan, petrology of
sedimentary rocks; E. M. Shoemaker, A. T. Miesch, and
W. L. Newman, distribution of elements in sedimentary
rocks and ores; . W. Weir, cross-stratification of the
Morrison Formation in the Spud Patch area; D. A.
Phoenix, sedimentary structures in the Morrison For-
mation in part of the district; and Phoenix, W. L.
Stokes, and F. W. Cater, geologic mapping. Some of
the results of these studies are incorporated in this re-
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port, although they are in part published, or in prepa-
ration for publication, elsewhere.

GEOGRAPHY

The Slick Rock district (fig. 1), which encompasses
about 570 square miles, is in western San Miguel and
Dolores Counties in southwest Colorado. The district
is in the eastern part of the Canyon Lands section of the
Colorado Plateaus province, just west of the westward
extension of the Southern Rocky Mountains. Altitudes
in the district range from 5,400 to 9,200 feet. Broadly,
the district consists of a moderately high plain rising
gradually from the southwest to the gently arched Do-
lores anticline, which trends northwest through the
central part of the district. The land surface drops more
abruptly northeastward on the northeast limb of the
fold and is relatively low along the synclinal Disap-
pointment Valley. Farther northeast, the surface rises
rather steeply to the edge of the district, which is the
crest along the southwest side of the collapsed Gyypsum
Valley salt anticline. (See pl. 1.)

The ground surface in the district corresponds rough-
ly to the upper surface of folded Cretaceous sandstone
strata; these and older strata are deeply incised by the
antecedent generally north flowing Dolores River, whose
canyon is deepest where the folded strata are highest on
the Dolores anticline. The northwest quarter of the dis-
trict has been dissected rather deeply by canyon streams
that are tributary to the Dolores River, and a large
amphitheater formed by this dissection lies across the
northwestward-plunging Dolores anticline and opens
eastward into the synclinal Disappointment Valley,

U.S. Highway 160 along the southwest edge of the
district connects with Monticello, Utah, about 19 miles
west of the district, and with Cortez, Colo., about 23
miles southeast of the district. Colorado Highway 80 ex-
tends about 30 miles through the district from a point
2 miles west of Dove Creek to Gypsum Gap. Numerous
tributary roads extend from the main roads into most
parts of the district and make nearly all mining proper-
ties accessible. Most of the secondary roads are not
surfaced, and during the winter or after heavy summer
rains some of them are impassable.

CLIMATE AND VEGETATION

The climate of the Slick Rock district is semiarid;
annual precipitation averages 15-20 inches (Hunt, 1956,
fig. 4). The U.S. Weather Bureau station at Northdale,
Colo., at an altitude of about 6,700 feet, recorded an
average annual rainfall of 14.20 inches for the period
1930-54, distributed as follows (in inches): January,
1.10; February, 1.16; March, 1.31; April, 1.18; May,
0.82; June, 0.63; July, 1.15; August, 1.45; September,
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1.91; October, 1.52; November, 1.35; December, 1.19
(Phoenix, 1959, p. 57). Although no detailed records
are available for other parts of the district, this average
probably applies only to those areas that lie above
altitudes of 6,500-7,000 feet. At lower altitudes, espe-
cially in Disappointment Valley at an altitude of about
5,700 feet, precipitation probably averages about 10
mches or less annually.

The Slick Rock district is in a transitional region
characterized by desert shrubs (mostly sagebrush)
scattered small cacti, and pinyon-juniper woodland
(Hunt, 1956, fig. 5). By and large, woodland is domi-
nant at higher altitudes and more open country is char-
acteristic at lower levels. Large yellow pines grow gen-
erally at altitudes above 8,000 feet, but below 8,000 feet
they grow only in the deep Dolores River Canyon and
its tributaries, near springs, and where near-surface
ground water is sufficient. Spruce and fir trees are sparse
in the district and grow only at higher altitudes on
north slopes. Small stands of aspen are scattered in
the pine forests above 8,000 feet. Parts of the Sage
Plain, which lies at an altitude of about 7,000 feet, are
sagebrush covered and open.

Mancos Shale over the floor of Disappointment Val-
ley prohibits the growth of pinyon and juniper trees
where they might otherwise have established them-
selves. The shale holds so little ground water that trees
have not been able to root themselves as they do in
areas underlain by sandstones and siltstones that carry,
at least during part of the year, ground water near the
surface.

Pinyon and juniper trees grow to heights of 20 feet
or more in places at higher altitudes and have been
used sporadically for timbers in mining operations.
Fairly dense stands of yellow pine near the southeast
edge of the district have been logged periodically under
U.S. Forest Service supervision.

WATER SUPPLY

Water in the Slick Rock district is derived chiefly
from the Dolores River, but other sources for stock,
agricultural, drilling, and drinking purposes include
many spirings, some wells, numerous stock ponds and
reservoirs, Disappointment Creek, and Glade Lake.

DOLORES RIVER

The Dolores River is a once-perennial stream which
flows centrally through the district from south to north.
From 1896 to 1927 its average flow was about 345,000
acre-feet annually; during the 1939 water year its run-
off totaled only 134,700 acre-feet (table 1). Because of
the upstream use of water for irrigation, including di-
version of the water into Narraguinnep Reservoir about
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TaBLE 1.—Dolores River flow from 1896 to 1927, and in 1939 water
year

[In acre-feet]

From 1896 to 1927

Annual discharge at Dolores, Colo.,
20 miles upstream from south boun-
dary of Slick Rock distriet 1

1938-39 water year

Runoff at McPhee, Colo., 10 miles up-
stream from south boundary of Slick
Rock district 2

October 1938. ... co.oooo ... 2,460
November__.. 3,120
December.... .. 3, 000
January 1939. _ 1,740
February........ 1,890
March._____.__.______.______ 21, 690
April ... 44,430
May. e 46,840
June..._ ... 7,490
July. o 275
August. ... ... 619
September._.________....._. 1,150

Total .. ____ ... ... 134, 700

t Follansbee (1929, p. 102).
2 Paulsen and others (1940, p. 89).

10 miles west of the town of Dolores, the river is not
now a reliable constant source of water. In most re-
cent years the flow of water has been subsurface during
the fall and early winter, and the river channel has
been marked by a string of shallow pools.

The river is the source of municipal water for the
town of Dove Creek. A pumping station on the river at
the mouth of Big Canyon lifts water from a shallow well
through a pipeline up the canyon to the town. The up-
grading mill operated by Union Carbide Nuclear Co. at
Poverty Flat used water from a well 30 feet deep that
tapped the underflow in gravel at the river’s edge. Most
drilling contractors in the district have obtained drilling
water from the river. Unless treated, the water is gen-
erally unfit for drinking.

SPRINGS

More than 30 springs, all small and some intermittent,
are known in the district; they are at altitudes from
about 5,600 to almost 8,300 feet.

Two springs are in alluvium in Disappointment Val-
ley, about 4 miles east-southeast of Egnar. Six springs
flow from the Dakota Sandstone ; they are within 3 miles
of the axis of the Dolores anticline and at altitudes
above 7,500 feet. Nine springs are in the Burro Canyon
Formation ; they are more widely scattered and are at
altitudes of 5,600-8,200 feet. Springs in the Brushy
Basin Member of the Morrison Formation, which are
also within 8 miles of the axis of the Dolores anticline,
include two on Horse Range Mesa at an altitude of about
6,900 feet, one about 6 miles east of Egnar at 8,000 feet,
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and six which issue from the fault, at about 8,200 feet,
northwest of Glade Mountain. Springs in the Salt Wash
Member of the Morrison Formation, at altitudes of 5,~
800-7,000 feet, are all within an area of about 30 square
miles just north of Egnar, and, perhaps significantly,
within the area of known uranium-vanadium deposits
in the district. This fact suggests that the Salt Wash
may be generally more permeable, either inherently or
because of abundant fractures, in this area than else-
where in the district.

WELLS

Wells in the district include a few shallow dug wells
and several drilled wells a few feet to a few hundred
feet deep. Water from these wells is used for irrigation,
stock, milling, and domestic purposes.

In a well at the foot of Slick Rock hill, water is
pumped from the Entrada Sandstone from a depth of
about 200 feet. From 1954 to 1956 probably an average
of 1,000 gallons a week was taken for use at the Govern-
ment camp on Slick Rock hill. The water was pumped
once or twice a week, on the average, at a rate of about
1,000 gallons per hour. Minor amounts of water were
taken from the well by other users during this period,
and some drawdown was apparent from the pumping.
A well several hundred feet deep drilled on Poverty Flat
in about 1956 by Union Carbide Nuclear Co. (John
Motica, written commun., 1959) pumped water which
flowed mostly from the Wingate Sandstone. This water
was very hard, however, and was not potable.

Three deep holes in Disappointment Valley, diamond
drilled in 1955 by the Geological Survey during a
search for uranium-vanadium deposits, encountered
water at a depth of about 200 feet in the Dakota Sand-
stone. This water was artesian and flowed from each
hole at about 2-8 gallons per minute. This flow was
ponded, and as late as 1958 it continued to feed ponds
which were being used extensively for watering stock.

WATER ANALYSES

Analytical data on waters from two springs in the
district, one flowing from sandy shale near the contact
of the Brushy Basin Member of the Morrison Forma-
tion and the Burro Canyon Formation and the other
from conglomeratic sandstone near the top of the Salt
Wash Member of the Morrison Formation, are sum-
marized in table 2. The dominant constituents of these
waters are the sodium bicarbonate and sulfate radicals,
but the amounts of calcium and chloride are also appre-
ciable. These waters are unlike most of the spring
waters listed by Clarke (1924, p. 68). They have un-
commonly large amounts of dissolved solids, notably
high chlorine, and unusual fluorine/chlorine and potas-
sium/sodium ratios. The fluorine/chlorine ratios of the
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TABLE 2.—Analyses of spring, well, and mine waters in the Slick
Rock district, San Miguel County, Colo.

[Data for samples 14, from Phoenix (1959, p. 6061); for 5, from Phoenix (written com-
mun., 1958). Data in parts per million except as indicated. nd, not determined]

Sample No___..........._. 2 3 4 5
Laboratory No. 6319 6320 4733 7237
Source of water. Spring | Dug well Mine Mine
sump sump
Date sample collected. ... Mar. 24, | Mar. 24, | Mar. 24, | June 26, | Aug. 19,
195 1951 1951 1950 1951
Silica (8102).eeoccccoanes 9.9 16 20 17 8.6
Iron (Fe) (in solution)..... .04 .05 .07 .04 .03
Iron (Fe) (total)........... nd nd nd nd nd
41 88 98 64 66
13 34 103 16 36
360 203 118 27 160
Potassium (K)+4-men-
ganese (Mn)1.__________. 8,8 4.4 16,6 4.8 3.2
Biearbonate (HCO3) .| 528 506 554 226 251
Sulfate (SO4)........__... 435 212 158 42 239
Chloride (CD ... _....._... 61 13 198 30 97
Fluoride (F)._. 1.0 .3 .3 .4 .5
Nitrate (NO3).._ .3 .1 14.0 1.7 274
Boron (B)...__....._.._... 07 .09 .03 .04 nd
Uranium (U)s..___.._____. nd .02 nd | <.01 nd
Vanadium (V)4. nd .12 nd| <.01 nd
Copper (Cu)i.. nd .00 nd .00 nd
Lead (Pb)¢.___._.____. - nd .00 nd .33 nd
Selenjum (Se)............. nd <.05 nd .00 nd
Dissolved solids:
Sum______.__. ppm-__|1, 190 920 989 314 809
Sum—tons per
acre-ft_.._____._.__ 1.62 1.25 1.35 .43 110
Hardness 5 as CaCO3
Total ____...._.__ .. 156 360 668 226 312
Noncarbonate...___._. 0 0 214 40 |
Ratios:
K/Na_ ... . 0244 . 0216 . 0533 .178 . 0200
FICL e . 0164 . 0027 . 0015 . 0134 . 0052
Specific conductance
(micromhos at 25° C)__..{1,730 1,420 1,610 523 1,250
Percent sodium ¢..._...... 82 55 27 20 |eeeiiaai-
Laboratory pH..-......... 8.1 7.9 7.7 7.7 7.6

1 Manganese detected: 0.29 ppm in sample 3; 0.00 ppm in other samples.

2 High NO; may have resulted from contamination by powder smoke (L. B. Riley,
oral commun., 1955).

3 Method of determination: fluorimetric.

4 Method of determination: colorimetric.

s Total hardness is the sum of all constituents causing hardness; noncarbonate hard-
ness is the sum of all the constituents except carbonate causing hardness. The two
hardnesses are, by common practice, expressed as ‘hardness as CaCQs.”

8 Percent sodium is obtained by dividing the total milligram equivalents into
sodium milligram equivalents.

1. Joe Davis Canyon, SWi{ sec. 33, T. 44 N., R. 18 W. Sandy shale of Brushy Basin
Member of Morrison Formation; field pH 7; temp 42° F.

2. Strawberry Spring, Bishop Canyon, SW4 sec. 32, T.43 N., R. 19 W, Conglomeratic
sandstone near top of Salt Wash Member of Morrison Formation; field pH 7;
temp 43° F.

3. Spud Patch, NEY{ sec. 6, T. 43 N., R. 18 W. Quaternary alluvium derived largely
from Brushy Basin (?) Member of Morrison Formation; field pH 7.

4. May Day mine, Spud Patch, SW{ sec. 29, T. 43 N., R. 18 W. Mineralized sand-
stone at top of Salt Wash Member of Morrison Formation; field pH 6; temp
44° F.

5. Cougar mine of Lower Group. Salt Wash Member of Morrison Formation.

Slick Rock springs (0.016 and 0.003) approximate
those of high-temperature thermal springs (0.0005-0.1)
and are much higher than the ratios in oil-field brines
and ocean water (0.00001-0.001) (White, 1957, p.
1666) and probably much higher than those in cold-
water springs. The potassium/sodium ratios of the
Slick Rock springs (0.024 and 0.022) are close to those
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of most oil-field brines (mean 0.02) and much lower
than those of dilute ground waters (commonly 0.3-0.6)
cited by White, 1957, p. 1668, from Schoeller, 1955, p.
136, 137.

These meager data certainly cannot be interpreted
to mean that the Slick Rock spring waters are mixtures
of thermal waters and oil-field brine, diluted by “ordi-
nary” near-surface of meteoric ground water. But they
possibly can be interpreted to mean that present-day
ground water flowing from the rocks has been modified
by the addition of elements that were deposited in the
sedimentary rocks by thermal waters or oil-field brines,
or both. This possible explanation is pertinent to the
discussions, in later sections of this report, of the alter-
ation of the sedimentary rocks and the origin and gene-
sis of the uranium-vanadium ores.

In water from a shallow dug well in the Spud Patch
area (table 2), content of dissolved solids is very similar
to that in the analyzed spring waters. The well pene-
trates Quaternary allavium derived from the Brushy
Basin Member of the Morrison Formation and younger
formations, but some of the water may come from the
underlying sandstone of the Salt Wash Member of the
Morrison Formation.

GEOLOGIC SETTING

The Slick Rock district is at the east edge of the high
structural platform of the Colorado Plateau (fig. 1),
which is a moderately thick sequence of sedimentary
rocks lying upon a Precambrian basement. The district
1s 20 miles west of the San Juan Mountains, a domal
pile of volcanic rocks that forms a westward extension
of the Southern Rocky Mountains into the Plateau.
The district is in the Paradox Basin and at the south
edge of the salt anticline region. Northeast of the salt
anticlines, about. 35 miles from the district, lies an old
structural high, the present Uncompahgre Plateau,
which has long marked the east boundary of the Para-
dox Basin. About 25 miles northwest, west, and south
of the district are three laccolithic igneous centers, re-
spectively the La Sal, Abajo, and Ute Mountains, and
at the east edge of the district are igneous dikes and sills
in the Klondike, Disappointment Valley, and Glade
Mountain areas.

Sedimentary rocks in the Slick Rock district and vi-
cinity lie in a northwestward-trending trough which
seems to be in essence a wide graben in Precambrian
igneous and metamorphic basement rocks between the
Uncompahgre Plateau and a Precambrian platform ex-
tending west and south from the district. Paleozoic
and Mesozolc sedimentary rocks are thicker in the
trough than on either side; perhaps depression of the
trough played a prominent part in the formation of
this part of the Paradox Basin.
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The maximum total thickness of sedimentary rocks
underlying the district is about 13,000 feet, and prior
to extensive erosion in the late Tertiary and the Qua-
ternary it may have been as much as about 18,000 feet.
The lower 5,000 feet or more of the sequence of sedi-
mentary rocks is composed of dominantly marine car-
bonate rocks and evaporite beds of late Paleozoic age
interbedded with lesser amounts of clastic sedimentary
rocks and overlying arenaceous strata of early Paleozoic
age. Overlying these rocks is about 4,500 feet of terres-
trial clastic sedimentary rocks, dominantly sandstone
with lesser amounts of shale, mudstone, siltstone, and
conglomerate, of late Paleozoic and Mesozoic age. Above
these rocks is about 2,500 feet of marine shale of late
Mesozoic age. Prior to erosion about 5,000 feet of clastic
sedimentary rocks, dominantly sandstone and in part
shale, of late Mesozoic and early Cenozoic age may have
overlain the older rocks of the district.

Sedimentary rocks in the region are folded in a series
of broad northwestward-trending anticlines and syn-
clines which, because of their parallel orientation and
proximity to the Uncompahgre Plateau, appear to be
causally related to its formation. Nevertheless the fold-
ing was influenced to a considerable extent by flowage
and intrusion of evaporite rocks of the Hermosa Form-
ation into the axial parts of the anticlines. In addition,
evaporites were extruded nupward from, and moved lat-
erally along, the axial regions of the anticlines or were
removed by solution processes, so that the axial regions
collapsed as grabens bounded by longitudinal faults or
fault zones along the limbs of the anticlines. The Gyp-
sum Valley anticline is such a collapsed anticline : faults
on the southwest side of this graben form the northeast
edge of the Slick Rock district. To the southwest the
Dolores anticline extends the length of the district from
northwest to southeast and is arched above a core of
thickened evaporites of the Hermosa Formation. Col-
lapse of this anticline may be incipient; it is suggested
only by a zone of small en echelon grabens lying parallel
to the anticline just northeast of its axis.

Faults bounding the en echelon grabens, which are
part of the Dolores fault zone, are oriented more west-
erly than the zone and are parallel to faults in the Glade
fault zone, which trends eastward across the south end
of the district. The Dolores and Glade fault zones are
merely segments of much longer regional fault zones,
which in turn may be parts of a broad conjugate system
whose two principal elements are oriented respectively.
northwest and between east and east-northeast.

Uranium-vanadium deposits, found principally in
carbonaceous clastic terrestrial sedimentary rocks of
Late Jurassic age, occur in a wide belt which is centered
on the Dolores fault zone. In the vicinity of the faults,
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clastic sedimentary rocks were epigenetically altered as
a result of the passage of aqueous solutions so that gross
mineralogic changes occurred among the accessory min-
erals with accompanying redistribution of some ele-
ments in the rocks. Epigenetic alteration was most in-
tense in the vicinity of the ore deposits. Some of the
redistributed elements may have been concentrated in
the uranium-vanadium deposits. Some other elements
are most abundant in deposits close to faults and least
abundant in deposits farther from faults, suggesting in-
troduction by means of solutions moving outward from
the faults. The coincidence of the belt of ore deposits
with the fault zone and with alteration in the sediments,
and the zoning of elements in the deposits relative to
the faults may, therefore, have genetic significance. This
and subsequent reports evaluate the geology of the dis-
trict for the purpose of explaining the above facts, and
thereby elucidating the origin and genesis of the urani-
um-vanadium deposits.

STRATIGRAPHY

Lithologic units that underlie the Slick Rock district
include igneous and metamorphic basement rocks of
Precambrian age, sedimentary rocks ranging in age
from Cambrian to Cretaceous and totaling about 214
miles in thickness, igneous rocks of Tertiary age, and
unconsolidated sediments of Quaternary age. The older
sedimentary and Precambrian rocks and some of the
igneous rocks are known only from oil-well cuttings
and cores.

Although probably no deep oil-test well in the district
penetrates Precambrian basement rocks, drill holes in
the region and geophysical data (Joesting and Byerly,
1958, p. 10) indicate that Paleozoic sedimentary rocks
are underlain by an igneous and metamorphic basement
complex, generally at about 2,000-4,000 feet below sea
level.

The total thickness of sedimentary rocks underlying
the Slick Rock distriet ranges from about 12,000 to
14,000 feet. Sedimentary rocks that crop out in the
Slick Rock district have a maximum thickness of about,
4,700 feet. Exposed rocks, dominantly clastic, include
the upper part of the Cutler Formation of Permian
age; the Chinle Formation and Wingate Sandstone of
Triassic age; the Kayenta Formation of Triassic (%)
age; the Navajo Sandstone of T'riassic () and Jurassic
age; the Entrada Sandstone, Summerville Formation,
Junction Creek Sandstone, and Morrison Formation
of Jurassic age; and the Burro Canyon Formation, Da-
kota Sandstone, and lower part of the marine Mancos
Shale of Cretaceous age. Consolidated sedimentary
rocks exposed in the district are described briefly on
plate 1.
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Older sedimentary rocks that do not crop out in the
district total about 7,500-9,000 feet in thickness. They
include arkosic sandstone and conglomerate of Cam-
brian age, carbonate and clastic rocks of the Elbert
Formation of Devonian age, undifferentiated Devonian
Ouray and Mississippian Leadville Limestones, carbon-
ate and clastic rocks of the Molas Formation and car-
bonate and evaporite beds of the Hermosa Formation
of Pennsylvanian age, limestone and arenaceous strata
of the Rico Formation of Pennsylvanian and Permian
age, the lower part of the clastic Cutler Formation of
Permian age, and, in places, fine-grained clastic rocks
of the Moenkopi Formation ot Triassic age.

Igneous rocks occur in the southeast corner of the
district on Glade Mountain as a poorly exposed dike
(?) and near the district in the southeastern part of
Disappointment Valley, and are known from oil-well
cuttings as a thick sill in the salt unit of the Paradox
Member of the Hermosa Formation, near sea level in
the southern part of the district.

TUnconsolidated sediments consist of glacial till, ter-
race gravels, mudflows, landslides, alluvial fans, loess,
soil, alluvium, colluvium, and talus. None of the uncon-
solidated deposits has been studied in detail.

Throughout this report colors of sandstone are
referred to chiefly as light reddish brown, light buff or
light brown, and light gray, even though the rocks show
various shades, values, and hues of these colors. For
example, light reddish brown includes, in terms given
in the “Rock-Color Chart of the National Research
Council” (Goddard and others, 1948), colors such as
palered (10R 6/2), grayish orange pink (107 8/2,5 Y
7/2), pinkish gray (5Y R 8/1), grayish red (10 4/2),
light brownish gray (5YR 6/1), and pale brown (5Y%
5/2), as well as combinations of these. Light buff or
light brown includes colors such as very pale orange
(10YR 8/2) and yellowish gray (5¥ 8/1). Light gray
includes colors such as white (N9), very light gray
(N8), light gray (N7), and light greenish gray (5G'Y
8/1, 5G 8/1), as well as combinations of these. Colors
of mudstone, siltstone, and claystone are called mainly
reddish brown, grayish brown, greenish gray, gray, and
dark gray. Reddish brown, in “Rock-Color Chart”
terms, includes moderate brown (5YR 4/4, 5YR 3/4),
dark reddish brown (10R 3/4), grayish red (10R 4/2,
5R 4/2), and pale red (5R 6/2). Brownish gray includes
colors such as brownish gray (5YR 4/1), pale red pur-
ple (5RP 6/2), grayish red purple (5RP 4/2), pale
brown (5Y R 5/2), and light brownish gray (5YR 6/1).
Greenish gray includes light greenish gray (56" 8/1),
greenish gray (5GY 6/1,5G 6/1), pale green (106 6/2),
and grayish green (10GY 5/2, 5@ 5/2). Gray includes
medium light gray (¥6), medium gray (¥5), and med-
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ium dark gray (N4), whereas dark gray includes dark
gray (N3) and grayish black (¥2). A few additional
color terms are used where none of the foregoing seems
appropriate, and some of the foregoing terms are
applied to rocks other than sandstone, mudstone, silt-
stone, and claystone.

The evolution of stratigraphic terminology for rocks
exposed in the Slick Rock district is presented in table
3. Stratigraphic usage in this paper, as shown in the
table, is largely that of Stokes and Phoenix (1948) and
of Cater (1955a~f), but it includes subdivisions of the
Mancos Shale, Dakota Sandstone, Salt Wash and
Brushy Basin Members of the Morrison Formation,
Entrada Sandstone, and Chinle Formation and consid-
ers strata they mapped as the Carmel Formation to be
part of the Entrada Sandstone, following Wright,
Shawe, and Lohman (1962). Tt designates their June-
tion Creek Sandstone Member of the Wanakah Forma-
tion as Junction Creek Sandstone and lowers slightly
their basal contact of the Brushy Basin Member of the
Morrison Formation.

No detailed accounts have been published of older
rocks underlying the exposed sedimentary formations
in the district. Brief and incomplete descriptions of the
formations given here incorporate terminology cur-
rently in use for subsurface rocks in surrounding areas.

PRECAMBRIAN ROCKS

Precambrian rocks in the Slick Rock district have
not been penetrated by deep oil test wells, but their gen-
eral nature is inferred from drill holes that penetrate
Precambrian rocks in the vicinity of the district, from
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exposures in the Uncompahgre Plateau about 35 miles
northeast of the district, from presumed Precambrian
rock inclusions in the North La Sal stock of the La Sal
Mountains about 30 miles northwest of the district, and
from geophysical data.

Lithology

Rock presumed to be Precambrian was penetrated by
the Gulf Oil Corp. Fulks 1 14 miles south of the dis-
trict (fig. 2). According to an American Stratigraphic
Co. log, the rock consists of light-colored granite, weath-
ered in part near the top. Similar rocks have been found
in wells southwest of the Fulks 1 in the vicinity of the
Ute Mountains, Colo. (E. B. Ekren, oral commun.,
1959). Hunt (1958, p. 311) summarized the Precam-
brian in the Uncompahgre as described by Dane (1935,
p- 20-24) as follows: The rocks include
strongly foliated biotite gneiss, hornblende and biotite schist,
and coarsely crystalline biotite granite with associated pegma-
titic phases. The coarsely crystalline granite is cut by stringers
and dikes of finer grained granite. Pegmatite veins cutting the
granite consist mostly of pink feldspar and a smaller proportion
of quartz in masses almost as large as the feldspar. The granite
containg microcline but no plagioclase, less quartz than feldspar,
and less than 10 percent of biotite, chlorite, and muscovite. Fine-
grained biotite gneiss, locally containing small garnet porphyro-
blasts, is interlayered with hornblende-quartz schist. Also pres-
ent is a garnetiferous bhiotite-hornblende gneiss, abundantly
injected with quartz and pegmatite, the latter locally containing
considerable black tourmaline.

In soda syenite of the North La Sal stock in the La
Sal Mountains, Utah, Hunt and Waters (Hunt, 1958, p.
830) described large blocks of Precambrian rocks
brought up from the basement during irruption, includ-

TaBLE 3.—Evolution of current stratigraphic terminology for rocks exposed in the Slick Rock district, San Miguel and Dolores Counties
Colo.

Coffin (1921)

Stokes and Phoenix (1948) and Cater (1955a-f)

This paper

Mancos shale Mancos shale

post-Niobrara age

later Niobrara age

earlier Niobrara age

Mancos Shale
later Carlile age

Strata of:

earlier Carlile age

late Greenhorn age

late middle Greenhorn age

Dakota sandstone Dakota sandstone

upper arenaceous unit

Dakota

Sandstone middle (carbonaceous shale) unit

lower arenaceous unit
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TABLE 3.—Evolution of current siratigraphic terminology for rocks exposed in the Slick Rock district, San Miguel and Dolores Counties,
Colo.—Continued

Coffin (1921) Stokes and Phoenix (1948) and Cater (1955a-f) This paper
“‘post-McElmo” Burro Canyon formation Burro Canyon Formation
upper brown unit
Brushy Basin Brushy Basin
member Member middle green unit
Morrison Morrison lower brown unit
McElmo formation formation Formation

top unit (ore-bearing
sandstone)

Salt Wash member Salt Wash

Member | middle unit

bottom unit

/ .{{unctié)sn //
reek sandstone :
/" member of Wan- Junction Creek Sandstone
/ akah formation
San Summerville formation San Summerville formation
Rafael Rafael
group Group horizontally bedded
{5 Upper § o unit
= La Plata Entrada sandstone &2
K sandstone Entrada - % crosshedded unit
La Plata . Sandstone = =
group é massive unit
j]
(not named) Carmel formation Dewey Bridge Member !
Lower La Plata Navajo sandstone Navajo Sandstone
sandstone Glen Glen
Canyon Canyon
group Kayenta formation Group Kayenta Formation
Wingate sandstone Wingate Sandstone
unit 3
Dolores formation Church
Rock unit 2
Member —_—
Chinle formation Chinle Formation unit 1
Petrified Forest (?) Member
Moss Back Member
Cutler formation Cutler formation Cutler Formation

1 Wright, Shawe, and Lohman (1962).
282-180 0—68——2
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ing “amphibolite schist, biotite schist, hornblende gneiss,
schistose garnetiferous amphibolite, and banded epidote
amphibolite.”

Joesting and Byerly (1958, p. 12-13) suggested that
some gravity anomalies in the southeastern part of the
salt anticline region are due to intrabasement density
contrasts. Perhaps where anomalously high gravity is
indicated, denser rocks such as amphibolite may displace
more granitic rocks in the basement.

Configuration of the upper surface

The configuration of the upper surface of Precam-
brian rocks in and near the district is shown in figure 2.
The surface was determined on the basis of the esti-
mated thickness of sedimentary rocks below the deepest
recognizable horizon (top of Mississippian rocks or
deeper) in nine deep o1l test wells drilled in and around
the district, as well as one hole that penetrated the Pre-
cambrian south of the district. The inferred surface of
the Precambrian southwest of the district is generally
about 2,500 feet below sea level, and thence slopes down-
ward to the northeast, abruptly near the northeast
boundary of the district, to about 5,500 feet below sea
level. Superimposed on this generally sloping surface
is a southwesterly alined trough, at the south end of the
district, which lies about 500-1,000 feet deeper than the
surrounding surface. As proposed in later sections of
this report, the northeasterly slope represents a drop
from a Precambrian platform underlying the Sage
Plain into a wide northwesterly alined graben bounded
on the northeast by the Uncompahgre Plateau. The wide
graben apparently localized the salt anticlines. The
trough probably reflects a major structural zone in the
basement, most likely a fault-bounded graben.

CAMBRIAN ROCKS

Lithofacies and isopach maps prepared by Baars
(1958, p. 94-98) from deep oil-test wells in the district
and vicinity, such as the Gulf Oil Corp. Coalbed Canyon
2 and the Gulf Oil Corp. Fulks 1 (locations shown in
fig. 2), suggest that clastic sedimentary rocks of Cam-
brian age underlie the district.

Lithology

About 140 feet of conglomeratic arkosic sandstone lies
directly upon weathered granitic rock of the Precam-
brian basement, according to the American Strati-
graphic Co. log of the Fulks 1 south of the district.
The unit consists of whitish to pinkish coarse-grained
sandstone whose constituent grains are in part pink
feldspar and which contains pebbles. Hematite stains
the rock near the base of the unit. About 100 feet of
light-gray and gray to grayish-red medium-grained to
very coarse grained quartzitic sandstone with some
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shale partings lies above the conglomeratic sandstone
unit. Traces of pink feldspar are found in the sand-
stone. Overlying the quartzitic sandstone unit is about
100 feet of light-gray fine- to coarse-grained partly
quartzitic sandstone, which in places is conglomeratic.
The unit contains some shale, dolomite, glauconite,
pyrite, and rounded quartz grains. The upper 130 feet
of sedimentary rocks of presumed Cambrian age con-
sists of interbedded shale, siltstone, dolomite, and fine-
to coarse-grained sandstone, which in places is glau-
conitic. The unit is varicolored—olive, gray, grayish
red, and reddish brown.

