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GEOLOGY OF THE RED CANYON QUADRANGLE,

MONTROSE COUNTY, COLORADO

by E. J. MeKay, with a section -on

"The Mines" by D. A. Jobin
ABSTRACT

The Red Capyon quadrangle is one of eighteen 73-minute quadrangles
covering the principal carnotite-producing area of southwestern Colorado.
The geology of these quadrengles was mapped by the U, S; Geological Survey
for the Atomic Energy Commission as part of a comprehensive study of
carnotite deposits. The rocks exposed in the eighteen quadrangles consist
of crystalline rocks of pre-Cambrian age_and sedimentary rocksethat fange
in age from late Paleozoic to Quaternary. O&er much of the area the sed-
imentary rocks are flat lying, but in places the rocks are disrupted by
ﬁighuangle faults, and northwest-trending folds. 'Censpicious among the
folds are large anticlines heving cores: of intrusives salt and gypsum.

Most of the carnotite deposits are confined to the Salt Wash sand- '
stone member of the Jurassic Morrison formation. Within this sandstone,
most of the deposits are spottily distributed through an arcuate zene
known as the "Uravan Mineral Belt., Individual deposits range in size
from irregular masses.containing only a few tons of eee teqiarge, tabular
masses containing many thousands of tons. Therfe consists largely of sand«
stone selectively impregnated and in part replaced by uranium and vanadium
minefals° Most of the deposits appear:to be related to certain sedimentary _

structures in sandstones of favorable composition.
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INTRODUCTION

.Thé‘ﬁulsa Geological‘Survey mapped the geology of’the;Red Canydn_
,'quaaféngle, Célo;y in}connection with é comprehensive étudy'of_cafnotite
déposits° <Thé-study, cbvering the princiballcarnotite producing afea in :
N SOﬁthwestern Colorado, included detailed examination of mines énd geologic
Amapping,of eighteen 7%;miﬁute quadrangles, of whicﬁ the Red Canyon.quadu
rangle is one. PFarts of the-texfs accompanying these maps havé been
‘standardized; these pérts comprise some aescriptiOns_of geologic forma-
tions and general statements concerning regional structuraiisefting, geo= -
- logic history, and ore deposits. A compyehensive report pfesenting in
gfeater detéil the geologic features of_fhe entire area ana interpretations
of these features is in preparation. WBrk‘was started in the»aréa in 1939
as a cooperative(project with the Stéte of Colorado and the Colorgdo Metal
Mining Fund, and was cbntinﬁed through.l9h5 as a wartimé'étrategic minerals:
project. Since 19&7 the Geologiéal Survey has been contiﬁuing these geou"
1§gic studies on behalf of the Division of Raw Materials, Atomic Energy -
Coﬁmissioﬁ@ ‘The Red Canydn quadrangle was mapped in 1949. |

The‘Red Caﬁyén quadrangle covers about 59 square ﬁiles in Mesa and
Montrose Cogntiééy Colo.; and lies in the Canyon Lands.diVisiohAof the
Colorado Plateau physiographic province. The gﬁadrangie is an area of -
gently sloping mesas cut by deep, steep-walled canyons.. In general the
southwestern part of the quaaraﬁgle slopes to the northeast, and the
‘northegstern part to the southwest., Total relief within the.quadrangle is
about 29300 feety altitudes range from about h,700rfeet where the Doloreé
River leaves the guadrangle to 7,000 feet in the extréme southﬁestern
corner of the quadrangle. TheAQolores River and its.tributaries dfain the

entire quadrangle.



No accurate rainfall inforﬁation is available, but the annual precip-
itation is probably between 10 and 15 inchesj the area is semi—arid and
supporting a moderate-growth of juniper andﬂpiﬁéh on focky terréin, and
abundant sagebrush where soils are thiCko"Cacti'of several ﬁarieties and
sparse grass are widely distributed. Alfalfa ahd some éorn are grownﬂin
river and creek bottoms., Most'of thé guadrangle is accessible by S@ate

Highway lhl and a system of dry weather roédso'
REGIONAL GEOLOGY

Rocks exposed in the 18 quadrangles mapped consist of crystalline
preuCambrian récks and sedimentary rocks that range in agevfrom late
Paleozoic to Quaternafy. Crystalline rocks crop out only in the north-
eastern part of the aréa along the flanks of the ﬁncanzhgre Plateau; the
rest of the area is underlain by sedimentary rocks;AfThe latest Paleozoic
and earliesthésozoic strata wedge out northeastward against the crystalline
pre~Cambrian rocks, but later Mesozoic units were deposited on top of the
pre-Cambrian rocks, Ovér most of the region the sedimentary rocks afé
flat-lying, but in places they are disrupted b& high-angle faults or
folded into northwgstwtrénding monoclines, shallow synclines, and strongly
'Aeveloped anticlines. The largest of the folds is the Uncompahgre Plateau
uplift, a fold nearly 100 miles long that traverses the northeastorn pirt of
~ the afea° Well developed anticlines having intrusive cores of salt and.
gypsum underlie Siﬁbad Valleyg Paradox Valley, and Gypsum Valley in the
central part of the area; the Dolores anticline in the southwestérn part

of the area probably has a salt-gypsum core, although it is not exposed.



The Red Canyon quadfangle'lies in the north-central part of the area
in the syncline betﬁéen the Paradex Valley anticline and the Uncompahgre
Plateau uplift. The southeast end of the Sinbad Valley anticline and the
Roc Creek salt plug, a southeastern unit of the Sinbad Valley structure,

are a short distance west of the quadrangle.
. \ )

STRATIGHAPHY

The oldest rocks exposed in the Red canyon quadrangle are of Late
Triassic age and are exposed in the bottom of the canyon at the junction
of the San Miguel and Dolores rivers. Jurassic r@cks crop out in the
canyon walls and on benches ang slopes below the mesas, whereas Cretaceous
rocks cap the mesas. Recent deposits of stream gravel, sheet wash, and
wind-blown materiai are widely distfibuted on canyon floors, aleng the
benches, and on mesa tops.

