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L
GEOLOGY OF THE ANDERSON MESA QUADRANGLE, COLORADO

by Fred W. Cater, Jr., with a section on
"The Mines™ by C. F. Withington

ABSTRACT

The Anderson Mesa quadrangle‘is one of eighﬁeen"7%-minuté quadrangles
covering the principal.carnotife-préducing argaiof southﬁeéterﬂ Colorgdé.
The geology of these quadrangles was mapped byifhé ﬁ;lsifGeologicai:éﬁ%vey
for the Atomic Energy Commission as part of a cqmprehénsive’stﬁdy:of:"' |
cafnotite depoéits.' The rocks eXpoéed:in ghe eiéh@eeh»qﬁadraﬁgles consist
of crystalline rocks .of p;e-Campriah age‘and sgdi@eﬁtafy:rocké thai réngé
in age from late Paleozoic to Quaternary; Ovefkmﬁgh of the area the sed-
imentary rocks are flatllying, but iﬁ'piaces the rbcké are disrupted by
high-angle faults, and northwest-trending folds:v Conspicuous among the
folds are large anticlines Having cores of infrﬁsive'éait and gyﬁsdm.l

Most of the carnotite“dépqsits_ére confined to tﬁe Salt‘Waéh sand-
stone member of the Jurassic Morfison‘forﬁation. Within fhisvséndstone;
most of the deposits are spdﬁtily distributed‘tﬁrouéh an‘arcuaté zbne
known as the "Uravan Mineral Belt". Indi&idual deposits fange in size
from irregnlar masses containing only a.few tons of ore to large, tabular
masses containing many thousands.of tons. The ore consists largely of
sandstone selectively impregnated and in part replaéed by uranium and
vanadium minerals., Most of the depoéits appear to be félated to certain

sedimentary structures in sandstones of favorable composition.



INTRODUCTION

The U, S. Geological Survey mapped the geology of the Anderson
Mesa quadrangle, Colo., as part of a comprehénsive study of.éarndtite
deposits. The study, coverlng the pr1nc1pal carnotlte—produclng area
in southwestern Colorado, 1ncluded detailed examlnatlon of mlnes and
geologic mapping of elghteen 7§-m1nute quadrangles, of-whlch Anderson
Mesa quadrangle is one;. Parts of the texts accompanylng these maps have
been standardized; these parts comprlse some descrlptlons of geologlc
formations and general descrlptlons of reg;onal,structural setting, |
geologic history, and ore dep051ts. A compfeheﬁsive'rébort.bfééenting'in
‘greater detail the geologlc features of the entlre‘area and interpreta—
tions of these features is in preparation. Wbrkuwas started in the area
in 1939 as a cooperative project with the Sfaté of Colorado_and thev‘”
Colorado Metal Mining Fund, and was continued thréugh.l9h5 as a wartime
strategic minerals project. Since 1947{E§ngeological Survey}has been
‘ continuing this geologic study on behalf of theJDivisipn of RaW.Materiais
of ﬁhe Atomic Energy Commissioﬁ. Most of the Anderson Mesa quadrangle
waé mapped in 1945; the rest was mapped and some Qf-the earlier mapping :
was revised in 1951.

The Anderson Mesa Qpadrangle covers about 59;sqdaré;miles in Montrose
and San Miguelvéounties, Colo., and lies in the Canyon.Lands division
of the Colorado Plateau physiographic province; ‘The quadranglé is a
rugged are;.of mesas.and.canypns; Totai reiief‘within the quadrangle is
‘about 2,160 feet; altitudes range from'about 5,020 feet in the canyon of
the Dolores River to 7,180 feet on Island Mesa.5ITherholores River and

its tributaries drain the quadrangle.



No accurate inférmationAon rainfall is available, but the annval
precipitation is probably between lQ and 15 inches; ﬁhe area is semiarid
and supports a moderate growth of juniper and'piﬁBn on rocky terrain and
abundant sagebrush where soils are thick.'.Cacti‘and sparée grass are
widely distribgted° Most of the quadrangle is accessible over a system

of dry-weather roads.

REGIONAL GEOLOGY

'Rocks exposed in the 18 quad?angJes mgpﬁég'ggnsist ofzﬁry$tailine'
pre-Cambrian rocks and éedimentary roéks that range in agé from late
Pa}ébéoic towQuaternary. Crystalliné rockg crop out only in the ﬁorﬁh—
eastern part of the area”alqng tﬁe flanks of the Uncompahgre flateau; '
" the rest of the area is un&erlaip b& sedimentgry rocks. The latest
Paleozoic and earliést Mesozoic_units wedge out northeéquard against
the crystalline pre;Cambrién rocks, but later Mesozoic beds were de-
posited on top of the pre-Cambrian rocks. Over most of.fhe.region the
.sedimentary roéks are flat-iy;ng, tut in places they are diénupted.by-
5igh—éngle fanlts or folded into horthwest-trending monéclinés, shallow
synglines, and strongly dgvgloped anticlines. The.largést of the f&lds
is the‘Uncompahgrg'?lateau uplift, a fold nearly 100 miles long that
traverses tﬁe norﬁheastern part'of the area. :we11 developed anticlines
having intrusive cores of salt and gypsum underlié Sinbad Valley,
Paradox Valley, and Gypsum Valley in the central_part of the area; the
Dolores anticline in the southwestern part of ﬁhe_area probably has a

sélt-gypSum core, although it is not exposed.



The Anderson Mesa quadrangle lies in the west-central part of the
area, about 20 miles southwest of the Uncompahgre Plateau, The center of
the quadrangle is traversed by the northwest end of Gypsum Valley known

as Little Gypsum Valley.

