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GEOLOGY OF THE ATKINSON CREEK QUADRANGLE, MONTROSE COUNTY, COLORADO
by E. J. McKay
ABSTRACT

The Atkinson Creek quadrang}e is one of eighteen 7i-minute quad-
rangles covering thg principal carnotite-producing area of southwestern
Colorado. The geology of these guadrangles was mapped by the U, S.
Geological Survey for the Atomic Energy Commission as part of a compre-
‘hensive study of carnotite deposits. The rocks exposed in the eighteen
quadrangles consist of crystalline rocks of pre-Cambrian age and sedi-
'"mehtgry rocks that range in age from late Paleozoic to Quaternary. Over
much of the area the sedimentary rocks are flat lying, but in places the
rocks are disrupted by high-angle faults, and northwest-trending folds.
!Cbnspicuous amongﬁﬁhe folds are largetanticlines having cores of intrusive
‘salt and gypsum,

Most of the carnotite deposits argqconfined to the Salt Wash sand-
-stone member of the‘Juraséic Morrison formation. Within this sandstone,
most, of the deposits are spottily distributed through an arcuate zone
kg;wn as the “Uravan Mineral Belt%?i Individual deposits range in size
from irregular masses containing iny a few tons of ore to large, tab-}
ular masses containing many thousands of tons. The ore consists largely
Qf sandstone selectively impregnated and in part replaced by uranigm and
vanadium minerals. Most of the deposits appear to be rela%ed to certain

sedimentary structures in sandstones of favorable composition.



INTRODUCTION

The U. S. Geological Survey mapped the geology of the Atkinson
Creek quédrangle, Colo., as a part of a gomprehensive study of carno-
tite deposits., The study, covering the principal carnotite-producing
area in southwestern Colorado, included detailed examination of mines
and geologic mapping of eighﬁeen 7%-minute quadrangles, of which the
Atkinson Creek quadrangle is one. Parts of the texts accompanying
these maps have been standardized; these parts comprise some descriptions
of'geologic'formations and general desériptions of regional structural
setting, geologic history, and ore deposits. Comprehensive reports
presenting in greater detail the geologic features of the entire area
anq,inﬂerpretations of these features are in preparation. Work was
started in the area iﬁ 1939 as a cooperative project with the State of
Colorado and the Colorado Metal Mining Fund and was continued through
1945 as a wartime strategic minerals project. Since 1947 the Geological
ESufvey has been continuing this geologic study on behalf of the Division
of Raw Materials of the Atomic Energy Commission. The Atkinson Creek
quadrangle was mapped in 1949.

The Atkinson Creek quadrangle comprises an area of 59 square miles’
betwéen the Uncompahgre Plateag~énd the San Miguel River in Montrose and
Mesa Counties, Colo,, and lies in the Canyon Lands subdivision of the
Colbrado Plateau physiographic province. The surface of the quadrangle
slopes southwestward and, except for the ﬁértheaétern corner, is a south-

westward sloping plateau cut into numerous mesas by steep-sided canyons.



6

The nqrtheastern corner rises abruptly along a line of steeply tilted
ﬁ%iéﬁifonsﬁzgélghe edge of the Uncompahgre Plateau. Total relief is
about 4,000 feet; altitudes range from about 4,930 feet along the San Miguel
River in the southwest corner of the quadrangle to nearly 9,000 feet on
the Uncompahgre Plateau in the northeast corner. All drainage within the
quadrangle is southwesterly either to the San Miguel River or to the
Dolores River, which lies a short distance west of the quadrangle.

No accurate information on‘rainfall is available, but the annual
precipitation is probably between 10 and 15 inches; the areé is semiarid

and supports a moderate growth of juniper and piﬁbn on rocky terrain

and abundant sagebrush where soils are thick. Cacti and sparse grass

are widely distributed. Most of the quadrangle "is accessible over a

system of dry-weather roads.

REGIONAL GEOLOGY

Rocks exposed in the 18 quadrangles mapped consist of crystalline pre-

Cambrian rocks and sedimentary rocks that range in age from latc Paleozoic

*to Quaternary. Crystalline rocks crop out only in the northeastern part of

the area along the flanks of the Uncompahgre Plateau; the rest of the area
is underlain by sedimentary rocks. "The* latest. Paleozoicc and’ earliest  Meso-
zoic beds wedge out northeastward against the crystalline pre-Cambrian rocks,
but later Mesozoic units were deposited on top of the;pre-Cambrian rocks,
Over most of the region the sedimentary rocks are flat-lying, but in places

they are disrupted by high-angle faults or folded into northwest-trending

monoclines, shallow‘synclines, and strongly developed anticlines. The

largest of the folds is the Uncompahgre Plateau uplift, a fold nearly 100

miles long that traverses the northeastern part of the area. Well-developed



anticlines havirg intrusive cores of salt and gypsum underlie Sinbad Vallqz
Paradox Valley, and Gypsum Valley in the %entral part of the area; the

Dolores anticline in the southwestern part of the area probably has a salt-

gypsum core, although it is not exposed.

The Atkinson Creek quadrangle lies in the northeastern part of the
l8—quadraﬁgle area a feﬁ miles northeast of Paradox Valley. The south-
west flank of the Uncompahgre Plateau uplift crosses the northeast corner

of the gquadrangle.