According to Baars (1958, p. 95-97) only the lower
part of the rocks here described as of Cambrian age,
about 140 feet of conglomeratic sandstone, is correlative
with Cambrian rocks to the east—the Ignacio Quartzite
of Late Cambrian age. Baars suggested that the upper
part may be equivalent to the McCracken Sandstone
Member (Knight and Cooper, 1955) of the Elbert For-
mation of Late Devonian age in the Four Corners re-
gion and that an unconformity represents an apprecia-
ble hiatus between the upper and lower units. The upper
part of the rocks described here contains shale and
dolomite in addition to sandstone and is possibly in
part equivalent to one or more Cambrian formations in
surrounding regions, such as the Middle Cambrian
Bright Angel Shale and Muav Limestone of the Grand
Canyon in Arizona, the Middle and Lower Cambrian
Ophir Shale and Middle Cambrian Maxfield Limestone
in the Oquirrh range in Utah, or the Middle(?) and
Upper Cambrian Lynch Dolomite of the Four Corners
region. In view of the meager data, these younger rocks,
totaling more than 800 feet in thickness, are described
merely as rocks of Cambrian age.

Configuration

These sedimentary rocks are probably about 500-700
feet thick within the district; they are thinnest in the
southeastern part and thicken northwestward (Baars,
1958, fig. 1).

DEVONIAN ROCKS

Lithology

South and southwest of the Slick Rock district, proba-
ble Devonian rocks cut by the Fulks 1 and the Coalbed
Canyon 2 consist of, respectively, about 250 and 550
feet of sandy thin-bedded dolomite and limestone with
interbedded grayish-green and reddish sandy shale.
Other test wells in the region penetrate but do not pass
through presumed Devonian rocks. Neff and Brown
(1958) described the rocks penetrated by the Coalbed
Canyon 2 as about 200 feet of argillaceous dark lime-
stone and dolomite and calcareous grayish-green and
brown shale of the Aneth Formation (Knight and
Cooper, 1955), less than 100 feet of light-colored sand-







































STRATIGRAPHY, SLICK ROCK DISTRICT AND VICINITY

Mesa evaporite facies. To the east the evaporite facies
grades into arkosic red beds of the Cutler south of the
district. According to Kunkel (1958, p. 166) the De
Chelly Sandstone Member above the Cedar Mesa and
Organ Rock “merges into undifferentiated Cutler beds”
near Dove Creek, Colo.

In the Slick Rock district the Cutler Formation con-
sists of reddish-brown, orange-brown, and light-brown
sandstone, siltstone, mudstone, and shale, probably of
terrestrial deposition. Well cuttings from Egnar 1 (fig.
8) indicate that here the Cutler consists of about 85 per-
cent reddish-brown siltstone, mudstone, and shale, and
about 15 percent very fine to medium-grained poorly
sorted light-reddish-brown and orangish-brown sand-
stone. The lower half of the formation has little sand-
stone, but the upper half contains several sandstone
units about 10-70 feet thick. Cores of the upper part of
the Cutler Formation taken from diamond-drill holes
in Summit Canyon (pl. 1) consist of fine- to coarse-
grained arkosic sandstone. In places the sandstone con-
tains angular granules of feldspar and moderately to
poorly rounded light-greenish-gray to dark-gray gran-
ules of chert. Logs of the drill holes show that in
one place a sandstone unit at the top of the Cut-
ler Formation is directly overlain by the Moss Back
Member of the Chinle Formation. Here the Cutler dips
more steeply southwest than the Moss Back, and down-
dip the Moss Back and the sandstone unit of the Cutler
are separated by several feet of mudstone and siltstone
(plate 2). A similar unit in the top part of the Cutler,
which is crossbedded and horizontally bedded fine- to
coarse-grained sandstone about 10-70 feet thick, is ex-
posed at. the bottom of the Dolores River canyon, T. 42
and 43 N., R. 18 W., where the sandstone unit in the
Cutler forms a prominent ledge beneath the Moss Back
Member of the Chinle Formation (fig. 9). In places
the unit is in direct contact with the Moss Back and in
other places it is separated from the Moss Back by as
much as 200 feet of reddish-brown siltstone, mudstone,
and shale (pls. 1, 2).

Configuration and surface distribution

Because of difficulty in determining a consistent con-
tact between the Rico and Cutler Formations as well as
the apparent absence, in places, of Rico as shown in logs
from deep oil-test wells in and around the district, the
Rico Formation is included with the Cutler for the
purpose of determining the total thickness of the unit
(fig. 10). The minimum thickness of the Cutler in the
area is about 1,550 feet (in Utah), except where the for-
mation is completely pinched out around the Gypsum
Valley salt anticline at the northeast edge of the district.
It is much thicker, 3,640 feet, farther east in the Fred
H. Turner Buss 1, sec. 26, T. 44 N., R. 13 W., San Mi-
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guel County. The maximum recorded thickness of the
interval in the district is about 2,120 feet, in the Byrd-
Frost J. A. Uhl-Govt. 1 in sec. 26, T. 41 N., R. 17T W,
Dolores County. A maximum interpreted thickness of
more than 3,000 feet is shown in figure 10, and in corre-
lation diagram A, plate 3, along Disappointment syn-
cline. Such a thickness of the Cutler along the syncline
is commensurate with the known increased thicknesses
of younger formations in the syncline and accords with
gravity data for the northern part of the Slick Rock
district (Joesting and Byerly, 1958, p. 12; and P. E.
Byerly, oral commun., 1960).

A second elongate area of fairly thick Cutler lies ori-
ented approximately at right angles to the northwester-
ly area in the Disappointment syncline and extends
southwestward through the south end of the district.
Perhaps the isopachs as shown in figure 10 could have
been closed around the wellsin T. 38 N., R. 19 W., Mon-
tezuma County. This would subdue the apparent south-
westerly elongation of thicker Cutler Formation but
would still show a generally thicker section along the
southwesterly line.

In the Slick Rock district the Cutler Formation is
exposed only in the bottom of the Dolores River Can-
yon, in Tps. 42 and 43 N.,R.18 W.

TRIASSIC ROCKS
MOENKOPI FORMATION

No rocks of the Moenkopi Formation are known at
the surface in the Slick Rock district and vicinity.
Nevertheless, numerous logs of deep oil-test wells re-
cord Moenkopi in the vicinity, and possibly the forma-
tion is present in places in the district. However, be-
cause the lithology of the Moenkopi of eastern Utah is
similar to that of the underlying Cutler (Stewart and
others, 1959, p. 497-498), the Moenkopi may have been
incorrectly identified in well cuttings, and the contacts,
where the formation is present, may be incorrectly lo-
cated. The Moenkopi may have been incorrectly located
in the Three States Natural Gas White 2 and the Byrd-
Frost White 1, Montezuma County (pl. 3, diagram E,
wells 17 and 19). The White 1 shows no Moenkopi (al-
though the base of the Moenkopi is projected in the dia-
gram), whereas the White 2 shows more than 200 feet
of Moenkopi. The thickening of the Cutler as shown in
figure 10 extending southwesterly through the southern
part of the district and to the vicinity of these wells thus
may be illusory, and incorrect location of the upper con-
tact of the Cutler Formation results in apparent differ-
ences in thickness which are shown on the isopach map.
However, if the thickness of the Moenkopi as recorded
in well logs is added to the thickness of the Rico and
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Cutler undivided, which was used to construct figure 10,
the isopachs of this thicker interval enhance, rather
than subdue, the area of southwesterly alined thicker
Cutler.

Stewart, Williams, Albee, and Raup (1959) showed
Moenkopi in southeastern Utah pinching out eastward
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along the Colorado-Utah line but suggest that further
study of drill-hole information may show that Moen-
kopi extends farther east (p.496).

The age of the Moenkopi is Early and Middle (%)
Triassic, according to Stewart, Williams, Albee, and
Raup (1959, p. 496).
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Lithology

Rocks called Moenkopi Formation in drill holes in
the vicinity of the district, and Moenkopi described by
Stewart, Williams, Albee, and Raup (1959, p. 496-497)
in southeastern Utah, consist chiefly of light-reddish-
brown micaceous siltstone and sandy siltstone.

Configuration

An isopach map of the Moenkopi (fig. 11) was drawn
using thicknesses recorded on logs of deep oil-test wells
in the district and vicinity, even though some of the data
are of doubtful accuracy. Much of the district and vi-
cinity, including possible outcrop areas, has no Moen-
kopi, but two areas are indicated where the formation
is about 200 feet or more thick. One southwesterly alined
area extends across the west boundary of the district,
partly in Utah and partly in Colorado. Southeastward
from this area the formation thins and in places
pinches out.

CHINLE FORMATION

The Chinle Formation in the Slick Rock district is
important as a potential uranium- and vanadium-pro-
ducing horizon. What is probably the Moss Back Mem-
ber of the Chinle in the Lisbon Valley area, Utah, 5-10
miles west of the northwest corner of the district, has
produced commercially important amounts of uranium-
vanadium ore. The similarity of the Moss Back lithology
and structural setting in the Slick Rock district to that
in Lisbon Valley favors the likelihood of undiscovered
ore in the district.

The Chinle Formation was named and described by
Gregory (1917, p. 42-50), who considered the forma-
tion to lie between the Shinarump Conglomerate and
the Wingate Sandstone; the type locality is in north-
eastern Arizona. The Shinarump is now a member of the
Chinle (Stewart, 1957), and Gregory’s nomenclature
for the Chinle (A, B, C, and D members) has been re-
viced and refined throughout the Colorado Plateau,
and formal member names have been given to the Chinle
(R. C. Robeck, 1956 ; Stewart, 1957 ; Stewart and others,
1959). Lower members of the Chinle Formation rec-
ognized elsewhere but probably not present in the Slick
Rock district are the Temple Mountain, Shinarump,
Monitor Butte, and Owl Rock Members. In the district
five units are recognized. The first and lowest is the
Moss Back Member, the next higher unit is possibly a
facies of the Petrified Forest Member or part of the
Church Rock Member, and the three highest units are
equivalents of the Church Rock Member.

The Chinle was deposited upon an erosional surface
of the Cutler and Moenkopi Formations. The oldest
members of the formation were deposited in western
and southern Utah and in northern Arizona, and in a
general way successively younger members were spread

282-180 0—68——3

A27

to the northeast, or their deposition was localized to the
northeast, so that younger members are in contact with
the underlying Cutler and Moenkopi in that direction
(Stewart and others, 1959, figs. 73, 81). Northeasterly
and easterly pinchout of the Temple Mountain, Shin-
arump, Monitor Butte, and Owl Rock Members thus
accounts for their absence in the district.

The Chinle Formation was first mapped in the Slick
Rock district by Coffin (1962) as the lower part of the
Dolores Formation, and was not recognized here as a
separate formation until Stokes and Phoenix mapped
in the area in the 1940%.

On the basis of vertebrate fossils, Stewart, Williams,
Albee, and Raup (1959, p. 522) assigned the Chinle
Formation to the Upper Triassic.

LITHOLOGY

The Chinle Formation in the district is composed
dominantly of siltstone, shale, conglomerate, and sand-
stone. It crops out as a steep slope broken by a few
ledges of siltstone and sandstone, and where exposed in
the lower part, a few ledges and cliffs of sandstone and
conglomerate. The siltstone is generally orangish brown
to reddish brown, has a high clay content, and is in-
distinetly bedded. Where clay content is low the silt-
stone forms resistant ledges. The shale is not markedly
fissile, is greenish gray and reddish brown, has a vari-
able content of sand and silt and hence grades into mud-
stone, and is probably in part bentonitic, especially
where greenish gray. The conglomerate is dark gray to
greenish gray and is typically composed mainly of lime-
stone clasts and a small number of shale, quartzite, and
chert clasts that range up to pebble size, in a calcareous
clay matrix. Thicker conglomerate lenses in most places
are associated with lenses of greenish-gray sandstone.
The sandstone is generally light reddish brown and
light gray to greenish gray. In light-reddish-brown
sandstone (generally fine grained) and conglomerate
units, quartz and chert clasts are more numerous than
limestone and calcite clasts, and micas are abundant.
Reddish-brown units are colored by abundant hematite
films on detrital grains. Light-greenish-gray sandstone
is very fine to coarse grained; the clasts commonly are
comprised chiefly of quartz, but in places they consist
of about 75 percent limestone and calcite, 10 percent
quartz, 10 percent feldspar, and minor amounts of mica.
Clasts are well rounded to angular; limestone and
calcite grains tend to be well rounded, whereas quartz
and feldspar are generally angular. Sorting in the sand-
stone is variable; generally poor, but good in local
lenses. Bedding in the sandstone is also variable, rang-
ing from massive to thin bedded and crossbedded to
horizontal. The matrix is generally calcareous clay.
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Light-gray and light-greenish-gray sandstone and
conglomerate in the Chinle commonly contain sparse
to abundant pyrite and marcasite. Carbonized plant
fragments and other carbonaceous material are com-
mon in light-gray and greenish-gray sandstone and con-
glomerate, especially near the base of the formation.
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MOSS BACK MEMBER

The lowest unit of the Chinle Formation is the Moss
Back Member. It typically consists of light-greenish-
gray limy arkosic and quartzose sandstone and gray to
greenish-gray limy sandstone (calcarenite) and con-
glomerate (calcirudite), with small amounts of green-
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ish-gray, and even less reddish-brown, mudstone, silt-
stone, and shale. Carbonized and silicified plant frag-
ments are locally abundant in greenish-gray sandstone,
conglomerate, and mudstone. The unit contains fossil
bones, according to Coffin (1921, p. 55).

In places in the Slick Rock district, siltstone, shale,
and mudstone make up a large part of the Moss Back
Member, as shown in the correlation of measured sec-
tions in the Dolores River Canyon (pl. 4).

Crossbeds, current ripple marks, and scour and fill
characters are typical of the Moss Back and suggest
terrestrial stream deposition of most of the unit.

Parts of the Moss Back Member show evidence of
preconsolidation deformation. A small vertical clastic
dike about a quarter of an inch thick in very fine grained
light-brownish-gray thin-bedded clayey sandstone was
observed in a drill core from Summit Canyon. Locally,
bedding in fine-grained facies of the Moss Back is
strongly contorted. These features may have formed
during slumping of water-saturated sediment shortly
after deposition, or by tectonic disturbance before the
rocks become well cemented.

The Moss Back in the district is similar to the north-
ern facies of the Moss Back in the vicinity of the junc-
tion of the Green and Colorado Rivers in Utah, de-
scribed by Stewart, Williams, Albee, and Raup (1959,
p. 512). There the Moss Back consists of fine- to medium-
grained sandstone, largely subround clear quartz, that
contains abundant interstitial greenish silt and clay
and interstratified thin lenses of greenish siltstone and
claystone. Conglomeratic parts of the northern facies
of the Moss Back contain largely limestone pebbles and
very few quartzose pebbles. Conglomerate lenses in the
Slick Rock district, probably contain more abundant
quartzite pebbles, although limestone pebbles predom-
inate. Many of the quartzite pebbles are flat, and their
shape parallels the faint schistosity that resulted from
alinement of muscovite flakes during metamorphism in
the source area.

According to Weir, Puffett, and Kennedy (1957) and
Isachsen and Evensen (1956, p. 274) the Moss Back
in the Lisbon Valley area northwest of Slick Rock is
a quartzose sandstone unit. It is the principal ore-bear-
ing unit of the area. The unit is typically a “light-
colored, well-cemented fine- to medium-grained quart-
zose and feldspathic sandstone. Silt and clay occur as
interstitial material in sandstone and as thin layers of
grayish mudstone. Gray mudstone overlies the basal
sandstone unit.” (Weir and others, 1957, p. 37.) H. L.
Gibbs and E. G. Irwin (in Steen and others, 1953, p.
8-9) describe the rock in which ore occurs as poorly
sorted fine-grained sandstone containing about 70 per-
cent sand grains and 30 percent matrix material. The
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sand grains are rounded and comprise about 85 percent
quartz and about 10 percent microcline.

Above-background radioactivity was detected with a
scintillation counter in many places at the base of the
Moss Back Member in the Dolores River Canyon, and
with a Geiger counter in some drill holes in Summit
Canyon near the base of the member.

In most places in the district, sandstone or conglom-
erate of the Moss Back Member appear to overlie the
Cutler Formation unconformably (pls. 2 and 4). But
at one place in Summit Canyon where this contact is not
exposed, shown at the southwest end of the cross section
in plate 2, greenish-gray and reddish-brown mudstone,
siltstone, and shale, and light-greenish-gray sandstone
lie between the Cutler and the sandstone and conglom-
erate of the Moss Back. There the base of the Chinle
Formation consists of several inches to several feet of
orange chert containing some irregular blebs and septa
of gray calcareous clay, which probably indicates an
old weathered surface on the Cutler Formation. Possi-
bly the thin wedge of chiefly argillaceous rock between
the Cutler and Moss Back represents a featheredge of
the Monitor Butte Member, known in eastern Utah
(Stewart and others, 1959, p. 508-512), but not enough
details of lithology are known nor is direct correlation
possible to make this certain.

A typical measured section of the Moss Back Member
follows.

Section in Dolores River Canyon, sec. 3, T. j}2 N., R. 18 W.
[Measured by D. R. Shawe, December 1953]
Thickness

Moss Back Member : (feet)
8. Sandstone, light-greenish-gray, fine-grained, thin,

platy __ e 10
7. Conglomerate, greenish-gray___________ . _____ 2
6. Sandstone, greenish-gray, thin, platy__________.___ 4

5. Sandstone, light-greenish-gray, fine-grained, massive. 5
4. Sandstone, light-greenish-gray, fine-grained, thin-

bedded platy and crossbedded __ __________________ 20

3. Conglomerate, greenish-gray — 1
2. Sandstone, light-greenish-gray, thinly crossbedded-. 10
1. Conglomerate, greenish-gray _— - 5
Total Moss Back Member___________________ 57

The Moss Back Member was penetrated by a dia-
mond-drill hole in Bush Canyon, sec. 23, T. 43 N., R. 19
W., San Miguel County (location shown in fig. 12),
where the Chinle is not exposed. Here the Moss Back
consists of about 55 feet of light-gray to light-greenish-
gray very fine to coarse-grained limy quartzose sand-
stone that contains abundant muscovite, biotite, inter-
stitial greenish-gray clay and pebbles, thin layers of
greenish-gray mudstone and siltstone, and flakes, films,
and pebbles of carbonaceous material, especially in the
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lower 15 feet of the unit. The lower 5 feet of the unit
contains very abundant calcite.

PETRIFIED FOREST(?) MEMBER

The unit of the Chinle Formation above the Moss
Back Member in the Slick Rock district is most likely a
facies of the Petrified Forest Member of the Chinle of
Gregory (1950, p. 57), but it may be correlative with the
lower part of the Church Rock Member of 1. J. Witkind
and R. E. Thaden (in Stewart and others, 1959, p. 517).
It is composed mostly of greenish-gray mudstone, silt-
stone, and shale, with minor reddish-brown mudstone
and greenish-gray sandstoneand conglomerate.

In the Dolores River Canyon the Petrified Forest(?)
Member contains a few thin layers, a foot or more thick,
of greenish-gray to dark-gray medium- to very coarse
grained conglomeratic sandstone and conglomerate, in
places crossbedded, in which most of the pebbles are
limestone and mudstone.

Throughout the district the base of the Petrified For-
est(?) Member is a transitional contact with the Moss
Back Member (pls. 2 and 4). The upper contact of the
member is generally conformable with overlying strata
and in most places is sharp (pls. 2 and 4). However, in
the northeastern part of Summit Canyon unit 1 of the
overlying Church Rock Member appears to pinch out to
the northeast (pl. 2), and the Petrified Forest(?) Mem-
ber is gradational, by intertonguing and change in lith-
ology, with unit 2 of the Church Rock Member. At the
extreme northeast end of the section shown in plate 2,
the Petrified Forest(?) Member may merge laterally
through facies change with unit 2 of the Church Rock
Member.

A typical section of the unit where the Chinle is sub-
surface follows.

Drill core section in Bush Canyon, sec. 23, T. 43 N, R. 19 W.

[Measured by D. R. Shawe, August 1955]
Thickness
(feet)
Petrified Forest(?) Member:

7. Mudstone; reddish-brown and greenish-gray in
alternating layers; mottled with light purplish
brown in places_________ . ___ . _____________ 70

6. Mudstone and siltstone, light- to medium-greenish-
gray ; mottled with purplish brown near the base;
in alternating thin layers that contain abundant
calcite and moderate amounts of carbonaceous
material ; siltstone contains moderate amounts of
black opaque minerals; mudstone contains mod-

erate amounts of micas________________________ 20

5. Sandstone, light-gray, fine- to medium-grained;
contains very abundant calcite, abundant small
fragments of carbonaceous material, and abun-
dant granules and pebbles of light-greenish-gray

mudstone _____________ .. 1

4. Mudstone and siltstone, purplish-brown ; in alternat-
ing thin layers that contain sparse to moderate

caleite - e 5
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Drill core section in Bush Canyon, sec. 23, T. 43 N., R. 19 W.—

Continued
Thickness
(feet)
Petrified Forest(?) Member—Continued

3. Sandstone, light-brownish-gray, fine-grained, quartz-
ose; contains abundant caleite.________________ 2
2. Mudstone and siltstone, purplish-brown; in alter-
nating thin layers that contain sparse to moderate
calcite _____ — —— 7
1. Mudstone and siltstone, light- to medium-greenish-
gray; shaly in part; in alterpnating thin layers
that contain abundant calcite and moderate
amounts of carbonaceous material______________ 5

Total Petrified Forest(?) Member________.___

UNIT 1, OR THE S0-CALLED BLACK LEDGE OF THE CHURCH ROCK
MEMBER

The unit of the Chinle Formation above the Petrified
Forest (?) Member in the Slick Rock district is strati-
graphically equivalent to the so-called Black Ledge of
the Church Rock Member in the San Rafael Swell area
and near the junction of the Green and Colorado Rivers
in Utah, described by Stewart, Williams, Albee, and
Raup (1959, p. 518). In the district it has variable
lithology and consists chiefly of light-reddish-brown to
reddish-brown medium-fine, to very fine grained sand-
stone and siltstone, in places interbedded with lenses of
dark-reddish-brown and dark-greenish-gray sandstone
and conglomerate (pl. 4). In other places the so-called
Black Ledge or unit 1 of the Church Rock Member
consists of light-gray and light-greenish-gray sand-
stone and conglomerate (pl. 2). Reddish-brown and
greenish-gray mudstone are interbedded in the unit in
places (pl. 4). Some carbonized and silicified plant frag-
ments are present locally. In places detritus in the unit
is quite angular to flakelike, suggesting a possible vol-
canic source of airborne material. The so-called Black
Ledge pinches out to the northeast in the northeastern
part of Summit Canyon (pl. 2).

The unit is generally conformable (locally uncon-
formable in channel scours) with the underlying
Petrified Forest(?) Member.

A typical section of the so-called Black Ledge unit
follows.

Section on northeast side of Dolores River Canyon, NWi4SBE,
sec. 34, T. S N, R. 18 W.

[Measured by G. C. Simmons, September 1955]

Thickness
(feet)
So-called Black Ledge (unit1) :

5. Sandstone, reddish-brown (5YR 6/1 to BR 6/2),

very fine grained to fine-grained_________________ 10
4. Conglomerate, reddish-brown; abundant pebbles___. 7
3. Mudstone, reddish-brown S, - 3
2. Sandstone, reddish-brown, fine-grained_____________ 3
1. Conglomerate, reddish-brown ; abundant pebbles____ 4

Total so-called Black Ledge (unit 1)________ 27
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UNIT 2 OF THE CHURCH ROCK MEMBER

Unit 2 of the Church Rock Member in the Slick Rock
district is probably the middle part of the Church Rock
Member above the so-called Black Ledge and below the
upper sandy part of the Church Rock as described by
Stewart, Williams, Albee, and Raup (1959, p. 517-519).
It differs from the typical Church Rock of Stewart,
Williams, Albee, and Raup, which is reddish-brown silt-
stone and sandstone, in that it locally contains a few
layers of dark-greenish-gray conglomerate as much as
3 feet but generally about 6 inches thick.

In parts of the district the shaly siltstone of unit 2 is,
besides reddish brown, also orangish brown, purplish
brown, purplish gray, and brownish gray. Most of the
siltstone of the unit is structureless or horizontally lami-
nated. Sandstone and conglomerate both are cross-
bedded and horizontally layered.

Unit 2 is abruptly gradational with unit 1—the so-
called Black Ledge—below. Where unit 1 is absent, unit
2 appears to be transitional with the Petrified Forest
(?) Member below, by intertonguing and by intergrad-
ing lithology. In the northeastern part of Summit Can-
yon where the Chinle is subsurface, drill-hole data indi-
cate that unit 2 merges laterally with the Petrified
Forest(?) Member by facies change and intertonguing;
there unit 1 is absent (pl. 2). The upper contact of
unit 2 is considered to be the top of the highest con-
glomerate layer. Probably one continuous bed does not
form the boundary, so the contact undoubtedly is strati-
graphically different from place to place (pl. 4). Be-
cause no thin conglomerate beds were recognized in
drill cuttings of unit 2 in the northeast part of Summit
Canyon, the upper contact of unit 2 is arbitrarily placed
at the top of a thick sandstone bed in the upper part of
the Church Rock Member (pl. 2), slightly below the
stratigraphic level of the highest conglomerate beds in
the Dolores River Canyon. Lithologically the bed is
akin to beds in the overlying unit 8, or upper part of the
Church Rock Member, in the district. The bed lies ap-
proximately at the horizon of, and perhaps it is equiv-
alent to, the so-called Bowknot bed in the area near the
junction of the Green and Colorado Rivers, described
by Stewart, Williams, Albee, and Raup (1959, p. 518,
and fig. 73).

A typical section of unit 2 follows.

Section in Dolores River Canyon,
SEY,S8WY, sec. 13T. J2N.,R. 18 W.

. [Measured by G. C. Simmons, June 1955]
Unit 2: (feet)
11. Conglomerate, greenish-gray; abundant pebbles._ 1
10. Siltstone, reddish-brown ; contains about 5 percent
interbedded reddish-brown fine-grained sand-
stomne in beds less than 8 ft. thick______________ 58
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Section in Dolores River Canyon, SEY,S8W1i4 sec. 13 T. 42 N.,
R. 18 W.—Continued

Thick
Unit 2—Continued (fge?)e“
9. Sandstone, reddish-brown, medium-fine-grained;
contains about 10 percent thin shale layers____ 14

8. Siltstone, reddish-brown, shaly ; contains about 10
percent interbedded reddish-brown fine-grained
sandstone in beds less than 3 ft. thick-_________ 34

7. Sandstone, reddish-brown, medium-fine-grained ; in
beds less than 3 ft. thick ; contains about 35 per-
cent interbedded reddish-brown shaly siltstone;
forms upper part of a cliff___ . ______________ 13

6. Sandstone, greenish-gray and reddish-brown inter-

layered, medium-grained; interbedded with
greenish-gray and reddish-brown interlayered
pebble conglomerate ; forms lower part of cliff__ 9
5. Siltstone, reddish-brown, shaly__________________ 44
4. Conglomerate, gray ; abundant pebbles___________ 1
3. Shale, reddish-brown, sandy._____________________ 8
2. Sandstone, reddish-brown, medium-fine-grained; in
beds less than 3 ft. thick; contains about 20 per-
cent interbedded reddish-brown shaly siltstone;
forms ledges . . 11
1. Siltstone, reddish-brown, shaly__________________ 45
Total wnit 2. ____ 238

UNIT 3, OR UPPER PART OF THE CHURCH ROCK MEMBER

Unit 3 of the Church Rock Member in the Slick Rock
district is probably continuous with the sandy facies of
the Church Rock Member in east-central Utah as de-
scribed by Stewart, Williams, Albee, and Raup (1959, p.
518). Tt consists of reddish-brown, purplish-brown, and
orangish-brown shaly siltstone and mudstone containing
several thick beds of reddish-brown to orangish-brown
generally structureless standstone, silty sandstone, and
cliff-forming siltstone (pls. 2 and 4) conformably over-
lying unit 2. Sandstone near the top of the unit is com-
monly crossbedded. In the vicinity of Glade Canyon in
the Dolores River Canyon, beds in the top part of unit
3 have been tilted and truncated by erosion, and the
overlying Wingate lies unconformably on the Chinle.

A typical section of the unit follows.

Section on northeast side of Dolores River Canyon,
SEY,NE1; sec. 2, T. 42 N., R. 18 W.

[Measured by G. C. Simmons, June 1955]

Thickness
Unit 3: (feet)
5. Mudstone and shaly siltstone, reddish-brown.______ 28
4. Sandstone, reddish-brown, very fine grained-.._._ 16
3. Mudstone and shaly siltstone, reddish-brown____.___ 10
2. Sandstone, reddish-brown, very fine grained..._..__ 18
1. Mudstone and shaly siltstone, reddish-brown; con-

tains about 10 percent interbedded reddish-brown
very fine grained sandstone in beds less than 3 ft
thick

Total unit 3
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A similar thickness of unit 8 of the Church Rock
Member of the Chinle Formation, recorded in more de-
tail, follows.

Section on west side of Summit Canyon,
NEWSEY, sec. 4, T. ;3 N.,R. 19 W.

[Measured by D. R. Shawe and W. L. Emerick, Feb. 24, 1954]

Unit 3: Thicknsss
20. Sandstone, light-reddish-brown, fine-grained.____ 4
19. Sandstone, light-reddish-brown, fine-grained, thin,

platy - ____ e 4
18. Sandstone, light-reddish-brown, fine-grained,

evenly bedded, blocky_________________________ 3
17. Mudstone, reddish-brown_______________________ 9
16. Sandstone, light-reddish-brown, very fine grained,

massive 6
15. Sandstone, light-reddish-brown, very fine grained,

massive, friable_._____________________________ 5
14. Sandstone, light-reddish-brown, very fine grained,

massive 28
13. Siltstone to very fine grained sandstone, light-red-

dish-brown, thin, platy.____________________ 2

12, Siltstone to very fine grained sandstone, reddish-
brown ; buff at base ; buff part contains hematite

pseudomorphs of magnetite on joint surfaces____ 8
11. Sandstone, greenish-gray, very fine grained_______ 1
10. Mudstone, reddish-brown_______________________ 17
9. Siltstone, reddish-brown._______________________ 6
8. Mudstone, purplish-brown_______________________ 6
7. Siltstone, purplish-brown________________________ 2
6. Mudstone, purplish-brown_______________________ 8
5. Siltstone; purplish-brown with sparse spots of
greenish-gray ; in three beds each 3 ft. thick_____ 9
4. Mudstone, dark-purplish-brown ; massive near the

top, shaly near thebase_______________________ 16
3. Mudstone and siltstone interbedded, purplish-
brown; some greenish-gray laminations; thin,

platy 9
2. Mudstone, light-purplish-brown; some greenish-
gray spots O, 12
1. Mudstone, dark-reddish-brown to purplish-brown
with sparse 4-inch greenish-gray spots. Mud-
stone in the section is in part shaly siltstone and
silty shale___________________________________ 8
Totalwnit3___________ 163

SURFACE DISTRIBUTION AND CONFIGURATION

The Chinle Formation is exposed in the Slick Rock
district only in Summit Canyon, for a linear distance
of about 3 miles, and in the Dolores River Canyon, for
a distance of about 20 miles. The entire thickness of
the formation is exposed only in the Dolores River
Canyon.

