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GEOLOGY OF THE URAVAN QUADRANGLE. 

MONTROSIE COUNTY. COLOR4DO 

By Fred W. Cater. Jrci o A. P. Butler. Jr •• and E. J. McKay 
with a section of "The mines·~ by Robert L~ Boardman 

ABSTRACT 

The Uuvan quad~,angle is one of eighteen 7 1/2-minute quadrangle~ covering the principal carnotite-

producing area of southwestern Colorado. The geology of these quadrangles was mapped by· the u. s. 

Geological Smvey 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 mdi:iseldimentary 

rocks that range in age from late Paleozoic to Quaternary., Over much of the area the sedimentary rocks 

are flat lying. btu1t in places the rocks are disrupted by high-angle faults. and northwest-trending folds. 

Conspicuous among the folds are large anticlines having cores of intrusive salt and gypsum. 

Most of the camotite deposits are confined to the Salt Wash sandstone member of the Jurassic 

Morrison formation. Within this sandstone, most of the deposits are spottily distributed through an arcuate 

zone known as the "Uravan mineral belt". individual deposits range in size from irregular masses containing 

only a few tons of ore to large. tabular masses containing many thousands of tons. The ore consists largely 

of sand~tone selectively impregnated and in pan replaced by uranium and vanadium minerals. Most of 

the deposits appear to be related to certain sedimentary structures in sandstones of favorable composition. 

ENTRODUCTION 

The U. s. Geological Survey mapped the geology of the Uravan quadrangle, Colo •• as part of a 

comprehensive study of carnotite deposits. The study. covering the principal carnotite-producing area 

in southwestem Coloradoo included detailed examination of mines and geologic mapping of eighteen 7 1/2-

minute quadrangles. of which the Uravan quadrangle is one. Parts of the texts accompanying these maps 

have been standardized: these parts comprise some descriptions of geologic formations and general 

descdptions of regional structural setting. geologic history. and ore deposits. A comprehensive report 
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presenting in greater detail the geologic featmes of the entire area and interpretations of these features is 

in preparationo Work was started in the area in 1939 as a cooperative project with the State of Colorado 

Geological Survey Board and the Colorado Metal Mining fund and was continued through 1945 as a wartime 

strategic m!nerals project. Since 1947 the Geological Survey has been continuing this geologic study on 

behalf of the Division of Raw Materials of the Atomic Energy Commission. The Uravan quadrangle was 

mapped in 194lt and 19480 

The Uravan quadrangle covers about 59 square miles in Montrose County, Colo., and lies in the 

Canyon Lands division. of the Colorado Plateau physiographic province. The quadrangle is largely a rugged 

au·ea·of mesas and cany~ns, but considerable areas on the larger mesas and in Paradox Valley are relatively 

flat and feat~ll'elesso Total relief. within the quadrangle is about 10 900 feet: altitudes range from about 

40 940 feet in the canyon of the San Miguel River to 6, 849 feet on the northeast rim of.P aradox Valley. 

The San Miguel River and its tributaries drain all the area except Paradox Valley which is draJned by East 

Paradox Creek. 

No accurate informatlon on rainfall !s available, but tqe_ annual precipitation is probably between 

10 and 15 inches; the area is semi-add·' and supports a moderate growth of juniper and pinon on rocky 

tenain and abundant s.1gebrush where soils are thicko Cacti and sparse grass are widely distributed. Most 

of the quadungle is accessible over Colorado Highway 141 and a system of dry-weather roads. 