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 Red Canyon quadrangle inte Utah,
Chinle fornation

The Chinle formation of Upper Triassic age consists of red to orange-
red siltstone with interbedded red fine-grained sandstone, shale, and lime-
stonefpebble and mud-pellet conglomerate. These litholegic units are
lenticular and discontinuous. The lower part of the formatien contains
numerous lenses of a highly distinctive limestone-pebble and mud-pellet
conglomerate; in places the lewermost lenses contain quartz pebbles or con-
sist of a relatively clean quartz gritgi These quartz-bearing lenses
are probably the stratigraphic equivalent of the Shinarump con-

glomerate, which is widely distributed in eastern Utah.

)



f»and northern Arizona. Much of the Chlnle formatlon con51sts of 1ndis~” -
tlnctly bedded red 511tstone that breaks into angular fragments. Evenly
bedded shale is rare, The sandstone layers vary in beddlng characterlstics,
some layers are massive, others are. crossmbedded ‘and stlll others are -
conspicuously rlpplembedded° Almost everywhere the formation crops out
as a steep slopetbroken in places by ledges‘of morevres1stant-sandstone
“and conglomerate. . | o \

ihe.base of“the‘Chinle formation is not~exposed‘in the ﬁed Canyon ;“
quadrangle; The formationbas projected from adjoining quadrangles;

probably ranges from 300 feet to 450 feet in thickness. -
Glen Canyon group

The'Glen Canyon group, of Jurassic (?).age;:cOmpnises"in‘ascending o
order, the'Wingate sandstone,'the Kayenta_formation;rand ﬁheiNavajo‘sanda
sﬁone;. » | _ L ' |

Wlngase sandstoneganhe'Wlngatevsandspone:conformably-overlies thej
Chinle formation," The sandstone ls a nassive;vfineégrained rock composed ?
of clean, wellwsorted quartz sand It typlcally crops out as an 1mpress1ve.
red wall, stained and streaked in places w1th a surflclal red and black
desert varnlsh. Vertlcal Jjoints cut out the. sandstone from top to bottom, :
the spalling of vertically jointed slabs largely causes the recession of
‘the'cliff, The sandstone is diﬁided into horiiontal-la&ers;by eitensive
oedding planes spaced 2 to 50 feeﬁ apart. Wlthin eachlhOrizontal,layer'
the  sandstone is crossbedded on a‘magnificent scale; great sweeping
tangential cross-beds of eolian type; in‘places extending across‘the entire
thickness of:the‘horizontal layer, are disposed in all difections; The

sandstone is rather poorly cemented and crumbles easily; thislquality



. probablj accodntsdfor'the readineee.wiih.which the rock disintegfatesd
in. faulted areas. |

In the Red Canyon quadrangle tﬁe Wingate sandstone ‘ranges in thlck—
: ness from 300 to 340 feet, '

Kayenta formatlon,w=The Kayenta: formatlon conformably overlles the

Wingate sandstone; the_contact between the two‘formationsois gradational
in most p]_.aces° The formation is notable for its variety of rock types.
Sandstone, red, buff, gray, and laveﬁde? in‘color,.is the most abundant
type ; but the formation also contains conSidefable guantities of red
-sil§stone,~thin~bedded shale, and conglomera:be° 'The conglomerate contains
pebblesiof limestone, shales'end sandstone. The sandstone is composed of
rounded to sub~rounded quartz grains and minor QuantitesAof mica, feldspar,
and dark minerals. - Most of the sandstone is thih-bedded,.oross—bedded in
part, and flaggy; some is ma381ve.' Individual sandstone bede are lenticular )
and discontinuous and interfinger with,shale, and in places, with con-
glomerate. The Kayentavtypically crops out in a series of benches aﬁd
ledgee. The ledges in many places overhang Fecessions%where:sbﬁﬁémﬁbeds
'have eroded back. The‘lower part of the formafion is more firmly;cemented»
' end forms resistant, thick 1edges that protect the underlying Wiﬁgate sand-
sfone from erosion, | | | 7
The.Kéjenta formation in the Red Canyoo“quadranglevis about 180
feeﬁ:thick but locally it may be 10 to 20 feet-thicker ogwxhinner. The
irregular bedding, channel filling, and renge in thickness‘of sandstone g
'Eeds all iodicate a fluviatile origin for the Kayeﬁia formation.

Navaio sandstone.-»The eastern edge of the Nava jo sandstone follows

an 1rregu1ar course through the westernmost part of Colorado, and- the

only Navajo 1n.the quadrangle,ls an irregular lobe and a few disconnected :



lenses that crop out in the northWestern part. The Navajo, ﬁhich con-
formably overlies the Kayenta formation, is a‘massive, fine-grained, gra&.
to buff, clean quértz sandstone., Tangential cross-beds of tremendous.

size leave little doubt of the eolian origin of the sandstone, although

at Ro¢ Creek the cross-beds are not so large and'horizontal bedding planes
are more cbmmon than in other areas, A few thin gray discontinuous lime-
stone beds containing nodules of chert occur at places in the sandgtone.
The s;ndstone is friéble and weathers £o rounded tdpographic fOrmZ/Z;:osed

on slopes or benches and to vertical cliffs where protected by overlying

rocks. It reaches a maximum thickness in the gquadrangle of 80 feet.
San Rafael group

In this area the San Rafaél group, of Middle and Late Jurassic .age,
comprises, in ascending order, the Carmel formation (Middle aﬁ@{Upper
Jurassic)? the Entrada sandstone (Upper Jurassic), and the Summerville
formation (Upper Jurassic). The group crops_out in a narrow band‘along
the canyon walls of the Doiores River and its tfibutafies. The Carmel -
formation and the Entrada sandstone were mapped together because in most
places they form a narrow outcrop. . |

Carmel formation and Entrada sandstone.-=The Carmel formation con-

sists largely of red to buff, soft, horizontally bedded siltstone, mud- .
stone, and sandstones. In some localities the basal beds consist of re-

worked Navajo sandstone. Pebbles and angular fragments of white and gray
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 abundént
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locally tq form layers of COAgloherate. Included in these_layers are

_ scaptered greenish-gray, red, and yellow quartzite pebbles and boulde}s

as large as 5 by 8 inches., 'In'maﬁy places the ubper part of the formation
contains scattéred barite nodules as much as'an inch écross. |

The Carmel formatién ranges from less than 10 feet to 90 feet in
thickness. This large range appears to be due chiefly to depositibn;on
irregular, eroded surfaces Qf Navajo sandstone or Beds of Kayenta formation.
No definite evidence indicates that thé Carmelkformation of this area is;Of
marine origin as is the Carmel of central Utah, but the probabilitieS‘éré
thap,the Carmel of southwestern Colorado was deposited in shallow water
maréinal to a sea.