An isopach map of the Chinle Formation was pre-
pared on the basis of data from logs of about 20 deep
oil-test wells drilled in and near the district, 5 diamond
drill holes put down in the district, and 4 sections meas-
ured in the district (fig. 12). In general the formation
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thickens from about 400 feet in the northeastern part
of the district to more than 1,200 feet southwest of the
district. The Chinle thins abruptly or is pinched out
across the Gypsum Valley anticline northeast of the
district (Cater, 1955a, e, f). The thicknesses shown in
figure 12 are in accord with those shown on an isopach
map of the Chinle in southwestern Utah prepared by
Stewart, Williams, Albee, and Raup (1959, fig. 80).
According to figure 12 the Chinle thickens more rapidly
to the southwest in southwestern Colorado than
Stewart, Williams Albee, and Raup (1959) suggested
it does in southeastern Utah. An area of thinner Chinle
centered in T. 41 N., R. 17 W., modifies the regional con-
figuration of the formation.

The units within the Chinle in the district vary in
thickness locally, but lack of data prohibits showing
isopachs of any unit on a district scale. The thickness of
the Moss Back Member averages about 50 feet but is
as much as about 75 feet in places in Summit Canyon
and in the Dolores River Canyon where the base is
channeled into the underlying Cutler, or where sand-
stone layers build up at the top; in places it is as little
as 20 feet. In the Dolores River Canyon a locally thicker
part of the Moss Back, more than 50 feet thick, appears
to extend from the SW cor. sec. 13, T. 42 N, R. 18 W,
north-northwesterly to the SW cor. sec. 27, T. 43 N,, R.
18 W. (fig. 18). Perhaps this thicker part of the member
extends as far northwest as Summit Canyon ; it is shown
on the left side of the section in plate 2 as a channel
filling. This projection of thicker Moss Back and nearby
areas of thicker Moss Back may represent old channels
in the northwesterly flowing stream system that brought
Chinle detritus into the area.

The Petrified Forest(?) Member has an average
thickness of 70 feet, but in the northeast part of Sum-
mit Canyon it appears to pinch out, and in other places
it is as much as 100 feet thick. The so-called Black
Ledge, unit 1 of the Church Rock Member, probably
averages 20 feet in thickness but is absent in the north-
eastern part of Summit Canyon and is as much as 40
feet thick in other places. The thickness of unit 2 of the
Church Rock Member is 200-275 feet and averages 240
feet ; the thickness of unit 8 of the Church Rock is 140-
190 feet. and averages 165 feet.

WINGATE SANDSTONE

The Wingate Sandstone is the lowest formation of
the Glen Canyon Group. The Glen Canyon was formally
named by Gregory and Moore (1931, p. 61), but was first
published by Baker, Dobbin, McKnight, and Reeside
(1927). The Glen Canyon Group consists of rocks which
form the walls of Glen Canyon of the Colorado River in
southern Utah and northern Arizona and includes also
the Kayenta Formation above the Wingate and the
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Navajo Sandstone above the Kayenta. The Wingate
Sandstone was named by Dutton (1885, p. 186-127) for
exposures near Fort Wingate, N. Mex. The upper 300
feet of Dutton’s type Wingate (most of the unit) is now
recognized as Entrada Sandstone (Baker and others,
1947, p. 1667), and Wingate is restricted to the lower
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part of Dutton’s type section (Harshbarger and others,
1957, p. 8).

The Wingate Sandstone in what is now the Slick
Rock district was first described by Coffin (1921, p.
58) as “massive Dolores sandstone” in the upper part of
the Dolores Formation. Stokes and Phoenix (1948) and
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Cater (1955a—f) mapped the unit as Wingate Sand- | Lithology

stone. The gross appearance of the Wingate Sandstone in
In a thorough discussion of the age of the Glen Can- | the district was well described by Cater (1955a—f) : “It

yon Group, Harshbarger, Repenning, and Irwin (1957, | typically crops out as an impressive red or dark-brown

p. 25-32) indicated that the Wingate Sandstone is | wall, stained and streaked in places with a surficial red

Late Triassic in age. | and black desert varnish.” In most places the Wingate
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wall is a nearly vertical cliff about 200 or more feet high
(fig. 9) and is one of the most magnificent land forms in
the Dolores River Canyon and in Summit Canyon
where the full thickness of the formation is exposed.

The Wingate is composed of light-reddish-brown,
light-orangish-brown, and light-buff fine to very fine
grained sandstone. Minor medium-sized grains occur
in the lower third of the formation. Throughout the
district the formation consists largely of light-reddish-
brown or light-orangish-brown sandstone, but in places
in the Dolores River Canyon the top few feet consists of
light-buff sandstone (fig. 9). In parts of Summit Can-
yon a greater thickness in the top part appears to be
light buff. Sand grains are largely subrounded and
moderately to well-sorted quartz; minor amount of pink
and dark-gray grains are possibly feldspar and chert.

Sandstone of the Wingate contains abundant silt and
clay in places, mostly in horizontally bedded parts in the
lower half of the formation. Calcite, however, forms the
chief cementing material, though it is not abundant.
The sandstone is generally moderately friable.

The upper half of the formation is massive, with
large-scale crossbeds as much as 50 feet thick, and the
lower half has smaller scale crossbeds and horizontal
beds. According to Cater (1955a—f), “The sandstone is
divided into horizontal layers by extensive bedding
planes spaced 2 to 50 feet apart. Within each horizontal
layer the sandstone is crossbedded on a magnificent
scale; great sweeping tangential crossbeds of eolian
type, in places extending across the entire thickness of
the horizontal layer, are disposed in all directions.”

The Wingate Sandstone lies conformably upon the
Chinle Formation except in the vicinity of Glade Can-
yon. In most places the presence of a few thin siltstone
layers typical of the Chinle near the base of the Wingate
and a few thin sandstone layers typical of the Wingate
near the top of the Chinle suggest continuous deposi-
tion between the formations.

Surface distribution and configuration

The Wingate Sandstone is exposed in the Slick Rock
district in the Dolores River, Summit, and Bush Can-
yons. The whole thickness is exposed only in the Dolores
River Canyon for a distance of about 25 miles, and in
Summit Canyon for about 5 miles.

An isopach map of the Wingate (fig. 14) was con-
structed on the basis of data from 18 deep oil-test wells
drilled in and near the district, 8 diamond-drill holes
drilled in the district, and 6 sections measured within
the district. Like the Chinle, the Wingate is thinnest in
the northeastern part of the district and thickens south-
westward. In the northeastern part of the district it is
generally about 200 feet thick, and southwest of the
district it is more than 350 feet thick. Also like the
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Chinle, the Wingate thins abruptly or is pinched out
across the Gypsum Valley anticline at the northeast
edge of the district (Cater, 1955a, e, ), and it is locally
thinner in the vicinity of Glade and Big Canyons and
west-southwestward into Utah. A locally thick part,
more than 400 feet thick, trends east-west just south of
the district.

TRIASSIC(?) ROCKS—KAYENTA FORMATION

The Kayenta Formation is the middle formation of
the Glen Canyon Group. The term Kayenta was first
applied to rocks between the Wingate Sandstone and
Navajo Sandstone by Baker, Dane, and McKnight
(1931). These rocks were provisionally referred to as
Todilto(?) by Gregory (1917, p. 56). In the first map-
ping in the Slick Rock district, by Coffin (1921, p. 58),
what is now known as the Kayenta was included with
rocks called the Dolores Formation and made up the
upper part of the formation above what is now recog-
nized as Wingate Sandstone.

Harshbarger, Repenning, and Irwin (1957, p. 25-32)
indicated that the Kayenta Formation is most likely
Early Jurassic in age but may be as old as Late Triassic.

Lewis, Irwin, and Wilson (1961, p. 1437-1440) assigned

a Late Triassic( ?) age to the Kayenta Formation, which
is the currently accepted age.

Lithology

The Kayenta Formation crops out as a series of steep,
closely spaced ledges, though in a few places it is eroded
to form a sheer cliff (fig. 9). It is composed chiefly of
reddish-brown to purplish-gray sandstone, shaly silt-
stone, shale, and conglomerate showing sparse gray mot-
tling in places. The sandstone is very fine to medium
fine grained, and is composed of rounded to angular
quartz grains and minor amounts of feldspar, mica, and
heavy minerals—chiefly black opaque minerals. Clay
forms the chief cementing material. The sandstone is
generally thin bedded and crossbedded, but it is massive
in places. It forms a wide range of different sized lenses
which interfinger with each other and with lenses of
shale, siltstone, and conglomerate. The conglomer-
ate contains small pebbles of shale, sandstone, and
limestone.

The Kayenta Formation appears to be conformable
with the Wingate in most places, and according to Cater
(1955a—f) the contact is gradational. Small local dis-
conformities are common between the two formations,
but they apparently intertongue in places.

The following section of the Kayenta measured at the
Horseshoe Bend of the Dolores River Canyon is prob-
ably typical.
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Section of Kayenta Formation on north side of the
Dolores River Canyon, sec. 6, T. jJ2 N., R. 17 W.

[Measured by L. C. Craig and J. D. Ryan, July 1949]

Thickness
(feet)
Kayenta Formation:

4. Sandstone, light-colored, fine- to medium-fine-
grained, channeled and cross-laminated; unit is
subdivided into three parts on the basis of color:
lowest is pale reddish brown, middle (containing
a minor amount of muscovite) is light purplish
gray, and upper is gray to pinkish gray; grains are
subangular to angular clear quartz and minor
amounts of other minerals______________________ 41

3. Sandstone, pinkish-gray, pale-reddish-brown, and
moderate-reddish-brown, predominantly fine
grained ; shows horizontal and cross laminations;
grains are subangular to subrounded clear quartz
with minor amounts of pink and green grains that
may be feldspar and chert; unit forms a cliff com-
posed of gently wedging beds separated by thin

reddish-brown shale partings___________________ 76
2. Conglomerate, gray; abundant limestone and clay
pellets_ e 4

1. Sandstone, moderate-reddish-brown (10R 5/6), fine
to very fine grained ; massive to horizontally lami-
nated and in places thinly crossbedded: grains
are subangular clear quartz and minor amounts
of pink and dark-gray grains that may be feldspar
and chert; unit contains several reddish-brown
silty claystone and sandstone lenses____________ 65

Total Kayenta Formation

Surface distribution and configuration

The Kayenta Formation is exposed in the Slick Rock
district for about 25 miles along the Dolores River Can-
yon, for about 5 miles in Summit Canyon, and about 3
miles in Bush Canyon.

An isopach map of the Kayenta (fig. 15) was drawn
using data from 18 deep oil-test wells in and near the
district, 2 diamond-drill holes in the district, and 7 sec-
tions measured in the district. In the district the forma-
tion ranges in thickness, from 162 feet, in Big Canyon,
to 208 feet, in Summit Canyon. Southwestward from
the district the formation shows little change in thick-
ness, but it thins rapidly along an east-northeasterly
line at the southeast edge of the district, and it appears
to be generally less than 50 feet thick southeast of the
district. According to Cater (1955a, e, f) the Kayenta
pinches out around Big Gypsum Valley at the northeast
edge of the district.

TRIASSIC(?) AND JURASSIC ROCKS—NAVAJO
SANDSTONE

The Navajo Sandstone is the upper formation of the
Glen Canyon Group. It was named by Gregory (1917,
p. 57-59) for exposures of the formation in the Navajo
country of Arizona, New Mexico, and Utah. Coffin
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(1921) first mapped the unit i1: the Slick Rock district.
He recognized the formation as a separate unit (pl. 61),
which he called “Lower La Plata sandstone,” and map-
ped it as such where the scale of his map allowed. Else-
where Coffin included the Navajo Sandstone with the
overlying Entrada Sandstone as the La Plata Forma-
tion. Since Stokes and Phoenix (1948) mapped in the
district the unit here has been recognized as Navajo
Sandstone.

The Navajo was considered by Harshbarger, Repen-
ning, and Irwin (1957, p. 32) “to be Early Jurassic in
age; however, there is a possibility that parts of it may
be of Middle Jurassic [age], and also, because of inter-
tonguing with the underlying Kayenta formation, a
basal zone of the Navajo must be considered Jurassic
(%), like the Kayenta.” More recently, Lewis, Irwin,
and Wilson (1961) indicated that the lower part of
the Navajo Sandstone is Triassic(?) in age, and the
remainder Jurassic.

Lithology

In the Dolores River Canyon and some of its tribu-
tary canyons, the Navajo crops out as a sheer cliff.
Where it is not. overlain by other formations it forms
barren benches, remarkable for their lack of soil and
vegetal cover. The formation is composed of mostly
light-buff, but in places light-reddish-brown, very fine-
grained to fine-grained sandstone exhibiting large-scale
tangential crossbedding of eolian type. Grains are well
sorted, rounded to well rounded, and composed largely
of quartz, some feldspar, and minor amounts of heavy
minerals. Calcite is the chief cementing material, but it
is generally sparse.

At Big Canyon the Navajo is largely light-brown
very fine grained sandstone with large-scale tangential
crossbedding. At Horseshoe Bend in the Dolores River
Canyon, it consists of moderate-orange-pink, weather-
ing to light-orangish-gray, very fine grained to fine-
grained calcareous sandstone, horizontally laminated
near the base and with wedging crossbeds above.

In places the Navajo has fractures, many of which
contain thin dikelets composed of very fine grained
sandstone identical to that of typical Navajo. Several
such sandstone dikelets in fractures in light-brown very
fine grained cross-laminated sandstone in Summit
Canyon, sec. 26, T. 44 N., R. 19 W., are oriented about
N. 30° W. (fig. 16). Perhaps the dikelets formed at the
time the Navajo was fractured before complete lithifi-
cation, allowing intrusion of unconsolidated sand. The
consistency of orientation of the fractures may indi-
cate tectonic origin, or at least tectonic-controlled
slumping, rather than merely random slumping of the
sediments prior to consolidation.
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The contact between the Navajo Sandstone and the
underlying Kayenta Formation is generally slightly ir-
regular. At Big Canyon where the upper half of the
Navajo was probably removed by erosion prior to the
deposition of the overlying Entrada Sandstone, the
base of the unit interfingers with the Kayenta on a
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small scale, suggesting nearly continuous deposition
from Kayenta time into Navajo time. At Horseshoe
Bend in the Dolores River Canyon, most of the Navajo
was removed by erosion prior to the deposition of the
Entrada. Here the Navajo contains several continuous
horizonta] partings, more abundant near the base, and
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for the Curtis Formation also, so the age of the upper
part of the Entrada Sandstone is clearly fixed as Late
Jurassic.

DEWEY BRIDGE MEMBER

Lithology

The Dewey Bridge Member of the Entrada Sand-
stone is exposed commonly as a slight recess under the
Slick Rock Member of the Entrada Sandstone. At only
a few places such as the vicinity of the town of Slick
Rock, is it found without a protective cover of the Slick
Rock, and at such places it consists of low mounds on
benches of Navajo Sandstone. Where the Dewey Bridge
lies below the Slick Rock it is typically a “humpy-faced”
cliff composed of rounded blocky segments a few inches
to a few feet across which constitute what is commonly
called a “hoodoo weathering” surface.

The Dewey Bridge Member is composed chiefly of
reddish-brown clayey siltstone and very fine-grained
sandstone, which in places contains sparse well-rounded
almost spherical medium to coarse sand grains called
“Entrada berries” (Wright and others, 1962, p. 2063).
Some layers are relatively clay rich, and these erode
more deeply than surrounding rock and contribute to
the humpy surface of the formation.

Locally the lithology at the base of the Dewey Bridge
Member differs from the typical reddish-brown siltstone
and sandstone. On the north side of Summit Canyon
in sec. 26, T. 44 N., R. 19 W., the lower 5 feet of the
member consists of reddish-brown fine-grained horizon-
tally bedded sandstone with a conglomerate layer at
places near the base. Pebbles are mostly irregular nod-
ules of black and gray chert and slabs of reddish-brown
to brown very fine grained quartzitic sandstone as much
as 8 inches in diameter. The quartzitic sandstone is sim-
ilar to that of the underlying Navajo and was probably
derived from the Navajo, possibly after it was consoli-
dated, eroded, and weathered. The sandstone enclosing
the pebbles is coarser grained than the subjacent Navajo
and perhaps came from outside the region or from
coarser grained Navajo elsewhere.

On the southeast side of Summit Canyon and west of
the Muleshoe Bend of the Dolores River, thin layers of
light-gray cherty limestone lie at the base of the Dewey
Bridge Member on top of Navajo Sandstone. The layers
are lenses as much as 8 feet thick in places.

The contact between the Dewey Bridge Member and
the Navajo Sandstone is generally a disconformity, con-
spicuous because of the abrupt change of lithology
rather than the minor relief on the surface of the Navajo
Sandstone. In places where the Navajo was deeply
eroded prior to Dewey Bridge deposition, the uncon-
formity separating the formations is slightly angular.

A typical section of the member follows.
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Section of Dewey Bridge Member near the mouth of McIntyre
Canyon BVoSWINWIY, sec. 13,T. }4 N, R. 19 W.

[Measured by G. C. Simmons and N. L. Archbold, Sept. 13, 1956]

Thickness
Dewey Bridge Member: (feet)
6. Siltstone, brownish-red; abundant very fine sand

grains and “Entrada berries;” massive; grades

abruptly upward into Slick Rock Member_________ 12

5. Sandstone, reddish-brown, very fine grained; abun-
dant silt; sparse “Entrada berries;” forms ledge_. 1

4, Siltstone, brownish-red, sparse ‘“Entrada berries;”
horizontally bedded; 14-in. thick laminae________ 2

3. Sandstone, reddish-brown, very fine grained; sparse
“Entrada berries”_ _____________________________ 1

2. Sandstone, reddish-brown, very fine grained; very
abundant silt; massive. . ________________ 12

1. Siltstone, reddish-brown; very abundant very fine

sand grains; massive at top, thinly and horizon-
tally bedded at base_ . _____________________ 5
Total Dewey Bridge Member_____________ 33

Surface distribution and configuration

The Dewey Bridge Member is exposed throughout
almost the entire length of the Dolores River Canyon in
the Slick Rock district and in McIntyre, Summit, Bush,
Morrison, and Blue Canyons. The base of the member is
visible in all of these exposures.

In the district the member is 20-35 feet thick. Dif-
ferences in thickness have no regional trends nor are
they related to known structural elements, but they
correspond to slight erosional irregularities in the top
of the Navajo Sandstone.

SLICK ROCK MEMBER

In this report three units of the Slick Rock Member
which appear to be present throughout the district are
distinguished—a lower massive unit, a middle cross-
bedded unit, and an upper horizontally bedded unit
(table 3).

LITHOLOGY

The Slick Rock Member of the Entrada Sandstone is
perhaps the most impressive rock unit in the Slick Rock
district, because it forms a striking light-colored rock
layer whose persistent line as seen in canyon exposures
clearly marks the broad folds in the sediments. The
cliffs and slopes of the member, more than those of any
other rock unit, are clean of soil and vegetation and
present a bare and smooth face which has led to the pic-
turesque designation of the unit as the “slick rim.” Ap-
propriately, this rock unit lends its early local name to
the Slick Rock district and in turn was formally named
for the town which derived its name from the informal
designation of the unit (Wright and others, 1962).

Along much of its exposed length, especially in the
Dolores River Canyon, the Slick Rock Member forms a
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steep cliff, slightly rounded at the top (fig. 9). Where
the top of the Slick Rock has been eroded back, the mem-
ber presents an even slope above a lower cliff (fig. 18).

The Slick Rock Member is composed of light-brown,
or buff, and light-reddish-brown chiefly very fine
grained to fine-grained moderately sorted to well-sorted,
moderately rounded to well-rounded quartzose sand-
stone containing sparse grains of medium to coarse sand.
It is generally not well cemented, but in places abundant
calcite, quartz, or kaolinite forms a firm matrix (deter-
mined by differential thermal analyses by N. L. Arch-
bold at the University of Michigan, written commun.,
May 1960). The formation is divided into massive, hori-
zontally bedded, and crossbedded units. Light-brown
sandstone is confined largely to the upper part of the
formation ; and light reddish brown, largely to the lower
part. In places, however, the formation is entirely light
reddish brown, such as in Disappointment Valley (as
shown in a diamond-drill core) and in the vicinity of
Big Canyon, and in places it is entirely light brown,
such as near the axis of the Dolores anticline.

Measured sections of the Slick Rock Member are
shown diagrammatically on plate 5, and an additional,
typical, section follows.
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Section of Slick Rock Member in Dolores River Canyon east
of the Spud Patch, NEY sec. 33, T. 43 N., R. 18 W.

[Measured by G. C. Simmons and N. L. Archbold, Sept. 19, 1956]

Thickness
Slick Rock Member : (feet)

4, Sandstone, light-brown, very fine grained, horizon-
tally bedded; contains abundant interstitial cal-
cite which locally cements 14-in. nodules; hori-
zontally bedded unit-. 10

3. Sandstone, light-brown, very fine grained to fine-
grained, steeply crossbedded ; contains a few small
spots of limonite and abundant 4-in. nodules ce-
mented with calcite; upper part of crossbedded
unit — 21

2. Sandstone, light-brown to brown, very fine grained
to fine-grained; in alternating crossbedded and
horizontally bedded layers about 5 ft thick; con-
tains moderate small spots of limonite and abun-
dant interstitial calcite which locally cements
14-in, nodules; lower part of crossbedded unit____ 39

1. Sandstone; light brown in upper 10 ft, reddish brown
mottled with light brown in lower 15 ft; very fine
grained ; contains a trace of 34-in. nodules cemented
with caleite, and abundant small limonite (?) spots
in light-brown sandstone; light brown color in
lower part occurs largely along nearly vertical
fractures; lower massive unit; grades abruptly
into Dewey Bridge Member below_______________ 25

Total Slick Rock Member— . __________ 95

( ( Horizontally bedded unit {
c § B A A, fine-grained well-sorted and
e = rounded sandstone; contains
g % ) R sparse “‘Entrada berries” and
o) 3 abundant clots of interstitial
« ﬁng 2 carbonate, clay, and barite,
3 E J = a Crossbedded, and limonite specks, typical of
5 E S ' massive crossbedded Entrada
o R .
5= L } Hocrr';:;‘;?é%:gd?::é rssongz B, ftine to Ivery fine"grainfdd%and‘;
= ; stone; less well sorted an
S much as 1 foot thick rounded than A4; contains
o Horizontally bedded; some moderate “‘Entrada berries’
i crossbedded layers as and abundant interstitial car-
s much as 2 feet thick; bonate, clay, and barite, typical
. i numerous weathered of harizontally bedded Entrada
Light-reddish- holes
° L brown sandstone
T
o -g ‘‘Hoodao-weathering’’; very fine grained hematite-stained
3o sandstone; contains sparse biotite, barite, carbonate,
- = and sparse to abundant interstitial reddish- brown clay
o .
o S ] R.eddlsh brown
g % Light-brown x10 Light brown
532 sandstone Indefinite contact, but in a thin
B zone alteration in the Navajo
has encroached irregularly into
overlying reddish-brown Dewey
Bridge Member (contact en-

0 1(|)0 FEET

larged x 10 above)

Geology by D. R. Shawe and W. B. Rogers, May 1956

F16uRE 18.—Lithologic details of the Slick Rock and Dewey Bridge Members of the Entrada Sandstone on the northwest side
of Corral Draw, NW14NE1; sec. 36, T.44 N.,, R. 19 W.
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The Morrison Formation has long been famous for
vertebrate fossils, notably the large dinosaurs, and the
unit generally is well dated. The age of the formation is
Late Jurassic, although the exact age of its upper part
is not certain (Imlay, 1952, p. 953).

Although the Morrison Formation is fully discussed
by Craig and others (1955) the formation in the Slick
Rock district is described here in considerable detail
because of its pertinence to the origin, genesis, and oc-
currence of the uranium-vanadium deposits, subjects to
be discussed in later chapters of this report.

The Morrison is widely distributed in the Western
Interior of the United States. In most places it is not
subdivided, but on the Colorado Plateau it is divided
into several members. Craig and others (1955) studied
the regional characteristics of the formation on the
Colorado Plateau, and part of their work is briefly re-
viewed here in order to relate the Morrison Formation
of the Slick Rock district to the formation elsewhere. In
eastern Utah and western Colorado the lower part of
the Morrison consists of the Salt Wash Member,
whereas in northwestern New Mexico and northeastern
Arizona it consists of the Recapture Member. The Re-
capture and Salt Wash Members interfinger in the Four
Corners area and no Recapture extends as far north as
the Slick Rock district. Three facies of the Salt Wash
Member are recognized: a conglomeratic sandstone
facies in south-central Utah; a facies of alternating
sandstone and mudstone layers surrounding the conglo-
meratic sandstone facies on the northwest, north, and
east (in which area the Slick Rock district lies) ; and
a claystone and lenticular sandstone facies in north-
eastern Utah and northwestern Colorado. Eastward, the
third facies of the Salt Wash grades into claystone and
limestone beds of the undifferentiated Morrison Forma-
tion at the type locality.

The upper part of the Morrison is divided into the
Brushy Basin Member and the Westwater Canyon
Member. In the Four Corners area the Westwater Can-
yon Member underlies the Brushy Basin Member;
northward, the Westwater Canyon grades into the
Brushy Basin and is absent in the Slick Rock district;
southward from the Four Corners area, the Brushy
Basin Member apparently was removed by pre-Dakota
erosion. The Brushy Basin Member shows a wide range
in lithology, but no consistent changes are evident and
it has not been divided into regional facies.

The Morrison is thickest in the vicinity of the Four
Corners area, in Disappointment Valley, and along the
Colorado-Utah border just south of the Wyoming state
line. A cored section of the Morrison Formation near
the axis of the Disappointment syncline in the Slick
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Rock district is more than 1,100 feet thick, which is the
greatest thickness known.

The lower part of the Morrison Formation is com-
posed of sediments of fluvial origin, deposited both in
stream channels and on flood plains. The channel-type
deposits are lenticular crossbedded sandstones, and the
flood-plain deposits are tabular thin and flat-bedded
mudstones and sandstones. Channel-type deposits have
greatest aggregate thickness in southeastern Utah,
north of Gallup, and along the Utah-Colorado bound-
ary about midway between Grand Junction, Colo., and
the Four Corners. The direction of sediment transport
in the lower part of the Morrison, as deduced from
measurements of crossbedding, was toward the north,
northeast, east, and southeast from south-central Utah.

The Slick Rock district thus lies in a region where
only the Salt Wash and Brushy Basin Members of the
Morrison Formation are present, where the Morrison
Formation attains its maximum thickness, and where
stream-type deposits (lenticular crossbedded sand-
stone) have their greatest aggregate thickness and
maximum continuity.

AGE OF SOURCE ROCKS

Larsen method (lead-alpha) age determinations made
on five samples of zircons separated from sandstone
from the Morrison Formation in the Slick Rock district
indicate that the ultimate source rocks of the Morrison
were of late Precambrian to Early Cambrian age
(table 4).

The ages represent an average age of the zircons in
each sample, within the error of the method. Because °
nearly all (about 90 percent) of the zircons are well-
rounded grains, the determined age for any sample is
probably a good approximation of the age of the well-
rounded zircons. The predominance of well-rounded
zircons, whose form is a result of having passed through
many sedimentation cycles, in itself argues for an ulti-
mate source of considerable age; the late Precambrian
and Early Cambrian determined ages are compatible
with the present physical character of zircons in the
Morrison Formation. Perhaps the difference in relative
amounts of zircon types, that is, older well-rounded
zircons and younger nearly euhedral zircons, in the
different size fractions from sandstone of HD-1-366
accounts for the slightly different average ages of zir-
cons in the two fractions. The zircons from the ore-
bearing sandstone of the Salt Wash appear to be ap-
preciably older than those from the Brushy Basin above
and from the sandstone below the ore-bearing unit.
Possibly the difference in age reflects different sources
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TABLE 4.—Ages of zircons from the Morrison Formation in the
Slick Rock district

[Determined by the Larsen method. Analysts: H. J. Rose, Jr.,
and H. W. Worthing]

Age, in
millions
of years

Sample Locatlon Description

DVR-1-1303.2__ Slightly altered very light reddish
brown sandstone from the mid-
dle part of the Brushy Basin
Member; zircons separated from
—97 +150 and —150 +200 mesh
fractions, rejected in Frantz sep-
arator at 1.6 ampere, slope 15°
and 20°, tilt 10°.

Unaltered  light-reddish-brown
sandstone from the ore-bearing
sandstone of the Salt Wash Mem-
ber; zircons separated from
—200 mesh fraction, rejected in
Frantz separator at 1.65 ampere,
slope 20°, tilt 10°,

Same as above, but —150 200
mesh fraction, rejected in Frantz
separator at 1.6 ampere, slope
20°, tilt 10°.

Unaltered  light-reddish-brown
sandstone from thin unit just
below the ore-bearing sandstone
of the Salt Wash Member; zir-
cons separated from —200 mesh
fraction, rejected in Frantz sep-
arator at 1.56 ampere, slope 20°,
tilt 10°.

Unaltered  light-reddish-brown
sandstone from unit below ore-
bearing sandstone of the Salt
Wash Member.

Southeastern
Disappoint-
ment Valley.

58565

Doss group of 75685

claims.

HD-1-366._..__|._._. do..._.... 715480

SH-4-55......_. Veta Mad mine
area.

55560

SH-10-57A_.._. Cougar Canyon

area.

630-£70

of sediment for the ore-bearing sandstone and for beds
above and below it. Craig and others (1955, p. 150,
157) suggested two main source areas, one in west-
central New Mexico and one in west-central Arizona
and southeastern California, for parts of both the Salt
Wash Member and. the Brushy Basin Member, and
perhaps the difference in age of the zircons indicates
that the ore-bearing sandstone in the Slick Rock district
was derived from one of these sources, and the middle
part of the Brushy Basin Member and the unit below
the ore-bearing sandstone in the Slick Rock district
were derived from the other source.

SALT WASH MEMBER

The Salt Wash was named by Lupton (1914, p. 127)
as a member of the McElmo Formation and was de-
scribed from exposures in Salt Wash about 30 miles
southeast of Green River, Utah. The name Salt Wash
was retained for the same rocks, but as a member of the
Morrison Formation, when the term McElmo was
abandoned by Gilluly and Reeside (1928, p. 82).
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LITHOLOGY

In the Slick Rock district the Salt Wash Member
consists of light-buff. (or light-gray below the water
table where unweathered) to light-reddish-brown (also
light-reddish-brown where unweathered) lenticular
fine-grained sandstone layers that show scour and fill
features and crossbedding typical of channel-type sedi-
ments, intercalated with reddish-brown flood-plain-type
mudstone layers. The ratio of cumulative sandstone
thickness to cumulative mudstone thickness generally
ranges from 0.6 to 4.0 and most commonly ranges from
about 1 to 2. In the north half of the district, where
data are abundant, the highest sandstone-to-mudstone
ratios occur near the axis of the Dolores anticline. An
elongate area of high ratios appears to cross the axis
of the Disappointment syncline diagonally. The areas
of highest sandstone-to-mudstone ratios do not appear
to show any consistent relation to major structures in
the district.

The Salt Wash is expressed topographically as a
series of steep slopes formed on mudstone layers alter-
nating with cliffs and benches formed on the resistant
sandstone lenses. The sandstone lenses in the Salt Wash
are generally well exposed except on north slopes and
at the higher elevations on the rim of the Dolores River
Canyon, but the intercalated mudstone layers are gen-
erally covered by landslide debris, residual soil or talus,
and vegetation.