REGEONAL GEOLOGY 

Rocks exposed in the 18 quadrangles mapped consist of crystalline pre-Cambrian rocks and sedimentary 

rocks that range in age from late Paleozoic to Quaternary. Crystalline rocks crop out only in the north-

eastern part of the area along the flanks of the Uncompahgre Plateau; the rest of the area is undell'lain by 

sedimentary rockso The latest Paleozoic and earliest M~sozoic beds wedge out northeastward against the 

crystalline pre-Cambrian rocks, but later Mesoz<?ic units were deposited on top of the pre-Cambrian rocks. 
\ 

Over most of'"the n:egion the sedimentary beds are flat lying, but in places they are disrupted by high-angle 

faults, or folded into north~st-trending monocl:inc.s, shallow synclines, and strongly developed anticlines. 
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The la~rgest of the folds is the Uncompahgre Plateau uplif~ a fold nearly 100 miles long that traverses the 

no!ftheastern part of the aliea. Well-developed anticlines having intrusive cores of salt and gypsum underlie 

Sll.nbad Valley9 Pa!I'adox ValleyD ~nd Gypsum Valley in the centtal part of the area:. the Dolores anticline 

in the soa.nthwestem part of the are~ p!iOb~bly has a salt~gypsum core, althougll $tis not exposed. 

The quadrangle U.es in the e!llst-centtal pa:rt of the 18:-'quadrangle area9 about eight miles southwest 

of the Uncompahgre Plateau; the southwest comer of the quadrangle is traversed by the edge of Paradox Valley. 

STR~TIGRAPHY 

The oldest ~rocks exposed in the Uravan quadr~ngle are Upper Triassic beds that crop out along the sides 

and on ~e flooli of Paradox Valley'1 Rocks of Pennsylvami.an and Permian age, although not exposed within 

the quadrangle0 crop out extensively in adjacent quadrangles. .Jrurassic rocks crop out along the sides of 

Paradox Valley and in the canyon walls and on the benches and slopes below the mesas. Cretaceous rocks 

cap the mesas. Recem deposits of wind ... blowllll material and sheet wash are widely distdbuted on top of the 

mesas9 alollllg the benches, and on the valley floors. Teuace gravels occur along the San Miguel River 

at various altitudes as much as 700 feet above the present river .level. 

The str41tigraphic sequence is similar to that studied by Baker ( 1933) and Dane ( 1935) in nearby 

alieas in Utah; most of the formAtions can be oraced continuously from the Uravan quadrangle into Utah. 

The Upper Tliiassll.c Chlnle formation consists of red to orange-red siltstone, with interbedded red 

fllne-grallned sandstone11 shale9 and limestone pebble and clay peffet-conglomerate. These lithologic 

units are lenticular and discontinuo.IJS. The lower part of the forma'tion contains numerous lenses of a 

highly distinctive limestone pebble and clay pellet-conglomerate;; in places the lowermost lenses contain 

quartz pebbles oli consist of a relatively clean quartz grit. These lenses are probably the stratigraphic · 

equivfllent of ~he Shinammp conglomerate, which is widely disttibuted in eastern Utah and nor_thern 

All'izona. Much of the Chinle formation consists of indistinctly bedd~d red siltstone that breaks into 

angu.nl81l' fragments. Evenly bedded shale is rare. The sandstone layers differ in bedding characteristics; 
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some layers are massive~ whereas others are cross-bedqed~ and still others are conspicuously ripple-bedded. 

Almost everywQeli'e the formation crops ou~ as a steep slope broken in places by more resistant ledges of 

sandstone and conglomerate. 

The base of the Chinle formation is not e?'posed in the Uravan quadrangle. The formation~ as pro

jected from adjoining quadrangles, probably ranges from 375 toe42Jilfufitlincthickness;1te·xbept !qlteJiedt thins 

abruptly on the flanks of the Paradox Valley anticline. 

Glen Canyon group 

The Glen Canyon group~ of Jurassic~?~ age~ comprises~ in ascending order~ the Wingate sandstone, 

the Kayenta formation0 and the Navajo sandstone. 

The Wingate sandstone confor~ably overlies the Chinle formation. The sandstone is a massiv;e, 

fine-gll'ained mck composed of clean~ well-sorted quartz sand. Et typically crops out as an impressive red 

or dark brown wal10 stained and streaked in places with a surficial red and black desert varnish., Vertical 

joints cut the sandstone from top to bottom; the spallli.ng of vertically jointed slabs largely causes the 

recession of the cliff. The sandstone is divided into horizontal layers ~Y extensive bedding planes spaced 

flt'Om 2 to 50 feet apart. Within each hOll'izontal layer the sandstone is cross-bedded on a magnificent scale; 

great sweeping tangential cross-beds of eolian type, in places extending across the entire thickness of the 

horizon tal layers, . are:. Ci!'sP:osedlin.:a111tiiJre:CtmJ1S. ~·The; sarids~taneuis:: ra ther~ .. pooljy.:eemM-te.d:-.and ·~.umbies 

easilyo this quality probably accounts foli' the readiness with which the rock disintegrates in faulted areas. 