The Cafmel formation grades upward, in most places withput a promi-
nent break, into the Entrada sandstone., The Entrada sandstone, knowﬁ
1o§ally as the "slick rim! because of its appearance, is perhaps the most
strikingly picturesque of all the formations in the plateau region éf
Coldrédo. The smoothly rounded, in placeS'bulging,4orange,‘buff, énd white
cliffs formed by this sandstone are a distinctive and scenic feature of the
region. Horizontal rows of pits, fesulting from differential weathering
and‘ranging.from a few inches ﬁo a.foot or more across, ére characteristic
of these cliffs. The Entrada consists of alternating parallelubedded units
.ignd sweeping, eolian-type cross_beddéd units. The parallel-bedded units
are most common in the basal part and in tﬁe uppermost,lighter-colored part
of sthe lintrada, whereas the cross~bedded wits are dominant in the middle
part. The Entrada sandstqne differs from the somewhat similar Wingate sand-
stone and Navajo sandstone by_thé sorting of sand into two distinct grain
sizes., Subrounded to subanguiar quartz grains mostly less than O.i5 mm '
in dfameter make up the bulk of the sandstone. The sandstone also con;

‘tadns larger grains, which are well rounded, have frosted surfaces, and °
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raﬂge from Oo4 to Ooé mm in &iametgrj most of these grains are of quartz,
but grains of chert are scattered among them. Most 6f‘the largér grains
~are distributed in thin 1ayer§‘aloﬁg planes of bedding and lamination. |
The Entrada sandstone in the Red‘Canyoh quadrangle is 80 to 150 feet‘thick.

Summerville formatioh.wcThe Summerville formation generally crops out

as a steep, debr15mcovered Slope; with very %ew good expoéures. Whére ex-
posed, the Summerville exhibits ; remarkably even, thin, horizontal bed-
ding. Beds are predominantiy_red of varioué shades;igithough some beds

are green, brown, light yeilow, or nearly white. Sandy and silty shaleb;f
are the most abundant kinds of rock but all gradations from shale to clean
fine-grained sandstone are interbedded with thema  Well-rounded amber-colored
quartz grains with frosted bffmatte Surfaceg are dissemipatéd ihroughoﬁt
most of tﬁe formation, including those beds?gpnsistinglalmost entirely oﬁf
»claystone...Thin beds of autochthonous red and green chert are.widespreéd.

A thin; discontinuous bed of dark—g;ay dense;freShQWater limestone occurs in
the ubper part of the formation, TSandstone bedS{ééé ﬁhiéker and sandstone
%is more abundant in the lower part;of the'formatggn than in the upper

part. In the vicinity of Meég Cfeek the sandstone beds in the»lowervpart

of thé formation thicken and form a pfpminent ledge 20 to 30 feet thick.
Common}y the sandstone beds are ripple%ﬁarked, and in places they show
smallJ%cale low-angle cross-bedding.

The Summerville formation rests conformably on the Entrada sandstone,
and, although a sharp 1ithologic change‘marks the ébhtécb*, no cessation
of‘deposition separated the two formations. Regi;géliy the -upper part
of the Entrada and the lower part of fhe Summerville intertongue; and the ,
contécﬁ does not occur evefywhere at the same stratigraphic horizon. ‘The

upper contact of the Summerville is uneven and channéledﬁ and the channels
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are filled by"the overlylng basal sandstones of the Morrlson formatlon.

‘-Locally, howevers the oontact is dlfflcult to determlne, because overlylng

shale»and mudstone of the Morrison formation are,s;mllar.to beds of the
Summerville.
In the Red Canyon quadrangle the. Summerv111e formation is about lOO

feet thlck.
Morfisoanormation

The Morrison formation,of Late Jurassic age, is of special interest
economically because of'uraniumm\and vanadiumebsaring:deposits.it conbains.
The formation comprises twolmembers in this sres; tbéylower'is the Salt
Wash sandstoneomenberﬂ and-the uppor is the Bfnshy Basin membén. In the
Red Canyon quadrangle the Morrison formation ranges in fbicknoss from-7OC
to 800 feet, with the Brushy Basin~shale membsf forming slightly-more thsn.
half the total thickness. 'In'some areas the bhicknesses.of the‘nembsns: N
vary independently, whereas in other areas-a fbinning{in’ono member iSb:-
sccompanied by a. thickening in the other. | | |

Salt Wash sandstone member.=_The Salt Wash sandstone member ordlnarlly :

crops out above the slopeaformlngﬂﬁummerv1lle formatlon as a series of
‘thick re51stant ledges and broad benches. Sandstone predomlnates and
ranges in color from nearly whlte to gray, 11ght buff and rusty red.‘
Interbedded with the sandstone are red shale and mudstone and locally a o
few thin lenses of dsnse gray llmestone.‘ Sandstone commonly occurs as
'strata.trsceablé ss 1edges for considérable distanoes slong the outorop;.j
but within each stratum individual}beds are 1enﬁicn}ar and discontinuous; -
beds wedge out laterally, and other beds'occupjing essentially_ths.samsf

stratigraphic position wedge in. Thus,'any relatiﬁely continuous,séndstonel
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stratum 6rdinarily consists of numerous inteffingering lenses, with super-
posed lenses in many places filling channels carved in underlying beds.
Lenses are separated in places by mudstone and contain mudstone seams,
Most of the saﬁdstone is fine~ to medium fine-grained, croséwbedded, and
..massive; single beds or lenses may attain a maximum fhickness of 120 feet,
Features indicative of fluviatiie origin such as fipple marks, current
lineations, rill marks, and Cut-and-fill strﬁctures are abundant.