The Salt Wash Member can be divided roughly into
three parts. At the top and bottom of the member, lenses
of sandstone coalesce and form fairly continuous layers
of sandstone that contain numerous thin layers of mud-
stone. The middle part of the Salt Wash Member 1s
composed dominantly of mudstone containing scattered,
unconnected lenses of sandstone. The three parts of the
Salt Wash Member interfinger and are more evident
when viewed from a distance (fig. 28). They are also
evident locally in the geologic sections on plate 7 and
in the correlation diagram of plate 8. The threefold
breakdown of the Salt Wash Member is primarily to
facilitate discussion of the rocks. As is evident on plate
7, which was prepared to show detailed lithology in
the Morrison Formation in the vicinity of the uranium-
vanadium deposits, the three units were not mapped as
such. Most of the significant uranium-vanadium de-
posits in the Morrison Formation in the district occur
in the top sandstone layer or upper unit of the Salt
Wash Member, which is commonly referred to as the
ore-bearing sandstone.

SANDSTONE

Sandstone of the Salt Wash Member is character-
istically either light red to reddish brown or light gray
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Section of lower unit of Salt Wash Member at the Horseshoe
Bend of the Dolores River Canyon, sec. 31, T. }8 N., R. 17 W.,
and sec. 6, T. 42 N, R. 17 W.

[Measured by L. C. Craig and J. D. Ryan, July 1949.
Designated lower unit by the present authors]

. Thickness
Lower unit: (feet)

7. Sandstone, pinkish-gray, light-brown weathering, me-
dium-fine- to fine-grained; of subangular clear
quartz with pink and black accessories; channeled

and cross laminated.__ - 14
6. Poorly exposed; reddish soil suggests red sandy
claystone - 11

5. Sandstone, pinkish-gray, white- to pale-brown-weath-
ering, medium-fine- to fine-grained; of subangular
clear quartz with numerous pink and black acces-

sories; channeled and cross laminated_._._________ 10
4, Claystone, dark-reddish-brown (10R 3/4), slightly

silty ; shaly weathering_________________________ 4
3. Not exposed _— —— 4
2. Sandstone; similar to that below, becoming medium

fine grained near the top— e _____ 22

1. Sandstone, pinkish-gray (5YR 8/1), light-brown-
weathering ; predominantly fine grained; highly
calcareous; of subangular clear quartz with minor
pink, red, and black accessories; channeled and
cross laminated________ - - 21

Total lower unit . _______ 86

Section of lower unit of Salt Wash Member near the head of
Stevens Canyon, sec. 32, T. j4 N., R. 19 W,

[Measured by G. C. Simmons and N. L. Archbold, Sept. 12, 1956]

. Thickness
Lower unit: (feet)
9. Sandstone, 1light- reddish - brown, medium - fine-
grained ; abundant black opaque minerals_______ 24
8. Mudstone, reddish-brown. . - - 5

7. Sandstone, reddish-brown, fine-grained; abundant
black opaque minerals, sparse limonite spots,
sparse light-colored chert and altered feldspars._ 8

6. Sandstone, reddish-brown, fine-grained; very abun-
dant calcite nodules and limonite spots, abundant
light-colored chert and altered feldspars, moderate
amount of black opaque minerals; a thin mud-

stone layer lies at the base_ ________ _________.___ 12
5. Sandstone, light - yellowish - brown, medium - fine-

grained — -~ 14
4. Mudstone and siltstone, reddish-brown___________ 8

3. Sandstone, reddish-gray, medium-fine- to medium-
grained ; sparse black opaque minerals, abundant
light-colored chert and altered feldspars, mod-
erate number of limonite spots, a few pebbles of
reddish-brown mudstone_._____________________ 9

2. Mudstone and siltstone, reddish-brown___________ 9

1. Sandstone, light-reddish-brown, fine-grained; mod-
erate amount of black opaque minerals and flakes
of reddish-brown mudstone

Total lower unit____ _—
282-180 0—68——15
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Section of lower unit of Salt Wash Member on north side of
MclIntyre Canyon, SW1 sec. 1, NWY; sec. 12, T. j}} N., R. 20 W.

[Measured by L. C. Craig and V. L. Freeman, 1950.
Designated lower unit by the present authors]

Thickness
Lower unit: ('fceegfs

8. Sandstone, white to very pale orange, with minor
moderate-orange-pink and yellowish-gray, med-
ium-fine-grained; of subangular to subrounded
clear quartz with common white, pink, and gray

accessories; channeled; eross laminated. _____._ 32
7. Covered; probably includes some reddish-brown
claystone ___._ - e 22

6. Sandstone, white to grayish-orange-pink to very
pale orange, medium-fine- to medium-grained ; of
subangular to subrounded clear quartz with abun-
dant white angular and common varicolored ac-
cessories; channeled; cross laminated-__.______ 15

5. Claystone, pale-reddish-brown to dark-reddish-
brown, slightly silty to fine-grained sandy; shaly
to earthy weathering; moderate-reddish-orange
very fine-grained to fine-grained slabby weather-
ing sandstone; chlorite fiakes in places_._________ 10

4. Sandstone, white to grayish-orange-pink to very pale
orange, medium-fine- to medium-grained; of sub-
angular to subrounded clear quartz with abun-
dant white angular and common varicolored
accessories; contains local lenses of white angular
chert and altered feldspars up to granule size;
channeled ; crosg laminated ; forms a small ledge. 10

3. Sandstone and claystone, interbedded; similar to
basal part but sandstone layers are thinner and
claystone is more abundant____________________ 5

2. Sandstone, moderate-orange-pink to pale-red, med-
ium-fine- to fine-grained; of clear and amber-
stained quartz with common to abundant black,
pink, red, green, and orange accessories; chan-
neled; fine-scale cross laminated; forms a small
massive ledge- - 9

1. Sandstone, moderate-reddish-orange, dominantly
fine-grained ; in a few places medium fine grained;
of subangular clear quartz with some varicolored
accessories; minor interlayered pale-reddish-
brown very fine grained sandy claystone; beds are
lensing ; sandstone forms massive rounded ledges 5

Total lower unit________________________

MIDDLE UNIT

The middle unit of the Salt Wash Member is com-
posed of discontinuous lenses of sandstone as much as
60 feet thick and from a few hundred feet to a few
miles long interbedded with thick mudstone strata as
much as 80 feet thick (pl. 7). Proportions of mudstone
to sandstone range commonly between 2 to 1 and 5 to 1.
In many places sandstone and mudstone strata in the
middle unit merge laterally into the lower unit or into
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the upper unit (fig. 36). Minor uranium-vanadium pro-
duction in the Slick Rock district and other districts
of the Uravan mineral belt has come from the middle
unit of the Salt Wash Member where more persistent
sandstone lenses are thickest.

Sandstone in the middle unit is similar to that in the
lower unit except that it contains much less light-col-
ored coarse-grained angular detritus. The areal dis-
tribution of colors in the middle unit throughout the
district is similar to that in the lower unit. Mudstone of
the middle unit in which the sandstone strata occur con-
tains an appreciable amount of thin and horizontally
bedded claystone, argillaceous siltstone, and argillaceous
sandstone. In places these show crossbedding on a mi-
nute scale, probably the same type of structure termed
“ripple cross-lamination” by McKee (1939). Complete
gradations between claystone and siltstone, and clay-
stone and sandstone, characterize the middle unit. Some
parts of the unit that have been called mudstone may in
reality contain more than 50 percent silt- or sand-size
detritus and properly should be called argillaceous silt-
stone or sandstone, but the deep color imparted to the
rock by abundant interstitial reddish-brown clay makes
it appear similar to the more abundant mudstone. The
dominant color of the mudstone is reddish brown, but
parts are mottled or interlayered with greenish-gray
mudstone.

The following stratigraphic sections of the middle
unit measured in four widely separated parts of the
Slick Rock district are typical of the unit in those areas
and show the variation that characterizes the unit
throughout the district.

Section of middle unit of Salt Wash Member in Big Canyon,
secs. 22 and 23, T. 41 N., R. 18 W.

[Measured by G. C. Simmons and N. L. Archbold, September 1956]

Thick
Middle unit : (feety .
5. Mudstone, reddish-brown; sparsely mottled with
greenish gray; poorly exposed at the top__—_____ 41

4. Sandstone, light-gray, fine- to medium-fine-grained ;
abundant altered feldspars, abundant limonite

spots, sparse dark minerals, sparse flakes of

greenish-gray clay; contains a greenish-gray

mudstone layer 1 ft thick 18 ft above the base___. 58
3. Mudstone, reddish-brown; poorly exposed_________ 42

2. Sandstone, light-reddish-brown, fine-grained;
abundant black opaque minerals and limonite

SPOtS e - 17

1. Mudstone, reddish-brown ; poorly exposed in lower
30 B e 41
Total middle unit____.__________________ 199
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Section of middle unit of Selt Wash Member at the Horseshoe
Bend of the Dolores River Canyon, sec. 31, T. 43 N., R. 17T W.,
and sec.6,T. }2N.,R. 17T W.

[Measured by L. C. Craig and J. D. Ryan, July 1949.
Designated middle unit by the present authors]
Thickness

Middle unit: (feet)
5. Siltstone and claystone, red; contains a few beds
of red and gray very fine grained to fine-grained
sandstone; poorly exposed—____ . _____________ 66
4, Sandstone, light-gray to grayish-pink, medium-fine-
to fine-grained; of subangular clear quartz with
abundant varicolored accessories; channeled;
cross laminated to ripple laminated.___________ 20
3. Claystone, grayish-red and light-greenish-gray,
silty; interbedded with greenish to grayish
orange-pink very fine-grained to fine-grained
slabby bedded sandstone; poorly exposed________ 26
2. Sandstone, white to very light gray, pale-brown
weathering, predominantly medium fine grained;
of subangular clear quartz with minor ‘orange to
pink and black accessories; channeled and cross

laminated — 29
1. Claystone, pale-reddish-brown and pale-greenish-
yellow, silty; poorly exposed. o ________ 22

Total middle unit_ — 163

Section of middle unit of Salt Wash Member near the head of
Stevens Canyon, sec. 32, T. 44 N., R. 19 W.

[Measured by G. C. Simmons and N. L. Archbold, Sept. 12, 1956]

Thickness
Middle unit: (feet)
6. Sandstone, reddish-brown and gray, fine-grained;
minor black opaque minerals, altered feldspars,
limonite spots, interstitial elay ; contains abundant

thin mudstone layers__ . ________ ______________ 21

5. Mudstone, reddish-brown_____ ——— 30
4. Sandstone, reddish-brown, very fine grained; abun-

dant interstitial clay; thin bedded_______________ 5

3. Mudstone, reddish-brown - 10
2. Sandstone, light-reddish-brown, flne-grained; minor
black opaque minerals; contains abundant thin

layers of reddish-brown mudstone_______________ 7

1. Mudstone, reddish-brown - __ 22

Total middle unit — 95

Section of middle unit of Salt Wash Member on the north side
of Mclntyre Canyon, SWY sec. 1, NWi4 sec. 12, T. 44 N.,
R. 20 W.

[Measured by L. C. Craig and V. L. Freeman, 1950.
Designated middle unit by the present authors] .
Middle unit: s
2. Claystone, grayish-red (10R 6/2) to pale-reddish-
brown, slightly silty to fine grained sandy ; earthy
weathering; thinly interbedded with an equal
amount of pale-red (10R 4/2), brownish-weather-
ing very fine grained to fine-grained massive to
ripple laminated sandstone of clear quartz, with
abundant varicolored accessories, that forms
slabby ledges; laterally the sandstone forms a
thick lenticular body.__.____ - 103
1. Not exposed; probably reddish-brown mudstone_.__ 32

Total middle unit

135
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UPPER UNIT, OR ORE-BEARING SANDSTONE

The upper unit of the Salt Wash Member, the ore-
bearing sandstone, consists of a persistent stratum made
up of numerous juxtaposed sandstone lenses. In some
places it is a single massive unit and in others it occurs
as two or three sandstone strata separated by mudstone
strata as much as 15 feet thick. In places sandstone
lenses that are laterally continuous with the main body
of the upper unit at the bottom or at the top of the unit
tongue out in mudstone. Such “splitting off” of parts of
the upper unit in places where exposures are poor or
where drill hole data are inadequate locally makes de-
lineation of the unit difficult. Plate 7 (including geologic
sections 4-A’’ and B-B’-B’’), figure 36, and plate 10
make clear the continuity of the upper unit but also
show the intertonguing character of the bottom and top
of the unit.

Crossbedding and scour-and-fill structures are more
marked in the ore-bearing sandstone than in other parts
of the Salt Wash. Even so, horizontally bedded sand-
stone with numerous current lineations is common in
the upper unit.

The lateral persistence of the ore-bearing sandstone
throughout the Slick Rock district belies its extreme
complexity. A geologic cross section compiled from a
line of 27 diamond-drill holes which extends about
3,800 feet through the Easton B group of the Charles
T area, shown in plate 11, demonstrates the rapid lateral
changes in the unit resulting from intertonguing and
“splitting” of sandstone. In a few places scouring and
filling in the upper unit was so extensive that beds at
the top of the unit are older than beds at the base of the
unit just a few hundred feet away. South of Tailholt
Canyon, in SW¥% sec. 27, T. 44 N., R. 19 W, two prin-
cipal sandstone layers originally made up the upper
unit. The whole unit later was swept away completely
in places and replaced by additional sand layers of
similar total thickness. Finally, the upper part of these
later layers was swept away locally and replaced by a

SW

65207, Upper unit of the Salt Wash Member

gore-bearing sandstone)
6500" - g/ B
6480' . .
| Upper part of middle unit of the Salt Wash Member
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still younger sand layer. The order of deposition of the
different parts of the unit is evident from figure 37.

Carbonaceous material in the ore-bearing sandstone,
though not ubiquitous, is abundant and widely dis-
tributed in contrast to that in sandstone in the middle
and lower units of the Salt Wash Member and in the
overlying Brushy Basin Member, which is sparse and
only locally present. Wherever found, it is in light-buff
or light-gray sandstone; in virtually no place is it in
light-reddish-brown sandstone. In many places the ore-
bearing sandstone is light buff or light gray in its
lower part and light reddish brown above, perhaps re-
flecting a common tendency for carbonaceous material to
be abundant in the lower part of the ore-bearing sand-
stone and absent in the upper part. Carbonaceous ma-
terial is present in almost all light-buff and light-gray
ore-bearing sandstone within the area of the detailed
map of the Morrison Formation (pl. 7). Even within
this area, however, ore-bearing sandstone in smaller
patches as much as a mile across is devoid of visible
carbonaceous material, as determined from diamond-
drill cores. Qutside the area of the detailed map, the
ore-bearing sandstone is mostly devoid of carbonaceous
material except locally west and southwest of Egnar,
northwest of Horse Range Mesa, in the northwestern
part of Disappointment Valley, and in scattered patches
elsewhere ; some of these areas are as much as several
miles across.

Mudstone and claystone in the ore-bearing sandstone
appear to be similar in most respects to those in the
underlying middle unit of the Salt Wash. But according
to the data of Archbold (1959, figs. 3, 5), mudstone
collected from the ore-bearing sandstone contains ap-
preciably less calcite than does mudstone from the
middle unit of the Salt Wash. According to Keller
(1959, p. 118) two samples of mudstone from an un-
mineralized part of the ore-bearing sandstone collected
in the Lower Group area near the town of Slick Rock
contain hydrous mica as the only determinable clay
mineral.

NE
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FIeURE 37.—Diagrammatic section of the ore-bearing sandstone showing lateral differences in age of sandstone layers. South
of Tailholt Canyon, SW14 sec. 27, T. 44 N., R. 19 W. Light stipple is light-buff sandstone; dark stipple is light-reddish-

brown sandstone. Older layers are to the right.
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The amount of carbonaceus material in mudstone and
claystone in the ore-bearing sandstone commonly re-
flects the amount in the adjacent sandstone.

The contact of the ore-bearing sandstone with the
underlying middle unit of the Salt Wash is generally
an erosional contact marked by extensive channel scour-
ing, but, as indicated in figure 36 and on plate 11, it is
locally intertonguing. Tongues of sandstone overlie ero-
sional surfaces and thus emphasize the ubiquity of scour
and fill effects ; none of the erosional surfaces can repre-
sent a significant time interval. Many sandstone tongues
are merely lenses, enclosed in mudstone at one side and
abutting sandstone at the other side.

Although the following stratigraphic sections of the
upper unit were measured in four widely separated
parts of the district, they might have been measured
within a few hundred feet of each other, so complex
and variable is the upper unit in detail.

Section in Big Canyon, secs. 22 and 23, T. 41 N., R. 18 W.

[Measured by G. C. Simmons and N, L. Archbold, September 1956]

Upper unit: T’E‘,«%’é’%’“

1. Sandstone, gray, fine- to medium-fine-grained;
minor dark accessories, altered feldspars, limo-
nite spots, and interstitial calcite_ .. ________ 24

Total upper unit %

Section measured at the Horseshoe Bend of the Dolores River
Canyon, sec. 31, T. j}3 N., R. 17 W., and sec. 6, T. 42 N., R. 17 W.

[Measured by L. C. Craig and J. D. Ryan, July 1949.
Designated upper unit by the present authors]

Upper unit: Thiifcelgrtz)ess

2. Sandstone, light-gray, fine-grained; composition as
below ; in slabby structureless ledges as much as
1 ft. thick____ 5
1. Sandstone, light-gray to white, light-brown- to pale-
yellow-weathering, medium-fine- to medium-
grained; of clear rounded to subangular quartz
with minor varicolored accessories and white

chert _..____._____ - 41
Total upper unit 46
Bection near the head of Stevens Canyon, sec. 32, T. 44 N.,
R. 19 W.
[Measured by G. C. Simmons and N. L. Archbold, 'Sept. 12, 1956]
Upper unit: T’zifceke?f”

3. Sandstone, grayish-red, fine-grained; minor black
opaque minerals, altered feldspars, limonite spots,
interstitial clay___ ——— 2

2. Sandstone, grayish-red, fine-grained ; abundant. inter-
stitial clay; poorly exposed__.__________________ 9

1. Sandstone, gray, fine-grained; minor dark acessories,
altered feldspars, limonite spots, interstitial clay;
contains a few thin red mudstone layers__________ 64

Total upper unit 75
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Rection on the north side of McIntyre Canyon, SW3 sec. 1,
NWi sec. 12, T. )4 N, R. 20 W.

[Measured by L. C. Craig and V. L. Freeman, June 1950.
Designated upper unit by the present authors]
Thickness

Upper unit: (feet)

3. Sandstone, white to grayish-orange-pink (10R 8/2),
weathers white, fine- to medium-fine-grained; of
clear subangular quartz with common to abundant
white, red, pink, orange, green, and gray acces-
sories; channeled; cross laminated._____________ 15

2. Claystone and minor sandstone (30 percent) ; clay-
stone, grayish red (10R 4/2 below and 5R 4/2
above), silty to very fine grained sandy, earthy
weathering; sandstone, light greenish gray to
moderate reddish orange, very fine to fine grained;
of clear subangular quartz with abundant colored
accessories; slabby; one sandstone layer containg
pebbles of limestone as much as 34 in. in diameter__ 21

1. Sandstone, white to very pale orange, very light
brown weathering, fine- to medium-grained; of
clear subangular partly overgrown quartz, with
common white, orange to pink, and gray acces-
sories; channeled; cross laminated; contains rare
beds with worm borings(?); forms prominent
continuous ledge. 52

Total upper unit 88

SURFACE DISTRIBUTION AND CONFIGURATION

The Salt Wash Member crops out over much of a
broad area on the crest and northeast limb of the
Dolores anticline and in an area southeast of Island
Mesa. It appears in a narrow strip along the northeast
edge of the district and in narrow sinuous strips on either
side of the Dolores River Canyon and at the southeast
edge of the district along Narraguinnep Canyon (pl.1).

In the district the thickness of the Salt Wash is re-
lated to the major folds (fig. 38) and ranges from about
275 feet along the crest of the Dolores anticline to about
400 feet near the axis of the Disappointment syncline.
The lower unit appears to be thickest (130-140 ft) in
the Disappointment Valley area, thinnest (60-100 ft)
in an area from the Horseshoe Bend of the Dolores
River northwestward to McIntyre Canyon, and inter-
mediately thick (about 120 ft) in the vicinity of Big
Canyon. It therefore appears to be thinnest in the axial
region of the Dolores anticline. The middle unit is
thinnest (100-120 ft) near and southwest of the town of
Slick Rock and is thicker (130-200 ft) peripheral to
this area. The area of thinnest middle unit corresponds
to only a segment of the axial region of the Dolores anti-
cline. The upper unit varies in thickness erratically and
abruptly throughout the district. It is perhaps most
consistently thick (40-100 ft) in most of the Disap-
pointment Valley area, in the vicinity of Summit Can-
yon, and west of Egnar. Thicker parts of the ore-bear-
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ing sandstone appear to have elongate and sinuous
configurations in plan and probably represent areas of
the more persistent stream courses. Some locally abrupt
changes in thickness of each unit are a result of inter-
tonguing and do not appear to be associated with the
main structures in the district.

BRUSHY BASIN MEMBER

The Brushy Basin Shale Member was named by
Gregory (1938, p. 59) for exposures in Brushy Basin,
west of Blanding, Utah. The Brushy Basin in the Slick
Rock district is rather similar to that in the type area.

The member is expressed topographically as a steep
slope underlain by mudstone and broken by a few
benches where sandstone and conglomeratic sandstone
lenses crop out. Best exposures of the Brushy Basin
are found at lower elevations in the northern part of
the district (pl. 7) where, because of more arid condi-
tions, soil is thinner and vegetation is sparser than else-
where in the district.

LITHOLOGY

The Brushy Basin Member in the district consists
dominantly of variegated bentonitic mudstone contain-
ing interbedded sandstone and conglomeratic sandstone
lenses, more numerous in the lower part than in the
upper part of the member. Mudstone makes up about
three-fourths of the member, but the proportion of
mudstone to sandstone and conglomerate ranges from
less than 2 to 1 to nearly 100 percent mudstone. The
mudstone strata are evenly bedded, similar to flood-
plain-type layers in the underlying Salt Wash Member.
Sandstone lenses are chiefly crossbedded and fill chan-
nel scours like the fluvial or channel-type lenses in the
Salt Wash. Limestone beds and nodules as much as a
foot thick occur at many levels in the member but ap-
pear to be most abundant in the middle part.

Carbonaceous material is present but not abundant
in the Brushy Basin Member, and occurs principally in
sandstone and conglomeratic sandstone lenses in the
lower half of the unit. Carbonized plant remains are
generally much smaller than those in the Salt Wash
Member; large fossil tree trunks are not known in the
district. Thin layers of carbonaceous mudstone occur
sparsely throughout the member. Silicified plant debris
in the Brushy Basin is more abundant than in the Salt
Wash.

Dinosaur bones are more common in the Brushy
Basin Member than in the Salt Wash Member and along
with silicified wood fragments are abundant in some
horizons in the lower half of the member. One horizon
about 100 feet above the base of the Brushy Basin, at
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the base of a sandstone layer about 20 feet below the
top of hill 6102, SE1/ sec. 5, T. 43 N., R. 18 W. (location
shown on pl. 1), contains some large fragments of dino-
saur vertebrae and other bones. Other animal fossils
are rare in the member. A gastropod collected from the
drill core of hole DV-89, sec. 27, T. 44 N., R. 18 W,
Disappointment Valley (location shown in fig. 2), about
160 feet above the base of the member, was identified
by J. B. Reeside, Jr. (written commun., 1956), as “a
species of G'ryaulus commonly called G. vefernus (Meek
and Hayden)”; this fossil was associated with material
identified as “probably stems of a characeous alga.”

The Brushy Basin Member can be divided conven-
iently into three parts; not all are present everywhere
in the district, but all are fairly well defined in most of
the area of the detailed map of the Morrison Formation
(pl. 7) and in the area of deep diamond drilling in
western Disappointment Valley. The three units are
not shown as such on plate 7 because the map was pre-
pared primarily to show details of smaller rock units.
The three parts of the Brushy Basin are evident prin-
cipally on the basis of their dominant color, either red-
dish brown to brownish gray or greenish gray, and are
therefore called here, in stratigraphic succession, the
lower brown unit, the middle green unit, and the upper
brown unit. The three units have generally distinctive
lithologic characteristics that substantiate their division
on the basis of color. Locally the upper brown unit has
a greenish-gray zone at its top, in part lithologically
distinct from the upper brown unit, which may be tran-
sitional into the overlying Burro Canyon Formation.
The units of the Brushy Basin are shown in a geologic
cross section (pl. 12) drawn through five diamond-drill
holes in the western Disappointment Valley area.

MUDSTONE

Rocks described generally as mudstone in the Brushy
Basin Member include a variety of types such as clay-
stone, silty and sandy claystone, limy claystone, siliceous
claystone, clayey siltstone, clayey and sandy siltstone,
and limy siltstone. These rocks are in the main frothy
weathering where they contain abundant swelling clay,
hackly weathering where calcite rich, and shaly weath-
ering where swelling clay and calcite are sparse. Sili-
ceous parts, generally thin, weather out as resistant low
ledges. The mudstone is generally poorly fissile or non-
fissile. Mudstone described as a specific rock type indi-
cates an argillaceous rock containing less than 50 per-
cent silt or sand grains. Some parts called mudstone may
contain more than 50 percent silt- or sand-size detritus,
but the color imparted to the rock by abundant inter-
stitial clay makes it look similar to the more prevalent
mudstone.
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The mudstone is dominantly reddish brown, brown-
ish gray, and greenish gray, but a great variety of colors
characterizes the Brushy Basin, and seemingly all gra-
dations of these colors may occur within a few feet
stratigraphically. Color layering and mottling both are
common.

Horizontally bedded and thinly laminated mudstone
is predominant in the Brushy Basin although some
parts show mashed and fragmented beds and laminae,
probably a result of slumping when the strata were still
unconsolidated. Crossbedding on a small scale is evident
in silty and sandy parts in a few places; some is typical
of scour-and-fill structures, and some is probably equiv-
alent to the “ripple cross lamination” of McKee (1939).

Clay in the mudstone is chiefly montmorillonite, al-
though kaolinite and hydrous mica are also present and
probably abundant locally. (For example, see the data
of Weeks, in Waters and Granger, 1953, and of Keller,
1962.) Calcite is the dominant carbonate, but dolomite
and siderite occur locally. Calcite content shows a wide
range, from almost none to more than half of the rock.
Calcite-rich types grade into limestone. Detrital grains,
which make up less than 50 percent of the mudstone, are
poorly sorted, silt to coarse-sand size, and sharply angu-
lar to well rounded.

The abundance of shard structures in clay, the
sharply angular fragments of detrital minerals, and the
fairly high plagioclase content of the mudstone leave
little doubt that much of the Brushy Basin mudstone is
of volcanic origin and that it was deposited as ash falls
or in streams or lakes and on flood plains as mixtures of
airborne volcanic material and waterborne sediment.

SANDSTONE AND CONGLOMERATE

Sandstone in the Brushy Basin Member ranges from
very fine grained to coarse-grained and is conglomeratic
and quartzose with detrital particles, mainly sub-
rounded to angular. The sandstone typically is cross-
bedded in lenses as much as 50 feet thick and perhaps a
mile across, though commonly smaller, and shows the
scour-and-fill structures of fluvial deposits. Some thin
strata of very fine grained clayey and silty sandstone
are evenly bedded to massive and structureless and prob-
ably were deposited in quiet water; these appear to be
laterally more extensive than the crossbedded lenses.
Sandstone in the member shows a wide range in cement-
ation; in different places it is porous, moderately ce-
mented, and tightly cemented with clay, carbonate, or
silica. Some thin layers of fine-grained sandstone are
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quartzitic and extremely hard; such layers have caused
some trouble in drilling in the Disappointment Valley
area.

The chief differences in composition between Brushy
Basin sandstone and Salt Wash in the district are the
lower quartz (including silica cement) content and
higher plagioclase, rock fragment, calcite, clay, hema-
tite, and chlorite contents of the Brushy Basin
sandstone.

Conglomeratic sandstone and conglomerate are
abundant in the Brushy Basin Member. Granules and
pebbles, mostly chert, as much as 114 inches in diam-
eter, are red, green, gray, yellow, white, and black, but
most commonly red and green, leading to the designa-
tion “Christmas tree” conglomerate for some of the
more colorful rocks. Conglomeratic sandstone lenses of
the Brushy Basin are commonly highly silicified for
an inch or so where they are in contact with enclosing
mudstone.

Sandstone, conglomeratic sandstone, and conglom-
erate in the Brushy Basin may be almost white, light
gray, light brown, greenish gray, light red, or reddish
brown. In general, the color varieties are distributed
in accord with the overall color units already indicated.

In a study of the conglomeratic sandstone lenses in
the lower part of the Brushy Basin Member near Slick
Rock, Phoenix (1958, p. 407, 409; figs. 1,4, 5) has shown
that the dominant direction of sediment transport was
easterly, based on a general easterly decrease in the size
of pebbles, and was apparently along separated and
well-defined channel systems about a quarter of a mile
to half a mile wide, elongated in the direction of sedi-
ment transport. Craig and others (1955, p. 157) sug-
gested a general southwesterly source for the Brushy
Basin as a whole. Cadigan (1959, p. 22) indicated that
material of volcanic origin in the Brushy Basin is most
abundant in the northwestern part of the Colorado
Plateau, which suggests a northwesterly source for the
volcanic material.

The contact between the Brushy Basin Member and
the underlying Salt Wash Member is conformable and
in many places difficult to locate. We have not placed
it in the same position as some earlier workers, for ex-
ample Craig and others (1955), who used the base of 2
lensing conglomeratic sandstone containing red, green,
and white chert pebbles as the basal contact of the mem-
ber in western Colorado and eastern Utah. “Where the
basal conglomerate is absent in western Colorado, the
top of the uppermost scour-fill sandstone of the Salt
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Wash member is used as the contact” (Craig and others,
1955, p. 156). Instead, we have used the top of the ore-
bearing sandstone of the Salt Wash exclusively as the
contact, chiefly because in this area it is a more persist-
ent and recognizable horizon than that used by Craig
and his coworkers. In drill cores the top of the ore-bear-
ing sandstone is commonly the only recognizable con-
tact. Although the base of the conglomeratic sandstone,
where present, marks a more pronounced change from
Salt Wash to Brushy Basin lithology, it is impractical
to use in subsurface correlations. The local absence of
a basal conglomeratic sandstone lens, together with the
common tendency for individual lenses to occur at dif-
ferent stratigraphic horizons, also makes the top of the
ore-bearing sandstone a more practical contact to locate
in outerops. The thickness of the stratigraphic interval
between the contact we have selected and that of Craig
and his coworkers is generally 1040 feet.