STRATIGRAPHY

The oldest rocks exposed in ﬁhe quadrangle are the rqcks of
- early Pennsylvanian age in Littie Gypsum Valley. Rocks of late |
Pennsylvanian crop out along the northeast edge of the véliey, but
'rocks of Permian and Farly Triassic age are cut out low on the flanks
of the Gypsuﬁ Valley anticline and.do not crop out., Upper Triassic
rocks are exposed both in the valley and along the canyon of the Doléres
River., Jurassic rocks are widespread and crop out in the canyon walls
and 6n the benches and mesas, Rocks of Cretaceous age cap the meses and
cfop out in the center of the downwarp in Little Gypsum Valley, Recent
deposits of wind-blown material and sheet wash are widely distributed
on top of the mesa35 along the benches, and on the valley floors,

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

can be traced continuously from the Anderson Mesa quadrangle into Utah,



Hermosa formation

The Pennsylvanian ﬁermosa formation comprises two members in this
area; thesé are the lower or Paradox member consisting largely of

intrusive salt and gypsum, and the upper or limestone member,
Paradox member

The Paradox member, where exposed, consists largely of cellular and
earthy gypsum and minor esmounts of limestone, sandstone, and black shale,
lAt depth more than half the member is rock salt., All known éxposures of
the Pgradox are intrusive, and the beds are complexly folded and contorted.
The true undisturbed thickngss of the member is not known, but a well
drilled in the Paradox Valley anticline penetrated over 10,800 feet of
Paradox without reaching the base,‘and there is little reason to believe
"the salt-gypsum core of the Gypsum Valley anticline is appreciably thinnef.
Baker (1933, p. 17-18) -and Dane (1935, p. 27-29) assigned Paradox beds to

the lower Pennsylvanian,

Limestone member
Presuméblyvthe upper or limestone member “of the Hermosa formation
conformably overlies the Paradox member, The upper membef consists very
largely of fossiliferous thick-bedded gray limestone, éithough thin shale
beds occur, ‘Daté fromxbore;hOlés in nearby areas indicated thevﬁember is

2,000 to 2,300 feet thick. The member is probably upper Pennsylvanian,



Chinle formation

The Upper Triassic Chinle formation consists of - red tc orange-
red siltstone, with interbedded red fine-grained sandstone, shale, and
limestone—bebble and mud-pellet conglomerate, These lithologic units are
lenticular and discontinﬁous. The lower part of the formation contains
numerous lenses of a highly distinc¢tive limestone-pebble and mud-pellet
conglomerate; in places the lowermost lenses contain quartz pebbles or " 
consist of a relatively clean quartz grit. These Qﬁartz-beariﬁg lenses
are probably the stratigraphic equivalent of the Shinarump conglomerate,
which is widely distributed in eastern Uteh and northern Arizona, Much
of the Chinle formation consists of indistinctly bedded red siltstone
that breaks into angular fragments, Evenly bedded shale is rare, The
sandstone.layers differ in bedding characteristics; some layers are
massive, whereas.éthers are cross-bedded, and still others are conspicuously
ripple-bedded., Almost everywhere the formation crops out as a steep slope
broken in places by more resiétant 1edge§ of sandstone and cbngiomerate°

The normal.thickness of the formaticn, as projected from adjoining
quadrangles, probaﬁly ranges from 475 feet.to 525 feet; it thins abruﬁtly

-on the flanks of the Gypsum Valley anticline,

Glen Canyon group

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

sandstone,
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Wingate sandstone

The Wingate sandstone conformably overlies the Chinle formation,
The sandstone is a messive, finé—grained rock composed of clean, well~
sorted quartz sand., It typically cfops out as an impressive red, dark-‘
brown weall, staiﬁed and streaked in places with a surficial red and black
desert varnish. Vertical joints cut the sandstone from top to bottom; the
spalling of vertically joint;d slabs largely causes the recession of the
cliff, The sandstone is divided igto;horizontal layers by extensive bedding
planes spaced 2 to 50 feet épart. 'Within each horizontal layer the sandstone
is_créss—bedded on a magnificeﬁt”scale; great sweeping tangential cross-
beds of eolian type, in places extending across the entire thiclmess of
the horizontal layer, are dispgsed in all directions, The sandstone is
poorly cemented and crumbles easily; this quality probably accounts for
the readiness with which the rock disintegrates in faulted areas,

In the Anderson Yesa credransle the Winvate sandstone rangec in thick-
ness from 290 to 325 feet, except in Little Gypsum Valley, where . it thins

to a vanishing edge.
Kayenta formation

The Kayenté 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, Ted,

buff, gray and lavender in color, is the most abundant type; but the
.formaticn also=;oﬁtains considerable quantities of red siltstoﬁe, thin-

‘bedded shale, and conglomerate, The conglomerate contains pebbles of
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sandstone, shale, and limestone, The sandstone is composed of rounded to
subrounded quarté graihs and minor quantities of mica, feldspar, and dark
minerals., Most of the sandstone is.thin bedded, cross-bedded>in part, and
flaggf; some is massive, Individual sandstone beds are lenticular and
discontinuous and interfiﬁger with shale and, in places, with conglomerate.
The Kayenta typically crops out in a series of benches and ledges° The
ledges in many places overhang recessions where softer beds have eroded
back, The lower part of the formation is more firmly cemented and forms
resistant, thick ledges that protect the'underlying Wingate sandstone from
erosion,