The sandstone consists largely of subéngular to subrounded quartz
grains, buﬁ othoclése, microcliné, and albite grains occur in combined
amounts of 10 to 15 percent., Chert and heavy-mineral grains are acces-
SOTy. Cénsiderble quantities jof int;;stitial clay and numerous clay
pellets occur in places, especially‘near'the base of some of the sand-
stone lenses, Fossii wood, carbonaceous matter, and saurian bones aré
found locally. |

The Salt Wash sandstone member has an average thickness of about

300 feet, althoughjlocally the thickness varies 30 feet or more.

Brushy Basiﬁvshale member.=-=The Brushy Basin shale member contrasts
strongly in overall appearance with-the underlying Salt Wash sandstone
member. Although the lithologic differences are markeq; the contact between
the two members is gradatiénal. The mapped contact, taken as the base of
the lowermost layer of conglomerate 1ensés, is arbitrary in many respects
and prébably does not mark an identical stratigraphic horizon in all localiu
ties. |

. The Brusﬁy Basin shale member consists predominantly of varicolored
bentonite shale and mudstone, with intercalated beds and lenses of con-
glomerate and sandstone, and a few thin layers of limestone. Because of

its high proportion of soft; easily eroded bentonite shale and mudstone,
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the Brushy.Basin member forﬁs smcoth~slopes covered with Bibcks,and
boulders weathered from the more resistant lajers of the member and. from
the more resistantxlayers of the member and from the oferl&ing formations.
The shaiés,and mudstones are thinwbedded and rapge in'co;or from pure
white to pastel tints of red, blue, and gréén.  Expo§éd surfaces of the
“rock are covered with a loose, fluffy_layer several inches thick, caused
_b& the swelling.of thé bentonite material during?periods of wet'&eather.
Scattered\through the shale and mudstone arelthin beds of fineagrained;very
hard silicified rock that breaks with.a conchoidal fracture. The siliéa
imprégnating these beds may have been released dﬁring,the devitrification
of vplcénic debris in adjacent bedé? Beds of chertwpebble conglomerate a
few inches to 25 feet thick,_océuf at interéals throughout the'mémber.-
'Thesé conglomerate beds are commﬁnly dark rusty red and form consﬁicuous
resistant ledges, ASilicified saurian bénes and wood are much more
abundant in the Brushy Basin shale member than in the Salﬁ Wésh'sand-
stone membefg especially in some of the conéiomerafe beds.'
The Brushy Basin shale ﬁgiéinbezé,_ likethe SaltsWash sandstohe-menber , une

'doubtéﬁly was depdsited uﬁder fluviatile conditions. The conglémerate
and sandstone lenses mark stream channels that crossed flood plains on
which weré‘depositeq‘the‘fine;grained sediments now represented by the
mudstone and shale, ‘. |

- The Brushnggsinoshale member rangés from 400 to 500 feet in thiék—
ness; erfatically’distributed local variatidnsiin_ﬁhickness of: 20 to 3O :

feet are prev§1ent throughout the quadrangle;
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Burro:Canyon formation

The name Burro Canyon formation was proposed by-Stokes and'Phoenix
,(19L8) for the heterogeneons-sequence of:Lower Cretaceousiconglomerate,,"
sandstone, shale, and thin lenses of:limestone that overlieS‘the'Morrison
formation. :The Burro Canyon characteristically crops ont as a cliff‘or'
a series of thlck resistant ledges. "The. bulk of the formation consists
of whlte, gray, and red sandstone and conglomerate that form beds up to
100 feet thlck° These beds are massive, irregular, and lentlcular. Crosse'f
bedding and festoon=bedd1ng are prevalent throughout the formatlon., The'
'sandstone 1s poorly sort ed and consists of quartz andrlesser amountslof‘
' chert. The conglomerate con31sts largely of chert pebbles, but inter- .
mixed are pebbles of quartz, silicified llmestone, quart21te, sandstone,»
and shale. - In places beds are. highly 51llc1f1ed.~ Aucon31derable part of
thelformatlon.con31sts of brlght green mudstone and shale,fand locallyfthese‘
predominate over the sandstone and oonglomerate,’lThin; discontinuous beds
of dense,lgray limestone crop.out in a few‘scattered localitiess. The
formation was undouptedly deposited under fluviatile'conditions; The loner‘
contact is indistinct in many places ‘and appears to 1nterf1nger w1th the
upper part of the Brushy Basin shale member, elsewhere local erosion sur-
faces intervene and the contact is sharp.r The upper’ contact-ls an er051on
surfaoe of regional extenpg | o

In the Red Canyon quadrangle ‘the Burro Canyon formatlon ranges from

100 to 140 feet in thickness.
Dakota sandstone

The Dakota sandstone, of Early and Late Cretaceous age, crops out ex-
tensively as capplng beds on the mesas because of its re31stance to er081on.

The Dakota cons;sts principally of gray, yellow,_and buff‘flaggy sandstone;‘
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1ess abundant are conglomerate, carbonaceous shale, and impure coal Some-."

of the sandstone is finewgralned and thlnmbedded ‘but much of it is coarseul
gralned and crossebedded *Scattered through the sandstone are 1rregular,i-
'dlscontlnuous beds and lenses of conglomerate contalnlng chert and quartz <L
pebbles as much as 2 1nches across. Interflngering w1th the sandstone beds
are thlnabedded gray and black carbonaceous shales and thin coal seams and
beds.- Plant 1mpress1ons abound 1n both the sandstone and the shale. ‘The -
entlre thickness of the Dakota sandstone is not exposed in the quadrangle,
Athe upper beds have been-strlpped off by eroslon, but as much as 100 feet. -

of Dakota beds are preserved in a few places. .
QuaternarY'alluvium

"‘ The_depOSits of'Quaternarygage.consist’of‘wind-deposited‘material
allu#ium,-and talus debris. Exten31ve deposits of light red sandy and .
31lty mater1al mantle the benches and mesa tops.b This mater;al.appears. ‘
‘to be mostly wind-deposited, although much of¢it‘has4been~reworkediby"
water and»intermined uith sheet wash. hThese deposits'have not been napped

where they are unusually spotty, discontlnuous, or less than a foot thick;
the greatest observed thlckness in some dry washes on mesa’ tops is about
10 feet., Terrace gravels containing pebbles and cobbles of various in- LS'
tru31ve and extrusive igneous rocks occur at several 1evels above the