LOWER BROWN UNIT

The lower brown unit, because of our choice for the
position of the Salt Wash-Brushy Basin contact, is a
transitional sequence of mudstone, sandstone, and con-
glomerate strata in which some of the lower sandstone
layers have virtually the same lithology as the sandstone
in the Salt Wash Member. Mudstone in this interval is
likewise similar to Salt Wash mudstone in composition
inasmuch as it contains less swelling clay than is gen-
eral throughout the rest of the Brushy Basin. Mudstone
to sandstone ratios in the unit are chiefly between 2 to 1
and 4 to 1. The unit is evident everywhere in the area
of the detailed map of the Morrison Formation (pl. 7)
where the lower part of the Brushy Basin is not mantled
by surficial debris and likewise is present in most of
the subsurface in the areas of diamond drilling for
uranium-vanadium deposits (for example, pl. 12). In a
few places near its base the unit contains small uranium-
vanadium deposits in sandstone similar to the ore-
bearing sandstone of the Salt Wash, a tongue of which
extends into the base of the lower brown unit (pl. 18,
A-A"). Sandstone in the lower brown unit is generally
lenticular (pl. 13, A-A4’). The upper boundary of the
lower brown unit (not shown on pl. 13) lies near the
horizon of the sandstone lens containing the Full Moon
mines. Most of the lenses shown in section A-4’ are
light-buff to light-greenisl.-gray conglomeratic sand-
stone with chert granules, but a few near the base
of the unit are light-reddish-brown sandstone similar
to Salt Wash sandstone. Mudstone is virtually all red-
dish brown, except for selvages a few inches thick of
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greenish-gray mudstone around lenses of light-buff to
light-greenish-gray conglomeratic sandstone.

Mudstone in the lower brown unit of the Brushy
Basin probably contains more bentonitic clay (mont-
morillonite), recognized by its swelling properties, than
does mudstone in the Salt Wash, and material of vol-
canic origin is probably present in appreciable
amounts.

Fine-grained to very fine grained sandstone in the
lower brown unit is similar to sandstone in the Salt
Wash Member. The sandstone consists of poorly to
moderately sorted chiefly angular to subrounded, but
in part well-rounded, grains.

Conglomeratic sandstone and conglomerate lenses
are abundant in the lower brown unit, especially near
the top of the unit, and are lithologically similar to such
rocks in the middle green unit. They are light reddish
brown and light buff to light greenish gray.

Limestone nodules and strata perhaps as much as a
foot thick occur in a few places in the lower brown unit.

Section of the lower brown unit of the Brushy Basin Member,
near Sliok Rock, sec. 30, T. 44 N., R. 18 W.

[Measured by L. C. Craig, November 1948, Designated lower brown unit

by the present authors]
. Thickness
Lower brown unit: (feet)

1. Claystone and sandstone interbedded. Claystone,
dark-red, silty to very fine sandy; small amounts
of greenish-gray claystone. Sandstone, light-
greenish-gray (5GY 8/1), weathering light brown-
ish gray, very fine-grained to fine-grained; com-
posed of subangular clear quartz with numerous
orange-red, pink and black accessory minerals;
structureless, slabby, in 1- to 2-ft thick beds_.____

Total lower brown unit

Section of the lower brown unit of the Brushy Basin Member
from drill cores from diamond drilt hole DVR-1 in Disap-
pointment Valley, sec. 30, T. 43N.,R. 16 W.

[Measured by D. R. Shawe, June to November 19551

Thickness
(feet)

Lower brown unit :

4, Mudstone and siltstone, chiefiy reddish brown;
sandy in places; contains sparse to abundant
calcite. Interval contains 0.6-ft limestone nodule
24 ft above base; 1-ft silicified light brownish-
gray fine-grained sandstone 20 ft above base___

3. Sandstone, light-reddish-brown to brownish-gray,
very fine to fine-grained ; contains sparse black
opaque minerals, a moderate amount of red
and green chert grains, a moderate amount of
calcite, abundant interstitial reddish-brown and
gray clay, and sparse fiakes and pebbles of
greenish-gray mudstone______________________

27.0
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Section of the lower brown unit of the Brushy Basin Member
from drill cores from diamond drill hole DVR-1 in Disap-
pointment Valley, sec. 30. T. }3 N., R. 16 W.—Continued

Thickness
(feet)

Lower brown unit—Continued
2. Sandstone, very light brown, medium-grained ;
containg sparse black opaque minerals, abun-
dant 15 ft above base; abundant red, green,
dark-gray, and buff chert grains and pebbles

in places, abundant altered feldspar in places,
sparse interstitial light-gray clay, sparse green-
ish-gray clay flakes, no calcite. Interval con-
taing carbonaceous mudstone seam 7 ft above
base o

1. Mudstone and siltstone, chiefly reddish brown,
light greenish gray and light brownish gray in
places; sandy in places; contains abundant to
sparse calcite. Interval contains 2-ft-thick very
light brown very flne grained quartzitic sand-
stone 49 ft above base and 5-ft-thick light-red-
dish-brown fine-grained sandstone with abun-
dant interstitial reddish-brown clay and sparse
black opaque minerals 23 ft above base_______

16. 6

Total lower brown unit__.____________
MIDDLE GREEN UNIT

The middle green unit of the Brushy Basin Member
is characterized by dominance of greenish-gray colors.
It contains mudstone and sandstone in proportions
ranging chiefly between 2 to 1 and 4 to 1. The unit
generally has a higher proportion of conglomeratic
sandstone and conglomerate than do underlying and
overlying parts of the member. In addition it con-
tains a large amount of material of volcanic origin;
in this respect it is like the Brushy Basin as described by
other workers (Hess, 1933, p. 463-464; Stokes, 1944;
Waters and Granger, 1953; Craig and others, 1955,
p. 156; Cadigan, 1959, p. 21-22). Even so, the coarser
clastic parts of the unit, despite abundant evidence of
volcanic material, are composed dominantly of material
derived from the erosion of sedimentary rocks. The
unit is not present everywhere in the district, but it is
well defined between the Horseshoe and Muleshoe Bends
of the Dolores River on the east side of the river
canyon, near and west of Slick Rock (pl. 7), and in
the area of deep drilling in Disappointment Valley
(pls. 12 and 14). The middle green unit commonly
Intertongues with the underlying and overlying units
(pls. 12 and 14). Because the middle green unit seems
to be partly zone of altered mudstone surrounding a
core of numerous altered sandstone lenses (pl. 12),
some of the tonguing out of the unit may reflect only
the pinching out of individual sandstone lenses. In
some places, such as those illustrated in figure 39, the
whole green unit appears to pinch out in response to
the pinching out of the sandstone lenses.
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In a few places the unit contains small uranium-
vanadium deposits in carbonaceous conglomeratic sand-
stone, and parts of the unit show much-higher-than-
background radioactivity in an area east of the Moon
group of mines and north of the Muleshoe bend of the
Dolores River.

Mudstone in the middle green unit is typically ben-
tonitic, shows abundant shard structures, and is prob-
ably dominantly of volcanic origin. Clastic material in
the mudstone is in part rounded and of sedimentary
origin, but much is sharply angular or consists of broken
euhedra and is chiefly quartz, plagioclase, and potas-
sium-feldspar. Parts of the rock appear to be much
altered or recrystallized, and mineral segregations, well-
formed metacrysts (authigenic euhedra), and vug fill-
ings are common. Mudstone is dominantly greenish
gray or light greenish gray, but parts are mottled or
interlayered with different shades of reddish gray,
brownish gray, purplish brown, purplish gray, and
reddish brown.

Sandstone in the middle green unit ranges from very
fine grained to coarse-grained and conglomeratic, and
the different types are interbedded and juxtaposed in a
complex manner in lenses that show fluvial scour-and-
fill structures.

Thin limestone layers and nodules are fairly abun-
dant in claystone and mudstone in the middle green unit.

Typical section of the middle green unit of Brushy Basin Member,
near Slick Rock, sec. 30, T. 44 N., R. 18 W.

[Measured by L. C. Craig, November 1948, Designated middle green unit

by the present authors]
. . Thickness
Middle green unit : (feet)

4. Siltstone, claystone, sandstone, and limestone;
predominantly shades of greenish gray with
some dark brown. Siltstone, hackly and rubbly
weathering. Claystone, slightly bentonitic. Sand-
stone, very fine grained, dense and hard; in 1- to
2-ft-thick ledges. Limestone, light-gray, weather-
ing yellowish brown, sublithographic___________

3. Sandstone, pale-yellowish-green, weathering brown-
ish gray, fine- to medium-fine-grained; composed
of subrounded clear quartz, with abundant red
chert and orange and black accessory minerals;
green clay matrix _— 14

2. Claystone and sandstone interbedded. Claystone,
silty to nonsilty, predominantly greenish gray.
Sandstone, grayish-yellowish-green, weathering
brownish gray, very fine grained; massive and
structureless, with beds as much as 3 £t thick.___ 49

1. Sandstone, conglomeratic, light-greenish-gray to
white, weathering light brownish gray, medium-
fine- to coarse-grained, poorly sorted ; composed of
subrounded clear quartz with abundant white,
pink, red, orange, green, and black accessory min-
erals; contains granules of white and tan chert as
much as % in. in diameter______.____________ 11

148

Total middle green unit_ . _________
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Section of middle green unit of the Brushy Basin Member from
cores from diamond drill hole DVR-1 in Disappointment Valley,
sec. 30, T. 43 N., R. 16 W.

[Measured by D. R. Shawe, June-November 1955]

Thickness
s (feet)
Middle green unit:

2. Sandstone, light-greenish-gray, coarse-grained,
medium-fine-grained near base; contains sparse
black opaque minerals, abundant red and green
chert grains, a trace of calcite, abundant flakes
and pebbles of red and green mudstone and abun-

dant interstitial gray and greenish-gray clay.___. 4.6
1. Mudstone and siltstone, chiefly greenish gray;
contains sparse to abundant caleite; bentonitic
in places _________ — - ———m 21,0
Total middle green unit __._.__________ 25.6

UPPER BROWN UNIT

The upper brown unit of the Brushy Basin Member is
principally mudstone; it contains only minor propor-
tions of sandstone, conglomeratic sandstone, and con-
glomerate in discontinuous lenses (for example, see
pls. 12 and 13, and fig. 39). The ratio of mudstone to
other rock types is commonly 10 to 1. Parts of the mud-
stone are sandy, silty, and limy, and in a few thin layers
these grade into fine-grained horizontally bedded sand-
stone and siltstone, or into limestone. Locally, partic-
ularly in the vicinity of Disappointment Valley, the
upper part of the upper brown unit is dominantly green-
ish gray, ranging from a thin selvage just beneath sand-
stone in the Burro Canyon Formation to one interval
which is 220 feet thick and which contains relatively
more sandstone than the rest of the unit; it appears to
be a transitional interval grading from Brushy Basin to
Burro Canyon lithology (pl. 12 and fig. 39). The inter-
tonguing of the unit with both the underlying middle
green unit and the overlying Burro Canyon Formation
appears to be the result of tonguing out of sandstone
lenses and their accompanying halos of altered mud-
stone, as well as simple thinning and disappearance of
layers of altered mudstone at the top and base of the
unit.

Mudstone in the upper brown unit, though similar in
appearance to that in the lower brown unit, probably
contains appreciably more bentonitic material and may
be more like the middle green unit in this respect. Parts
of the unit contain nonswelling clay, however, and near
the top of the unit an apparently gradual decrease in
bentonitic clay marks the transition into lithology of
the overlying Burro Canyon Formation. Such a contact
where Burro Canyon mudstone rests on Brushy Basin
mudstone was described in the Ute Mountains area south
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of Slick Rock by Ekren and Houser (1961). The calcite
content of mudstone in the upper brown unit is gen-
erally sparse and is abundant only locally, generally in
lighter colored patches, small veinlets, and siltier parts.
In some layers calcite is abundant enough to make the
rock an argillaceous limestone.

Siltstone is common in the upper brown unit; it may
be most prevalent near the top of the unit where green-
ish-gray colors predominate.

Sandstone in the upper brown unit ranges from very
fine grained to coarse and conglomeratic and from poorly
to moderately “well sorted. Fine-grained layers tend to
be thin and laterally extensive in the lower part of the
unit (pl. 12). Conglomeratic sandstone seems to be most
abundant near the top of the unit, especially where the
top is dominantly greenish gray, and occurs in discon-
nected small but fairly thick lenses (pls. 12 and 13).

Section of upper brown unit and overlying strata of the Brushy
Basin from cores from diamond drill hole DVR-1 in Disap-
pointment Valley, sec. 30, T. 43 N., R. 16 W.

[Measured by D. R. Shawe, June—~November 1955, In this area the Brushy
Basin Member is unusually thick, and in places, as in this section, the
upper brown unit is overlain by a green unit]

. Thickness

Green unit above upper brown unit: (feet)

13. Mudstone, greenish-gray ; trace of calcite______ 2.5
12. Mudstone, reddish-brown; lower 1.2 ft is light-
greenish-brown fine-grained sandstone_______
11. Sandstone, light-greenish-gray, very fine grained
to medium-grained; silty in places; contains
very sparse black opaque minerals, biotite,
and pyrite; sparse to a trace of calcite; very
abundant interstitial light-greenish-gray clay;
abundant red and green chert granules in
lower 1 ft. Interval contains thin reddish-
brown clay laminae. Silicified in lower 2.7 ft__ 8.0
10. Mudstone, reddish-brown. Interval contains 35-ft
silicified very fine grained light-greenish-gray
sandstone near middle— . ________ 7.0
9. Mudstone, greenish-gray - 2
8. Sandstone, light-greenish-gray to white, medium
grained in upper part, fine grained in lower
part; contains sparse pyrite, biotite, black
opaque minerals, a moderate amount of red
and green chert grains, altered white chert in
places, sparse calcite in places, abundant at 11,
6, and 1 to 2.5 £t above base of interval; very
abundant interstitial light greenish-gray clay
at top, in middle, and at base; buff and light-
red chert and green mudstone pebbles in lower
0.5 ft, Interval contains 0.1-ft green mudstone

10.7

layer 18 ft above base_ . ______ 28.0
7. Claystone, light-greenish-gray; contains abun-

dant biotite, a moderate amount of black

opaque minerals, abundant fine quartz sand

grains __ — 4
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Section of upper brown unit and overlying strate of the Brushy
Basin from cores from diamond drill hole DVR-1 in Disap-
pointment Valley, sec. 30, T. 43 N., R. 16 W.—Continued

Thickness
(feet)

Green unit above upper brown unit—Continued
6. Mudstone, light-greenish-gray; contains sparse
to moderate coarse chert and quartz sand
graing; dense in places; silty in lower 14 ft;
lower 1 ft sandy with sparse biotite, black
opaque minerals. Interval contains purplish-
brown mudstone 0.1 ft thick above 0.2-ft
22.8
5. Sandstone, light-greenish-gray interlayered with
white, fine-, medium-, and coarse-grained,
interlayered; quartz grains stained green in
places; contains a moderate amount of black
opaque minerals, red and green chert grains,
sparse to moderate calcite, sparse barite,
abundant interstitial white and greenish-gray
clay; cement rarely is red chert. Interval
contains greenish-gray mudstone and buff,
light-gray, and reddish-brown chert pebbles in
layers 2 ft and 0.7 ft thick 20 £t above base and
at base, respectively ; light-reddish-brown very
fine grained sandstone 0.7 ft thick with very
abundant black opaque minerals in upper 0.3
ft, 24 ft above base, 4-ft interval 1 ft above
base is silicified and very light reddish brown_.  43.1
4. Mudstone, greenish-gray_.___ 4
3. Mudstone, reddish-brown, mottled greenish gray
near base. - 2.7
2. Mudstone, greenish-gray; dense in places; mud-
stone conglomerate in sandy places.__________ 3.4

Total green unit above upper brown

unit 129.2

Upper brown unit :

1. Mudstone and siltstone, dominantly reddish
brown, some light greenish gray and light
brownish gray, light brownish gray increases
toward base; color layers are 0.1-10 ft thick;
fine to very fine grained sandy in places; very
dense in places, especially 33 and 13 ft above
base; contains sparse calcite in upper 20 ft,
alternating sparse, moderate, and abundant
calcite below, chiefly sparse, generally abun-
dant at base; abundant ramifying red chert
“spiders” 120 and 50 ft above base; 14 in.
barite crystals 80 ft above base. Interval con-
tains 0.3-ft-thick bentonitic claystone layer 147
ft above base, 1-ft-thick silicified light-reddish-
brown fine-grained sandstone with abundant
biack opaque minerals 95 ft above base, 1-ft-
thick light-brownish-gray very fine grained
quartzite 70 ft above base, and 3.5-ft-thick
light-brownish-gray fine-grained sandstone with
abundant black opaque minerals and barite 20
ft above base - 2202

Total upper brown unit—.__ .o __.__
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Section of the upper brown unit of the Brushy Basin Member
near Slick Rock, sec. 30, T. 44 N.,R. 18 W.

[Measured by L. C. Craig, November 1948. Designated upper brown unit
by the present authors]
. Thickness
Upper brown unit : (feet)
1. Siltstone and claystone, predominantly dark red.
Siltstone weathers with hackly fractures to soil-

less rubble. Claystone is slightly bentonitic_..._ 187

Total upper brown unit 187

SURFACE DISTRIBUTION AND CONFIGURATION

The Brushy Basin Member crops out over broad areas
on the northeast limb and near the crest of the Dolores
anticline and along the southwest rim of Gypsum Val-
ley. It appears also in narrow sinuous strips on either
side of the Dolores River Canyon and at the southeastern
edge of the district along Narraguinnep Canyon (pl. 1).

Figure 40 shows the combined thickness of the Brushy
Basin Member and the overlying Burro Canyon
Formation. These units are not shown separately be-
cause of the intertonguing character of the Brushy
Basin-Burro Canyon contact; in addition the contact
is difficult to determine in some drill logs. Nevertheless,
evaluation of thicknesses of the two formations through-
out the area of figure 40 shows that both possess the
same general pattern of thickness variation indicated
for the combined interval.

The lower brown unit of the Brushy Basin Member
is generally about 100 feet thick and ranges from 50 to
200 feet in thickness. The middle green unit is generally
100-150 feet thick but ranges from 0 to 280 feet in
thickness. The upper brown unit is generally 200-250
feet thick but ranges from 120 to 460 feet in thickness.
Differences in thickness of the separate units in part
reflect lateral facies changes rather than simply a
response to structural deformation, as for example near
the east end of the section on plate 12.

Because the three units of the Brushy Basin Mem-
ber occur sporadically throughout the district, their
thickness variations are not described in detail. Even so,
the general distribution of the middle green unit, which
perhaps has significance for an interpretation of the
geologic history of the district, is described. The unit is
thickest—generally about 200-250 feet thick—in Burro
Canyon and vicinity and eastward nearly across Dis-
appointment Valley. Outside this area, it appears to
thin in all directions, splits into more than one unit, or
is absent (pls. 7, 12, and 14). Gray to greenish-gray
mudstone strata that constitute the middle green unit
thin appreciably from Morrison Canyon northeastward
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(pl. 7, B’-B’"). If the middle green unit were as thick
in the area of Bush and Summit Canyons, prior to its
erosion there, as it is in the Burro Canyon area, the
area of thick middle green unit would be roughly co-
incident with the area of ore deposits in the Salt Wash
Member. For this reason the middle green unit is dis-
cussed in a later chapter in the light of its possible
genetic relation to the origin of the ores.

CRETACEOQUS ROCKS
BURRO CANYON FORMATION

The name Burro Canyon Formation was proposed
by W. L. Stokes (Stokes and Phoenix, 1948) for a
sequence of noncarbonaceous terrestrial rocks, prob-
ably of Early Cretaceous age, lying between the Morri-
son Formation and the Dakota Sandstone. The
formation includes virtually the same rocks as those
designated “post-McElmo” by Coffin (1921, p. 97-113,
especially p. 103-104), as shown in table 3 of this report.
The type locality designated by Stokes is in Burro
Canyon, sec. 29, T. 44 N., R. 18 W. The total thickness
of the formation is not exposed in sec. 29, however, and
the upper part of the type section probably extends into
sec. 28 to the east. Stokes described the formation as
consisting of “alternating conglomerate, sandstone,
shale, limestone and chert ranging from 150 to 260 feet
in thickness.” As Simmons (1957, p. 2522) pointed out,
the Burro Canyon Formation at its type locality is not
characteristic of the formation in most of the Slick
Rock district. Away from Burro Canyon and the Dis-
appointment Valley area the formation consists of one
conglomeratic sandstone layer, generally somewhat less
than 100 feet thick, which contains a few thin greenish-
gray mudstone beds and locally is overlain by a few
feet of greenish-gray mudstone.

Age

The Early Cretaceous age of the Burro Canyon For-
mation was first assigned by Stokes (1952, p. 1767) on
the basis of fossils collected about 1 mile east of the
junction of Disappointment Creek and the Dolores
River, T. 43 N., R. 18 W. Plant fossils collected from a
small outcrop of black shale near the top of the for-
mation in a dry wash south of the creek were identified
by Brown (1950) as Frenelopsis wvarians Fontaine
which he regarded (p. 50) “as a Lower Cretaceous
time index.” Fossils in a much larger collection made
by us near Stokes’ original locality (Simmons, 1957, p.
2525-2526) corroborate this age. According to Simmons
the fossils occur in a 10-foot-thick zone of interbedded
black to green shale, green siltstone, and fine-grained
sandstone. The top of the interval is 18 feet below the
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top of the Burro Canyon. Fossils identified include:
Protelliptio douglassi Stanton; Lampsilis farri Stan-
ton; Nippononaia asinario. Reeside; Nippononaia sp.;
viviparid gastropod; Oypridea?; Darwinula?; ganoid
fish scales; Frenelopsis varians Fontain; Pinus sus-
quaensis Dawson ; and fern pinnules. Of the pelecypods
Protelliptio douglassi and Lampsilis farri are well
known and widespread Early Cretaceous (Aptian)
species, and the new species of Nippononaia belong to
an Early Cretaceous genus of Japan (Reeside, 1957,
p- 651). The ostrocodes were examined by I. G. Sohn
who identified Cypridea?t and Darwinula? with a great
deal of uncertainty. The plant material, examined by
R. W. Brown, contained abundant Frenelopsis varians
and only one specimen of Pinus susquaensis. Both Ree-
side and Brown assigned a certain Early Cretaceous
age to the fossil assemblage.

Lithology

The Burro Canyon Formation is composed of sand-
stone, conglomerate, mudstone, siltstone, limestone, and
chert. Interbedded sandstone and conglomerate occur
as thick layers as much as 100 feet thick separated by
thinner strata of mudstone. Siltstone is most common
as evenly bedded strata in mudstone. Limestone and
chert occur as thin beds in mudstone, mostly in the up-
per part of the formation in Disappointment Valley and
vicinity. The formation is expressed topographically as
an alternating series of nearly vertical cliffs in the
sandstone strata and steep even slopes in the mudstone
strata (pl. 13 and fig. 89).

Throughout most of the western and southern parts
of the Slick Rock district, the Burro Canyon Formation
is a single-cliff-forming unit averaging somewhat less
than 100 feet in thickness. The cliff-forming unit con-
sists of sandstone and conglomeratic sandstone lenses
and layers of like lithology which in places coalesce to
form a single sandstone unit but which in many other
places are separated by mudstone into two, three, or
more sandstone layers or lenses. The sandstone strata
in the unit appear to be fluvial scour-and-fill deposits
like those of the Morrison Formation. Although the unit
as a whole can be correlated readily in surface exposures,
its component parts clearly are discontinuous. A section
measured in one place may show a single stratum of
sandstone 50 feet thick; in another place two strata of
sandstone of like lithology, each 50 feet thick, separated
by 5 feet of mudstone; and in yet another place three
strata of sandstone of like lithology, each 10-30 feet
thick, separated by 5-10 feet of mudstone. The cliff-
forming unit extends into the Disappointment Valley
area, in the northeastern part of the district, where it
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is overlain by other strata of the formation that aggre-
gate one to three times the thickness of the unit.

In the Disappointment Valley area, just above the
basal sandstone unit and separated from it by mudstone,
is a second sequence of sandstone lenses which, like the
basal unit, is internally discontinuous. At the top of the
formation is a sequence of alternating strata of mostly
greenish-gray mudstone, some sandstone and limestone,
and minor chert. Some of the sandstone strata in the
upper part are as much as 20 feet thick and are very
similar to the lower sandstone layers. In the Disappoint-
ment Valley area, therefore, the Burro Canyon Forma-
tion in places contains as many as six distinet sand-
stone strata that generally range from 10 to 50 feet
in thickness. The general character of the formation in
the area is shown on plates 12 and 13, and in figure 39.

Coffin (1921, p. 109) pointed out that the strata in
the upper part of the formation thin to the north and
south of Disappointment Valley. “This thinning is
accomplished by a wedging out of the calcareous and
cherty layer and the green shales * * *” Whether the
absence of beds above the basal unit outside the Dis-
appointment Valley area is a result of nondeposition or
of post-Burro Canyon and pre-Dakota erosion, or
partly both, we do not know. In any case an erosional
unconformity marks the contact between the Burro
Canyon Formation and the Dakota Sandstone through-
out the Slick Rock district exclusive of Disappointment
Valley. In Disappointment Valley the Burro Canyon-
Dakota contact apparently is conformable for it lacks
scour features, and in places the Burro Canyon contains
a carbonaceous layer about 20 feet below the top of the
formation (Simmons, 1957, p. 2525, 2526), suggesting
affinity with the Dakota. The contact is sharp, however,
and no evidence of intertonguing between the two for-
mations was found in Disappointment Valley or else-
where in the Slick Rock district and vicinity.

In many places within the Burro Canyon Formation,
individual sandstone and conglomerate strata contain a
“basal” conglomerate (pl. 13, B—B’). Unlike the com-
mon “indigenous” conglomerate of much of the Burro
Canyon, whose pebbles were derived from outside the
region of Burro Canyon deposition and likely had the
same source as much of the conglomerate matrix, the
“basal” conglomerate contains pebbles, cobbles, and even
boulders derived from underlying layers of sandstone,
mudstone, shale, quartzite, chert, and limestone. The
presence of the “basal” conglomerate shows that parts
of the formation had become lithified before overlying
parts were deposited, and suggests that during the depo-
sition of the formation, hiatuses of fairly long duration
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occurred when no deposition and possibly considerable
weathering and erosion took place.

In places the base of the Burro Canyon Formation
is prominently channeled into the underlying Brushy
Basin Member of the Morrison Formation (pl. 13,
left end of diagram B-B’, and left end of fig. 39.) In
other places the lower part of the Burro Canyon clearly
intertongues with the Brushy Basin (pl. 18, right end
of diagram B-B’, and right half of pl. 12). The base of
the lower cliff-forming unit is interpreted from sub-
surface data to be both channeled and intertongued in
the Legin area, about 3 miles northwest of Egnar, where
the unit makes up all of the Burro Canyon Formation
(fig. 41). Such a contact is similar to many internal
contacts in both the Burro Canyon and the Brushy
Basin. That the formational contact is of regional dis-
conformity as suggested by Young (1960) is doubtful.
For example, Craig (1961) stated “an individual scour
surface at the base of or within a sandstone unit [of
the Burro Canyon interval] may have been formed in
an exceedingly short time * * * and to dignify each
of the many scour surfaces in this sequence by calling
it a disconformity is impractical.”

The sandstone is generally light greenish gray (where
clay is abundant), light brownish gray, or light yellow-
ish brown; a minor amount is light reddish brown.
Much of the sandstone is brownish as a result of weath-
ering of pyrite and marcasite, but it is generally lighter
colored than that in the overlying Dakota, owing to the
greater amount of iron sulfide in that unit. The Burro
Canyon sandstone is very fine to coarse grained, com-
monly conglomeratic, and friable to firmly cemented
with calcite, silica, and greenish-gray clay. The sand-
stone beds are massive to lenticular and crossbedded.
Pebbles in the conglomeratic parts consist of chert—
mostly white and lesser amounts of red, gray, brown,
and green—quartz, siliceous limestone, quartzite, sand-
stone, mudstone, and shale.

Siltstone is mostly greenish gray and similar in com-
position to the sandstone, but it has a higher proportion
of clay minerals and commonly grades into mudstone.

Mudstone in the Burro Canyon Formation, unlike
the bentonitic mudstone that predominates in the under-
lying Brushy Basin Member of the Morrison Forma-
tion, is nonswelling. Tt also seems generally to be more
clay-rich than that of underlying formations. The mud-
stone is evenly and thinly bedded and dominantly light
greenish gray; a small amount of light-reddish-brown
and minor gray carbonaceous mudstone is present lo-
cally in the formation near the base, in the middle,
and near the top. Clastic detritus in the mudstone is
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fied silty claystone, and in places is chertlike. According
to an X-ray analysis by L. G. Schultz of the Geological
Survey, this rock contains some kaolinite. The layer,
commonly called a marker bed because of its conspicuous
outcrop and lateral persistence just below the base of the
Dakota Sandstone, is light greenish gray and contains
numerous calcite crystals about 1 mm in size. In one
place the marker bed is overlapped about 5 feet higher
by a similar bed, which appears to be continuous beyond
the extent of the underlying bed, and is therefore vir-
tually a continuation of the marker bed.

‘Measured sections of the Burro Canyon Formation
follow.

Section of the Burro Canyon Formation, Slick Rock district, sec.
8, T.39 N., R. 17 W., west side of the Dolores River and north
of Williams Drew

[Measured by G. C. Simmons and W. B. Rogers, September 1956, A rela-
tively thin section that is otherwise typical of the formation in the
western and southern parts of the district (location shown on pl. 1)]

. Thickness
Burro Canyon Formation : (feet)

2. Sandstone, greemish-gray and light-brown, fine- to
medium-grained; sparse small chert pebbles;
sparse interstitial greenish-gray clay; cross-
bedded. Disconformably overlain by Dakota
Sandstone __ — R 10

1. Sandstone, light-brown, fine-grained and conglomer-
atic, pebbles more abundant toward base; cross-
bedded. Underlain by Brushy Basin Member of
the Morrison Formation________________________ 30

Total Burro Canyon Formation___________ 40

Section of the Burro Canyon Formation in Big Canyon,
sec. 22, T.}JIN.,R. 18 W.

[Measured by G. C. Simmons and N. L. Archbold in September 1956.
Thickness of this section is nearly typical of the formation in most
of the district] .

Burro Canyon Formation : T;(L;‘celgfss

2. Mudstone, limestone, and chert, greenish-gray and
gray ; poorly exposed. Overlain disconformably by
Dakota Sandstone - 36

1. Sandstone, gray to light-brown, fine-grained and con-
glomeratic; sparse to moderate chert pebbles;
sparse to moderate limonite stain; sparse dark
minerals. Underlain by Brushy Basin Member of
the Morrison Formation..___

Total Burro Canyon Formation____________

Section of the Burro Canyon Formation along a pipeline trench
on the northeast side of Disappointment Valley, sec. 24, T.
44N, R.18W.

[Measured by G. C. Simmons and D. R. Shawe, July 1956. This section
is typical of the thicker part of the formation]

. Thickness
Burro Canyon Formation : (feet()a

19. Mudstone, green, and limestone, gray; poorly ex-
posed. Top of Burro Canyon Formation______ 19

18. Sandstone, light-gray, grayish-green, and light-
greenish-brown, fine-grained, conglomeratic;
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Section of the Burro Canyon Formation along a pipeline trench
on the northeast side of Disappointment Valley, sec. 24, T.
44 N., R. 18 W.—Continued

Thickness

Burro Canyon Formation—Continued (feet)

some limonite-stained greenish-gray mudstone

pellets; some current lineations 19

17. Siltstone, greenish-gray, limy___________________ 6
16. Sandstone, gray, fine-grained and conglomeratic;
sparse to moderate white chert grains, greenish-
gray mudstone pellets, limonite specks ; thin and

evenly bedded 2
15. Limestone, chert, and mudstone, gray and greenish-

gray —— — 10
14. Siltstone and mudstone, greenish-gray, limy.._ ____ 17
18. Limestone, gray. 8
12. Siltstone, light-green, limy___ - 1

11. Sandstone, light-tan, fine-grained and conglomer-
atic; sparse dark minerals; moderate red and
white chert grains

10. Mudstone, greenish-gray and light-brown_.______

9. Sandstone, light-tan, fine- to medium-grained;

sparse red and white chert pebbles and greenish-
gray mudstone pebbles; sparse limonite spots._.