The Kayenta formation in the Anderson Mesa quadrangle ranges in thick-
ness from 190 to 220 feet, except in Little Gypsum Valley, where it wedges
out entirely., Abrupt local changes in thickness of 10 t§.20 feet are common.
The irregular bedding, channel filling, and range of thickness all indicate

a fluviatile origin,
Navajo sandstone

The Navajo sandstone conformably overlies the Kayenta formation,
The Navajo is a gray to buff massive fine-grained clean quartz sandstone.
Tangential cross-beds of tremendous size leave little doubt of the eolian
origin of the sandstone, The sandstone weathers by disintegration and tends
ito develop rounded topographic forms where exposed on slopes -or benches and
vertical cliffs where protected by overlying rocks,

The Navajo sandstone ranges in thickness from a maximum of more than
350 feet on the southwest side of Little Gypsum Valley to a knife-edge in

‘the center of the valley. This large range in thickness is attributed to



12 7

flowage of salt core of the Gypsum Valley anticline during deposition

of the Navajo°

San Rafael group

In this area the San Rafael group, of Middle and Late Jurassic age,
comprises, in ascending order, the Carmel formation, (Middle and Upper
Jurassig), the Entrada sandstone, (Upper'Jurassic) and the Summerville
formation (Upper Jurassic). The group crops out in a narrow band along the
canyon walls and on the sides of Littie Gypsum Valley. The Carmel forma-
tion and the Entrada sandstone were mapped together becausélinvmost,places

they form a narrow outcrop,
Carmel formation and Entrada sandstone

The Carmel formation consists largely of red to buff, nonresistant,

LS

ot

horizontally bedded siltstone, mﬁdstoné, and sandstone., In some iocglities
the basal beds consist of reworked Névajo sandstone, Pebbles and angular
fragments of white and gray chert, as much as an inch écross; are scattered
rather abundaﬁtly.fhrough the lower part of the formation and less abundantly
through the upper part. These chert pebbles and angular fragments are suffi-
cientl& abundant locally to form layers of conglomerate. Included in these
layers are scattered greenish-gray, red,’and yellow gquartzitic pebbles and
cobbles 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 less than 10 feet to 70 feet in
thickness. This large range appears to be due chiefly to deposition-on
irregular, eroded surfaces of Navajo sandstone or beds of the Kayenta forma-

tion, No definite evidence indicates that the Carmel formation of this
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area is of marine origin as is the Carmel of central Utah, but the prob;
abilities afé that the Carmel of southwestern Colorado was deposited in‘
shallow water marginal to a sea,

The Carmel fdrmation grades upward, in most places without a promi-
nent break, into the Entrada sandstone, The Entrada sandstoﬁe, known locally
as the "slick rim" becausevof its appéarance,'is verhaps the most picturesque
of all the formation in the.plateau region of.Colora@g-.The sméothly rouhded,
in places bulging, orange, buff, and thte cliffs formed by this sahdstone
are a distinctive scénic feature of the region; Hofizontal rows of pits
resulting from differential weathering and ranging from a few inches to a”
foot or more across are characteristic of these éliffs: The Entrada consists
of alternating horizontally bédded units and sweeping, eOlian-tyée Cross-
bedded units. The horizontally bedded units are mest common in the basal
part and in the uppermost, lighter-cclored part of the Entrada, whereas
the cross-bedded units are dominant in the middle part. The Entrada sand-
stone differs from the somewhat similar Wingate'saﬁdstone and Navajo sand-
stone by the softing of sand into tﬁo 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 grains, which
are well—rounded, have frosted surfaces, and range from 0.4 to 0.8 mm in
diémeter; 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 is 130 to 150 feet thick, except in Little Gypsum

Valley, where it thins to less than 100 feet.
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Dwmmerville formation

The Summerville formation generally crops out as a steep, debris-
covered slope,vwith few good exposures. Where exposed the Summerville
exhibits a remarkably even, thin, horizontal bedding.,'Beds are predomi-
hantly red of various.shades, although some beds. are groen, brown, 1ight;
yellow, or nearly white. - Sandy and silty shale are the moét4abundant kinds
of rock but all gradations from claystone to clean, fine-grained sandstone
are interbedded with them. Well-rounded amber-colored quartz grains with
frosted or matte surfaces are dlssemlnated throughout most of the formation,
including beds consisting almost entlreJy of claystone. Th1n beds of
: autoohthonous red and green chert are widespread. A thin discontinuous bed
‘of dérk—gray dense fresh-water limestone occurs in the upper part of the
formation, Sandstone beds are thicker and sandstone is more abundan£ in “
the lower part of the formation than in the upper part.‘ Commonly the
sandstone beds are ripple-marked,.and in places they show small-scale low-
angle cross-bedding.

The Summerville formation rests conformably on the Entrada sandstone,
and, although a sharp 1ithologic chahge marhs the contact, no cessation of
depoéition separated the two formations. Regionally ﬁhe upper part of the
Entrada and the lower part of the‘Summerville intertongue, and the contact
does not occur_everywhere at the same sfratigfaphic horizon° The upper
contact of the Summerville is uneven and channeled, and the channels are
filied by the o&erlying basal sandstoneo of the Morrison formation. 'Locally,
however; thé contact is difficult to determine, because the overlying shale

and mudstone of the Morrison formation are similar to beds of the Surmerville,
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The Summerville formation has a moderately uniform thickness of about

105 feet except where it thins in Little Gypsuvaalley;\T

Morrison formation

;