Xn the Ur~van quadrangle the Wingate sandstone, where exposed, ranges in thiokne.§s..:fnotrel60!:Jto5 240 

fee.t, . ..:.a>thi<ckneM somewhat less. than normal because of thinning on the flanks of the Paradox Valley anticline. 

•....Ji.!. ··-. ·r 
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Kayenta formation 

The Kayenta formation conformably overlies the Wingate sandstone; the contact between the two 

formations is gradational in most places. The formation is notable for its variety cofrock- types ... ~andstone, 

red, buff, gray and lavender in color, is the most 'abundant type; but the formation also contains considerable 

quantities of red siltstone, thin-bedded shale, and conglomerate. The conglomerate. contains pebbles of 

sandstone, shale, and limestone. The sandstone is composed of rounded to subrounded quartz grains, and 

minor quantiti~s of mica. feldspar, and dark minerals. Most of the sandstone is thin-bedded. cross-bedded 

lln part, and flaggy; some is massive. individual sandstone beds are lenticular and discontinuous and 

intel'finger 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 recesses where softer beds have eroded back. 

The lower pan of the formation is more firmly cemented and forms resistant, thick ledges that protect the 

underlying Win.gate sandstone from erosion. 

The Kayenta formation in the Uravan quadrangle unges in thickness from 190 to 210 feet. Abrupt 

local changes in thickness of 10 to 20 feet a~re common. The irregular bedding, channel filling, and 

range of thllckness all indicate a fluviatile origin. 

~.avajo sandstone 

The eastern edge of the Navajo sandstone follows an irregular course through the 'W.eB.termm:)s~. parohf 

Colorado, and the only Navajo in the Uravan quadrangle is pan of a fairly large disconnected lens that 

crops out amund the town of Uravan. The Navajo, which conformably overlies the Kayenta formation, 

is a massive, fine~grained, gray to buff, clean quartz sandstone. Tangential cross~beds of trerri'endous 

size leave little doubt of the eolian origin of the sandstone, although around Uravan cross-beds are not 

so large, and horizontal bedding planes are more common than in other areas. The sandstone is friable 

and weathers to rounded topographic forms where exposed on slopes or benches and vertica~ cliffs where 

protected by overlying wcks. H reaches a maximum thickness in the quadrangle of 40 feet. 
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San Rafael group 

Kn this area the San Rafael group. of Middle and Late Jurassic age. comprises, in ascending order, 

the Carmel formation~ Middle and Upper Jurassic), the Entrada sandstone (Upper Jurassic), and the 

Summerville formation «Upper Jurassic~. The group crops out in a narrow band along the San Miguel River 

in the northwest part of the quadrangle a!Thd the northeast side of Paradox Valley. The Carmel formation 

and the !Entrada sandstone were mapped as a single unit because in most places they form a narrow outcrop. 

Carmel formation and Enuada sandstone 

The Carmel formation consists largely of red to buff, soft. horizontally bedded siltstone, mudstone, 

and sandstone. Kn some localities the basal beds consist of re~Jilliked 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. Locally these chert pebbles 

and angular fragments are sufficiently abundant to form layers of conglomerate. In many places the upper 

part of the formation contains scattered barite nodules as much as an inch across. 

lin the area of the Uravan quadrangle the Carmel formation ranges .from less than 10 feet to 20 feet in 

thickness. This range appears to be due chiefly to deposition on irregular, eroded surfaces of Navajo sandstone 

or beds of the Kayenta formation. No definite evidence indicates that the Carmel formation of this area is 

of marine origin as is the Carmel of central Utah, but the probabilities are that the Carmel of southwestern 