Dolores and ‘San Miguel Rlvers. The river valleys are covered with mlxturesl
of stream«deposited sediments, fan dep0s1ts9 and w1nd-blown materlal Con-.'
: siderable-talus debrls covers many of the steeper.slopes.v Because these “

.varlous dep051ts9 other than the terrace gravels, are dlfflcult to differ-'

entiate in some places, they have not been separated on- the geologlc map°
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STRUCTURE
Regional settingif

Many geologic strucutres on’ the Colorado Plateau are so large that a

7§—m1nute quadrangle covers only a small part ‘of any complete structural

'unlto The larger structural.unlts consist of salt antlcllnes, AS to 80 '

miles long, upllfted blocks - 50 to ]_25 miles. long, bounded by monocllnal =

folds, and domlcal upllfts, 8 to 20- miles across, ‘around stock-llke and
. laccollthlc 1ntrus1ons. -

: The salt anticlines trend northwest and 11e in a group between east-

‘wardmdlpplng monocllnes on the west slde of the Plateau and westward~dip~ ;‘»,

ping monoclines on the east side of the Plateau. The cores of these antla_‘.
clines consist of relatively plastlc salt and gypsum, derlved from theb
Paradox member of the Hermosa formatlon and 1ntruded 1nto overly1ng rocks ij
of late Pale0201c and early Mesoz01c age.' All the anticlines are struc-"
-'turally s1mllar in many respects. but each exhlblts structural pecullar— ,f
1ties not common to ‘the rest furthermore, all are more complex than thelr
.seemlngly slmple forms would suggest.‘ Faults, grabens, and collapse and.’
slump sstructures alter the.forms of the anticllnes. Er031on has re- -
moved much of the axial parts of these antlcllnes, leav1ng exposed 1arge>
‘1ntru31ve masses of the Paradcx member and formlng valleys such as Slnbad
hValley, Paradcx Valley, and Gypsum Valley in Colorado and s1mllar valleys .
in Utah. Alternatlng w1th these antlcllnes are broad, shallow, 31mple o

syndlines.



Structure‘in Red‘Canyon quadrangle

."The Red Canyon duadrangle straddles theCSan Mlguel Bynolineiend‘ite::;'
: counterpart to the northwest the Dolores Rlver syncllne. These syncllnes
form a downwarp between the Paradox Valley and Slnbad Valley antlclines on

" the southwest and the Uncompahgre Plateau upllft on the northeast. Most of;
'the rocks: have angles of d1p less than ’0, only on the flank of Paradox
Valley antlcllne are the dlps steeper. Withln a. mlle of the syncllnal axesf'
dlps do not exceed 29, The southwardwplunglng axis of the Dolores R1ver
syncline and the. northwestwardmplunglng axis of the San Mlguel syncllne
merge in the vicinity- of the~southern part of‘LongeMesa. The dlfference.,<
in direction of plunge of the:two synClinal axes and»the faults.invthe
vicinity of Roc Creek and on Carpenter Flats probably reflects a grav1ty:'
'adJustment to the. abstractlon of salt from the underlylng Paradox member
of the Hermosa formatlon. Salt was extruded in the -Roc Creek salt plug

a mile or two west of the ouadrangle.
,Structuralvhistory

A‘ln.OTder.to understand the3structural historr'of the Red‘Canyon'.
quadrangle, it is necessary to understand the structural historjvof’the
adjoinlng part of southwestern Colorado, Parts of this histor&‘are still
in doubt beeause no clear record remains of SOme'eventsg the reccrd of
other events, although leglble, is subJect to dlfferent 1nterpretations.
A1l the events descrlbed 1n the follow1ng dlscu581on affected the Red
Canyon quadrangle elther directly or 1nd1rectly, although the evidence for

some of ‘them is not visible within the quadrangle boundarles.



20

Mild compressive forces, which probably began in early‘Pennsylvaniaq
time, gently warped the region. This warping gave rise to the éncestral
Uncompahgre highland, an element'of'ihezanEestral Rocky Mountains, and to
“the Sasin in which the Paradox member of .the Hermosa formation was d?posited.j
These major structuralvfeatufeé gontfolledvtﬁe péttern and the prevailing
northwest-trending grain of the_smaller strudtures 1atér'superimposed on
them. The boundary between the highldnd and the bagin, which is closely
followed ‘by the southwest margin of the present-day. Uncompahgre Plateau,
was a steep northwest«trending front, possibly a faﬁit scarp, along which
were deposited arkosic fanglomerates during late Pennsylvanian and Permian
time. “The older fanglomerates interfinger with Pennsylvanian mariné sedi~
mentar& roo#Sxof'fhé Hermosa formation. The bulk of the fanglomerates
proBably is of Permian age and belongsté the Cutler;fprﬁation. -Intrusion
of éalt from the‘Paradox member, probably initiated by:gentle’regional
deformation, begén sometime during depésition of the Permian Cutler forma-