The Morrison formation of Late Jurassic agé is of speciai interest
economicélly because of the uranium- and vanadium-bearing deposits it
‘contains, The formation comprises two members in this area; the lower is
the Salt Wash sandstone member, and the uppér is the Brushy Basin shale
member, ‘In the Andefson Mesa quadrangle tﬁe Morrison formation ranges in
‘thickness from 700 to 800 feet; between Little Gypsum Valley and Silveys
' Pocket in the“vicinity‘of The Hat the fofmation‘thipkéﬁﬁ abruptly over the
salt core'lof the Gypsum Valley éﬁticline. The Brushy Basin shale member,
in general, is soméwhat thicker than the Salt Wash, In some areas, however,
the'thicknesses of the two members vary independently, whereas in other areas

& thinning in one member is accompanied by a thickening in the other,
Salt Wash sandstcone member

. The Salt Wash sandstone member 6rdinarily‘cropé out above the slope-
4forming Sﬁmmerville formation as a series of thick, resistant 1eages and
broad tenches.. SandstoneApredominates and ranges froﬁ nearly white to gray;
1ight-buff, and rusty red. Red shale and mudstbnc'aﬁd"ldbaljyvu'fQW'ihin
lenses sofs dense rroay dincotone are intmrbedﬂ@ﬁ with the sondotene. Sandutone
commonly occurs as strata traceable as ledges for considerable distances
along the outcrop, but within each stratum individual beds are lenticular
and discontinuous; beds wedge.out laterally, and other beds occupying

essentially the same stratigraphic position wedge in., Thus, any relatively
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‘continuous sandstone stratum ordinarily consists of numerous interfingéfing
lenses, with superposed lenses in many places filling channels carved in
underlying beds¢' Lenses are separated in plsces by mudstone and contain
mudstone seams., Most of the sandstone is fine- to medium-fine-grained,
_cfoés—bedded, and massive; single beds or lenses may attain a maximum thick-"
ness of 120 feet, Ripple marks, current lineations, rill marks, and cuﬁ—
" and-fill strﬁctures indicatevthat the Salt Wash member was deposited under
fluviétile conditions, |

The sandstone consists largely of subansular to subrounded quartz
grains, but orthoclase, microcline, and éibite grains occur in combined
i n@cuﬁté of iO to 15 percent, Chert and heév&—mineral grains are accessory.
Considerable quentities of interstitial clay and_numerbus clay peliets occur
in places, especially near the base of some of the sandstone lenses., Fossil
.wood, carbonéceoué matter, and saurian bones oécur locally.

The Sa1£ Wash sandstone member ranges from 320 to 360 feet in thickness
exceﬁt in the vicinity of The Hat where it thickens abruptly tp nearly 500

féet;‘ Local changes in thickness of as much as 30 feet are common,

Brushy Basin shale member
The Brushy Basin shale member contfasts'strongly in overall appearance
with the underlying Salt Wash sandstone member, Although the lithologic.

differences are marked, the contact between the two members is gradational,

L The mapped contact, taken as the base of the lowermost layer of conglomerate

lenses, is arbitrary in many respects and probably does not mark an identical

stratigraphic horizon in all localities,
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The Brushy Basin shale member consists predominantly of varicolored
bentonitic shale and mudstone, with interCalatgd Eeds,and'lenses of con-
 glomerate and sandstone, and a few thin léyers éf limestdne.. BecauSe'df':“'
its_high proportion 6f soft, easily eroded bentonitic shale and mudstone,
the Brushy Basin member forms émooth élopes covered with Bldcks and boulders
vweathered from thé more resistant layers of the member and from tﬁe'over-
Lying formations., The shale and mudstone are thin-bedded and range from
pure white to pastel tints of red, blue, and greén. Exposed surfaces of
the rock are covered Qith*a locoé, $Iuffy loyer seversl inches fhick,  caused.
by the sﬁélling'bf the hentenitic matorial duvring heriods of wet weather,
Scattefed ﬁhr§ugh the shale and mudstone are thin beds of fine-grained -
silicified rock that breaks with a conchoidal fracture, Thevsilicé impreg-
'nating these béQS-may have been.released during the devitrifieation of
volcanic debfis‘in'adjacent beds: Beds of chert-pebble conglomerate? a .
few iﬁchgs.to 25 feét thick, occur at intervals throughout the meﬁber.

These 6onglpmera£e beds aré commoniy.dark rusty red and form conspicuous :

resistant ledges. jSilicified sauriaﬁ bones and.ﬁbod are much more'abuﬁdantl.,
~in the Bruéhy Basin éhale'member than in the Salt Wash sandsténe member,  :
.especially inisohe of the conglomerate‘beds. | o | | -

Thé Bruéhy.Basin shale member, like the Salt Wash sandstone member, .
1£ndoubtedly'was.deposited under fluviatile conditions., The coﬁglomerate
and sandstone lenses mark stream chénnels.that crossed flood plains on :,.'
‘ wﬁich Wefe deposited the fine-grained sedimeﬁts.noﬁ represented by the::7 "rf"

mudstone and shale.' ;
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The Brushy Basin shale member ranges from 350 to 500 feet in thick-
ness; erratically distributed local variations in thickness of 20 to 30 |