. Mudstone, greenishgray.. . _____

. Sandstone, light-gray, fine-grained________________

. Mudstone, greenish-gray .

. Sandstone, light-tan, very fine grained to fine-

grained; sparse dark minerals; sparse quartz
overgrowths ____ __ 12

. Mudstone, brownish-red and grayish-green________ 22

3. Sandstone, gray and greenish-gray, very
grained to medium-fine grained ; 0.3 ft of greenish-

gray mudstone at base -~ — -

2. Mudstone, brownish-red - -

1. Sandstone, light-tan, light-gray, and greenish-gray,
fine-grained and conglomeratic; sparse light-red

and greenish-gray chert granules; abundant buff
chert granules. Base of the Burro Canyon Forma-
“tion . 14

N

p—u—w—-§

[SL SN ="RE e ]

[0S

w 8

Total Burro Canyon Formation___________

Log of diamond-drill core from hole DVR-I1, sec. 30, T. 43 N.,
R. 16 W., Disappointment Valley

[Prepared by D. R. Shawe. Shows details of lithology of the Burro
Canyon Formation]
Thickness
Lower part of the Dakota Sandstone (incomplete): (feet)

19. Mudstone, medium-gray overlying black; abun-
dant pyrite near base; very abundant carbona-

ceous material in lower 2 ft__________________ 7.8
18. Sandstone, light-gray interbedded with minor
dark-gray, very fine grained to fine-grained
overlying coarse-grained; sparse black opaque
minerals, barite, and pyrite; 1-in. pyrite nodules
near top; trace of calcite near base; abundant
fiakes, films, seams, and pebbles of carbonaceous
material ; abundant interstitial light-gray clay ;
some granules and small pebbles of quartzite
and chert in lower 2 ft. Base of Dakota Sand-

stone . ___________ - e - 6.6

Total incomplete Dakota Sandstone___._ 14.4
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Log of diemond-drill core from hole DVR-1, sec. 30, T. /3 N.,

Burro Canyon Formation:

R. 16 W., Disappointment Valley—Continued

17. Mudstone, light-greenish-gray ; moderate amount

of very fine grained pyrite, coarse grained in
places; trace of calcite; sparse chert granules,
abundant red chert grains; sparse black
opaque minerals; light-gray chert-calcite seam
18 ft above base; chert seam with moderate
calcite and pyrite 22 ft above base; abundant
caleite in mudstone 7-17 ft above base, mot-
tled calcite in lower 5 ft; sandy ; very sandy in
lower 12 ft, grades into sandstone below______

16. Sandstone, light-gray to white, fine- to medium-

15.

14.

13.

12.

11.

10.

grained, sparse coarse grains; coarse grained
with abundant chert granules near base;
sparse to abundant calcite in 14- to 2-ft thick
layers; sparse calcite in lower 7 ft; abundant
red chert grains, sparse chert pebbles and gran-
ules in places; dark-gray and red chert gran-
ules and interstitial pyrite 4 ft above base;
sparse black opaque minerals; abundant light-
greenish-gray clay in top part; interstitial
white clay in lower 10 ft, very light greenish
gray near base___
Sandstone, light-gray to white, fine-grained;
sparse to a trace of calcite; sparse black
opaque minerals; sparse red chert grains,
small granules in places ; interstitial light-gray
clay near top, white near base______________
Sandstone overlying conglomerate, light-gray,
medium- to coarse-grained; trace of calcite;
sparse black opaque minerals; abundant red,
gray, and green chert grains and red and dark-
gray chert pebbles; abundant greenish-gray
and white claystone pebbles; abundant inter-
stitial purple, white, and greenish-gray clay__
Sandstone, light-gray to white, medium-grained,
coarse grained in places; very sparse black
opaque minerals; trace of calecite; abundant
interstitial white clay; light-greenish-gray
sandy mudstone with sparse pyrite in two thin
layers about 2 £t above base.________________
Sandstone, white, fine-grained; sparse black
opaque minerals; trace of calcite, moderate
amount 1 ft above base; abundant pyrite at
base, with greenish-gray mudstone; sparse
greenish-gray mudstone pebbles; sparse inter-
stitial white clay; thin brownish-gray mud-
stone layer 7 ft above base ; thin conglomerate
layers at 7, 12, and 18 ft above base__________
Mudstone, greenish-gray; very sandy in places;
trace of calcite ; mottled contact at base______
Mudstone, purplish-brown; sandy in places;
trace of calcite; moderate dispersed carbo-
naceous material____

. Mudstone, greenish-gray, mottled with dark-

reddish-brown 2-3 ft above base; trace and
abundant calcite, interlayered; l4-in. lime-
stone layers inclined 30° from horizontal,
bright green in places, 214 ft above base;
sparse carbonaceous material 314 ft above
base ; mudstone grades irregularly into sand-
stone below______ . __ o _____

Thickness

(feet)

26.7

13.0

12.0

2.3

10. 2

19.6

2.6

3.8

5.0

Log of diamond-drill core from hole DVR-1, sec. 30, T.

R. 16 W., Disappointment Valley—Continued

Burro Canyon Formation—Continued
8. Sandstone, very light greenish gray to greenish-
gray; fine to medium grained with sparse
coarse grains in upper part, very fine grained

in lower part; trace to sparse calcite; ¥4-in.
calcite layers 10 ft below top, trace of calcite

in lower 22 ft, sparse calcite 2 ft above base;
sparse black opaque minerals and chert
grains; sparse pyrite, moderate amount 10 ft
below top; moderate number of dark sulfide
clots, Y ¢-in. across, 6-8 £ below top; moderate

to very abundant interstitial irregularly dis-
tributed greenish-gray clay, sparsely distrib-
uted in clean light-greenish-gray sandstone in
lower 22 ft___

7. Mudstone, greenish-gray; sandy; trace of cal-
cite

6. Sandstone, very light greenish gray, bottom 1 ft
greenish gray, fine- to medium-fine-grained;
conglomerate with white and light-gray peb-
bles as much as 3, in. across in 1-ft layers
every 2-5 ft; trace of calcite; sparse black
opaque minerals; sparse to abundant inter-
stitial light-greenish-gray clay; sparse thin
silicified sandstone layers

5. Conglomerate, light-greenish-gray to buff;
coarse-grained matrix; pebbles as much as 1

in. across of reddish-brown, white, and buff
chert, about 10 percent light-reddish-brown
and white quartz and gray quartzite and
minor greenish-gray mudstone; sparse black
opaque minerals and pyrite; trace of calcite;
sparse to abundant interstitial greemish-gray

and white clay.

4. Sandstone, light-greenish-gray to buff, inter-
layered medium- and coarse-grained; sparse
calcite locally, moderate amount 6-7 ft above
base; sparse black opaque minerals ; abundant

red and gray chert grains, pebbles as much as

114 in. across ; cores of some buff chert pebbles

are reddish brown ; some pebbles greenish-gray

and white mudstone; 1- to 2-ft layers of clean
sandstone separate conglomeratic layers; %-ft
dense quartzite 1 £t below top; sparse to abun-
dant interstitial greenish-gray and white
clay

3. Conglomerate,
coarse-grained matrix; sparse greenish-gray
mudstone pebbles; sparse black opaque min-
erals; sparse to abundant interstitial greenish-
gray and white clay__

Total Burro Canyon Formation________

8 N,

Thickness

(feet)

8.8

16.9

4.0

H

Upper part of the Brushy Basin Member of the Morrison -

Formation (incomplete) :
2. Mudstone, greenish-gray ; trace of calcite_______
1. Mudstone, reddish-brown; lower 1 ft of light-
greenish-brown thin-bedded fine-grained sand-
stone

Total incomplete Brushy Basin Member

10.7

13.2
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Surface distribution and eonfiguration

The Burro Canyon Formation crops out as a nar-
row band along the edge of the Sage Plain in the south-
western part of the district and across the canyon of the
Dolores River to the east. It appears also in many
narrow canyons that extend down the northeast flank
of the Dolores anticline south of Disappointment Valley,
and it forms a platter-shaped rim of cuestas dipping
inward around the periphery of Disappointment Valley.
It forms the capping strata on several mesas in the
northwest corner of the district, including Island
Mesa, Steamboat Hill, and much of Horse Range Mesa
(pl. 1).

Thickness variations of the Burro Canyon Formation
are similar to those already described for the Brushy
Basin Member of the Morrison Formation. An isopach
map of the combined Brushy Basin and Burro Canyon
interval is shown in figure 40. The thickness of the for-
mation from the latitude of Egnar south is generally
40-90 feet; in the northwest corner of the district it is
60-180 feet (fig. 41) ; and in the Disappointment Valley
area, about 200 to more than 400 feet (pl. 12).

A locally thin part of the Burro Canyon a few miles
east of Egnar nearly coincides with a similar thin part
of the combined Brushy Basin and Burro Canyon
interval (fig. 40).

East of the Dolores River and north of Narraguin-
nep Creek, sec. 9, T. 39 N., R. 17 W., fluvial sandstone
of the Burro Canyon is locally pinched out. Argillaceous
horizontally bedded rocks of Brushy Basin character oc-
cur as lateral equivalents of the sandstone. The pinchout
is not shown on the geologic map (pl. 1) as its limits
were not determined.

DAKOTA SANDSTONE

Early usage of the term Dakota Sandstone in the
region around the Slick Rock district was described by
Junius Henderson (in Coffin, 1921, p. 115): “It ap-
parently occupies the same stratigraphic position as in
eastern Colorado, lying immediately beneath the marine
Lower Mancos (Benton horizon), and resting upon the
McElImo variegated shales and sandstones which appear
to be equivalent to the Morrison.”

Gilluly and Reeside (1928, p. 82) pointed out some
of the variations in usage of McElmo on the Colorado
Plateau which led to their abandoning the term. Baker,
Dane, and Reeside (1936, p. 88-40) explained the var-
lous usages of the term in southwestern Colorado.
Though the base of the McEImo Formation has had
different positions according to different workers, the
top of the formation seems to have been placed consist-
ently at the base of what was considered the Dakota
Sandstone. However, in early studies the Dakota, likely
included the Burro Canyon Formation in western Colo-
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rado and the Lower Cretaceous Cedar Mountain For-
mation in central and eastern Utah.

Coffin and Henderson (in Coffin, 1921, p. 97-118) first
recognized the current, more restricted, usage of Da-
kota Sandstone in southwestern Colorado. Coffin map-
ped the top of the McElmo Formation in western Colo-
rado at what is now called the top of the Morrison
Formation. He informally designated as post-McEImo
a rock unit lying between the McElImo and the Dakota.
The recognition of the post-McElmo rocks, formerly
considered part of the Dakota Sandstone, limited the
Dakota Sandstone to its current usage in the Slick Rock
district. But not until Stokes (Stokes and Phoenix,
1948) defined the Burro Canyon Formation, which is co-
incident with the post-McElmo rocks of Coffin, did the
present delineation become generally recognized.

Age

Several collections of fossils from the Dakota Sand-
stone in the Slick Rock district indicate that the for-
mation in this area is of early Late Cretaceous age.
Stokes (1952, p. 1767) described a collection of plant
fossils from a quartzitic sandstone layer at the base of
the Dakota in Disappointment Valley, about 20 feet
higher and a short distance from his locality of Lower
Cretaceous fossils from the Burro Canyon Formation
near Disappointment Creek, T. 43 N., R. 18 W. The
fossils include: Anemia sp., Sterculia towneri (Les-
quereux) Berry, Sassafras cretacewm Newberry, Ficus
daphnogenoides (Heer) Berry, and Capsulocarpus da-
kotensis Berry. The fossils were regarded by R. W.
Brown, of the Geological Survey, as of Late Cretaceous
age.

Three collections were made in the district by G. C.
Simmons. One consists of a single type of leaf found
on the west side of a dry wash in the W14NE1, sec. 11,
T. 43 N., R. 18 W., probably within a half mile of
Stokes’ collection site. The specimens found in a sand-
stone lens 1-5 feet above the base of the Dakota are
Sterculia towner:i (Lesquereux) Berry and could be
from the Lower or Upper Cretaceous (R. W. Brown,
written commun., 1956).

A second collection consists of leaves found at a
point 31,700 feet south of lat 37°45” N., and 8,500 feet
east of long 108°45" W., about 1 mile north of the
Bradfield ranch, on the west side of the Dolores River
Canyon. This collection, from a coal prospect in the
middle carbonaceous shale unit of the formation, in-
cludes Aneimia sp., ! Dewalquea pulchello Knowlton and
fragmentary and whole dicotyledonous leaves which
suggest early Late Cretaceous age, but no definite as-
signment can be made (R. W. Brown, written commun.,
1956).
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A third collection, from the Sage Plain about 6 miles
north of Dove Creek, near the center of the SE1} sec. 1,
T. 41 N., R. 19 W., was taken from a narrow zone about
half an inch above the base of a 3-inch-thick siliceous
light-gray shale bed in the middle (carbonaceous shale)
unit of the Dakota. This collection consists of ferns and
other plant material identified by R. W. Brown as fol-
lows: Gleichenia kurriana Heer, Asplenium sp., and
Bolbitis coloradica Brown. According to Brown these
fossils are from low in the Upper Cretaceous.

Determination of the lower age limit of the Dakota
Sandstone in the Slick Rock district depends upon the
interpretation given to one plant species, Sterculia
towneri (Lesquereux) Berry, found at the base of the
formation, which Brown (1950, p. 52) considered could
be either Early or Late Cretaceous. Judging from
Brown’s discussion and from his description of speci-
mens collected in Disappointment Valley, we consider
a Late Cretaceous age more likely than an Early Creta-
ceous age for the lower part of the Dakota in this area.
Because an Early Cretaceous age has been assigned to
a collection made in the upper part of the Burro Can-
yon Formation about 20 feet stratigraphically below the
Dakota collections, the base of the Dakota Sandstone
likely marks the boundary between Lower and Upper
Cretaceous in this area.

Lithology

The Dakota Sandstone is composed mostly of sand-
stone and lesser amounts of conglomerate, carbonaceous
shale and mudstone, and impure coal. Throughout the
district, except in the Disappointment Valley area, the
Dakota consists of an upper arenaceous unit, a middle
carbonaceous shale unit, and a lower arenaceous, locally
conglomeratic unit. In the vicinity of Disappointment
Valley the lower unit is not well defined, and it merges
with the middle unit. Henderson (in Coffin, 1921, p. 113)
pointed out that the interval that he considered to be
Dakota in many parts of Colorado and adjacent States
consists of “an upper sandstone member, a medial shale
and sandstone member, and a massive lower sandstone
and conglomerate member.”

Over most of its outcrop area the Dakota forms a
slightly undulating surface, particularly on the Sage
Plain and the northeast flank of the Dolores anticline.
In general, the Dakota surface in much of the district
reflects the underlying structure because it has tended
to retard erosion that proceeded relatively rapidly in
the overlying soft Mancos Shale. Along the Dolores
River Canyon the Dakota forms one and in some places
two cliffs which correspond to the thicker sandstone
units in the formation. Around the periphery of Dis-
appointment Valley the formation forms hogbacks and
cuestas.
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Sandstone in the Dakota is chiefly fine to medium
grained, light brown to dark gray, and carbonaceous.
It is thin bedded to massive and is generally crossbed-
ded. Sandstone in the lower arenaceous unit of the Da-
kota, typically occurs in lenses, is festoon crossbedded,
and shows abundant scour-and-fill structures character-
istic of fluvial sediments. That in the upper arenaceous
unit shows crossbedding that is dominantly of the tor-
rential or incline type in thin flaggy sandstone strata
as much as a foot thick. Individual beds appear to be
laterally more extensive than those in the lower unit.
Sandstone in the upper unit is ripple marked in places
and locally shows abundant sand-filled “worm bor-
ings.” This sandstone is interpreted as mostly of marine
or marginal marine origin.

The conglomerate contains pebbles of sandstone,
quartzite, and chert, in most places colored drab gray
and brown in contrast to the generally brighter colored
pebbles in the underlying Burro Canyon Formation.
Locally, conglomerate at the base of the Dakota con-
tains cobbles as much as 1 foot in diameter.

The shale, mudstone, and coal are thin bedded and
generally evenly bedded. The shale and mudstone are
characterized by great abundance of carbonaceous ma-
terial, and the mudstone contains appreciable silt- and
sand-size detrital particles. In many places these rock
types grade laterally or vertically into sandstone, silt-

stone, and coal. The mudstone commonly is massive

but some parts weather into fissile fragments and are
distinctly shaly.

In the upper part of the middle carbonaceous shale
unit of the Dakota, thin layers of medium-gray clay-
stone are common. They are not closely associated with
layers of coal, which are common in the lower part of
the middle carbonaceous shale unit, and are likely not
an underclay type. Possibly some are bentonitic, for
they swell and break up readily when they are alter-
nately wet and dried and probably are of volcanic
origin.

Coal occurs typically in thin beds such as those
described in measured sections 3 and 4 (p. A82-A83).
Locally, coal beds may be as much as 10 feet thick, as
in diamond drill hole DV-125, or 25 feet thick, as in hole
DV-126 (pl. 1) in northeastern Disappointment Valley.
The coal is dull and contains 10-20 percent fine-grained
gray sandstone and gray claystone.

Despite the great abundance of carbonaceous material
in the sandstone of the Dakota and the general lithologic
similarity of the lower sandstone layers to those in the
ore-bearing sandstone of the Salt Wash Member of the
Morrison Formation, uranium deposits in the Dakota
in the Slick Rock district are practically unknown. In
only one place in the district was appreciable radio-
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activity, probably attributable to uranium and daughter
products, detected in the Dakota. About three-quarters
of a mile south of Lookout Point (pl. 1) in the southern
part of the district, a road leading to uranium claims
in the Salt Wash Member exposes black carbonaceous
shale in the middle part of the Dakota on the west rim
of the canyon of the Dolores River. Here a layer of
shale 1-2 feet thick and perhaps 10-20 feet along bed-
ding shows abnormally high radioactivity suggesting a
U:Os content on the order of at least a few hundredths
of a percent.

The base of the Dakota has been described as a typical
basal conglomerate in some parts of the Colorado
Plateau (for example, Carter, 1957). Although this is
unquestionably true for the areas described, a basal
conglomerate is not a reliable criterion for locating the
base of the Dakota in much of the Slick Rock district.
First of all, as pointed out in previous pages, “basal”
conglomerates occur at several horizons in the Burro
Canyon Formation, and where sandstone of the Dakota
overlies sandstone of the Burro Canyon, the presence
of such a conglomerate within the Burro Canyon incor-
rectly indicates the contact of the two formations.
Secondly, where a basal conglomerate occurs locally at
or near the base of the Dakota, other lithologic criteria
serve better to distinguish the two formations, even
though the occurrence and position of the basal con-
glomerate correctly reflect the disconformity of the con-
tact. Typical relationships are shown on plate 15. Near
the right end of the diagram the “basal” conglomerate
shown consists of angular fragments of quartzite in
silicified sandstone that also contains some iron-stained
molds of plant fragments. But the thin layer of “basal”
conglomerate immediately underlies carbonaceous shale
typical of the Dakota and is only local, so that the base
of the lowest carbonaceous shale serves as a more prac-
tical contact than does the “basal” conglomerate. More-
over, a short distance to the southeast, “basal”
conglomerate, which is clearly not at the same strati-
graphic horizon as that just under the carbonaceous
shale, lies in sandstone beneath layers of greenish-gray
shale of characteristic Burro Canyon lithology. Here
the contact can be drawn reasonably only at the base of
the carbonaceous shale; this contact, moreover, corre-
lates precisely with that established to the northwest.
Shown at the left end of plate 15 is a “basal” conglom-
erate consisting of angular fragments of quartzite and
lying near the top of a sandstone layer of Burro Canyon
lithology, immediately below carbonaceous shale. Here
the “basal” conglomerate is an integral part of a deposi-
tional unit that has Burro Canyon rather than Dakota
characteristics. Again the contact is reasonably placed
at the base of lithology that characterizes the Dakota—
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carbonaceous shale—and again this contact correlates
precisely with the contact established on the same basis
to the northwest.

These relationships in no way negate the validity of a
disconformable contact between the Dakota and the
Burro Canyon in most of the Slick Rock district, as de-
scribed in detail by Simmons (1957, p. 2524-2525).
Simmons pointed out that the contact between the for-
mations in the Disappointment Valley area is common-
ly one of carbonaceous shale upon greenish-gray shale
and is “conformable, sharp, and not gradational” (p.
2525) . Nevertheless, even in the Disappointment Valley
area basal conglomerate has been observed at the base
of the Dakota. For example, drill cores from diamond-
drill hole DVR-2, sec. 36, T. 44 N., R. 18 W. (pl. 1),
show that the lower 1 foot of the Dakota overlying
greenish-gray mudstone of the Burro Canyon consists
of light-gray conglomerate, whose pebbles are gray and
greenish-gray mudstone, and some fragments of car-
bonized wood. Clearly the Burro Canyon was partly
consolidated and was being eroded in nearby areas
when the first stratum of the Dakota was deposited in
the Disappointment Valley area.

Measured sections of the Dakota Sandstone follow.

Section of the Dakota Sandstone, north of Bradfield Ranch on
the west side of the Dolores River north of Williams Draw,
T.39N,R.17TW.

[Measured by G. C. Simmons and W. B. Rogers with Brunton and tape,
September 1956. Here the formation shows its characteristic tripartite
division]

Dakota Sandstone:

7. Sandstone, light-brown, fine- to medium-grained ;
trace of dark minerals; moderate amount of
carbonaceous material; moderate number of
limonite stains and spots; flaggy ; locally cross-
bedded. Upper part poorly exposed ; interval is
the upper arenaceous unit of the Dakota ; unit
may be thicker than measured. Overlain by
Mancos Shale_ - e 25

6. Shale, dark-gray, carbonaceous, some coal; con-
tains leaves identified by R. W. Brown as
Aneimio sp. and Dewalquea pulchella Knowl-
ton and dicotyledonous leaves. Upper part of
middle carbonaceous shale unit______________ 10

5. Sandstone, brown, very fine grained ; trace of dark
minerals; moderate amount of carbonaceous
material ; moderate number of limonite stains;
crossbedded. Contains a few thin layers of dark-
gray carbonaceous shale. Lower part of middle
carbonaceous shaleunit______________________ 6

4. Sandstone, light-gray and light-brown, medium-
fine- to medium-grained; trace of dark min-
erals and carbonaceous material; abundant
interstitial calcite; abundant limonite spots;
crossbedded. Upper part of lower arenaceous
unit

3. Sandstone, light-gray and light-brown,
grained and conglomeratic; trace of dark min-

Thickness
(feet)
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Section of the Dakota Sandstone, north of Bradfield Ranch on
the west side of the Dolores River north of Williams Drow,
T.39 N., R. 17 W.—Continued

Dakota Sandstone—Continued T?}g%ess

erals and ecarbonaceous material; abundant
small pebbles; crossbedded.. - - __ 13
2. Conglomerate, light-brown ; abundant pebbles and
large angular blocks of sandstone and chert
from the Burro Canyon Formation as much as
1 ft in diameter concentrated toward the base;
moderate number of limonite stains; cross-
bedded 8
1. Sandstone, light-brown, fine- to medium-grained ;
sparse to moderate limonitic plant impressions.
Lower part of lower arenaceous unit. Contact
with underlying Burro Canyon Formation
disconformable - 4

Total Dakota Sandstone___.___________ 86

Section of the Dakota Sandstone, also showing tripartite
division, in Big Canyon, sec. 22, T. 41 N., R. 18 W.

[Measured by G. C. Simmons and N. L. Archbold with Brunton and tape,

September 1956]
Thickness
(feet)

Dakota Sandstone:

3. Sandstone, gray and light-brown ; medium-fine- to
fine-grained ; trace to moderate dark minerals
and limonite stains. Upper arenaceous unit.
Top of Dakota is eroded and locally covered
with loess, but top of exposure is probably
within a few of top of formation______________ 68

2. Sandstone, brown, very fine grained to fine-
grained, interbedded with dark-gray shale;
poorly exposed. Middle carbonaceous shale
unit 23

1. Sandstone, light-brown and gray, fine-grained;
trace of dark minerals; abundant limonite
spots ; lower 15 ft conglomeratic, with boulders
as much as 1 ft in diameter in lower 5 ft. Lower
arenaceous unit. Disconformably overlies the
Burro Canyon Formation -

34

Total Dakota Sandstone. 125

Section of the Dakota Sandstone lacking a clearly defined lower
arenaceous wunit, northeast side of Disappointment Valley,
SEY, sec. 17, T. 43 N.,R. 16 W.

[Measured by G. C. Simmons and W. B. Rogers, November 1955, by tape
from plane table control points]
Dakota Sandstone:

16. Sandstone, light-brown, fine-grained; trace of
carbonaceous material; moderate number of
limonite stains; massive, crossbedded; sand
grains chiefly quartz, well rounded. Forms

Thickness
(feet)

cliff. Upper part of upper arenaceous unit_____ 15.2
15. Sandstone, light-brown, fine-grained; moderate

number of limonite stains; crossbedded ; mas-

sive at top becoming thin bedded at base;

friable. Lower part of upper arenaceous unit__  18. 8

14. Shale, light-brown and gray; abundant silt and
sand; 20 percent carbonaceous material on
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Section of the Dakota Sandstone lacking a clearly defined lower
arenaceous unit, northeast side of Disappointment Valley,
SBY, sec. 17, T. 43 N., R. 16 W.—Continued

Thickness

Dakota Sandstone—-(]bntinued (feet)

bedding planes; trace of limonite stains;

fissile oo~ .9
18. Coal, black ; 40 percent shale; abundant limonite

stains - — - 1.3
12. Shale, light-brown, weathers white; abundant

carbonaceous material ; silicified- . __.___ .1
11. Coal, black; 10 percent shale .6

10. Shale, black, gray, and brown; abundant car-
bonaceous material ; abundant limonite stains;

slightly silicified in top 0.1 £t .. .3
9. Shale, light-brown; weathers white; abundant

carbonaceous material ; silicified— o —___ .1
8. Coal and shale, black ; a few thin siliceous shale

layers —__ Y 12.7
7. Coal and shale, black; poorly exposed.________ 28.0
6. Sandstone, very light brown, medium-fine- to fine-

grained; abundant carbonaceous material;

thin bedded ——e _— 8.5
5. Sandstone, light-brown, fine-grained; moderate

number of limonite stains; massive, cross-

bedded. Forms cliff e _ 18.6

4. Selenite; abundant carbonaceous material______ .1
3. Shale and coal, black ; sparse limonite stains____ 55
2. Sandstone, light-gray, very fine grained to fine-
grained; abundant carbonaceous material;
trace of limonite stains. _— 1.4
1. Coal and shale, black. Conformably overlies sand-
stone of the Burro Canyon__________________ 59
Total Dakota Sandstone__________________ 118.0

Section of the Dakota Sandstone measured about 2 miles south-~
west of the foregoing section

[Measured by D. R. Shawe from drill cores taken from diamond-drill
hole DVR-1, sec. 30, T. 43 N, R. 16 W.]
Thickness
Mancos Shale (incomplete) : (feet)
45. Mudstone, dark-gray, dark-reddish-gray 2-ft
layer 9 ft above base; silty in places; sand
grains 3.5 ft above base, lower 1 ft sandy,
gradational into sandstone below; very
abundant calcite; moderate to abundant py-
rite as cubes up to 14 in. across in lower 5 ft;
sparse biotite; abundant dispersed carbona-
ceous material, sparse flakes of carbonaceous
material; %4-in. seam of light-gray claystone
12 ft above base; 3-in. medium-gray limy nod-
ule 10 ft above base ; very abundant Gryphaca
in 1-ft layer 19 ft above base.______________ 22.3

22.3

Total incomplete Mancos Shale_____. -

Dakota Sandstone:

44, Sandstone, dark-gray in upper 2 ft and lower 10
ft, mottled light gray and dark gray between,
medium-fine-grained ; lower 9 ft fine grained,
massive; sparse black opaque minerals, bio-
tite and pyrite; calcite abundant in thin lay-
ers 17, 16, 15, and 2 ft above base, sparse
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west of the foregoing section—Continued

Thickness

Dakota Sandstone—Continued

43.

39.

38.

37.

36.

35.

32.

. Mudstone,

elsewhere; very abundant seams and inter-
stitial carbonaceous material; moderate
amount of interstitial white clay; near top
and base abundant interstitial gray clay;
sparse greenish-gray clay granules; abundant
sand-filled “worm borings.” Gradational into
mudstone below__
Mudstone, dark-gray; sparse caleite; abundant
flakes of carbonaceous material; very abun-
dant fine to medium sand grains. (Most
mudstone in drill cores is massive but upon
wetting and drying breaks up as poorly fissile
shale. The common presence of sand grains
makes the term “mudstone” generally appro-
priate.)