Colorado was deposited in shallow water marginal to a sea. · 

The Carmel formation grades upward, in most places without prominent breaks, into the Entrada 

sandstone. The !Entrada sandstone, known locally as the "slick rim" because of its appearance, is perhaps 

the most strikingly picturesque of all the formations in the plateau region of Colorado. The smoothly 

rounded, in places bulging. orange, buff, and white cliffs formed by this sandstone are a distinctive 

~nd scenic feature of the region., Horizontal rows of pits resulting from differential weathering and 

ranging from a few inches to a foot or more across are characteristic of these cliffs. The Entrada 
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consists of altematllng horizontally bedded units and sweepingo eolian~type cross-bedded units. The 

-
hodzontally bedded units are most common in the basal pan and in the uppermost, lighter-colored part 

of the Enttada0 whell'eas the cross-bedded units all'e dominant in the middle .parto The Entrada sandstone 

dii.ffe!'S from the srune:w:·hat~sllmilar Wingate sandstone and Navajo sandstone by the sorting of sand into two 

distinct grain sizeso Subrounded to subangular quartz grains mostly less tpan 0. 15 mm in diameter make up 

the bulk of the sandstone. The sandstone also contains lall.'ger grains which are well-rounded, have frosted 

sudaces. and range from 0. 4 to 00 8 mm in diameter; most of th~se grains are of quartzo but grains of chert 

all'e scattell'ed among them. Most of the larger grains are distributed in thin ~~yers along bedding planes. 

The Entrada sandstone is 90 to 110 feet. thick in the Uravan quadrangleo 

Summer ville formation 

The Summerville formation generally crops out as a steep. debris-covered slopeo with a very few 

good exposureso· Where exposed the Summerville exhibits a remarkably eve0g thin, horizontal bedding. 

Jeleds all'e predominantly !l'ed of varli.ous shadeso although some beds are green, browno light yellow, or 

neall'ly whli.teo Sandy and silty shale are the most abundant kinds of rock but all gradations from claystone 

to clean0 fllne-gJrained sandstone are interbedded with them. Well-rounded amber-colored quartz grains 

with frosted oil' matte surfaces are disseminated throughout most of the formationo including beds consisting 

almost entfurely of claystoJrne. Thin beds of authigenic red and gJreen chert are widespread. A thin0 

discontinuous bed of dark-gray dense fresh-water limestone occurs in the upper part of the ·formation. 

Sandstone beds are thickeR' and sandstone is more abundant lin the loiWer part of the· fonmation than in the 

upper parto Commonly the sandstone beds all'e ripple-maurked, and lin places they show small-scale 

low-a~gle cross-bedding. 

The S:~l!Jllilll!lerwillle formation res·ts conformably on the Entrada sandstone, and, although a· sharp 

Hthol~gic change mall'ks the contact, no cessation of deposition separated the two formations. Regionally 

the upper pan of the Entrada and the lower part of the Summerville intertongue, and the contact does 

not occur everywhell'e at the same stratigraphic holl'izon. The upper contact of the Summerville is uneven 



and channeled, and the channels are filled by the overlying basal sandstones of the Morrison formationo 

Locally, however, the contact is difficult to determine, because the overlying shales and mudstones of 

the Morrison formation are similar to beds of the Summerville. 

Xn the Uravan quadrangle the Summerville formation is :abwtc:tOOdeet tihic.k. 

Morrison formation 

The Morrison formation, of Late Jurassic age, is of special interest economically because of the 

WlaJll.i~m- and vanadium-bearing deposits it containso The formation comprises two members in this 

area; the lower is the Salt Wash sandstone member, and the upper is the Brushy Basin shale member. 

lin the Uravan quadrangle th~ Morrison formation ranges in thick~ess from 600 to 750 feet. The Salt 

Wash sandstone member and the Brushy ·Basin shale member in general are of approximately equal 

thicknesso In some areas, however, their thicknesses vary independently, whereas in other areas a 

thinning in one member is accompanied by a thickening in the other. 