feet are common throughout the quadrangle,

Burro Canyon formation

The name Burro Canyon formation was proposed by Stokes and Phoenix‘
(1948) for. the heterogeneous sequence of Lower Cretaceous'congiomérate,
sandstone, shale, and thin lenses of limestone that overlies thé Morrison
formation, The Burro Canyon characteristically crops out as a cliff or
a series of thick, resistant ledges. The bulk of the formation consists
of white, gray, and red sandstone and éongloﬁerate that form beds as much
as 100 feet thick, These beds are massive, irregulaf,, and lenticular.
Cross-bedding aﬁd festoon-bedding are prevalent throughout”the formatioh.
The_éandstone is poorly sorted and coﬁsists of quartz and lesser amounts
of chert. The conglomerate consists largely of chert pebbles, but inter-
mixed are pebbles of quartz, silicified limestone, quartzite, sandstone,
and shale, In places beds are highly silicified, A considerable part of
the formation consists of bright-green mudstone and shale, and locally
these predominéte over the sandstone and cdnglomerate.‘ Thin, discon-
tinuous beds of dense grey limestone crop out in a few scattered iocali-
ties, The formation was undoubtedly depositéd under f1u§iatile ccndi—
!tions.’ The lower contact is indistinct in many places and appears tq
interfinger with the upper part of the Brushy Basin shale,mémber; else-
where local erosion surfaces intervene‘and'the éontact is sharp.. The

upper contact is an erosion surface of regional extent,
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The Burro Canycn formation in the Anderscn Mesa quadrangle is 220

to 260 feet thick; abrupt 1ocal.variations of 10 to 30 feet are common, -

Dakota sandstone

The Dakéta sandstone of Farly and Late Cretaceous age crops out in
the center éf the downwarp ih'Little Gypsum Valley., The Dakota consists
principally of gray, yellow, ard Wuff flaggy 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. Scatﬁered thfough the sandstone are irregular, discontinuous beds
and lenses éf conglomerate containing chert and quartz pebbles as much as
2 inches across, Interfingering with the sandstone-béds are fhin—bedded
gray and black carbonaceous shales and thin coal seams and beds. Plant
impressions abound in both the éandstone and the shale, The total thick-
ness of the’Dakoté'sandstone is not exposed in the quadrangle; the upper
beds have been strippéd off by erosion; but the beds that remain attain a

thickness of nearly 100 feet.,

Mancos shale

The Upper ?fétaceous Maﬁcos shale is a dark-gray soft homogenéoﬁs
fissile rock.that erodes either to smooth, round topographic forms or fa"
badlands, It crops out in the folded and faulted area’in ﬁhe northwest
end of Little Gypsum Valley. OCnly part of the formation is preserved with-

-,

in the quadrangle,

Quaternary deposits

The deposits of Quaternary age consist of wind-deposited material,

glluvium, talus, and landslides. Extensive deposits of light-red sandy
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and silty material mantle the benches and mesa tops. This material appears
to be mostly wind-deposited, althongh much of it has been'réworked by water
and intermixed with sheet wash, These deppsits have not been mapped where
they aré unusually spotty, discontinuous, or less than a foot thick; the
greatest observed thicknesses in someidryrwaghgs on mesa téps is about‘lO .
feet. The floor of Little Gypsum Vailey is covered with soils that generally
differ markedly from the wind-deposited material on the mesas. These valley
soils ‘are derived ﬂot only from wind-blown material'but also from the
disintegration of the rocks exposed on the valley walls and floors. A little
gravel and alluvium occur in some of tbgistream bédé. Considerable talus
covers many of the steeper slopes, Begause these various deposits are
difficult to differentiate in some piaces, ihey'have not been separated on
the geologic map. Landslides consisting largely of Brushy Basin debris are

prominent aldng the southwest side of Little Gypsum Valley.
- STRUCIURE

Regional setting,

Many geologic structures on.the Colorado Plateau are so large that a
7i-minute quadrangle covers only a small part of any complete structural
unit. The larger structural units consist 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 across, around stock~like;and
laccol;thic intrusions.

The séit~anticlines trend northwést 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
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consist of relatively plastic salt and gypsum, derived from the Paradox.
-membef of the Pennsylvanian Fermosa formation and intruded into overlying
late Pﬁleozoic and early Mesozoic rocks, All~thé?anticlines afe struc-
turally similar in many respects, but each exhibits structural peculiari;
ties not common to the rest; futhermore, all:-are more complex than their
séemingly simple forms would suggest. Faults, grabens, and cbllapse and
slump structures slter the forms of the anticlines., :Erosion has removed

" much of the axial parts of these anticlines, leaving exposed large intru-
sive masses of the Paradox member.and forming valleys such as Sinbad Valley,
Paradoy Valley, and Gyvswn Vallsy in Colorado and similar.valleys in Utah,

Alternating with these anticlines are bread, 'shallow, simple synclines,
Structure of Anderson Mesa quadrangle -

The dominant structural feature of the Anderson Mesa quédrangle is
the northwest end of the Gypsum Valley salt anticline., This anticline
enters the southeast corner of the quadranglé and trends no;thwest\to the
upper end of Little Gypsum Valley, where it turns north and passes4into a
fault that continues northward for several miles. The crest of the
anticline has collapsed, and the collapsed part forms a complexly faulted
structural trough. A préminent fault system that coincides with the axis
of the collapsed anticline follows the center of Little Qypsum Valley and
S§7veyé Pocket. This fault system probabLy formed during relaxation of
earlv Tertiary ccmpressive stresses and is the oldest system of faults in
the quadrangle. Rocks to the northeast of this fault system_have been
dropped in places at least l,OOOffeet. Other northwestefly tfending faults,
probably related to later collapse of the anficline, cut the margins’of the

collapsed area; very likely of the same age are the transverse faults on
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the west side of Silveys Pocket, Undoubtedly much of the collapse was due
to removal of salt by ground water; nevertheless it seems likely that a
good pert of the collapse is the result of flowage of the underlying salt
in response ﬁdldifferential pressures, |

On the flanks of thé anticline dips of the beds are low, and in the

vicinity of Skein, Wray, and Island Mesas the rocks are nearly flat-lying.