STRATIGRAPHY

The oldest rocks in the Atkinson Creek quadrangle are of pre-Cambrian
age and are exposed along the southwest flank of the Uncompahgre Plateau.
- The Pennsylvanian Hermosa formation does‘not crop out in the quadrangle,
although it is exposed in nearby areas. Sedimentary rocks of the‘Cufler
formation of Permian age are in depositional contact with pre-Cambriah
crystalline rocks in Mesa Creek, about 8 miles northwest of the head of
nwAtkinson Creek, Near West Creek, about 20 miles northwest of the head of
Atkinson Creek, the Moenkopi formation of Lower Triaésic age rests on an
_ angular unconformity that truncates the underlying Cutler beds. Although
rock; of the Cutler and Moenkopi formations are not exposed in the Atkinson
';Qreek quadrangle, both the Cutler and the Mbenkopi are drawvn in the struc-
'Ature cross-section of the accompanying map. The oldest exposed sedimentary
rocks in the quadrangle areﬁthosegoﬁxtheZGhihiéﬁformagibnlbﬁ{Uppef”Triassdc
age. Robks of Jurassic age form cliffs, steep slopes, and broad benches
along the San Miguel River and its tributaries, and steep "flatirons" along

the southwest flank of the Uncompahgre Plateau. The mesas are capped by



8

Cretaéeous rocks. Dz2posits of wind-blown material, sheet wash, and ‘Femnants
of old pediment gravels are widely distributed on the mesa tops, and allu-
vium and stream gravels cover the bottoms of the valleys,

The stratigraphic sequence is similar to that studied by Baker (1933)
and Dane (1935) in nearby areas in Utah; most of the formatiotis’ can be

traced continuously from the Atkinson Creek quadrangle into:Utah.

Pre-Cambrian complex

The pre-Cambrian-ngcks are%a*mmmpié;wof'intrusive and metamorphic
9rystaiiine rocks eqused dYong the southwest»flank of the Uncompahgre
Plateau. Exposures aré poor except in the deep canyons between "flatirons",
which are formed by the overlying steeply ppﬂurﬁed sedimentarj beds. The
dominant rock:is a coarse-grained- pink grapite that is cut by dikes of
granite pegmatite., Within the pink gﬁénite are xenoliths of gneiés,.schist,
and quartzite. ’

Relations between the coarse—grained pink granite and the older igneous
and“metamorphic rocks are shown bétter in exposures about 20 miles northwest
of the quadrangle, in the vicinity of Wgst‘Creek and Ute Creek. There, large
'bodies of gray gneissic g;énite intrude gneiss and schist. These’rocks have
been intrudéd in turn by coarse-grained pink granite. Youngest of the ex-
posed pre-Cambrian, rocks are dikes of pink porphyritic and light-gray fine-
grained granite.

The schist and gneiss in the West Creek area were referred to as Archean
in age ufPégle(i877). Hunter (T925) assigned similar rocks in the nearby

Gunnison River region, to the ‘Archean and the granitic intrﬁsions to late

Algonkian or early P@leozoic age. Because crystalline rocks are insufficiently
exposed in the region mapped, they have been treated as undifferentiated

pre-Cambrian,
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Chinle formation

The Chinle formation of the Upper Triassic consists of red to

~ orange-red mudstone, siltstone, sandstone, and limestone-pebble and mud-
stone-pebble conglomerate. The formation crops out along the sides and on
top of the Uncompahgré Plateau, where it rests directly on pre-~Cambrian
rocks. The peneplained surface of pre-Cambrian rocks on which the Chinle
was deposited was nearly fiét,faﬁd.in placés the upper few feet of‘rock
underlying this surface weathered to form a red residual clay. This
weathering occurred before the Chiple formation was deposited. The lower

2 feet of the formation consisﬁs of a red, genefally coarse-grained sand-
stone with angular pebbles of quarfz, feldspar, and igneous rocks. The
remainder of the formation consisﬁs thhéQ‘and orange-red interbedded silt-
stqne, mudstone, and resistant, discontinuous, thinebeédded and cross;bedded
sandstones. The sandstone lenses are generally more highly cross-bedded and
are thicker and more abundant near the top of the formation. The Chinle
formation probably was deposited urider fluviatile conditions. The Chinle,
.where exposed in the Atkinson Creek quadrangle, is about 200 feet thick,
but it thickens to 450 feet in Paradox Valley, about 15 miles to the south-
west,

Glen Canyon group

The Glen Canyon group, of Jurassic (?) age, comprises; in ascending
order, the Wingate sandstone; the Kayenta formation, and the Navajo sand-

stone.
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Wingate .formation

The Wingate sandstone conformably overlies the Chinle formation.

In the Atkinson Creek quadrangle the Wingate sandstone forms steep hog-
backs and bluffs along the flank and top of the Uncompahgre Plateau. Be-
‘cause the Wingate in this quadrangle is fractured and leachedjit does not
form the vertical reddish-brown cliffs characteristic of the Wingate of
most of the Colorado Plateau; The sandstone is divided into horizontal
layers by extenSiye bedding planes spaced from 2 to 50 feet apart., Within
each horizontal layer the sandstone is c ross-bedded on a magnificent scale;
great'sweeping tangential cross-beds ol ¢olian type, in places extending
gcross'the entire thickness of the horizontal layér are disposed in all
directions. The sandstone is poorly cemented and crumbles easily; this

- ‘quality probably accounts for the readiness with which the rock disinte-
grates in faulted areas. In the Atkinson Creek quadrangle the Wingate sand-
stone is about 200 feet thick,

Kayenta formation

The Kayenta formation conformably overlies the Wingate sandstone; the
contact between the two formations is gradational in most places. The
formation is notable for its variety of rock types. Sandstone, red, buff,

+gray, and lavender in color, is the most abundant type; but the formation
also contains considerable quangities of redlsiltstone, thin-bedded shale,