Salt.tW.as:h sands·.tonecmember.1· 

The Salt w.ash sandstone member ordinarily crops out above the slope-forming Summerville 

fo~rmation as ,a series of thick, resistant ledges and benches. Sandstone predominates and ranges in 

color from nearly white to gray, light-buff, and rusty redo Interbedded with the sandstone are red 

shale and mudstone and locally a few thin lenses of dense gray limestone. Sandstone commonly occurs as 

strata traceable as ledges for considerable distances along the outcrop, but within each stiatum individual 

beds are lenticul~r and discontinuous; beds wedge out laterally, and other beds occupying essentially the 

same stratigraphic position ·w:eqge in,. Thus, any relatively continuous sandstone stratum ordinarily 

consists of numerous interfingering lenses, ·with s<upeiiRO.se:d·. lenses in many places filling channels 

carved in underlying beds. Lenses are separated in places by mudstone and contain mudstone seams. 

Most of the sandstone is fine- to medium-fine-grained, cross-bedded, and massive; single beds or 

lenses may attain a maximum thickness of 120 f~et. Ripple marks, current lineations, rill marks, 

and cut-and-fill structures indicate that the Salt Wash member was deposited under fluviatile conditions. 
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The sandstone consists largely of subangular to subrounded quartz grainsu but orthoclaseu microdine, 

and albite grains occur in combined amounts of 10 to 15 percent. Chert and heavy-mineral grains are acces

soryo Considerable quantities of interstitial clay and numerous clay: pellets occur in places, especially near 

the base of some of the sandstone lenses. Fossil wood, carbonaceous matter. and saurian bones occur locally a 

The Salt Wash sandstone member ranges from 300 to 360 feet in thickness an~ unlike the underlying 

formationsu does not thin along the flanks of the Paradox Valley anticline. Local changes in thickness of as 

much as 30 feet are common. 

Brushy_ Basin shale member 

The Brushy Basin shale member contrasts strongly in overall appearance ·:Wi1th the underlying Salt 

Wash sandstone member. Although the lithologic differences are marked, the contact between the two 

pnembers li.s gradationalo The mapped contacf.v taken as the base of the lowermost layer c;>f conglomerate 

lensesu is arbitrary in many respects and probably does not mark an identical stratigr~phic horizon in all 

localities. 

The Brushy Basin shale member consists predominantly of varicolored betJtOitii&ic ~hkle·.1arld:rmudSl()fieu 

with intercalated beds and lenses of conglomerate and sandstone, and a few thin layers of limestone. 

Because of its high proportion of soft, easily eroded bentonitic shale and mudstone, the Brushy Basin member 

forms smooth slopes covered with blocks and boulders weathered from the more resistant layers of the member 

and from the overlying formations. The shales and mudstones are thin-bedded and range in- color from pure 

white to pastel L tints of red, blue, and green" Exposed surfaces oft~ rock are covered with a loose, fl.uffy 

layer of material sev.eralllincf\.~ ~ick, caused by the swelling of the bentonitic material during periods of 

wet weather. Scattered through the shale and mudstone are thin beds of fine-grained hard silicified rock 

that breaks with a conchoidal fracture. The silica impregnating these beds may have been released during 

the de vitrification of Tlolcanic debris in adjacent beds. Beds of chert pebbleeco!Jglom.era~, ·· .. a-~fe'W.linches 

to 25 feet thick, occur at intervals throughout the member. These conglomerate beds are commonly dark 

rusty red and form conspicuous resistant ledgeso Silicified saurian bones and wood are much more abundant .' 

in the Brushy Basin shale member than in the Salt Wash sandstone member.,. especially in some of the con

glomell'ate be~s. 
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The Brushy Basin shale member, like the Salt Wash sandstone member, undoubtedly was deposited 

undelt' fluviatile conditions. The conglomerate and sandstone lenses mark stream channels that crossed 

floodplains on whkh were depDsited the fine-grained sediments now represented by the mudstone and shale. 

Wll.thin the quadrangle the Brushy Basin shale member ranges from 300 to 500 feet in thickness; local 

variations in thickness ·of 20 to 30 feet are common. 