Structural history

In order to understend the structural history of the,Andersén Mesa
quadrangle, it‘is necessary to understand the structural history of the
adjoining part of southwestern Colorado. Parts of this histofy<ére still
in doubt, because no clear record remains of some events; the record of
other events, although legible, is subjedﬁ to differeqt interpretations,
A1l the events described in the following discussion affected the
Anderson Mesa quadrangle either directly or indirectly, although the evi-
dence for some of them is not visible within the bou?daries of the quad-
rangle, |

Mild compfessive forces, which pfgbablyvbegan in early Pennsylvanian
timés, gently warped the region, - This warping gave rise to the ancestral
Uncompahgre highland, an element qf tﬁe ancestral Rocky Mountain, and to
the basin in which the Paradox member of the Pennsylvanian Herﬁosa forma-
tion was deposited. These major structural featuies controlled-the
paitern and the prevailing northvest-trending grain of ﬁhe smaller siruc—
tures later sﬁperimposed on them, The boundary between tﬁe highland and
the basig, which is closely followed by the southwest maréin of the present-

day Uncompahgre Plateau, was a steep northwest-trending front, possibly
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a fault scarp, along which were deposited arkosic fanglomerates during late
Pennsylvanian and Permian time., The older fanglomerates interfingér with |
Pennsylvanian marine sedimentéﬁy, rocks of the Herﬁosa formation, The

bulk of the fanglomerates probably is of Permian age and belongs to the
Cutler formation., Intrusion of salt, from>the Paradox member probably
initiated by gentle regional deformation, began sometime during deposition- =
of the Permian Cutler formation., Isostatic rise of salt ruptured the over-
lying Hermosa and Cutler_formations; and at the end of Cutler deposition
salt broke thr;ugh to the surface, From then until flowage ceased, late

in the Jurassiq;'the elongate salt intrusions such as those in Paradox -
Valley and Gypsum Valley stood as actual topographic highs at one place or
another along their lengths. The rate of upwelling of additional salt, per-
héps accelerated by the increase of the static load of sediments accumulat-
ing in the surround;?g aréas,fbalanced'or slightly exceeded the rate of
removal of salt by solutiéﬁ and erosion at‘the §urface. Consequently,

all the Mesozoic formations to the base of the Morrison formation wedge -
out against the flanks of the éalt intrusions, Salt flowage was not évery-
where continuous or at a:uniform rate; rather, in many places it progressed
spasmodically, Local surges of comparatively rapid intrusiqn géve rise to
cupolas at different times and in different places along the salt masses.

At the beginning.of Morris&qn deposition, sediments finally‘covered the
salt iptrusiéns, perhaps because the supply of salt underlying}the areas
between the intrusioqs'was’exhausted. Relative quiescence prevailed
throughout the remainder of the Mesozoic and probaBIy phfough the early

part of the Tertiary.
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The second major period of deformation occurred in the Teitiary——
probably during the Eocene (Hunt, written cémmunication). The ‘region of
the salt intrusions was compressed 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 cénSiderable aﬁcuﬁt<of new salt
was forced into the intrusions; flowage probably consisted largely of
redistribution of the salt already present, By the end of this period of
deformation.these folds had attained approximately their present structural
form, except for modifications imposed by later collapse of the anticlines
overlying the salt intrusionms. Owing to the mobility of the rocks in the
cores of the anticlines, normal faulting took place along the crests-of
the anticlines, probably during relaxation of compressive stresses after
folding ceased., At this time the crests of the anticlines in places were
dropped, as grabens, several hundred to a few thousand feet, A period of
crustal quiescence followed, during which the highlands overlying the
anticlines and domes were reduced by erosion and topogrephic relief became
low throughout the area,

Then, during the middle Tertiary, the entire Colorado Pléteau was
uplifted., This uplift.rejuvenated the streams and increased ground-water
circuvlation, The crests of the anticlines were breached, and the under-
lying salt was exposed to rapid solution and removal. With the abstracﬁibn
of salt, renewed collapse of the anticlines began., Although much of the
collapse was due directly to removal of salt by solution, it seems unlikely
that all the collapse can be aftributed to this process, as was believed
_ by earlier workers in the area. Rather, much of the qollapse wasvcaused hy _

flowage of salt from the parts of the anticlines still overlain'hy}%ﬁibﬁ"'
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#layers of sediments to the parts from which the overlying sediments had
been removed, Once the crests of the anticlines had been breached , “the
relatively plastic salt offered little support for the beds overlying phe

- Paradox in the flanks of the‘anticlines; consequently these essentially
unsunported beds slumped, probably along fractures and jpints formed during
earlier.flexures° Small faults and folds in Quaternary deposits may

indicate that collépse and local readjustments are still continuing,
MINERAL DEPOSITS

The only commercially iﬁportant mineral deposits in the Anderson
Mesa quadrangle are those thgticontain uraniﬁm, vanadium, and radium,
Althoughvdeposits‘coqtaining these metals were discovered in 1899 néar:

Roc Creek, about 12 miles north of the quadrangle, intensive mining of
these ores did not begin in the Plateau region until 1911, Thereafter,

the ores were mined primarily for their radium content until 1923, when '
the Belgian Congo pitchblende deposits began:to supply radium, The mines
were mostly idle from 1923 until 1937, but since 1937 they again have been
exploited intensivély, first for véﬁadium and in moré_recent years for both
vanadium and uranium,