Q.and conglomerate., The conglomerate contains pebbles of sandstone, shale
and limestone., The sandstone is composed of rounded to subrounded quartz
grains and minor éuantities of mica, feldspar, and dark minerals. Most of

the sandstone is thin-bedded, cross-bedded in part, and flaggy; some is
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massive. Individual sandstone bed; are.lénticular and discontiﬁuous and
interfinger with shale and, in places, with congldﬁérate. The Kayenta
typically crops out in a series of benches and ledges. The ledges in many
placeé overhang recessions where softer beds have eroded back. ‘The. lower
part of the formation is more firmly cemented end forms resistant, thick
ledges that protect the underlying Wingate sandstone from erosion.,

The formation is about 60 feet thick nca: ﬁhe base of the "flatirons"
on the flank of the Uncompahgre Plateau. Although the lower part of the
Kayenta is npt exposed in the southwestern corner of the quadranglq,it

probably has a thickness of nearly 180 feet in this area.
Navajo sandstone

In the Atkinson Creek quadrangle the Navajo sandstone is discontinuous
and consists of isolated lenses; It crops out only near the southwestern
corner of the quadrangle. The sandstone conformably overlies the Kayenta
formation. The contact with the Kayenta is gradational in some places,
Vsharp and undulating in others. The Navajo is a homogeneous gray to buff,
fine-grained clean quartz sandstone. Thin gray discontinuous limestone beds
containing chert nodules occur in places in the sandstone. In nearby areas
tangential cross-beds of teemendous size, indicative of eolian deposition,
are typical of the Navéjo; but where the Navajo crops out at Uravan, tangen-
tial cross-beds are not so large and horizontal bedding planes are more
common than elsewhere. The thickness of the Navajo in the Atkinson Creek

quadrangle ranges from a featheredge to 30 feet,
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Sgn Rafael group

In this area, the San Rafael group, of Middle and Late Jurassic age, in-
cludes in ascending order the Carmel formation, the Entrada sandstone; and the
Summérville formation. The group crops out in the canyon of the San Miguel
River.and in hogbécks bordering the Uncompahgre Plateau. The Carmel formation
and the Entrada sandstone were mapped as a single unit because in most places

they form a narrow outcrop.
Carmel formation and Entrada- sandstone .

The Carmel formation consists largely of red to buff, soft, horizontally
bedded siltstone mudstone, and sandstone. In some localitieslthe basal beds
consist of reworked Navajo sandstone, Pebbles aﬁd angular fragments of white
and gfay chert, as much as an inch across, are scattered rather abundantly
through the lower part of the formation and less abundantly through: the upper
part. These chert pebbles and angular fragments are sufficiently abundant
locally to form layers of conglomerate. Included in these layers are scat-
tered greenish-gray, red, and yellow quartzite pebbles and boulders as large
as 5 by 8 inches. In many places the upper part of the formation contains
scattered barite nodules as much as an inch across.

The Carmel formation ranges from a knife—eage to 30 feet in thickness in
the quédrangle. This range appears to be due chiefly to deposition on irregular,
erodea surfaces nf Navajo sandstone or beds of the Kayenta formation. No
definite evidence indicates that the Carmel formation of this area is of marine
origin as is the Carmel of central Utah, but the proEabilities are that the
Carmel of southwestern Colorado was deposited in shallow water margin&i“bo,a

sea.
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The Carmel formation grades upward, in most places without a prominent
break, into the Entraaa sandstone. The Entrada sandstone, known locally as
“the'slick rim" because of its appearance, is perhaps the most strikingly
picturesque of all the formations in the plateau region of Colorado. The -
smoothly rounded, in places bulging, orange, buff, and white cliffs formed .
by this sandstone are a distinctive scenic feature of the region. Horizontal
rows of pits, resulting from differential weathering and ranging from a few
' inches to a foot or more across,’are characteristic of these cliffs. The
Entrada consists of alternating horizontally bedded units and sweeping,
eolian-type cross-bedded units. The horizontally bedded units:are.mosti
common in the basal part and in the'uppermost,Alighter-colored part.of the
Entrada, whereas the cross-bedded units are dominant in the middle part.
The Entrada sandstone differs from the somewhat similar Wingate sandstone
énd Navajo sandstone by the sorting of sand into two distinct grain sizes.
Subrounded to subangular quartz grains mostly less.than 0.15 mm in diameter -
make up the bulk of the sandstone. The sandstone also contains larger
érains, which are well rounded, havé frosted surfaces, and range from O.4
-to 0.8 mm in diameter; most of these grains are of quartz, but grains of
chert are scattered among them. Most of the larger grains are distributed
in thin layers along bedding planes,

The Entrada sandstone, where exposed in the Atkinson Creek quadranéle,

is about 80 feet thick,
Summerville.formation

The Summerville formation generally crops out as a steep, debris-covered
slope, with very few good exposures. Where exposed the Summerville ekhibits

a remafkably even, thin, horizontal bedding. Beds are predominantly red of
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various shades, although some beds are greéne brown, light yellow, or nearly
white, Sandy and silty shale are the most abundant kinds of rock, but all
gradations from claystone to clean, fine-grained sandstone are. interbedded
with them. Well-rounded amber~-colored quartsz grgins with frosted or matte
surfaces are diséeminated throughout most of the formation, iqciuding those
beds consisting alﬁost entirely of claystone. Thin beds of autochthonous
red and green chert are widespréead. § thin, discontinuous bed of dark-gray
dense fresh-water limestone occugs in the hpper part of the formation. Sand-
stone beds are thicke? and sandstone iS moré-abhndant in the lower part of
the formation than in the upper péfw%- Commonly the sandstone beds are
ripple—marked? and in places they show smallfécgle.low—angle cross-bedding;
The Summervilleagggmation rests conformablj'on.thg Entrada sandstone,