. Claystone, light-gray ; abundant pyrite, biotite,

moderate black opaque minerals ; trace to no
calcite -

. Mudstone, dark-gray; sparse calcite; moderate

amount of dispersed carbonaceous material__

. Claystone, medium-gray; sparse calcite seams,

biotite and pyrite____ -
Mudstone, dark-gray; sparse calcite and 14-in.
pyrite nodules; abundant dispersed carbon-
aceous material ; thin layer of granules com-
posed of quartz, chert, claystone, and carbon-
aceous material 9 ft above base_______.._____
Claystone, medium-gray; sparse biotite and
pyrite ; black opaque minerals ; sparse quartz
sand grains
Limestone, light-gray; sparse pyrite; nearly
horizontal webwork of 4-in.-thick -calcite
layers; sparse interlaminated claystone
lenses
Mudstone, dark-gray; slighty sandy with
moderate number of thin sandstone laminae;
sparse calcite interlayered with moderate
amount of calcite; abundant dispersed car-
bonaceous material and fiakes of carbon-
aceous material
Sandstone, light-gray to white, very fine
grained, generally massive; sparse black
opaque minerals and biotite; moderate fiakes
and films of carbonaceous material, laminae
about every 14-2 ft, very abundant carbon-
aceous material in lower 1.5 ft; sparse to
moderate interstitial white clay. Gradational
into mudstone below
dark-gray;
carbonaceous material_

dispersed

abundant

. Sandstone, light-gray overlying dark-gray, very

fine grained ; sparse black opaque minerals;
very abundant carbonaceous material ; sparse
interstitial white clay. Gradational into mud-
stone below_._.___ -
Mudstone, dark-gray interlayered with black;
sparse pyrite, abundant in coaly part; very
abundant carbonaceous material, coaly in bot-
tom 1% ft; 0.1-ft thick very fine grained sand-

(feet)

18.8

3.2

3.0

11. 4

5.6

20.1

1.6

517
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Section of the Daktoa Sandstone measured about 2 miles south-

west of the foregoing section—Continued

Dakota Sandstone—Continued T?}g%m
stone layer 10 £t above base_______________ 11.5
31. Siltstone, light- to medium-gray ; sparse 14-in.
pyrite nodules; abundant fragments, films,
and flakes of carbonaceous matertal__._______ 1.0
30. Claystone, medium-gray ; trace of carbonaceous
material - 1.0
29. Mudstone and sandstone, dark-gray inter-
layered with light-gray; sandstone very fine
grained ; moderate pyrite nodules; very abun-
dant fragments, flakes, seams, and dispersed
carbonaceous material ; interstitial gray clay
in sandstone. 1.2
28. Coal, black ; moderate number of 14-in. pyrite
nodules ; 15-in. dark-gray mudstone layers 1.2,
0.8, and 0.7 ft. above base; impure in thin
layers about 1 and 2 ft. below top; vitreous
coal in lower 1.3 ft_ - 4.3
27. Mudstone, dark-gray to black; very abundant
seams and dispersed carbonaceous material __ .3
26. Coal, black, vitreous_.________________________ .9
25. Mudstone, dark-gray overlying medium-gray ;
abundant pyrite nodules; sparse calcite;
abundant flakes of carbonaceous material__ .8
24. Coal, black; sparse pyrite; impure__________ .6
23. Mudstone, black; sparse pyrite; coaly; leaf
imprints - - _— .8
22, Coal, black, vitreous; sparse calcite in
fractures — - - .5
21. Mudstone, black, coaly______________________ .7
20. Mudstone, dark-gray; sparse to moderate car-
bonaceous plant fragments_._______________ 2.7
19. Mudstone, black, coaly ; sparse pyrite nodules__ 5.8
18. Coal, black; impure in thin layers at base and
1, 115 and 2% ft. above base______________ 3.3
17. Mudstone, black, coaly; impure coal and vitre-
ous coal seams in places; calcite seams in
vitreous coal - 1.4
16. Mudstone, dark-gray; trace of calcite; moder-
ate carbonized plant fragments abundant 4 ft.
above base_ . 8.8
15. Mudstone, black; abundant %-in. pyrite nod-
ules at base; very abundant carbonaceous
material 1.9
14. Coal, black, vitreous; sparse 14-in. pyrite
nodules O 1.0
13. Mudstone, black; very abundant carbonaceous
material; coaly in places .1
12. Coal, black; abundant calcite in fractures.___ .3
11. Mudstone, black; very abundant carbonaceous
material; coaly in places._________________ L7
10. Coal, black, vitreouns._ _— .8
9. Mudstone, black; very abundant carbonaceous
material ; sandy near base. - - 3.4

. Sandstone; light-gray interlayered with dark-

gray in 1%-2-in. layers; very fine grained;
sparse pyrite and black opaque minerals;
sparse to abundant interstitial gray clay;
moderate amount of interstitial white clay;
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Section of the Daktoa Sandstone measured about 2 miles south-
west of the foregoing section—Continued

Thickness

Dakota Sandstone—Continued (feet)

abundant flakes, films, and interstitial car-
bonaceous material__
7. Mudstone, black; sparse pyrite nodules; coaly;
silty near base____ _— -
6. Siltstone, light-gray interlayered with medium-
gray; sparse mica, black opaque minerals
and calcite; moderate number of fiakes of
carbonaceous material ; abundant interstitial

2.6

2.6

gray clay; mudstone layers in places_ ... 3.2
5. Mudstone, medium-gray; sparse fiakes of car-
bonaiceous material ; slickensided. .. _.._____ 2.0

4. Sandstone, light-gray, very fine grained ; sparse
black opaque minerals; moderate amount of
biotite; sparse to abundant calcite; sparse
flakes of carbonaceous material; moderate
amount of interstitial whiteeclay____________ 1.9

3. Mudstone, medium-gray overlying black;
abundant pyrite near base; very abumdant
carbonaceous material in lower 2 ft________ 7.8

2. Sandstone, dominantly light-gray interlayered
with minor dark-gray, very fine grained to
fine-grained overlying coarse-grained ; sparse
black opaque minerals, barite and pyrite;
1-in. pyrite nodules near top; trace of calcite
near base; abundant fiakes, films, seams, and
pebbles of carbonaceous material ; abundant
interstitial light-gray clay; granules and
small pebbles of quartzite and chert in lower
2 ft.

Total Dakota Sandstone______________________ 151.1

Burro Canyon Formation (incomplete) :

1. Mudstone, light-greenish-gray ; moderate
amount of very fine grained pyrite, coarse
grained in places; trace of calcite, abundant
in 10-ft. thick layer 7 ft. above base, mottled
sparse to abundant in lower 5 ft.; sparse
black opaque minerals; abundant red chert
grains, sparse chert granules; light-gray
chert and calcite seams 18 and 22 ft. above
base, moderate pyrite in the higher; sandy;
very sandy in lower 12.5 ft., grades into

sandstone below. — 26.7

Total incomplete Burro Canyon Formation

Surface distribution and configuration

The Dakota Sandstone is widely exposed in the Slick
Rock district, underlying most of the south half of the
district. Except where it is soil covered, it makes up
almost the entire surface of the Sage Plain, the north-
east flank of the Dolores anticline, and the Glade High-
land; it was removed by erosion only along the canyon
of the Dolores River, Narraguinnep Canyon, and small
canyons that drain the northeast flank of the anticline.
In the north half of the district it is exposed in a platter-
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shaped strip of cuestas around the periphery of Dis-
appointment Valley and in patches on Horse Range
Mesa.

Complete sections of Dakota Sandstone are rare on
the Sage Plain and Glade Highland. However, as ero-
sion into the Dakota has been slight in many places,
and thickness measurements in these places correspond
to complete sections nearby, the Dakota Sandstone is
believed to have a rather uniform thickness of about
120 feet over most of the district. The formation is
noticeably thicker in the Disappointment Valley area,
with a maximum well-established thickness of about 180
feet, determined in diamond drill hole DV-126. An
isopach map of the Dakota is shown in figure 43. The
area where the Dakota is thicker than about 125 feet
nearly coincides with the thicker part of the Brushy
Basin and Burro Canyon interval and is directly op-
posite the large evaporite cell in adjacent Big Gypsum

Valley.
MANCOS SHALE

The Mancos Shale was named by Cross (1899, p. 3-4).
The type locality is in the Mancos Valley surrounding
the town of Mancos, between the La Plata Mountains
and Mesa Verde in southwestern Colorado, about 35
miles southeast of the Slick Rock district. Both the
upper and lower contacts of the Mancos are arbitrary
because of gradational lithology and the Mancos and
associated formations show mutual lateral transitions;
for these reasons usage of Mancos imposes various prob-
lems with increasing distance from the type locality.
The proximity of the Slick Rock district to the type
locality minimizes such problems, however, and our
usage is in essence the same as that of Cross.

Owing to erosion no complete section of the Mancos
remains in the district. According to data from dia-
mond-drill hole DVR~1, about 860 feet of the lower
part of the Mancos remains in the center of Disappoint-
ment Valley near the east edge of the district (pl. 1).

In Gypsum Valley, at the northeast edge of the dis-
trict, an apparently complete section of the Mancos
Shale is about 1,600 feet thick. In Disappointment
Valley, about 8 miles southeast of drill hole DVR-1, a
complete measured section of the Mancos totals about
2,300 feet.

Outside the Slick Rock district the Mancos Shale is
overlain by dominantly terrestrial sandstone, mudstone,
and coaly beds of the Mesaverde Group of latest Cre-
taceous age, and younger units such as the Wasatch and
Green River Formations of Tertiary age, which once
must have extended across the district. These units,
totaling possibly 5,000 feet in thickness were removed
by erosion following middle Tertiary uplift of the
Colorado Plateau.
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Age

Marine fossils are abundant throughout most of the
Mancos Shale, and there are few outcrops where fossils
cannot be found. Large collections made by Shawe
(1963b) from cores of diamond drill holes DVR~1 and
DVR-2 and by O. T. Marsh from three measured sec-
tions indicate that the Mancos is equivalent in age to
this succession of strata: upper middle and upper parts
of the Greenhorn Limestone, Carlile Shale, Niobrara
Formation, Telegraph Creek Formation, Eagle Sand-
stone, and lower part of the Pierre Shale of the Western
Interior of the United States. These rocks, in terms of
the standard European stage names, are in, successively,
the upper part of the Cenomanian, the Turonian, and
the lower part of the Senonian Stages of the Upper
Cretaceous (pl. 16).

The lower part of the Mancos, about 860 feet thick,
in Disappointment Valley was divided by the late J. B.
Reeside, Jr. (written commun., March 1956), princi-
pally on the basis of fossils in drill core from hole
DVR-1, into six fossil zones as follows:

The Mancos Shale can perhaps best be classified by equiva-
lence to subdivisions recognized in the Great Plains. I would
assign the highest fossils in the cores to a later Niobrara
equivalent and would extend this to about 225 feet depth. In
this interval I'noceramus stantoni Sokolow, Baculites codyensis
Reeside, B. asper Morton, Phlycticrioceras oregonense Reeside
are more distinctive species, and Osirea congestia Conrad ranges
throughout. The next 150 feet, to about 375 feet depth, must
represent the earlier Niobrara, but there are few distinctive
fossils in the cores. I would assign the next 170 feet to about
540 feet depth, to the later ‘Carlile, in which interval Inoceramus
dimidius White, I. fragilis Hall and Meek, Scaphites whitfieldi
Cobban, 8. ferronensis Cobban, Prionocyclus macombi Meek, and
P. wyomingensis Meek are distinctive. The next 240 feet, to
about 780 feet depth, must represent the earlier Carlile, but
Collignoniceras hyatti (Stanton) in the upper part and C.
woollgari (Mantell) in the lower part are the only distinctive
fossils. One would expect a late Greenhorn fauna in the next
45 feet, to 825 feet depth, but nothing distinctive is available.
The remaining cores, to 855 feet depth, contain chiefiy Gryphaea
newberryi Stanton, which is associated with the early Green-
horn, in Gilbert’s original sense of the name, or with the next-to-
the-top of four units, in the broader sense of Greenhorn now
prevalent. G. newberryi is widespread in Utah, western Colorado
and Arizona at or near the base of the marine Upper Cretaceous
beds.

Reeside described (written commun., May 1956)
fossils from drill cores of hole DVR-2, representing a
much narrower stratigraphic interval at the base of the
Mancos. He stated,

I would assign the first 127 feet to an equivalent of the lowest
part of the Carlile shale, the zone of Collignoniceras woolgari
(Mantell). The next lower 46 feet to about 173 feet depth, like
the similar interval in DVR-1, would be expected to yield an
uppermost Greenhorn fauna, but nothing distinctive is available.
The remaining 13 feet of the hole, to 189.0 feet depth, contains
the distinctive forms Gryphaea newberryi Stanton and Ezogyre
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columbella Meek, which mark the lower part of the Greenhorn
of Gilbert or the upper middle part of the Greenhorn, as the
term is now applied.

The interval described on the photogeologic map of
the Mancos (pl. 1) as late middle Greenhorn age and
characterized by the presence of Gryphaea newberryi
is the unit shown on plate 16 as equivalent to the next-
to-the-top of four Greenhorn members.

One fossil collection, made by G. C. Simmons, from
the Mancos in sec. 30, T. 41 N., R. 16 W., where the
road to Big Spring crosses The Glade, was described
by Reeside (written commun., August 1956): as
follows: :

The only significant species in this lot I would call Inoceramus
labiatus ('Schlotheim), which is characteristic of a late Green-
horn equivalent. The most abundant fossil is a small, simple
oyster (Osirea sp.) that has no time value. One or two blocks
show Globigerina on weathered surfaces, but this again has no
time value. A fragment of wood or bark and the impression of
a fish vertebra complete the list.

The three sections measured by O. T. Marsh, in May
1955, are in the southeastern part of Disappointment
Valley; sections A and B are shown on plate 1 and sec-
tion C is on the southwest side of the valley about 3 miles
southeast of the southeast corner of the area shown on
the detailed map of the Mancos Shale, plate 1. Macro-
fossils and microfossils in collections from the measured
sections were identified by J. B. Reeside, Jr., and Ruth
Todd, respectively (written communs., 1955), both of
the Geological Survey. In each measured section abun-
dant Gryphaea newberry:i identify beds equivalent to
the upper middle part of the Greenhorn at the base of
the Mancos Shale. In all three sections no fossils were
collected from the intervals that are likely of late Green-
horn and earlier Carlile age.

One fossil collection from strata of later Carlile age
(measured section B, pl.1) contains Prionocyclus ma-
combi Meek and Inoceramus dimidius White.

The macrofossils and microfossils from the Mancos
Shale measured sections A and C (pl. 16) were used to
correlate the Mancos in the Slick Rock district with
Upper Creataceous units elsewhere. This was done by
comparing the collections with the Cretaceous correla-
tion chart of Cobban and Reeside (1952, facing p.1011).
The lower part of the Mancos, as already indicated, can
be correlated readily with the standard section for the
Western Interior. The upper part is less easily correlat-
ed because most fossils are foraminiferra whose ranges
are unknown ; further, those whose ranges are known are
too wide-ranging to provide more than approximate
correlations. Even so, most of the collections are prob-
ably equivalent to the Taylor Marl of the Gulf Coast, of
Campanian age, though some of the lower collections
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Section of the Mancos Shale where it conformably underlies the
Mesaverde Group east of the Slick Rock districti—Continued

Thickness

Mancos Shale—Continued
7. Shale, dark-gray
6. Sandstone, dark-gray, weathering yellowish

brown, fine-grained, highly calcareous ; in beds
as much as 1 in. thick; contains fossils; OTM
coll. loc. 17
5. Shale, dark-gray -
4. Sandstone and some dark-gray shale; sandstone
is yellowish brown, platy, very thinly bedded,
fine grained, and containg fossils; OTM coll.
loc. 16 — —
3. Shale, dark-gray; interbedded with light-brown,
very thinly bedded (beds 14-%4 in. thick),
platy, fine-grained to very fine grained sand-
stone; shale contains discoidal nodules as
much as 1 ft. in diameter and 5 in. thick; also
gypsum and thin layers of yellowish-brown,
cone-in-cone calcite; some limonitic layers.
Two layers of nodular limestone occur at 372
and 427 ft. above base of Mancos (probably
within unit A shown on plate 1) and are 2-3
ft. thick, dark gray, weathering yellowish
brown and consist of irregular to well-rounded
calcareous bodies, locally veined with dark-
purple calcite; some have cores of coarsely
crystalline white caleite - ___________________
2. Shale, dark-gray; contains very abundant Gry-
phaea newberryi and rare sharks’ teeth; at top
of unit is a 6-in.-thick ledge of very light gray
weathering dark-gray fine-grained glauconitie
sandstone with flaky fracture._ .. __________
1. Shale, dark-gray

Total Mancos Shale __________________

(feet)

94

13

15

380

Seotion of the lower 856 feet of the Mancos Shale showing

details of lithology

[Measured by D. R. Shawe from drill cores taken from hole DVR-1 in

Disappointment Valley, June-November 1955]

Mancos Shale (incomplete) :

58. Mudstone, dark-gray, silty, broken, badly weath-
ered ; mixed with soil and other alluvium in
top part. Where weathered the Mancos dis-
plays its shaly character; in drill cores the
fresh rock is poorly fissile though well bedded,
and the common occurrence of silt and sand
particles in the dominant clay make the term
mudstone generally appropriate for the rock

57. Mudstone, dark-gray (N3.5), bottom 1 ft darker,
silty; very abundant ecalcite; moderate
amount of very flne grained mica flakes;
sparse small shell fragments; abundant me-
dium-grained biotite 214 ft above base; fl-
brous calcite in thin convoluted septa, proba-
bly shell fragments, 614 ft above base.._.___

56. Sandstone, light-gray, filne-grained; very abun-
dant biotite; sparse calcite; light-gray inter-
stitial elay . ____ o __

55. Mudstone, dark-gray (N3.5), darker gray (N3)
28-33 ft above base, silty ; very abundant cal-

Thickness

(feet)

21.0

35.2

.02
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Section of the lower 856 feet of the Mancos Shale showing

details of lithology—Continued

Thickness

Mancos Shale (incomplete)—Continued
cite; moderate amount of very fine grained
mica flakes; darker gray ‘interval shows salt
efflorescence and contains very abundant fos-
sil fragments and abundant calcite; very
abundant fossils in 1-ft-thick layer 35 £t above
base; very sparse brown clay pebbles and
granules 6-29 ft above base; ¥-in.-thick
siltstone layer with very abundant fine-
grained biotite 56 ft above base; thin silt-
stone and flne-grained sandstone laminae 37
and 28 ft above base; 10-ft-thick layer 64
ft above base contains abundant very thin
layers of light-gray siltstone; mudstone is
very silty in 114-ft layer 46 ft above base;
thin greenish-gray claystone layer with abun-
dant biotite 71 ft above base; thin ecalcite
lamina containing randomly oriented crushed
flbrous rods 40 ft above base; petroliferous
odor 44 ft above base_ e
. Claystone, light-greenish-gray; very abundant
very fine grained pyrite ; moderate amount of
flne-grained biotite; no caleite. . ________.
Mudstone, dark-gray (N3.5), silty; sparse
brown claystone pebbles in lower 9 ft; %4-in.-
thick claystone layer with abundant fine-
grained biotite, no calcite, 0.2 ft below top;
biotite-rich gray siltstone 1 ft above base;
petroliferous odor 2-3 ft below top._______
Claystone and siltstone, light-gray; very abun-
dant very fine grained pyrite o
Mudstone, dark-gray (N3.5), silty; sparse
brown claystone pebbles 14—4 ft above base;
abundant biotite in very sparse thin light-
gray layers; abundant pyrite 6-9 ft above
base; petroliferous odor in lower part; some
1414 -in.-thick layers of claystone and silt-
stone with abundant fine-grained biotite and
pyrite and sparse calcite
. Claystone and siltstone, light-gray___________
. Mudstone, dark-gray, silty; very abundant cal-
cite; very abundant very fine grained biotite;
sparse calcite and sparse pyrite locally______
Claystone, light-greenish-gray; sparse pyrite;
abundant very fine grained biotite; no calcite
Mudstone, dark-gray (N3.5), silty ; abundant to
very abundant calcite; sparse very flne-
grained mica; abundant carbonaceous mate-
rial and pyrite in seam 0.3 ft above base;
sparse to abundant ¥g-14-in. nodules of py-
rite and disseminated pyrite 10-34 ft above
base, calcite less abundant with pyrite ; abun-
dant medium-grained glauconite, biotite,
and pyrite in 0.3-ft-thick layer 10 ft above
base, and 11,-ft-thick layer 3 ft above base__
46. Claystone, light-greenish-gray; very abundant

fine-grained biotite

45. Mudstone, dark-gray (N3.5), silty; abundant
calcite; sparse 14¢-in. pyrite nodules in top 3
ft; moderate amount of pyrite 41 ft below
top; pyrite with fossil fragments 3 ft above

53.

52.

51.

23

48.

47.

(feet)

163.1

.05

11.3

.02

3.0

.07
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Section of the lower 856 feet of the Mancos Shale showing | Section of the lower 856 feet of the Mancos Shale showing
' details of lithology—Continued details of lithology—Continued
Mancos Shale (incomplete)—Continued T?}SL‘{‘)“" Mancos Shale (incomplete)—Continued T?}ggtn)e“
base; sparse dark sulfide 13 ft above base; dant limestone layers, some silty, as much as
abundant medium-grained biotite 9 ft below 1 in. thick; sparse pyritized fossils; %4-in.-
top and 2-3 ft above base; very sparse car- thick claystone seam with moderate amounts
bonized plant fragments; very sparse brown of pyrite, fine-grained biotite and quartz 5 ft
clay pebbles and granules and greenish-gray below top; every 2-5 ft mudstone is fissile
pebbles 10 ft below top; mudstone generally and blacker and has salt(?) efllorescence
contains very sparse pyrite and fossils; very through thickness of 2—4 ft; limy layers gen-
thin light-greenish-gray claystone with abun- erally have abundant small fossil fragments ;
dant biotite 57 ft below top; moderate glau- minor slickensides throughout Mancos down
conite granules and grains with sparse pyrite to this level, especially near irregular lime-
in %%5-ft-thick layer 21 ft above base; fossils, stone layers 15.9
pyrite, medium-grained biotite, and thin gray 33. Claystone, light-gray ; sparse pyrite; abundant
siltstone laminae more abundant in bottom medium sand grains ; no calcite; bentonitic-__ A
10 ft - . 115.8 32, Mudstone, dark-gray; fossil wood twig 0.1 ft
44. Claystone, light-gray; abundant pyrite and above base. 1.8
fine-grained biotite_____ .1 31. Claystone, medium-gray; sparse fine-grained

43. Mudstone, dark-gray; abundant fine- to me- pyrite ; moderate amount of biotite, moderate
dium-grained biotite; very abundant calcite; number of quartz grains .. ___ 11
moderate number of fossile fragments_.______ 4.4 30. Mudstone, dark-gray ; sparse pyritized fossils._ 6.2

42. Claystone, light-gray; abundant fine-grained 29. Limestone, light-gray; sparse fine-grained
biotite ; no caleite _ _ .3 pyrite; shows healed irregular fractures;

41. Mudstone, dark-gray (N3.5) ; moderate amount trace of calcite in mudstone above and below
of very fine-grained biotite, very abundant limestone; selvage of light-gray claystone at
calcite; very abundant pyrite with fossil top and bottom of limestone ; contact inclined
fragments and small fossils 8, 814, and 10 30° at top and 45° at bottom suggesting that
ft below top and in lower 23 ft; sparse to the limestone is part of an oblate nodule__. 9
moderate thin light-gray limy siltstone 28. Mudstone, dark-gray; sparse very fine grained
seams; thin light-gray claystone seam 18 ft biotite; interlayered sparse, moderate, and
above base; 3-in. limestone concretion 6 ft abundant calcite; very sparse limestone
above base. - 37.7 laminae ; sparse fossils, some pyritized ; weak

40. Claystone, light-greenishrgray; trace of cal- petroliferous odor locally__________________ 22.7
cite; moderate amount of pyrite and fine- 27. Coquina, dark-gray ; abundant pyrite; made up
grained biotite; sparse silt grains__________ .2 of very abundant fossile fragments in dense

39. Mudstone, dark-gray; very abundant calcite; dark-greenish-gray clay matrix_____________ 3
very sparse fossils in top 2 ft______________ 6.6 26. Mudstone, dark-gray (N3.5); interlayered

38. Claystone, light-gray ; moderate amount of fine- sparse, moderate, and abundant -calcite;
grained biotite; sparse calcite; sparse silt sparse carbonaceous material ; abundant thin
and sand grains; 14-in.-thick dark-gray mud- limy laminae, some silty; moderate small
stone layer in middle_____________________ 4 plant fragments in laminae 5 ft above base;

37. Mudstone, dark-gray; very abundant calcite; very thin gray claystone seam with sparse
very sparse to moderate very fine grained to pyrite and biotite 14 ft above base_.________ 16.7
medium-grained biotite; sparse to moderate 25. Claystone, medium-gray; very abundant fine
pyrite in 1-fi-thick layer 15 ft above base; sand grains; no calcite__ .05
moderate number of light-gray silty lime- 24. Mudstone, dark-gray - 11
stone seams; thin light-greenish-gray clay- 23. Claystone, light-greenish-gray ; abundant pyrite
stone seam 22 ft above base; 14-in.-thick in 3% ~%-in. nodules; very abundant fine sand
light-greenish-gray claystone layer with grains _ - 1
moderate amount of medium-grained pyrite 22, Mudstone, dark-gray; sparse calcite, abundant
and biotite, no calcite, 20 £t above base; gen- in a few places; sparse pyrite in a few limy
erally abundant fossils, sparse in lower 2 ft; siltstone laminae; sparse carbonaceous ma-
imperfect cone-in-cone structure in 5-ft-thick terial; 14-1-in. siliceous nodules 20 ft above
layer 15 ft above base; petroliferous odor in base; fissile in top 8 ft; large irregular fossil
same layer________ 24.4 fragments composed of calcite, and carbon-

36. Claystone, medium-light-gray (N6.5) ; trace of ized plant fragments in 0.1-ft-thick light-gray
calcite ; moderate amount of fine-grained bio- mudstone layer 14 ft above base_.._._.._____ 28.5
tite; some fine quartz sand grains__________ 5 21. Claystone, light-gray ; moderate amount of cal-

35. Limestone, medium-gray ; moderate amount of cite; abundant medium biotite and quartz
dispersed clay, claystone seams____________ 1 grains __.____ 2

34. Mudstone, dark-gray; very sparse irregular 20. Mudstone, dark-gray, medium-dark-gray (N4)
brown claystone granules and pebbles; abun- in bottom 5 ft; calcite sparse to absent except
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Section of the lower 856 feet of the Mancos Shale showing
details of lithology—Continued

Thickness
(feet) ,

Mancos Shale (incomplete)—Continued
for 14-in. calcite seams 17 ft above base;
sparse very fine grained biotite; sparse car-
bonized plant fragments; abundant silt with
sparse to abundant very fine glauconite
grains in 3-ft-thick layer 4% ft below top;
mudstone generally has very uniform lithol-
ogy ; more silty in 30-ft-thick layer containing
abundant thin siltstone (N4.5) layers with
glauconite 35 £t above the base; no silt in bot-
tom 10 ft; Y%-in.-thick light-gray claystone
layers with no calcite 4615 and 46 ft above

base; very sparse fish seales_______________ 100.7
19. Claystone, medium-gray (N5); sparse fine-
grained biotite and quartz; no caleite______ .1

18. Mudstone, medium-dark-gray above dark-gray ;
no calcite; silty at base-__________________
17. Claystone, medium-light-gray (N6); abundant
fine-grained biotite and quartz; no calcite__ .05
16. Mudstone, dark-gray (N3.5); trace of calcite,
abundant in bottom 1 ft; sparse carbonized
plant fragments; some thin siltstone laminae
with sparse to abundant calcite 10 ft above
base; 114- by 3-in. calcite nodule with minute
cone-in-cone structure 12 ft above base_____.
15. Claystone, light-gray; abundant fine-grained
pyrite and medium-grained biotite ; moderate
amount of fine-grained quartz; no calecite-_ .1
14. Mudstone, dark-gray ; abundant caleite_ . ___ 19. 4
13. Claystone, light-greenish-gray ; trace of calcite;
abundant fine-grained pyrite; moderate
amounts of fine-grained biotite and quartz__ A
12. Mudstone, dark-gray ; abundant caleite ; minute
pyrite nodules 815 ft above base, 1%- by %4-
in. nodules near base; thin light-gray clay-

2.1

47.8

stone seam 9 ft below top-—— . _______ 21.2
11. Claystone, light-yellowish-gray; moderate

amount of fine-grained black opaque min-

erals; nocalcite._______________ ___________ .05
10. Mudstone, dark-gray; abundant ecaleite______ .3

9. Claystone, light-greenish-gray: abundant fine-
to medium-grained biotite; no caleite._____ .1

8. Mudstone, dark-gray (N38.5) ; abundant calcite,
very abundant in lower 39 ft; moderate
amount of very fine to fine-grained biotite;
moderate number of thin limestone laminae
with abundant fossil fragments; locally mud-
stone is dense and massive with very abun-
dant calcite and sparse to abundant pyrite;
between 21 and 3 ft above base the mudstone
is chiefiy very dense with abundant pyrite;
15-in. pyrite nodules 20 ft above base, ¥5-in.
cubes with fossils 11 ft above base, 14-in.
cubes with fossils 6 ft above base___________

7. Claystone, light-gray________________________ .2

6. Mudstone, dark-gray; bedding compressed
around %4-in. pyrite nodule containing cubes
smaller than Ys-in__ _—

5. Claystone, light-gray ; sparse pyrite and biotite ;
moderate amount of black opaque minerals;
no calcite ; gradational into mudstone above__ .5

282-180 0—68——7

2.8
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Section of the lower 856 feet of the Mancos Shale showing
details of lithology—Continued

Thickness
(feet)

Mancos Shale (incomplete)—Continued

4. Mudstone, dark-gray; sparse to moderate fine-
to medium-grained biotite; very abundant
calcite; moderate fossils

3. Claystone, light-gray; sparse fine-grained
black opaque minerals; sparse medium-
grained biotite; sparse calcite_ . ______ 1

2. Mudstone, dark-gray; very abundant calcite,
sparse in lower 1 ft; abundant pyrite
cubes 17, 14, and 1 ft above base; very
abundant fossils in 1-ft layer 14 ft above
base; 14-in thick light-gray claystone
seams 17, 16, and 2 ft above base; sandy in
lower 4 ft, gradational into sandstone be-
low ——

13.0

Total incomplete Mancos Shale______

Dakota Sandstone (incomplete) :

1. Sandstone, dark-gray above light-gray, med-
ium-fine-grained ; sparse black opaque min-
erals; sparse to moderate pyrite; sparse
calcite interlayered with abundant calcite in
top 1 ft, sparse below ; very abundant carbon-
aceous material, both interstitial and in
seams ; moderate amount of interstitial white
clay; sparse granules of greenish-gray
claystone; dark-gray clay and carbonaceous

material abundant intop 2 £t _______ 8.2

Total incomplete Dakota Sandstone_._ 8.2

Units 1 and 2 above do not coincide in detail with
corresponding units 44 and 45 of the measured section
in the description of the Dakota Sandstone, also from
cores of DVR-1. A drill hole drilled to a depth of 864
feet, and from which the Mancos section was measured,
was abandoned because of drilling difficulties, and a
new hole nearby was plugged toa depth of 830 feet. The
log of cores below that depth in the second hole, also
called DVR~1, provided the data for all deeper strata
encountered.

Surface distribution and configuration

The Mancos Shale in the Slick Rock distriet is con-
fined to Disappointment Valley, the area of Glade
Mountain and The Glade, a few scattered small areas
southwest of Glade Mountain and The Glade, and an
area 2 miles northwest of Dove Creek.

Because of the restricted distribution of the Mancos
and the scarcity of complete sections of the formation
in the vicinity of the Slick Rock district, variations in
thickness are poorly known. One complete section of
the Mancos is about 1,600 feet thick where the forma-
tion has been preserved in a large foundered block in
the axial part of the collapsed Gypsum Valley anti-
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cline (Cater, 1955e). A complete section measured in
the southeastern part of Disappointment Valley, near
the axis of the Disappointment syncline, is about 2,300
feet thick. In view of the clear evidence that the varia-
tions in thickness of many formations older than the
Mancos Shale are related to the axes of the folds, it
seems reasonable that if other complete sections of the
Mancos were present in this area they too would reflect
this pattern.

Strata of late middle Greenhorn age at the base of
the Mancos are 30-115 feet thick. In the position of drill
hole DVR-1 and measured section B (pl. 1) the inter-
val is thinnest; in the position of drill hole DVR-2 and
measured section A (pl. 1) the interval has an inter-
mediate thickness; and in the position of measured
section C farther southeast in Disappointment Valley
the interval shows its greatest measured thickness.
Strata from late Greenhorn through later Niobrara age,
inclusive, appear to be of similar thickness where data
are available, except that all these intervals are thicker
in measured section A (total of 1,100 ft) than in drill
hole DVR~1 (total of 830 ft) (pl. 1 A’~A’). No detailed
data are available on possible thickness variations in the
upper part of the Mancos.

TERTIARY IGNEOUS ROCKS

Igneous rocks in the Slick Rock district are known
at the surface only on Glade Mountain (pl. 1), where
they crop out in a few very small areas. The outcrops
are alined approximately on a projected fault and are
probably part of a dike intruded along the fault.
Igneous rocks are also known from the cuttings of deep
oil-test wells in and near the district, including the
vicinity of Glade Mountain. They appear to be in-
truded mostly in the salt unit of the Paradox Member
of the Hermosa Formation as sills (pl. 3), and are
probably the same rock as, and physically connected
with, the surface rocks at Glade Mountain. A series of
sills intruded in the Mancos Shale and Dakota Sand-
stone about 1 mile east of the east edge of the district,
in Disappointment Valley (pl. 1), are related to the
igneous intrusions at Klondike Ridge, at the southeast
end of Gypsum Valley, and were described briefly by
Vogel (1960).