Most of the deposits in the Andefson Mesa quadrangle are.in middle and
lower lenses in the Salt Wash sandstone member, but within these layers'
the deposits have a spotty distribution, Ore bodies range from small
irregular' masses containing only a few tons §f ore to large tabular masses
containing meny thousands of tons; but most ore bodies are reiatively small
- and contain only a few hundred tons. The ore consiéts’mainly of sandstone

impregnated with uranium- and vanadium-beaidhg miflebnls,.-
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Mineralogy

The most common ore minerals are carnotite and a'finé;graihed;‘
vanadium-bearing micaceous mineral. Carnotite, K2(U02)2 (VOA)2 .3H50,.
is a ygllow, fine-grained, earthy or powdery mineral, Eyuyamuﬁite,
CaiUOzjz (VO4)é;upBQQj? the calcium analdgue of carnotite, is also present
and is nearly indistinguishable from carnotite. The micaceous vanadium
mineral, which formerly was thought ﬁo be roscoelite;~is now considered to

- be related to the nontronite or montmorillonite group of clay minerals,

It forms aggregates of minute flakes coatihg or partly replacing sand -, ..

grains and filling pore spaces in the sandstone. ‘It colors the rock gray. -
Other vénadium ore minerals present are montroseite, nFeO.nVQOA.nVZOB.nHZO,
corvuéite, V,0 ;§V205 .nH50, and hewettite, CaO-3V205.9H20. Corvusite
and montroseite occur togethef, forming‘compact massés of bluishfblack
ore, whereas hewettite commonly forms stringers and veinlets alohg joints
and fractures. Recent deeper drilligg and mining‘in the Plateau haﬁé
indicated that below the zone of.oxfzation bléck oxides of uraniﬁmfand :
~ vanadium, accompanied by pyrite and perhapslother sulfides, are‘more.
abundant, and uranyl venadates are scarce or absent.,
; Ore bedies

The ore consists mostly of sandstone selectively impregnated and
in part replaced by uranium and vanadium minerals; but rich éonqentraa
“tions of carnotite and the micaceous vanadium clay mineral are also
associated with thin mudstone partings, beds of mudstone pebbles, and
carboﬁized fossil plant material, Many fossil~lbgsﬁféﬁlécéajﬁyiheagly

pure carnotite have been found, In general the ore minerals were
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deposited in irregular layers that roughly followed the sandstone beds.
In most deposits the highest-grade éoncentrationé of.ore minerals occur
in sharply bounded, elongate concretionary structures, called "rolls" by
the miners, These rolls are encompassed by riéh, veinlike'concentfations
of the micaceous vanadium-bearing clay mineral that durve across bedding
planes. Within these rolls this mineral éenerally’is distributed as
diffusion 1ayérs, the richer layers commonly lying nearer the margins of
the rolls; the distribution of carnotiﬁe in the rclls is less systematic.
The ore bodies'raﬁge from small irregular masses containing only a -
few tons of ore to large tabular masses containing many.thOusandS-of tons
of ore, Margins of ore bodies may be vaguely or sharply‘definéd.. Vaguely
defined margins may have mineralized sandstone éxtending well beyond the
limits of c§mmercial ore; on the other hand, sharply defined margins, suéh
as océur along the surfaces of rolls, ordinarily mark the 1imits‘of both
the mineralized sandstone and the commercial ore..
| Although many rolls are small and irregular, the larger ones are
elongate and may extend with little chahge of directions for more than 100
feet, The elongate rolls in an ore body or group.of ore bodies in a given
area generally have a common orientation. This orientation is roughly" -

parallel to the elongation of the ore bodies.

Origin of ore

The origin of the uranium-venadium ores in the Morrison formation
' is uncertain and controversial. In some respects the deposits are ﬁnique,
end much of the evidence concerning the genesis of the ore is either not

conclusive or appéars to be contradictory. In this brief account only a
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small amount of evidence can be presented and the hypotheses can only be
summarized, |

Most of the deposits are closely associated with certain sedimentary
features, Lgyers of ore lie esséntially'parallel to the bedding; most
of the deposits occur in the thicker parts and commonlyihear the base of
the sandstone lenses; the trend of the long direction of the deposits and
the trend of the ore rolls in the sandstone are roughly parallel to the
trend of the fossil logs in the sandstone and to the average or feéultant
dip of the cross-bedding in the sendstone. These relations strongly -
suggest that primary structures in the sediments were instrumental in lo-
calizing most of the ore deposits.

Recent investigations have revealed new data bearing on the origin .
of the ores (Waters and Granger, 1953). Below the zone of oxidation
some of the ore consists chiefly of oxides, such as pitchblende and
low-valent oxides of vanadium, and shall quantities of sulfides such as
pyrite, bornite, galena, and chalcopyrite; fully oiidized and fully hydra-
ted minerals are either rare or nonexistent. A hard veariety of uraninite,
previously reported only from hydrothermal deposits, has been found in.the
Gray Daﬁn mine in San Juan County, Utah (Rasor, 1952), and in the Héppy
Jack mine in White Canyon, Utah, Studies of lead-uranium ratiés in ores
from the Colorado Plateau indicate that, regardless of where or in whé£
formation féund, all thevthe ores are of roughly the same age, and-this_J
age is no older than latest Cretaceous (Stieff and Stern, 1952), Some
geologists believe field ye]aﬁimns in pre-lMerrison formaticns at White
Canyon (Benson and others, 1952) and Temple Mountain in Utah, indicate

that the deposits may be genetically related to faults and fractures.
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At the Rajah mine near Roc Creek, in Colorado ore occurs along a fault and
horsetails out into the wall rock,