' P
I

, no cessation of

and, although a sharp lithologic change matkSQ;hE g§gﬁ%
deposition separated the two formations. Regionally the upper part of the
Entrada and'the lower part of the Summerville “intertongue, and the contact
does not occur everywhere at the same stratigraphic horizon. The upper
contact of the Summerville is uneven and channelgﬁ, and the channels are
fillgd by the overlying basal sandstones QfgﬁﬁﬁfMorfison formation. Locally,
however, the contact is difficﬁlt to detéfmiﬁe, because the ovérlying shale
and mudstone of the Morrison formation are similar to beds of the{-Sumrqerville°

The Summerville formation is about 80‘feet thick in the Atkinson Creek
quadrangle.

Morrison formation

The Morrison formation, of Late Jurassic age, s of special interest

economically because of the uranium- and vanadium-bearing deposits it contains.,
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The formation comprises two members iﬁ this erea; the lower is the Salt Wash
sandstone member and the upper is the Brushy Basin shale ﬁember. In the
Atkinson Creek quadrangle the Morrison formation ranges in thickness from 700
to 800 feet, with the Brushy Basin shale member generally forming somewhat
more than half the total thickness. In some areas the thicknesses of the
members vary independently, whereas in other areas a thinning in one member

is accompanied by a thickening in the other.
Salt Wash sandstone member

The Salt Wash sandstone member ordinarily crops out above the slope-
forming Summerville formation as a series of thick, resista§t ledges and
bénches. Sandstone predominates and ranges in éolor frem nearly white to
gray, light buff, and rusty red. Interbedded.ﬁith the sandstone are red
shale and mudstone and locally a few thin lenses of dense gray limestone.
Sandstone commonly occurs as strata traceable as ledges for considerable
distances along the outcrop, but within each stratum individﬁal beds are
lenticular and discontinuous; beds wedge out laterally, and other beds
occupying essentially the same stratigraphic position wedge in. Thus, any
'relatively continuous sandstone stratum ordinarily consists of numerous inter-
fingering ienses, with superposed lenses in many places filling channels
carved in underlying beds. Individual lenses are more or less surrounded by
mudstone and contain mudstone seams. Most of the sandstone is fine- to
medium-fine-grained, cross-bedded, and.massive; single beds or lenses may
attain a maximum thickness of 120 feet. Ripple marks, current lineations,
‘rill marks, and cut-and-fill structures indicate that the Salt Wash member

was deposited under fluviatile conditions,
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The sandstone consists largely of-subangular to subrounded quartz
grains, but orthoclase, microcline, and albite grains occur in combined
amounts of 10 to 15 percent. Chert and heavy-mineral grains are acces-
sory. Considerable quantities of interstitial clay and-ﬁgmg;gus»glay
pellets occur in places, especially near ﬁhe base of some of the sandstone
lenseéZ' Fossil wood, carbonaceous matter, and saurian bones are found
;qcalLy.

.vitThelthickness of the Salt Wash sandstone member is about 300 feet,

although locally it varies as much as-30 feet.
Brushy Basin shale member

The Brushy Basin shale member contrasts strqngly in overall appearance
with the underlying Salt Wash sandstone member. Although the lithologic
différences are marked, the contact between the two members is gradational,
The mapped contact, taken as the base of the lowermost layer of conglom-
erate lenses, is arbitrary in'many respects and probably does not mark an
identical stratigraphic horizon in all lpcalitiés.

The Brushy Basin shale member consists.predominantly of varicolored
bentonitic shale and mudstone, with intercalated beds and lenses of con-
glomefate and sandstone and a few thin layers of limestone. Because of
its high proportion of soft, easily eroded bentonitic shale and mudstone,
the Brushy Baéin‘member forms smooth slopes covered with bl&cks and boulders
weathered from the more resistant layers of the mgmber and from the over-.
lying formations. The shale and mudstone are thin-bedded and range in color
from pure white to pastel tints of red, blue, and green. Exposed surfaces
of the rock are covered with a loose, fluffy layer several inches thick,

caused by the swelling of the bentonitic material during periods
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of wet weather; Scattered through the shale and mudstone are thin beds

of fine—graineq,very hard)silicified rock that breaks with a conchoidal
fracture. The silica impregnating these beds may have been released

during the devitrification of volcanic debris in adjacent beds. Beds of
chert-pebble conglomerate.a few inches to 25 feet thick, occur-at intervals
throughout the member. These conglomerate beds are commonly dark rusty'red
and form conspicuous resistant ledges. Silicified saurian bonés and wood
are much more abundant in the Brushy Basin shale“mgmberqthaﬁﬁintthéysgif
Wash sandstone member, especially in some of the conglomerate beds,

The Brushy Basin shale member, like the Salt Wash sandstone member,
undoubtedly was deposited under fluviatile cenditions. The conglomerate
and sandstone lenses mark stream channels that crossed flood plains on
which were deposited the fine-grained sediments now represented by the
mudstone and shale, | |