~ tion, vIsostaticﬂrise~'of salt rupturé&fihe.overlying_Hermosa and Cutler
formations, and~at'the“§nd of Cutler deposition salt brbkg through to the
surface. From then until flowage ceased, laté‘in.thé;Jurassi§, the
elongate sa1t-intruéions such as those in Paradox Valley and.Gypsum Valley
stood as actual topographic highs aﬁ one place or anqther aiong their

lengths., The rate of upwelling of additional‘salt,;perhaps accelerated by

the increése of the static load of sediments accumulating in the surround— '
ing'areas, balanceg or slightly exceeded thé rate of removal of éalt by
solution and_;;dsion at the surface. Consequeﬁﬁly, all of the fofmations
of Mesozoic age ﬁo the base of the Morriéon formation wedge out égainst‘11 

the fléhks of the salt intrusions, Salt flowage was not everywhere:cbnew

v tiﬁuous or at a uniﬁdrm rate;»ratﬁer, in many places it progressed



spasmodically. Local surges of comparatively rapid intrusion gave rise to
cupolas at different times in different places along the salt masses, At
the beginning of Morrieop,deposition eediments finally covered the,selt in-
trusioes, perhaps because the supply of salt underlying the areas between
the intrusions was exhausted. Relative quiescence prevailed throughout

the remainder of the. MéSozoic -and ‘PréBab1Y through"the:early.part of ‘the
Tertiary.;

' The second major period.of deformationioccurred in the Tertiary--
probably before mlddle Tertlary, but the date cannot be determined ac-
curately.{ The reglon of the salt 1ntru51ons 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 considerable
'amount of new salt was forced 1nfo the 1ntru51ons, flowage probably con--
51sted largely of redistribution of the salt already present. By the end
o “of the period. of deformation these folds had attained approximately their _h
present structural form, except for modlflcatlons 1mposed by later collapse
of the antlcllnes overlylng the salt 1ntru31ons. 0w1ng to the moblllty of
the rocks in the cores of the antlcllnes, normal faulting took place along
the crests of the anticlines, probably during relaxation of compre851ve
stresses~after folding ceased., At tﬁis timevthe,crests of the anticlinee
ln places were dropped; as grabens, several hundred to a few thousand feet.
A period of crustal quiesence followed, duriﬁg which the highland‘overlying )
the anticlines and domes were reduced by erosions, and topegfaphiqurelief

became low throughout the area.
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Then, during the middle Tertiary, the entire Colorado Plateau was
~uplifted. This uplift rejuvenated the streams and increased ground-
water circulation. The cresfs.bf the anticlines were breachéd, and the
underlying salt was exposed to rapid spluﬁion aﬁd removal. With the
abstraction of salt, renewed collapse of the anticlines began.v Although
mnbh of the collapsg was due directly to removal of salt by splﬁtion,
it seems unlikely;that'all thé collapse cag'be attributed to this process,
as was believed by earlier workers in the area. Rather, much of the col-
lapse apparently was caused by flowage of salt from the parts of the anti-
clines still overlainqby thick layers of sediments to the parts from
which the overlying sédiments had been removed. Once the crests of the :
antiblines had been breached, the relatively plastic salt offered little
supporﬁ for the beds overlying the Paradox member of the Hermosa formation
" in the flanks of the anticlines; consequeﬁtly these essentially unsupported
beds sluﬁped, probably along fractureé and joints formed during earlier
flexures. Small féults and folds in Quaternary deposits may indicate

that collapse and local readjustment are still continuing.
MINERAL DEPOSITS

The-énly commercially important mineral deposits in the Red Canyon
quadrangle a;e those that contain uranium, vénadium, and radium. Although
deposits conﬁaining theSe metals were diséévered in 1899 near Roc Creek,
1at.a point:2 miles west of the:Red Canyoh guadrangle; intensivé mining of
these ores did not begin in the Plateau region until 1911. Thereafter, the
ores Weré minéd primarily for their radium content until 1923, wﬁen the
.Belgién Cong§ pitchblendé.deposits began to supply réé?um. The mines were

mostl& idle from 1923 until 1937, but since 1937 they again have been
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exploited intensively, first for vanadium and in more recent years for
both vanadium and uranium. |

Thellarger deposits are restricted to the uppef 1ayef of sandstone
lenses in the Salt Wash sandstone member, but a number of small deposits
are in the lower layer. Within both layers the deposits have a épotty
distribuﬁion,j Most ore bodies are relatively small and contain only a
few hundred tons, The ore consists mainly ofﬁsandstone impregnated with

uranium- and vanadium-bearing minerals..
Mineralogy

The most common ore mineralé'are carnotite and a fine-grained vanadium-
bearing micaceous mineral. Carnotite (K (U0,), (V0,)5.3H,0) is a yellow,
fineférained, earthy or powdery material. Tyuyamunite (Ca(UOQYQ(VOAX}ano)
the calcium analogue of carnotite, is alsorprésent aﬁd is nearly indis-
tinguishable ffom carnotite, The micaceous vanadium mineral, which formerl&
was thought fo-ké“roscoelite, is néw considered to be relaﬁed to the nontro-"
nite or montmorillonite group of clay minerais, It forms aggregates of minute
flgkés‘éoating or ﬁartly replacing sand grains and filling pore spaces in the
sandsﬁone. It colors the rock gray.‘ Other vanadium ore minerals present aré
montroesite (nFeO,nvzohonV203.nH20), corvusite (V264.6V205.nH20), ‘and hewet-
tite (CaO,3V205,9HQQ)°  Corvusite and montroseite occur together,'fofming
compact masses of bluish-black oreé whereas hewettite commonly forms stringers
and véinlets along joints and fractures; Recent deeper drilling and min- |
ing in the Plateau have indicated that below fhéqgéﬁé of oxidation black
oxides of uraniﬁﬁ and vanadium, accompanied by pyrite aﬁd perhaps other

sulfid es, are more abundant, and uranyl vanadates are scare or absent.
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Ore bodies

The ore consists mostly of sandstone'Selectively ippregnated and i;
part replaced by uranium and vanadium minerals; bnt‘rich-concentrations of
carnotite and the micaceoﬁs vanadium clay minerafaare also associated with
fhin mudstone partings, beds of mudstone pebbles, éﬁd carbonized fossil
"plant material. Many fossil logs replaced by.nearly pufe carnotite have
been found., In general‘ﬁhe ore minerals wére depoéited in irregular layers‘ N
that roughiy:followed the sandstﬁne beds. In most deposits the highest-grade
" concentrations of ore minerals occur in sharply bounded,'elongate concretion-
aryﬁsﬁfucﬁures, called "rolls" by the miners. These rolls are encompassed -
by rich, veinlike concentrations of the micaceous vanadium-bearing clay
mineral that curve across bedding planes. Within these rolls this mineral
generally is distributed as diffusion layers, the richer layers comhonly'ly-
ing néarér the mérgins of the rolls; the distributibn of cérnotité in the
rolls is less sysiemhtic. _ |