Two main mypétheses havé arisen to explain the origin of the ores.,
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 water may have dis-
solved and reprecipiteted the ore constituents, but the essentiai materials
were already present in the host rocks or in the waters permeating them,
Although this hypothesis offers a reasonable explanation for the relation
of ores to sedimentary features, it faces some dlfflculty in explainlng
(1) the discrepancy between the age of the uranium and the age of the
enclosing rock; (2) the broad stratigraphic distribution of uranium occur-
rences and association of ores with fractures in a few localities; and
(3) the hydrothermal aspect of the mingral suites in éome ores; The
second hypothesis, and the one the author fé§brs; is essentially a tele- |
thermal hypothesis and assumes the ore to have originated from a hypdgene
source. Proponents of this hypothesis believe that the ore-bearing solu-
tions, originaping at depth from an igneous source, ascended aloné frac-
tures. After these solutions mingled ﬁith circulating ground waters the
minerals were precipitated in favorable beds as much as several miles fromv

the fractures. - This hypothesis explains more readily the dlfflcultles

inherent in the penesyngenetic hypothesis, but poses two other diffi#)”if““'

culties, namely, the hypothetical location of igneous source rocks, and
the difficulty of proving the connection between fractures and faults and

the ore deposits., A third hypothesis, advanced by some geologigsts,



suggests that the source of the ore metals was the volcanic material in
the beds overlying the ore-bearing sandstones and that these metals were
subsequently leached and redeposited in the beds that now contain the ore,
This hypothesis encounters not only most of the difficulties in the pene-

syngenetic hypothesis, but it presents some additional ones of its ownm,

Suggestions for prospecting

Regardless of the actual origin of the deposits, cerfain habits 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 most of the depésits\are in the
uppermost sandstone stratum in the Salt Wash member'of the Morrison forma-
tion, Generally the central or thicker parts of the sandstone lenses are
more favorable--many deposits are in sandstone that is 40 feet or mofé
thick, few deposits are in sandstone less than 20 feet thick, Cross-
bedded, relatively coarse-grained 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 that contains or is underlain by a considerable
amount of gray, aitered mudstone is more favorable than sandstone con-
taining and underlain by red; unaltered mudstone-- this guide is perhaps
the most useful in diamond-drill exploration.

If the deposits have a hypogene origin, then localities where
favorable host rocks are near or coextensive with areas of more intensé
deformation may be especially favorable for finding ore, The distribu-

tion of deposits in the Anderson Mesa quadrangle lends some strength to
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thjé hypothesis, for most of the deposits in the quadranglé are confined
to the deformed rocks in the collapsed area overlying the intrusive salt
mass, Nevertheless, it should not be overlooked that'the Morrison forma-
tion thickens abruptly over the salt mass, and the developmeﬁt of litho-
logic features favorable t§ localization of ére ﬁaj have been corres- |
pondingly influenced. In any event, the most likely areas in which to
search for new deposits, because of the presence of favorable host rocks,
are Little Gypsum Valley, Silveys Pocket, and Wray Mesa. The favorability

of these areas may be fortified by the %@ésﬁﬁgg of faults and fractures.

The mines

Most of the ore deposits in the Anderson Mesa quadrangle are in
or near the collapsed part of the Gypsum Valley salt anticline, and
}hé largér bodies appear to lie near the axis of the anticline, |
Xithough most of the mines are in the middle or lower units of the Salt 
Wash member, aAfew'deposits are in.the upper sandstone stratum, 'and:in ,
the lowest conglomerate layer of the Brushy Basin member., Thé ore minerals

are the micaceous vanadium clay and carnotite; copper stains are common,

Gyp mine

The Qyp'mine consists essentially of an elongate northwest-trending
roll about 900 feet long and from 5 to 60 feet wide, The body ranges in

thicknéss from a few inches to more than 12 feet. The ore minerals are
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carhotite and the micaceous vanadium mineral, The sandstone lens which
contains the ore dips as much as 22° to'the southwest. Smallér rolls
parallel to the main roll have been found, qumineralized'layers'bonneqt
the various rolls., Additional prospecting in the vicinity of the Gyp miné

would probably find additional deposits,
Raven mine

The Raven mine is in a sandstcne lens which lies between the upper
and middlebsandstone strata of the Salt Wash member. The deposit consists
of parallei, northwestward trending rolls and flat tabular masses contain-
ing disseminated carnotite and the micaceous vanadium ciay mineral. Some
additional ore might be found by prospectiﬁg for rolls parallel to those

in the mine,
Mines in Silveys Pocket

The mipes and prospects in the Silveys Pocket aré;‘consist,;in
‘general, of sﬁall tabular masses of mineralized material. Rolls and
fossil logs are uncommon, The bodies range in size from a few tonsnto_'
about 200 tons of ore-grade material., The ore miherals are carnotite and
the micaceous vanadium clay., Additional smail'deposits can possibly be
found. in Silveys Pocket by exploring the ground in thevvicinity of the
existing deposits. Exploration will be hampered soﬁewhét by badly

faulted ground.



Cther mines and prospects

Other small mines and prospects are scattered over Little Gypsum
Valley, on the slopes of Island lMesa, and at the head of Leach Creek,
In most respects these resemble the larger deposits, Additional deposits
probably could be found by extensive prospecting in the down-faulted blocks
of the Salt Wash member in the bottom of Little Gypsum Valley. The Salt
Wash on the rim of Little Gypsum Valley appears unfavorable for ore def T

position, although a few small deposits have been mined from this area,
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