.The Brushy Basin shale member ranges from 400 to 500 feet in thickness:
local variations in thickness of 20 to 30 feet are common throughout the

quadrangle.,

Burro Canyon formation

The name of Burro Canyon formation was prsposed by Stokes and Phoenix
(1948) for the heterogeneous seauence of Loweé;%retaceous conglomerate,
sandstone, shale, and thin lenses of limestone that overlies the Morrison
formation. The‘Bgrro Canyon characteristically crops out as a cliff or
a series of fhick, resistant ledges that cap most of the high mesas adja-

cent to the Uncompahgre Plateau. The bulk of the formation consists of _

white, gray, and red sandstone and conglomerate that form beds as much as



18
100 feet thick. These beds aré massive, irregular, and lenticular. Cross-
bedding and festoon-bedding are prevalent throughout the formation. The
~sandstone is poorly sorted and consists of quartz and lesserAamounts of
chert, The conglomerate consists largely of chert pebbles but. intermixed
are pebbles of guartz, silicified limestone, quarézite, sandstone, and
shale. In places beds are highly silicified. A considerable part of the

formation consists of bright-green mudsyqngkéh@,shale, and locally these

I

predominate over the sandstone and conglomerate. Thin, discontinuous beds
of dense gray limestone crop out in a few scattered localities. The
formation was undoubtedly depbsited under fluviatile conditions. The lower

contact is indistinct in many places and appears to interfinger with the

H}“ upper part of the Brushy Basin shale member; elsewhere local erosion sur-

faces intervene and theAcontact is sharp. The upper contact is an erosion
surface of regional extent,
In the Atkinson Creek quadrangle the Burro Canyon formation is 100 to

120 feet thick.

Dakota sandstone

The Dakota sandstone of Cretaceous age crops out as capping beds on

. Spring Creek and Atkinson mesas. It consists principally of flaggy, gray,

© yellow, and brown'sandstone; less abundant are conglomerate, carbonaceous
shale, and impure coal. Some of the sandstone is fine-grained and thin-
bedded, but much of it is coarse-grained and cross-bedded. Scattered through
the sandstone are irregular, discontinuous beds and lenses of conglomerate
containing chertland qﬁartz pebbles as much as 2 inches across., ‘Plant im-
pressions ‘are fairly common in the sandstone but dre preserved best in the

gray shale. The entire thickness of the Dakota sandstone is not preserved

in the quadrangle; the beds remaining have a maximum thickness of 80 feet.



19

Guaternary syvstem

Extensive deposits of light-red, sandy and silty material cover
benches end mesa tops. This material appears to be mostly wind deposited,
although much of it has been reworked by water and mixed with sheet wash,
These deposits have not been mapped where they are unusually spotty, dis-
continuous, or less than 1 foot thick; the greatest observed thickness
in some dry washes on mesa tops is about 10 feet. Gravel beds containing
considerable quantities of well-rounded pebbles of both intrusive and
extrusive rocks cover some of the benches above the San Miguel River. The
San»Miguel Riﬁer Valley is floored with a mixture of stream-deposited sand,
sediments derived from disintegration of rqéks on the valley walls, and
wind-blown silt,

Capping the Dakota sandstone in secé. 17 and 18, T, 48 N., R, 16 W,,
are pediment gravels containing pebbles of peématite, granite, gneiss, and
schist derived from pre-Cambrian.rocks of the Uncompahgre Plateau. ILand-

slide material is fairly common on the flanks of the Uncompahgre Plateau.

STRUCTURE

Repional setting

Many geologic structures on the Colorado Plateau are so large that
a 7T3-minute quadrangle covers only a small part of any complete structural
unit, The larger structurél ﬁnits éonsist of salt anticlines, 45 to 80
miles long; uplifted blocks, 50 to 125 miles long, bounded by monoclinal
folds; and domical uplifts, 8 to 20 miles long, arountiistock=like: and

lacéolithic-intrusions.
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The salt anticlines trend northwest and lie in a group between east-
ward-dipping monoclines on the west side of the Plateau and westward-dipping
monoclines on the east side of the Plateau. The cores of these anticlines
consist of relatively plastic salt and gypsum, derived from thg Paradox
member of the Hermosa formation and intruded into overlying late Paleozoic
and early Mesozoic rocks. All the anticlines are structurally similar in
many respects, but each exhibits structural pecu]iarifies not common to
the rest; furthermore, all are more complex than their seemingly simple
forms would suggest. Faults, grabens, and collapse and slump structures
alter the forms of the anticlines. Erosion has removed much of the axial
parts of these anticlines, leaving exposed large intrusive masses of the
Paradox member and forming valleys such as Sinbad Valley{.Paradox Valley,
and Gypsum Valley in Colorado and similar valleys in Utah. Alternating

with these anticlines are broad, shallow, simple synclines.

Structure in Atkinson Creek guadrangle

The Atkinson Creek quedrangle straddles the San Miguel Rive? syncline
which lies between the Paradox Valley anticline to the southwest and the
Uncompahgre Plateau uplift to the northeast. Most of the rocks dip at angles
‘of less than 5°; only on the flanks of the Uncompahgre uplift are the dips
steeper, Within a mile of the axis of the San Miguel syncline, dips d; not
exceed 2°. The syncline plunges imperceptibly to the northwest. Sedimentary
rocks on the southwest flank of the Uncompahgre Plateau uplift have been
faulted and monoclinally folded by upﬁérd movement of the underly}ng pre-

Cambrian basement rocks, The trend of the sedimentary beds along the fold
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is irregular and ranges frgm N, 40° W, to N. 70° W.; locally the beds

dip vertically. In places the strongly folded beds are cut by reverse
faults. A graben, probably the result of gravity adjustment to the uplift,
lies southwest of the steeply dipping beds on the flank of the uplift. A
small fault that cuts the beds at the lower end of Atkinson Creek may reflect

gravity adjustment to the abstraction of salt in the Hermosa formation.