Margins of ore bodies may be vaguely or éharplj defined.‘.Vaguely de-
fined margins ﬁay%ﬁave mineralized sandstone extendihg well béyond the limits
foeéhmercial ore, on the other hand, sharply defined margins,lsuch as occur
ﬁalﬁng;the surfaces éf rolls ordinarily mark the limits of both-the.mineralized
sandstoﬁe and the commercial ore, , o

Alﬁhough many rolls are small and irregulér, the larger ones are elon-
gate and may extend with little change of dlrection for more than 100 feet.
'1The elongate rolls in an ore body or group of ore bodies in a given area
generally have a common orientation. " This oried%ation is roughly parallel

to the elongation to the ore bodies.

Origin of ore
The origin of the uranium—vanadiﬁm ores in the Morrison formation is

uncertain and céntroveféia1, In some respects the deposits are unique,
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”and'much of the evidence concerning the‘genesis of the éré is.either not
gonclusive or appearé to be contradictbry; In this brief accbuﬁt only.
a small amount of evidence can be presented aﬁd the hypotheses caﬁ oniy
be summarized. | | |
Most of the depésits are closely associated with certain sedimehtary

featufes° Layers of ore lie essentially barallel to the béd@ing; most
'6f the deposits occur in the thicker ﬁarts and commonly near the base of
the sandstone lenses; the trend of the long direction of the deﬁosits and
the trend of the ore rolls in the sandstone are roughiy parallel to the
trend of the fossil logs in thé sandstone and to the averége or resultant
dip of the cPOSSmbedding.in the sandstone; These relations Sirongiy sug-
gest, thét primary structures in the sediments were instrumental in localiz=-
ing most of the ore deposiﬁso.' | |

". Recent investigations have reVéaied new data bearing on the origin'
gf the ores (Waters and Grangef, 1953); Bélowﬁthe zone of oxidation some
6f the ore consisté chiefly of oxidés, such as pitchblende and‘lowuﬁalent ‘
oiides of vanadium, and small quantities of sulfides such ashpyritg,'bdfnite,
galena,vand chalcopyrite; fully oxidized and fully hydratéd minerals are
either rare or nonexisténto A hard variety of uraninite% previously re-
ported"gnly“from hydréthermal,depositss has been found in the Gray Dauﬁ
mine in San Juan County, Utéhv(Rasor, 1952), and -in the Hapby Jack mine?'
in White Canyon5 Ut&hoj'Stﬁdies of leadwuranium,ratios in ores from the
ColoradotPlatéau indicaﬁe that, regardless of where or in what formation
found, all fhe'ores are of roughly the same age, and this age is no oldér
then latest Cretaceous (Stieff and Stern, 1952). Some geg;tgg;i;?ts believe
field relatiéns'in pre-Morrison formatibns at White Canyon (Béﬁson, et alg,:

1952) and Temple Mountains in Utah, indicate.that the deposits may be



- 26

genotically related to faults and fractures. WAt%thefﬁéﬁﬁﬁﬁﬁﬁﬁéﬁﬁog;f S
Roc Creek Colorado, ore occurs along a fault and horsetalls out into
the wall rock° | |
Two mgin hypotheses have risen to oxplain the origin of the ofeso
The oldest and probably the most widely held is the hypothesis thét the

ores are'penésyngenetic and were formed soon‘affer the enclosing rocks

were deposited (Coffin, 1921; Hess, 1933; Fischer, 1937, 1942, 1950; and
Flscher and Hllpert 1952) ‘Later movements of ground water may have dis-

solved and feprecipitated the ore consiifivbents,but: the essential materipls

were already pfeSeﬁt in the host rocks or in the watéro permeating them,
Although this hypothesis offers a reasonable explanatioo for the re-
lation of ores to sedimentary features, it faces some difficulty in
‘explaining: (1) the discrepancy between the age of the uranium and the
;ge of the%gnclosing rock;l(2) the broad stratigraphic distribution of |
uranium'occﬁ;renoes and association of ores with fractures in a few
localitios; and (3) the hydrothermal aspect of the mineral suites in
some’oroo; The second hypothesis, and the one the authors favon9ﬁéﬁiﬁhi'
éésentiaiiyﬁé telethermal hypothesis and assumos the ore to have originatod
from a hypogéné source. Proponents of this hypotheéis believe tlat ore-
bearlng solutions, orlglnatlng at depth from an igneous source, ascended
Aalong fractures.; After these solutions mingled with 01rculat1ng ground
water the mlnerals were precig;tated in favorable beds as much as'several
miles from the fractures° Thls hpyothe51s explalns more readily . the d1f=
flcultles, inherent in the penesyngenetic hypothe51s, but poses two other
dlfflcultles, namely, the hypothetlcal location of ignecus source rocks
aﬁd:the difficulty of proving the connection between fractures and faults

~and the ore deposits, A third hypothesis,madvanced by some geologistéx
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suééests that the source. of .the ore metals was the volcanlc materials in
the beds overly;ng the ore—bearlng sandstones and that these metals were
subsequently leached and redep051ted in- the beds that now contaln the
ore.--Th1s hypothesis encountered not only most of the dlfflcultles in

“the penesyngenetic hypothesis, out it presents some additional ones of

its own.
Suggestions for prospecting

Regardless of the actual origin of the deposits, certain habits of
the deposits-;habits that @ave been recogniaedvthrough geologic mapping
and exploratlon.experience—aare useful asiguides for finding ore (Weir,
1952)¢ In southuestern Coloradopmost of the-deposits,are'in the upper-"

~most sandstone'stratum in the Salt Washf?hwdstone member of the Morrisoni'

" formation.‘~Generally the central or thioker-parts of the sandstone lenses
 are more favorable—~many dep031ts are in: sandstone that 1s LO feet or

; fﬂmore thlck a few dep031ts are in sandstone less than 20 feet thick. -Cross-

bedded relatlvely“coarsfi} vedfsandstone is more favorable than thlnly
or evenly bedded,- flne-gralned sandstone. nght yellow»brown sandstone _

speckled with limonlte staln is more favorable than red or reddlsh-brown

‘sandstone.' Sandstone that contalns or 1s underlaln by a consi rable
- amount of gray, altered mudstone is more favorable than sandstone con—'-

ta1n1ng and underlain by red unaltered mudstone—-thls gulde is. perhaps o

". the most useful in dlamond-drlll exploratlon.