ANDESITE PORPHYRY AT GLADE MOUNTAIN

Near the top of Glade Mountain a few outcrops of
igneous rock lie along the north side of the Glade graben
and are interpreted as parts of a dike intruded along a
fault. The outcrops consist of large to small angular
blocks of light-gray andesite porphyry. In hand speci-
men the rock shows flow layers and some lineation of
mafic minerals. According to an estimate of the mineral
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composition of a thin section, the andesite consists of
a little more than 50 percent crystals in a microcrystal-
line groundmass. Phenocrysts as much as 2 mm across
include about 45 percent sodic labradorite, mostly un
zoned with rare crystals slightly zoned ; 5 percent augite,
mostly rounded and partly resorbed, with common solu-
tion embayment along the ¢ crystallographic direction
in the manner of etched sedimentary pyroxenes; 3 per-
cent magnetite, commonly resorbed; 1 percent biotite,
some considerably resorbed, with reaction rims of augite
and magnetite; and a trace of apatite, mostly enclosed
in labradorite. Part of a thin section of the andesite
porphyry is illustrated in figure 45. Judged from the
chemical composition of the rock, shown in table 5, the
matrix of the rock is much more silicic than the pheno-
crysts and probably consists chiefly of quartz, potassium
feldspar, and plagioclase more sodic than labradorite
The andesite is likely related to the igneous rocks of
the San Juan Mountains, being similar in composition
to rocks described by Larsen and Cross (1956) ; chemi-
cally similar rocks include “quartz latite” and “rhyolite”
(Larsen and Cross, 1956, table 21, samples 8, 19, 36, and
55) from their “Potosi volcanic series” of Miocene age,
“quartz latite” in the Fisher Quartz Latite (Larsen and
Cross, 1956, table 23, p. 190, sample 9) of Miocene or
late Tertiary age, and intrusive “quartz latite” such as
the Cimarron Creek Latite of the Ouray area (Larsen

Magnetite

Groundmass

. 1 mm )

Fi6URE 45.—Pen-and-ink drawing of thin section of andesite
porphyry from Glade Mountain. Phenocrysts of labradorite
and partly resorbed augite, magnetite, and biotite lie in a
groundmass composed probably of quartz, potassium feldspar,
and plagioclase more sodic than labradorite. Sample SH-69-56.
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and Cross, 1956, p. 216 ; table 26) of Miocene or Pliocene
age. The andesite is not chemically like rocks with simi-
lar SiQO, content in the Colorado Plateau laccolithic cen-
ters, for example the Henry Mountains (Engel, 1959,
table 10), being appreciably higher in total iron oxides,
MgO, K,O, and TiO,, and lower in Al,0;, CaO, and
Na,O. In addition, the phenocrysts in the andesite
porphyry, both in composition and in marked resorp-
tion effects, are similar to those in rocks from the San
Juan field (Larsen and Cross, 1956) and unlike those
from the Colorado Plateau laccoliths (for example,
Hunt, 1958, p. 319-320).

Float identical to the andesite porphyry on Glade
Mountain was found in the vicinity of Rock Spring
about 4 miles northwest of Glade Mountain (pl. 1).
The rock was not found in place, but it may occur as
a dike intruded locally along the Springs fault 2-3 miles
northeast of The Glade (pl. 1). Andesite porphyry may
also be present in other places northwest of Glade
Mountain.

SILLS IN THE PARADOX MEMBER OF THE HERMOSA
FORMATION

Two deep oil-test wells penetrate igneous rocks in the
salt unit of the Paradox Member of the Hermosa For-
mation in and near the Slick Rock district, and two
others are bottomed in thick sills at the same horizon
about 20 miles east of the district (pl. 8). As suggested
on plate 3, the intrusives may be connected at depth and
be part of one large sill-like intrusive averaging per-
haps 500 feet in thickness with a volume of many cubic
miles, but these projections between drill holes are
purely conjectural. Sections B—B’ and D-D’ on plate 3
show an offshoot of the sill in the Paradox extending
up one of the faults bounding the Glade graben; east
of the intersection of these sections the rock comes to the
surface as the outcrops of andesite porphyry on Glade
Mountain.

Igneous rock penetrated in the Buss deep oil test 1,
sec. 26, T. 44 N., R. 13 W_, a little more than 20 miles east
of the district (pl. 3; fig. 10), according to a log by the
American Stratigraphic Co., consists of about 850 feet
“quartz monzonite.” The hole was bottomed in igneous
rock, and the intrusive, if a sill, must be thicker than 350
feet. Sedimentary rocks at least 60 feet above the igneous
contact, according to the log, were metamorphosed, pre-
sumably by the intrusive, and the igneous rock contains
shale inclusions apparently derived from the Paradox
Member. Cuttings from the sill penetrated in the Lone
Dome test 1, sec. 26, T. 40 N., R. 16 W., just south of the
district (pl. 8; fig. 8), are made up of calcic plagio-
clase, potassium-feldspar(?), quartz, augite, biotite,
magnetite, and apatite. In the small fragments of rock
that comprise the cuttings, the crystals appear to be
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TABLE 5.—Chemical and semiquantitative spectrographic analyses
of andesite porphyry from Glade Mountain

[Sample SH-69-56(F2422). Chemical analysis by P. M. Montalte; semiquantitative
spectrographic analysis by R. G. Havens]

Chemical analysis (in percent) Semiquantitative spectrographic
analysis 1
Si0g- . 61.82 | Ba._ . __.___..____. 0.07
ALOse 15.89 | Be_ooo oo . 0015
FedOso oo 3.8 | Clmmmmm o 015
FeO_ ... 2.36 | COocmmme . . 0015
MgO_ . 2.16 ) Crooo . . 0015
CaO. o 4,32 | CUecceeoeee 003
NagOo . 3.25 | GO e 0007
KO . 3.9 | Lao . . 007
H O+ e .41 | Nd. . . 007
HO— .. 223 | Nioo e . 0015
TiOg oo 74 Poo . . 0015
P05 . .82 | SCoc e . 0015
MnO__ . 11 Sre 07
(60 N 01 | Ve 015
Cleoe 01 | Yol . 003
P 08 | Ybo .. 0003
Y/ S 015

Total . .____.__ 99. 59
Less O _.-_ .03

Total_________ 99. 56
Powder density______ 2.73

1 Figures are reported to the nearest number in the series 7, 3, 1.5, 0.7, 0.3, 0.1, etc.,
in percent. These numbers represent midpoints of group data on a geometric scale.
Comparisons of this type of semiquantitative results with data obtained by quanti-
tative methods, either chemical or spectrographic, show that the assigned group
includes the quantitative value about 60 percent of the time.

mostly less than 1 mm in size. The rock may be the same
as that described by Bush, Marsh, and Taylor (1960, p.
451-460) as microgranogabbro or microgranodiorite
in the Little Cone quadrangle a little more than 30 miles
east of the Slick Rock district. Although the rock seems
to have a higher proportion of dark minerals than the
andesite porphyry on Glade Mountain, the mineral spe-
cies are the same, and it seems likely that the two rocks
originated from the same magma or through related
igneous processes. The rock bodies may well be physi-
cally connected.

MICROGRANOGABBRO SILLS IN DISAPPOINTMENT
VALLEY

Fine-grained dark igneous rocks occur as a series of
thin columnar-jointed sills in a northerly alined zone in
Disappointment Valley (pl. 1). A few small dikes, most
not shown on the map because of the map scale, occur
near the south and north ends of the zone of intrusives.
The north part of the zone makes up the group of igne-
ous intrusives in the Klondike Ridge area (Vogel, 1960).
The rocks of the sills and dikes are microgranogabbro
(Vogel, 1960, p. 42), which is intruded mostly in the
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lower part of the Mancos Shale and partly in the Da-
kota Sandstone and older rocks. Even though most of
the exposed igneous rock in Disappointment Valley is in
the form of sills, it was probably intruded to its present
level along dikes which at depth may be alined roughly
north-south and parallel to the surface faults at either
side of the north end of the zone of intrusives, and con-
sequently parallel to the elongate zone itself.

A sample of a sill from the Klondike Ridge area ac-
quired from R. M. Wallace of the Geological Survey
was studied in thin section. The rock is porphyritic;
some crystals are several millimeters long but most are
much smaller. Plagioclase, about 65 percent of the rock,
is about intermediate andesine, is clouded by alteration,
and shows widely varying types of zoning—mostly pro-
gressively more sodic in outer layers. Cores of many
crystals have albite twins, and the clearer outside zones
show few or no twins. The largest plagioclase crystals
are about 7 mm long, but most are much smaller. Biotite
makes up about 10 percent of the rock; it is red brown
(X = pale yellow; Y, Z == deep metallic red brown),
and is partly altered to chlorite. Augite, about 5 percent
of the rock, occurs in crystals as much as 4 mm long but
most are smaller. About 5 percent magnetite, up to one-
half mm in size, 5 percent chlorite, 5 percent quartz asir-
regular interstitial blebs—some containing minute
apatite crystals, and some euhedral where chlorite and
carbonate are abundant—and a minor amount of car-
bonate and apatite make up the remainder of the rock.
Stumpy apatite crystals are concentrated in augite, but
some needlelike crystals as much as 1.5 mm long extend
through adjoining plagioclase and biotite crystals. This
rock has features of both microgranogabbro and micro-
granodiorite in the Little Cone quadrangle described by
Bush, Marsh, and Taylor (1960, p. 451-453, 458-459) ;
it could be called quartz andesite porphyry on the basis
of the sample described above. Probably the rock varies
slightly in composition from sill to sill, or possibly with-
in sills. In any case the rock clearly has affinities with
the cited rocks described by Bush and his coworkers in
the western part of the San Juan field.

The Mancos Shale is “baked” for a short distance both
above and below the sills in Disappointment Valley. In-
trusive tongues of the sill extend along bedding in
places. Locally, masses of shale are entirely engulfed in
igneous rock. The sills as a whole are not at one strati-
graphic horizon, but transgress upward in the section
toward the axial region of the Disappointment syncline.
Furthermore, the sills near the axis of the syncline
are at a lower altitude than those on the limbs of the
fold. These relationships suggest that the syncline was
slightly folded at the time of intrusion and that it was
further folded after intrusion. These interpretations
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are valid if the assumption is correct that the sills were
intruded along a nearly horizontal zone. This seems
reasonable if the level of intrusion were controlled
principally by the thickness of overlying rocks; if the
surface were nearly horizontal, intrusion may have
taken place in some nearly horizontal zone where the
physical character of the host was favorable and litho-
static pressure was low enough to permit the intruding
magma to lift the overlying rocks.

WELDED ANDESITE TUFF AT GLADE MOUNTAIN

Near the summit of Glade Mountain a small patch of
angular rock rubble about 40 feet across consists wholly
of a single type of volecanic rock. None of the rock is
clearly part of an outcrop, but the size and homogeneity
of the patch and the angularity of the fragments sug-
gest that the rock may be virtually in place. On the
other hand, it may be simply remnants of a large block
among the heterogeneous volcanic rubble that makes
up glacial debris and gravel on Glade Mountain. The
rock is a pinkish-brown welded tuff consisting of about
30-percent crystals averaging about 1 mm in size in a
devitrified glassy matrix composed of flattened and
alined glass shards (fig. 46). Because the principal
phenocrysts are andesine and because more definitive
data are lacking, the rock is called an andesite, although
it may be more silicic than this name suggests. In addi-
tion to about 15 percent andesine showing sharp carls-

Devitrified
glass shards ¢

Augite

Biotite

Andesine

\ lmm

F16URE 46.—Pen-and-ink drawing of thin section of welded an-
desite tuff; devitrified flattened glass shards surround scat-
tered crystals of biotite, augite, andesine, and sanidine (not
shown). Sample SH-68-56, Glade Mountain.
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bad and albite twins and faint oscillatory zoning, the
rock contains an estimated 6 percent sanidine with
carlsbad and baveno twins in some crystals, 4 percent
biotite, which is yellowish to orangish brown with
black streaks along cleavage representing hematite
formed by oxidation of the biotite during eruption, 1
percent augite, 1 percent magnetite, and 3 percent, rock
fragments.
AGE

The igneous rocks in the Glade Mountain dike, in
Disappointment Valley sills and dikes, and in the sills
lying near sea level in the Paradox Member beneath
Glade Mountain and a wide area to the east, appear to
be petrographically alike, and in addition are similar to
a series of intrusive rocksthat crop out near the western
edge of the San Juan igneous field. The geographic as-
sociation, similarity of intrusive form, and like petro-
graphic character of all the rocks suggest that they
were intruded during a single igneous episode. The time
of intrusion was after the deposition of the Mancos
Shale, of course, for this formation is intruded by many
of the igneous bodies. The exact time of intrusion is
impossible to ascertain in the Slick Rock district and
vicinity, but it can be estimated within certain limits.

Because some of the intrusions were guided by faults
that likely formed after the Mancos was deeply buried
and consolidated, it may be that a considerable period
of time elapsed between Mancos deposition and intru-
sion of the igneous rocks. If it is assumed that the sills
were intruded in a nearly horizontal plane, an assump-
tion hardly subject to proof, then it appears that the
rocks have since been slightly folded as the sills now dip
about 50 feet to the mile toward the axis of the Dis-
appointment syncline. Thus, the Mancos Shale was
slightly folded at the time of instrusion, for the strata
on the limbs of the syncline now dip about 100 feet to the
mile. The likely time of intrusion of the sills was some-
where in the early Cenozoic, because the Disappoint-
ment syncline at the horizon of the basal part of the
Mancos had acquired about a fifth of its structural relief
by the end of the Cretaceous and about four-fifths dur-
ing the Cenozoic, possibly mostly in the late Cenozoic.

The igneous rocks intruded in the Slick Rock district
and vicinity may be Miocene in age, but this conclusion
isbased on extrapolation and interpretation. Larsen and
Cross (1956) concluded that those igneous rocks of the
San Juan region similar in chemical composition to the
andesite porphyry on Glade Mountain were irrupted
during the Miocene. Bush, Marsh, and Taylor (1960)
estimated that granogabbro bodies of similar composi-
tion in the Little Cone quadrangle are no older than
Miocene and may be younger. If the Disappointment
Valley sills were intruded before extensive erosion on
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the Colorado Plateau gave the surface considerable
topographic relief—considered by Hunt (1956, p. 77) to
have been during the Miocene, Pliocene, and Quater-
nary—then their age can be limited to not younger
than Miocene, but this assumption is speculative.

QUATERNARY SURFICIAL DEPOSITS

A variety of surficial deposits, all thought to be
Quaternary in age, occur in the district. These deposits
are here grouped according to type in an order which
approximates the suspected sequence of deposition. The
surficial deposits include glacial till, terrace gravels,
alluvial fans, landslide debris, loess, other soil, alluvium,
colluvium, and talus.

GLACIAL TILL ON GLADE MOUNTAIN

A heterogeneous deposit of a great variety and size
range of angular rock fragments on and near Glade
Mountain is interpreted to be glacial till. It lies mostly
above an altitude of about 9,000 feet. The till consists
chiefly of intermediate volcanic rocks ranging in size
from minute particles to boulders as much as 10 feet
across, mixed randomly in an earthy matrix. None of
the fragments was seen to be striated, possibly because
of the effect of weathering. Near the top of the moun-
tain the rock fragments are mostly angular, but to the
west and generally below an altitude of about 9,000 feet
the material is mixed with progressively more and more
stream-rounded and better sorted material. Presumably
the change marks the transition from a terminal
moraine deposit to glacial outwash on the old plain
footing the glacier. The most likely source of the till
was the western part of the San Juan Mountains, 15
miles or more east of the district. Except for Belmear
Mountain (alt. 9,515 ft), 10 miles east of Glade Moun-
tain, most of the land between Glade Mountain and the
San Juan Mountains lies below an altitude of 9,000 feet,
attesting to considerable dissection since the glaciation
that left the till on Glade Mountain. Just east of Glade
Mountain at least 1,000 feet of Mancos Shale has been
eroded since deposition of the till. Conceivably the ele-
vation of the till on Glade Mountain is partly due to
uplift on the fault on the north side of the mountain,
but even if such displacement had occurred, the erosion
now apparent must have taken place since the glaci-
ation.

The age of the glacial till is not known; it likely is
correlative with some of the material in the San Juan
Mountains called Cerro Till, considered by Atwood and
Mather (1932, p. 107-111) to be very early Pleistocene
in age. The name Cerro Till was abandoned by Dickin-
son (1965) as the material at the type locality was not
deposited by a piedmont glacier but by mass-wasting
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processes, primarily landsliding. Nevertheless, the
reality of older till in the San Juan Mountains is not
doubted. Although Atwood and Mather admitted the
lack of accurate means of dating what they called Cerro
Till, they pointed out its deeply weathered character
and its occurrence on an old surface, deeply dissected
since the glaciation, as evidence of great age. They also
pointed out its similarity to glacial tills in other parts
of the western United States that are dated as older
Pleistocene (p. 110-111). Richmond (1957, p. 240-250)
described characteristics similar to those of the till on
Glade Mountain to indicate pre-Wisconsin age. Pre-
Wisconsin ice (Atwood and Mather, 1932, p. 28) spread
out from the San Juan Mountains as a piedmont glacier
and extended many miles over the surrounding plains,
unlike ice of the younger glaciations in the San Juan
Mountains, which was largely confined to valleys and
canyons. Despite the tenuous correlation with glacial till
of uncertain age in the San Juan Mountains, the most
likely age of the till on Glade Mountain appears to be
pre-Wisconsin.

TERRACE GRAVELS

Stream-deposited gravels occurring in terraces in the
Slick Rock district consist mostly of volcanic rocks,
with lesser amounts of sedimentary types intermixed.
The lower terrace levels appear to have a larger per-
centage of sedimentary rocks than higher levels. Per-
haps the relative amounts of different rock types in the
different levels of terraces might permit correlations of
the terraces which would substantiate the correlations
based on lateral projections (fig. 47). Volcanic rocks
in the terrace gravels include varieties common
in the San Juan Mountains to the east. Rounded
voleanic fragments on the west side of Glade
Mountain are chiefly andesite and basalt. The andesite
is composed of labradorite, augite, minor iron ores,
biotite, and apatite in a glassy matrix. The basalt con-
sists of labradorite, augite, olivine, and iron ores;
phenocrysts of all these minerals occur in a coarse inter-
sertal groundmass that contains variable amounts of
interstitial chlorite. The basalt is very likely the same
as the olivine basalt of the latite-basalt of the Plio-
cene( ?) Hinsdale Formation described by Larsen and
Cross (1956, p. 199-203), and probably the andesite is
derived from this same sequence. A few rocks consist of
welded latite tuff in which about 80 percent of the
groundmass is made up of flattened devitrified glass
shards and includes phenocrysts of sanidine, labrador-
ite (?), biotite, and minor amounts of quartz, augite,
iron ores, zircon, and sphene. A small percentage of the
gravel on the west side of Glade Mountain consists of
quartzite pebbles and cobbles.
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Because much of the gravel on Glade Mountain seems
to be material from the Hinsdale Formation, it was
likely eroded at a time when the Hinsdale covered a
much more extensive area than now, in particular when
it spread over the western part of the San Juan Moun-
tains (Larsen and Cross, 1956, p. 196). Judged from the
great amount of erosion required to strip the Hinsdale
from such a large area, the gravels associated with
glacial material on Glade Mountain likely are early
Pleistocene in age. Probably they are outwash gravels
reworked from glacial till dropped by an ancient pied-
mont glacier, and they may be correlative with old
glacial material that makes up part of the Cerro Till of
former usage.

The terrace gravels contain well-rounded pebbles and
cobbles that tend to be somewhat flattened. A few small
boulders are present, and these are notably slablike.

Stream gravels in residual tertaces occur in two
principal areas in the Slick Rock district, one in Disap-
pointment Valley and the vicinity of the Dolores River
from the junction with Disappointment Creek down-
stream almost to McIntyre Canyon, and the other at the
south end of the district near the junction of Narra-
guinnep Creek and the Dolores River and in the vicinity
of Glade Mountain (pl. 1).

Gravels are widely distributed in residual dissected
terraces in Disappointment Valley and along the
Dolores River in the vicinity of Slick Rock (pl. 1). The
positions of most of these terraces were plotted in profile
in order to show which of these groups of terraces seem
to correlate (fig. 47). They were plotted above the pres-
ent stream profile of the Dolores River and Disappoint-
ment Creek in this area. The terraces generally lie at
only a few clearly defined horizons, which mostly paral-
lel the present gradient of the adjacent stream (fig. 47).
In one segment, (shown near the center of fig. 47) some
groups of terraces have a gradient of about 100 feet per
mile; others in the area have gradients of about 20-40
feet per mile. Moreover, the gradients of Section 12 and
Joe Davis Canyon levels of terraces, and possibly of the
Ellison-Burro level, in this area are parallel where the
levels overlap. Because all three levels of terraces pro-
ject above the VABM (vertical angle bench mark)
level of terraces just above and nearly parallel to the
present profile of Disappointment Creek (right half of
fig. 47), the steeper gradient (shown near the center of
fig. 47) is interpreted to reflect structural uplift. Follow-
ing deposition and dissection of the Ellison-Burro, Joe
Davis Canyon, and Section 12 levels, uplift in the area
(represented by the right half of fig. 47) warped the old
stream profiles. Grade was reestablished with;deposition
of the lowest terrace, VABM level (shown in the right
half of fig. 47), and is still maintained.
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If the interpretations are correct for the correlations
of terraces shown in the right half of figure 47, the Joe
Davis Canyon and Ellison-Burro levels appear to pro-
ject to equivalents along the Dolores River near Slick
Rock, and both lie below a higher terrace level shown
as the Middle Group level. The apparent warping of the
old stream profiles shown in the left half of figure 47
thus bears out that which is more convincingly shown in
the right half of the diagram.

Probably the oldest gravels—those containing abun-
dant material from the Hinsdale Formation and likely
of early Pleistocene age—are exposed near the south end
of the district in a few isolated patches overlying deeply
weathered Mancos Shale (pl. 1; fig. 48). The gravels
probably were deposited by streams that cut an erosion
surface on the Mancos; the surfaces on which the gravel
lies can be projected as a slightly warped plane that
truncates bedding in the Mancos (fig. 48). The Mancos
is bleached for several feet beneath the gravel, and
locally the basal part of the gravel contains a whitish
calcareous matrix or caliche. The Mancos Shale was
likely unweathered when it was truncated by the
streams that left the old gravel deposits. Deep weather-
ing of the shale occurred after gravel deposition, as indi-
cated by the caliche, in gravel just above the shale, which
must have been derived from calcite-rich Mancos rather
than from the volcanic rocks that constitute the gravel.
Younger gravel terraces in the Dolores River Canyon
near the junction of Narraguinnep Creek and the river
are found at levels about 100, 350, and 650 feet below
the projected old erosion surface (fig. 48). These gravels
were deposited at successive stages of downcutting of
the Dolores River Canyon, and each marks the bottom
of the canyon at the time of its deposition.

Similar vertical spacing of terraces along the Dolores
River near Narraguinnep Canyon, and along the
Dolores River near Slick Rock and Disappointment
Creek, hints that the sequences of terraces in the two
areas are correlative. For example, the Ellison-Burro,
Joe Davis Canyon, and VABM levels near Slick Rock
and along Disappointment Creek lie about 75, 250, and
500 feet below the Middle Group level; corresponding
levels near Narraguinnep Creek are 100, 350, and 650
feet, respectively, below the old erosion level. If the
correlation is correct, it appears that the Dolores River
Canyon was deeply incised in the vicinity of Slick Rock
before it began to erode in the vicinity of Narraguinnep
Creek. But because of; the evidence of structural warp-
ing in the district during the period of terrace forma-
tion, such correlations are tenuous and perhaps
meaningless.

At Glade Mountain and on the mesa southeast of
Narraguinnep Canyon, fairly extensive deposits of
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gravel, probably glacial outwash, overlying weathered
Mancos Shale are associated with the glacial deposits
previously described. Southeast of the canyon a layer
of gravel extends almost continuously from a zone of
merging with glacial till south of Glade Mountain for
a distance of about 10 miles to the rim of the Dolores
River Canyon. Toward its southwest end the layer thins,
loses much of its earthy matrix, and its constituent peb-
bles become generally well rounded, better sorted, and
smaller. In addition, voleanic rocks, which make up
nearly all of the glacial material, are mixed near the
river with a small amount of cobbles and pebbles derived
from sedimentary rocks.

ALLUVIAL FANS

Alluvial fans are sparse in the district, and where they
do appear they are not currently active and are slightly
indurated. Their age is attested to by their position
above the present canyon bottoms and by dissection due
to recent erosion. Small alluvial fans are exposed in
a few places on a bench in the Salt Wash Member of
the Morrison Formation on the east side of the Dolores
River and about 200 feet above the river a few miles
north of Slick Rock. A larger group of old coalescing
fans occurs on the south side of Horse Range Mesa
(pl. 7) where present erosion has cut deeply into the
alluvium. The fans are clearly of local origin and the
materials of which they are composed are easily traced
to the rocks from which they were derived. Much of
the alluvium in the fans consists of angular pebbles
about 2 inches across in an earthy matrix. Near the
Burro Canyon Formation rim at the south side of Horse
Range Mesa the old alluvium contains some large blocks
of sandstone from the Burro Canyon. Some of the
gravel on the northwest side of Disappointment Valley
(pl. 1) occurs probably as remnants of eroded alluvial
fans.

The alluvial fans are mostly above the level of the
oldest terrace gravels in the vicinity of Slick Rock.
Though they are not necessarily older than these ter-
race gravels, they probably predate the latest period
of canyon cutting ; they may have been deposited during
one or more of the interglacial periods of rapid erosion
and are likely of Pleistocene age.

Some small modern alluvial fans occur in Disappoint-
ment Valley. They are composed mostly of clay washed
from the Mancos Shale and in many places are difficult
to distinguish from the Mancos except by form. Gen-
erally, weathered slopes of Mancos grade imperceptibly
into alluvium downslope, and most contacts between
the two are arbitrary. (See pl. 1.)
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LANDSLIDES

Landslides, some covering nearly a square mile, are
common in the Slick Rock district (pls. 1 and 7). By
far the greatest number and the largest of the slides are
on slopes of the Brushy Basin Member. They consist
of a great jumble of rock materials in all attitudes and
sizes lying on steep slopes of the Brushy Basin. In
places large masses several tens to perhaps a few hun-
dreds of feet across are detached from higher strata
and now lie with discordant attitude farther downslope
from their original position. None of these landslides
are now active and most of them show clear signs of
considerable erosion. Because of their abundance on
the mudstone slopes of the Brushy Basin, the slides
probably formed during a period of greater precipita-
tion than the present, when widespread water saturation
of the bentonitic mudstone allowed extensive slipping.
Many of the slides have the aspect of mudflows; that
is, they occur on low slopes and display lobelike con-
figurations, suggesting extensive water saturation as
an agent in their formation.

Most of the landslides are thought to be Pleistocene
in age because of the suggestion that abundant precipi-
tation accompanied their formation, they are consider-
ably dissected by erosion, and they are inactive. Since
they obviously are not older than the present canyons,
however, they must have formed during the latest
period of heavy moisture, and are probably of late
Pleistocene age.

One large landslide in Mancos Shale on the north
side of Glade Mountain may be of more recent age.
Others occur along the steep walls of The Glade where
Dakota Sandstone has slumped onto Mancos Shale in
the Glade graben.

Although most of the landslides in the district are
thought to be old, at least three small slides occurred
during the period 1953--56. We observed these slides
shortly after they occurred, each after heavy autumn
rains. Even though they occurred because of softening
of strata by rain water, they were more like rockfalls
than mudflows. The first occurred in the autumn of 1953
when large blocks of sandstone of the Burro Canyon
Formation broke loose from the rim north of the Do-
lores River in sec. 32, T. 44 N., R. 18 W. and fell on
Colorado Highway 80, blocking it temporarily. The
second slide took place not far away, in October 1955,
when huge blocks of sandstone of the ore-bearing sand-
stone at the top of the Salt Wash Member slid onto a
mine road near the Slick Rock bridge. The third slide
occurred in the fall of 1956; again large blocks of sand-
stone from the lower part of the Burro Canyon Forma-
tion, some weighing at least several hundred tons, fell
onto Colorado Highway 80 in Joe Davis Canyon, sec.
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33, T. 44 N., R. 18 W, blocking the road temporarily.
The occurrence of all three slides within a mile or two
of each other probably was coincidental, for the canyons
in this area are no steeper walled than many others in
the district where rock slides have not been observed
recently. The slides demonstrate the common character
of erosion in the canyonlands country: nonresistant
strata are sapped by rain wash with the eventual result
that, when the nonresistant strata are water saturated,
overlying resistant strata can no longer be supported.

LOESS

A generally thin mantle of loess blankets much of
the Sage Plain, including the southern part of the
Slick Rock district west of the Dolores River as far
north as Egnar. Much of the alluvium shown on plate 1
in this area is loess, which has proved to be amenable
to the cultivation of pinto beans by dry-farming meth-
ods. The loess is considered to be pre-Wisconsin by
Hunt (1956, p. 38). The entire deposit extends for
nearly 100 miles along the Colorado-Utah State line,
has a maximum width of about 70 miles, and covers
approximately 3,500 square miles. The deposit probably
exceeds 50 feet in thickness in only a few places. Loess
occurs in scattered patches elsewhere in the district,
including the canyons in the northern part of the dis-
trict. Near the Cougar mine north of Slick Rock, a small
canyon about 10 feet deep was filled with loess and is
being exhumed as a result of modern erosion. Locally,
loesslike material overlies some of the lower terrace
gravels, and in one place it overlies a mudflow. At these
localities the loess may have been reworked, so the
original age relationships are not clear.

Loess deposited as a thin blanket on the Sage Plain
during the Pleistocene later may have been strongly
eroded by the wind in places (Shawe, 1963a).

SOIL, ALLUVIUM, COLLUVIUM, AND TALUS

Soil on the pre-Wisconsin loess on the Sage Plain is
classified by the U.S. Department of Agriculture as a
well-developed Chestnut soil according to Hunt (1956,
p. 38; fig. 6). Thorp and Smith (1952) show soil in this
area to be well-developed Brown soil and soil in other
areas in the district to be well-developed Gray-Brown
Podzolic soil. Soil cover in much of the district is thin
or absent. The soil is thickest on the Sage Plain where
large areas of pinyon and juniper have been cleared
since the dustbowl days of the 1930’s when displaced
farmers came into the region and began cultivating
beans and other dry-farm crops. Soil is thin in a few
places on both the Mancos Shale and alluvium in Dis-
appointment Valley where farming is meager. Small
patches of alluvium along the Dolores River are covered
by thin soil that supports a little farming.
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Alluvium is most abundant in Disappointment Valley
and along the Dolores River and tributary canyons
(pls. 1 and 7). It ranges from clayey material, common
in Disappointment Valley, to sandy and silty gravel,
most abundant along the Dolores River. Silty alluvium
from sec. 25, T. 44 N, R. 18 W., in Disappointment
Valley, contains heavy minerals in proportions almost
identical to those in loess on the Sage Plain. Local bed-
rock sources of alluvium in the valley contain very
much less black opaque minerals than the alluvium, and
it is concluded that the alluvium here contains a large
amount of windblown loess. Gravel along the river is
similar to the terrace gravels (which in fact it will
become following the next stage of downcutting). It
contains perhaps more sedimentary rocks than the
terrace gravels, bespeaking the continuing erosional
destruction of the San Juan volcanic pile and concomi-
tant exposure of larger areas of underlying sedimentary
rocks.

Small patches of colluvium, shown on pl. 7 included
with mantle, are common only on the intermediate
slopes in the deeper canyons in the district. Alluvium
in Disappointment Valley (pl. 1) is imperceptibly
gradational into colluvium locally, and the two were
not distinguished in mapping there. The colluvium was
formed by mass wasting of intermediate slopes.

Talus debris was also included with mantle in the
detailed mapping of the Morrison Formation (pl. 7).
It occurs in small patches only on fairly steep predomi-
nantly north-facing slopes, attesting to the influence of
moisture on mass wasting of oversteepened topography.
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