Structural history

In order to understand the structural history of the Atkinson Creek
quadrangle, it is necessary to understénd £he structural history of the
adjoining part of southwestern Colorado. Parfs of this history are still
in doubt, because no clear record remains of some events; the record of
other events, althoﬁgh légible, is subject to different interpretatiops.
All the events described in the followinhg discussion affected the Atkinson
Creek quadrangle either directly or indirectiy, although the evidepce for
some of them is not visible within the boundaries of the quadrangle.

Weak compressive forces, which prqbablj began in early Pennsylvanian
times, gently wafped the region. This warping gave rise to the ancestfal
Uncompahgre highland, an element of thg ancestral Rocky Mountains, and to
the basin in which tﬁe Paradox member of'the Hermosa formation was deposited.
These major structural features contrélled thélpattérn aﬁd the prevailing
northwestrtrending grain of the smaller structures laterssuperimposed,on
them. The boundary between the highland and the Basin, which closely fci—
lowed the southwest margin of the present-day Uncdmpahgré Plateau, was a
steep northwest-trending front, possibly a fault scarp, along which were

deposited arkosic fanglomerates during late Pennsylvanian and Permian time.
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The older fanglomerates interfinger with Pennsylvanian marine sedimentary
rocks .of the Hegmosa-forﬁgpiongf The bulk:of4fanglgmeratestfobably ;
is or Permian age and belongs to the Cutler formation. Intrusion of salt,

from the Paradox member, probably initiated by gentlé'regibaal deformation,

w0
«

began sometime during deposition of théf?prmian‘ Cutler ESfﬁétion. Isostatic
rise of salt ruptured the over;ying_Herﬁosa and Cﬁtler for@ations, and at
the end of Cutler deposition salt broke through to theAsﬁrfaée. From then
until flowage ceased, late in-the Jurassic, thé elongate salt intrusions
such as those in Paradox Valley and Gypsum Valiey séood as actual topo-
graphic highs- at. one placé or another alongxtheir}lengths. ‘The rate of ﬁp-
welling of addi#ional salt, perhaps accelérated by the increase of the_static
load of sediments sécumulating in the surrounding~areas, balanced or slightly
exceeded the raté%of removal_of salt by solution and erosion at the surface.
Consequently, all the Mesozaic forﬁatiops to tﬁe bése of fhe Morrison for-
mation wedge out against the }ianks of the salt intrusions. Salt flowage
was not éverywhere'continuous or at a uniform rate; rather, ip many places
it progressed spasmodically. Local surges qf cbmparati#ely rébid intrusion
gave rise to cﬁpélas at different times‘and in different places along the
salt masses. At thevﬁeginning of Mbrfison.deposition, sediments finally
covered the salt intrﬁsions, perhaps because the supply of salt underlying
the areas between the intrusions was exhausted. Relative quiescence pre-
vailed throughout the remainder of the Mesozoic and probably through the
eérly part of the Tertiary.

The second major period of deformation occurred in the Tertiary--

probably during the Eocene (Hunt, written communication), but the date cannot

-
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be determined accurately. The region of the salt intrusions was com-
pressed into a series of broad folds, guided and localized by the pre-
existing salt intrusions. Although salt flowage was renewed, it seems
unlikely that any considerable amount of new salt was forced into the
intrusions; flowage probab1y cpnsi$ted largeLy of redistribution of the
salt already present. By the end of this pefiod4of deformation these
folds had attained approximately thegpﬁpresent struétural'form, except
for modifications imposed by létér égfiapse of the anticlines 6verlying
the salt intrusions. Owing to the mobility of the rocks in the. cores of
the anticlines, normal faulting took place along the crests of the anﬁi-
clines, probably during relaxation of compressive stresses after folding
ceased. At this time the crests of the aﬁticliﬁééjinlpiacas were dropped,
as grabens, several hundred to a few thégsénd feet. A period of crustal
© quiescence followed, during which the highlands overlying the anticlines
aﬁd domes were reduced by erosion and topographic relief became low
throughout the area. - )

Then, during the middle Tertiary, the entire Colorado Plateau was
uplifted. This uplift rejuvenated the streams and increased ground-water
circulation. The crests éf the aﬁticlines were breached, and the under-
lying-salt was exposed to rapid solution and removal. With the abstraction
of the salt, renewed collapse of the anticlines began. Although much of
the collapse was due directly tovremoval of salt by solution, it seems un-
likely that all the collapse can be attributed to this process, as was be-
lieved by earlier workers in the area.ajﬂather, much of the collapse ap-

parently was caused by flowage of salt from the parts of the anticlines

still overlain by thick layers of sediments to the parts from which the
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overlying sedimenté had been removed. Once the cresé;.of the antiqlines
had been breached, the relatively plastic salt offéred little support for
the beds overlylng the Paradox 1n the flanks of the anticlines; consequently
these essentlally'unsupported beds slumped, probably along fractures
and joints formed during earlier flexures.‘ Small faults and folds in
“Quaternary deposits may indicate that collapse and local readjustments

are stlll continuing.
" MINERAL DEPOSITS

The only commercially important mineral debosits in the Atkinson
"Creek quadrangle are thoée that contain uranium, vanadium;‘énd'radium.
Although deposits ¢ontaining these metals were discoveréd in 1899 near
Roc Creek about 6 miles northwest of the Atkinson Creek quadrangle, in-
.tensive mining of these ores did not Pegin in the Plateau region until
1911. Thereafter the ores wéré.mined primarily for their radium content
until i92}, when the Belgian Congo pitchblende deposits began to supply.
.radium, “The ﬁines were mostly idle from 1923 until 1937, but sinée 1937
thej again have been exploited intensively, first for vanadium and in more
recent years for both vanadium and ﬁranium.