In the Red Canyon quadrangle probably the most. llkely area for flnd—
’1ng ore,»because of the presence of favorable host rocks, is the south— .,'
;eastern part lying east of the Dolores Rlver and 1nclud1ng the southern o

‘-.Part of Atklnson Mesa.- ;’ . . : , S .Fp



Many deposits occur 1n localltles remote from areas of intensive

: structural deformatlon, and addltional depos1ts W1]l undoubtedly be 0
found 1n'suchvundeformed'localltlesm However, ;f the deposits had a
hypogene{Origid,;as the authors believe, then the more intensively
defarmed rocks, such-as the rocks both overlying and. surrounding tﬁe

salt 1ntru31ons, probsbly are favorable places to look for new: depos1ts, .
prov1ded that the favored formatlons and rock types known to be hosts -
for ore are pyesent In the Red:Canyon,quadrangleg;_however, the-rocks.
Coim the v101n1ty of the faults are, fos the most part, unfavorabTe hostsi

for ore.,

The mines

by D A Jobln

.Numeroué deposits‘are scattéred'aiong thehoutcrop of{tne'Salt>wssn'
sandstone member of the Morrlson formatlon in the southern half of the
quadrangle. Except for the Dolores“mlnes, most of these deposits are
small,‘containing“severel%tons to a few hundred tons of.bre;". |

Recently,'eXtensions of old deposits and neW'discoveries inbthis
area have been found by extensive drilling programs, especlally on

" Atkinson Mesa. Most of the exploratlon near old worklngs and in the»shal—
.“lower drllllng ;areas:: has been conducted by prlvate operators, but where
‘deeper drmlling and higher costs have been too great for individual
operators, the exploratlon has been undertaken by the Geologlcal Survey
on behalf ‘of the Atomlc Energy Comm1331on.' J

Dolores m1nes.——The Dolores mines are the most productive in the Red

:'Canyon quadrangle.. Most of the ore has come from the Ophir, Bluebird

and‘LittlevD;ck worklngs, whlch_are 1n‘s 1arge,1poorly deflned‘block of N
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mineraliaed.ground approklnately 1,000 feet wide“and‘3,000 feet long. In
this area the‘oreébearing S&ndstone averages 60 to 65 feet“in thickness.
The upper and lower 15 to 20 feet of this sandstone unit are the- chlef
orenprodu01ng zones, with the maJOr productlon comlng from the upper zone,
':The ore minerals are oarnot;te and vanadlferous-clay mlnerals,.whlch occur
as lowegradehdisseninations in the sandstone, with hiéhlgrade concentra-
tions oonfined to rolls andllogs or "trashspocketsb”" Montroseite, and
:hewettite are also present but in small amounts, forming scattered high- __“v

grade streaks or patches in the dlssemlnated ore.

Shamrock mines.-—The ore: deposits at the- Shamrock mines are small and

commonly have a maxlmnm ‘length of 50.to 200 feet. The ore minerals are
carnotlte and the micaceous vanadlum clay mlnerals.” Rolls in the deposits
,rarely'exceed 30 feet 1n.length-and are 3 to 4 feet thlck° between rolls
'ﬁthe’ore is conmonly:less than 1 foot#thick. The trend of ind1v1dual rolls
rangeshfron eastAto southeast. All but one of the known deposits are in
the 1ower part of the topmost sandstone stratum of”the Salt Wash the known
exceptlon is in the top part of the sandstone 1mmediately below-thentopmost
sandstone. In additlon to the depo91ts exposed by mlning operatlons, a.
ﬂsscattering'of deposats has been’d;scovered by dxamond'drilllng in-the;area
_south of". the mlne worklngs. ' i I
Raven clalm.--Dep051ts on the Raven c1a1m (no. .69) are fairly ex-
“tensive but a large part of the ore is probably low—grade and th1n. Ore
minerals are carnotlte and the mdcaceous vanadlum clay. Ore bodles con-
31st¢of.fa1rly continuous layers-of_lowagrade~dlsseminated ore;'lThe.

_ - margins ofﬂthe ore hodies‘are indefiwite, and'rollsféregrare.f-The de-

posits are in the topmostf%tratum of;thefSalt Wash.sandstone member. ‘



“.Deposits onvMartin Besa and Carpenter Flats.--Many small mines and

prospects are scattered along the outcrops of ‘the Salt Wash sandstone on
Martin Mesa and Carpenter Flats.. The-deposits in the upper sandstone-
stratum of the Salt’ wash are the largest although they are few 1n number
because most of thls stratum has been eroded from the area. Thls upper
sandstone stratum ranges from 10 toihsﬁfeet 1n thlckness. The ore mlnerals
"are carnotlte and the micaceous vanadlum clay minerals. These occur as low-
grade dlssemlnatlono in the sandstone and as hlgh-grade concentrations
conflned largely to rolls. The rolls trend southeast the average trend
;fof lQ§ found 1n the sandstone is northeast. There is a fair chance that

addltlonal ore could be found by explorlng the ground in the v1c1nity of
;the m1nes.~p

In Red Canyon, many small mines and‘prosoects are scattered along the

jI-outcrop of the lowest sandstone stratum of,the'Salt Wash. These deposits
are small,and'consist of thin streaks of relatively high—grade ore. These-
.'deposlts oharaeteristically contain copper. carbonate stain, whereas deposits‘

‘_in‘thejupper sandstone stratum rarely_contain‘any-Visiblefcopper minerals,yff
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