A1l the known deposits in the Atkinson Creek quadrangle are in the
upper layer of sandstone lenses in the Salﬁ Wash sandstone member, but
within this layer the deposits have a spotty distribution. The ore bodies
range from irregular masses containing only a few tons of ore to lenticular
massés containing several thouSaﬁd tons. The. ore consists mainly of‘sand-

stone impregnated with uranium- and vanadium-bearing minerals.
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Mineralogz

L}

The most common ore minerals are caknptite and a fine-grained
vanadium—bearing,micaceous.mineral. Carnotiték(K2(U02)2(V0h)2.3H20)
is a yellow, fime-grained, earthy or powdery material. Tyuyamunite
(Ca(UOZ)Q(VOh)2.nH20), the calcium analogue of carnotite, is also preseﬁt
and is nearly indistinguishable fromcarnotite. The micaceous vanadium
mineral, which formerly was thought to be foscoelite, is nat considered
to be related to the nontronite or.montmorillonite'group of clay mineralss:
It forms aggregates of minuté flakeswcoaiing or partly replacing sand grains
and filling pore spaces in-the sandsééhe. It colors the rock gray. Other
vanadium ore minerals present are montroseite (nFeO.nVZO .nV,0 .nHZO.,

L273
corvusite (V20A.6V205.nH20), and hewettite (CaO.BVZO%}9H20). Corvusite
and montroseite occur together, forming compact masses-of bluish-black ore,
whereas hewettite commonly forms stringers and veinlets along joints and
- fractures. Recent deeper drilling and mining in the Plateau have indicated
that below the zone of oxidatioq,black oxides of uranium and vanadium, ac-

companied by pyrite and perhaps other sulfides, are more abundant, and uranyl

vanadates are scarce and absent.
Ore bodies

The ore consists mostly of sandstone seleéfively impregnated and in
part replaced by uranium and vanadium minérals; but rich concentrations
-of carnotite and the micaceous vanadium clay mineral are also associated
with thin mudstone partings, beds of mudstone pebbles, and carbonized fossil

plant material. Many fossil logs replaced by nearly pure carnotite!haveibeen
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found. In general the ore minerals were deposited in irregular layers
that roughly followed the ;andstone beds. In most deposits the highest-
grade concentrations of ore minerals océur in sharply bounded, elongate
concretionary structures, callea "rolls" by the miners. These rolls are
encompassed by rich, veinlike concéntrations of the micaceous vanadium-
bearing clay'minsralﬁﬁhaﬁ curve aeloss bedding planes. Within these rolls
this mineral,generally is distributed as diffusion layers, the richer layers
“l'coﬁqpnlsflygnglnearer the margins of the rolls; the distribution of carnotite
in the rolls is less systemaiic.

The ore bodies range from small irregular masses containing only a
few tons of ore to larée tabular masses containing many thousands of tons
of ore, Margins of ‘ore bodies may be vaguely or sharply defined. Vaguely
defined margins may have mineralized sandstone e;tgnding well beyond the
‘limits of commercial ore; on the other hand, sharply defined margins, such
as occur along the surfaces of rolls, ordinarily mark the limits of both
the mineralized sandstone and the commercial ore.

Although many rolls are small and irregular, the larger ones are
elonéan and may extend with little change of direction for more than
100 feeﬁ[f The elongate rolls in an ore body or group qf ore.bodies in a
given area generally have a common orientation. This orientation is roughly

parailel to the elongation of the ore bodies.

Origin of ore

The origin of the uranium-vanadium ores in the Morrison formation is
uncertain and controversial. In some respects the deposits are unique, and

much of the evidence concerning the genesis of the ore is either not conclusive
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or appeers to be contfadictory. In this brlef account only a small amount
of ev1dence can be presented ane the hypotheses can only be summarlzed

Most of the deposits are closely assoclated with certaln sedlmenhary_
Zfeaturese. Layers of ore lie essentially parallel to the beddlng, most of
“the deposits occUr in the thicker parts:and common;y near the base of the
 seedstene lenses; the trend of the 1§Ag direction‘ef.the'depcsite and the
'ﬁrend of the ore eolIS'in'the sandstone-eee:foughly parallel to the trend .
~ of the fossil .Jdogs in the sandstone and to the average or resultant dip
of the cross-bedding in £he,sendstene. Tﬁeselreletiensﬁﬁtrengly sﬁggest
that primary structures in the sediments wefé instrumeﬁfal in 1ocalizing
mos£ of the ore deposits.. R ' | |

Recent investigations have revealed new data bearlng on ‘the origin
of the ores (Waters and Granger, 1953) Below.the;zone of ex;det1on.seme
of the ore consists chiefly of oxides, euch‘as-pitchblende and low-valent
oxides of vanadium, and small Qnantities;ofisdlfideé_auch as pyrite, bornite,
galena, and chaleopyrite- fully oxidigzed a;d fully hydreted minerals are either

rare or nonexisteat., A hard varlety of ‘uraninite, prev1ously reported only

. frqm hydrothermal dep051ts, has been found in the Gray _aug mine in San Jhan

County, Utah (Rasor, 1952), and in the Happy Jack mlne in Whlte Canyon, in
Utah. Studies of leadeuranlum ratios in ores frOmvthe,Golorado-Plateaunine,,
dicate that, regardless of where or in what fonnationAfoﬁnd?-allwthevéres )
are of rougﬂly the same ege; and this age is no older thee latest Cretagebus~;
(Stieff and Stern; 1952). Some geologists believe field relations in pre- |
Morrison formafigns atIWhite Canyoh‘(Benson et;al;,.l952)and'Temple Mounéain
in Utah indicate'that the deposits may be genetically releﬁed to faultswand

fractures, At the Rajah mine near: Roc Creek in Colorado,ore occurs along a

| xfault and horsetalls out into the: wall rock, °
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Two main hypotheses have arisen to explain the origin of the ore.
The oldest and probably the most widely held is the hypothesis that the.
ores are penesyngenetic and were formed soon after the enclosing rocks
were deposited (Coffin, 1921; Hess, 1933; Fischer, 1937, 1942, 1950, and
Fischer and Hilpert, 1952). Later movements of ground watef may have dis-
solvédland reprecipitated{the ore constituents, but the essential materials
were alread& present in the host rocks in the waters permeating them. Al-
though this hypothesis offers a reasonable explanation for the relation of
ores to sedimeatary features, it faces some difficulty in qxplaining: (1)
the discrepancy between the age of the uranium and the age of the enclos~
ing rock; (2) the broad stratigraphic distribution of uraniuﬁ occurrences
and association of ores with fractures in a few localities; and (3) the
hydrothermal aspect'of the mineral suits in some ores. The second hy—'
pothesis, and the one the author favors, is essentially a telethermal
hypothesis and assumes the ore to have originated from a hypogene source.
Proponents of this hypothesis believe that ore-bearing solutions, origi-
nating at depth from an igneous source, ascended along fractures. After
these solutions mingled with circuléting ground watefé the minerals were pre-
cipitated in favorable beds as much as several miies from the fractures.
This hypothesis explains more readily the difficulties,. inherent in the pene-
syngenetic hypothesis, but it poses two other difficultiés namely, the
hypothetical location of igneous source rocks and the difficulty of proving
“the connegtion betweeﬁ fractures and faults and the ore deposits. A third
hypothesis, advanced by some geologisﬁs, suggests that the source of the ore
metals was the volcanic material in the-bedsvgverlying the ore-bearing sand-

stones and that these metals were subsequently leached and redeposited
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in the beds that now contain the ore., This hypothesis encounters not only
most of the difficulties in the penesyngenetic hypothesis, but it presents

some additional ones of its own.

Suggestions for prospecting

Regardless of the actual origin of the debosits, certain habité of
the deposits——habits that have been recognized through geologic mapping
~and exploration experience--are useful as guides for finding ore (Weir,
1952). In southwestern Colorado moétféfffhé*depdéiﬁﬁ “are in the upper-
most sandstone stratum of lenses in the Salt Wash member of the Morrison |
formation. Generally tﬁe central or thicker parts of the sandstone lenses
are more favorable--many deposits are in sandstone that is 4O feet or more
thick, few deposits are in lenses less than 20 feet thick. Cross-bedded,
relatively coarseégrained sandstone is more favorable than thinly or evenly
bedded, fine-grained sandstone. Light-yellow-brown sandstone speckled with
limonite stain is more favorable than red or reddish-brown sandstone.
Sandstone ﬂhat contains a considerable amount of gray altered mudstone or
is underlain by a considerable thickness of this rock is more favorable than
sandstone containing and underlain by red unaltered mudstone--this guide is
perhaps the most useful in diamcrnd-drill exploration. If the deposits have
a hypogene origin, then localities where favorable host rocks are near o:
coextensive with areas of more intense deformation may b: especially favor-
able for finding ore.

In the Atkinson Creek quadrahgle probably the most likely area for
finding ore, because of the presenée of favorable host rocks, is the south-

western corner, including the west end of Spring Creek Mesa. In the Atkinson

'
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Creek quadrangle, however, the rocks in the vicinity of the faults in

the northern part are, for the most part, ﬁnfavorable hosts for ore.
The mines

Several small mines are scatteféd along the edge of Spring Creek
Mesa in the southwestern corner of the Atkinson Creek quadrangle.
Workings,consiét of short adits:and small open cutsl; Several deposits
have been found by drilling. Where deep drilling hés'been required
and thé cosﬁs were too great for individual operatdrs,,exploration in
the Atkinson Creek quadrangle has been conducted by the Geol&gical
Survey on behalf of the Atomic Energy.Commission. o

Wright mines

The Wright mines.are the mést prdduétive in the gquadrangle. The
ore occurs in discontinuous. zones near the ﬁiddle of a lens in the
uppermost sandstone stratum of the Salt Wash sanaétone member; this
léns is about 35 feet thick in the vicinity of the mines but thins
rapidly to the northeast:.. The micaceous vanadium c¢lay mineral and
carnotite are disseminated in thin-bedded sandstones. The ore bodies
range from a few inches to é‘feet in thickness. They are lenticular,
erratic, and spotty and seem to follow, in a general way, mudstone

seams separating the thinly laminated sandstones.
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Star No. 1 claim

A.deposit on the Star No. 1 claim above Atkinson Creek occurs in
the lower part of a 60-foot thick sandstone lense¢ Mineralization is

similar to that in the Wright mines but is weak and spotty.

Other workings

Several small prospects are scattered aldng the outcrop of the
Salt Wash sandstone member in the San Miguel River canyon and for a
~ few thousand fset along the lower part of Atkinson Creek. These pros-

“pects contain only traces of mineralized material and no groduction has

" . been réﬁgrded from them.
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LIST OF PATENTED CLAIMS (See Map.)

1. Star No. 1 8. Friday

2. All Stars 9. Star No., 9
3. Star No, 3 : 10, Star No. 10
L. Star No, 4 11. Wright

5. Star No. ?a,“]rtlﬂ‘ , 12, Star No, 12
6. sﬁéi‘}iifzsﬁt;;{'; 13. Little Basin
7. Thursday 14. Raymond