Burro Canyon formation 

The name Bw·m Canyon formation was proposed by Stokes and Phoenix ( 1948) for the heterogeneous 

sequence of Lower Oretaceous conglomerate, sandstone,· shale, and thin lenses ·of limestone that overlies 

the Monisoi!J\ formatlion. The Buno 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 conglomerate 

that form beds as much as 100 feet thick. These beds are massive, irregular, and lenticular. Cross-bedding 

and festoon~bedding are prevalent thmughout the folt'mation. The sandstone is poorly soned and consists of 

quartz and Iesner amounts of chert. The conglomerate consists largely of chert pebbles, but intermixed 

are pebbles of quartz, silicHied limestone, quartzite, sandstone, and shale. In places beds are highly 

silicified. A considerable pan of the formation consists of btight-green mudstone and shale, and locally 

these predominate over the sandstone and conglomerate. Thin, discontinuous beds of dense, gray limestone 

crop out in a few scattel!:'ed localities. The· formation was undoubtedly deposited under fluviatile ~onditions. 

The lowe!!' c~~ta~t is indistinct in many places and appears to interfinger with the upper part of the.Brushy 

Basin shale member; elsewhere local erosio~ surfaces intervene and the contact is sharp. The upper 

contact is an erosion surface of regional extent. 

The Burm Canyon formation in the Uravan quadrangle is 160 to 200 feet thick; abrupt local 

variations in thickness of 10 to 30 feet are common. 
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Dakota sandstone 

The Dakota sandstone of Early and Late Cretaceous age crops out extensively as capping beds on 

the mesas nonheast of the San Miguel River because of its resistance to erosion. The Dakota consists pdn-

cli.pally of gray. yellow, and buff flaggy sandstone; less abundant are conglomerate, carbonaceous shale, 

and imptue coat Some of the sandstone is fine-grained and thin-bedded; but much of it is coarse-grained 

and crossobedded. Scattered through the sandstone are irregular, 9-iaqonnt:liiimmn.m; beds and lenses of conglofrate 

contaiining .chen and quartz pebbles as much as 2 inches acll'Oss. Xnterfingelfing with the sandstone beds are 

thlln-bedded gray and black carbonaceow shales and thin coal seams and beds. Plant impressions abound 

lilrn both the sandstone and the shale. The entire thickness of the Dakota ~andstone is not exposed in the 

quadrangleo the uppeR' beds have been stripped off by erosion. but as much as 100 feet of Dakota beds 

all'e preserved in a few places. 

Q u a ternary de p o s· its 

The deposits of Quaternary age con;ist of wind-deposited material, alluvium, talus, and terrace 

g1·avel. Entensive deposits of light~red sandy and silty material mantle the benches and mesa tops. Thb 

mateR'ial appears to be mostly wind-deposited, although much of it has been reworked by water and imer-

mixed with sheet \Wlazh. These deposits have not been mapped where they are unusually spotty, 

discpntinuous, or less than a foot thick; the greatest observed thicknesses in some dry washes on mesa tops 

b about 10 feet. The floor of Paradox Valley is covered with soils that generally differ markedly from 

the wind .. ·deposited material on the mesas. These valley soils are derived not only·f1romwindblown' 

matedal but also from the disintegration of the rocks exposed on the valley walls and floors., Gravel 

and alluvium cover the floor of the San Miguel River valley. Considerable talus covers many of the 

steeper slop~~-·~errace gravel. containing pebbles and cobbles of various intrusive and extrusive rocks 

from the headwater areas of the river in the San Juan Mountains, occurs along the San Miguel River at 

several altitudes as much as 700 feet above the stream. Because these various deposits, other than the 

terrace gravel. ~ue difficult to differentiate in some places, they have not been separated on the 

geologic map. 
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S TR UC T URJE 

·RM.l:aii a.l u~;t11tin·g 

Many geologic structW'es on the Colorado Plateau are so large that a 7 1/2-minute quadrangle 

covers only a small part of any complete structural unit.. The larger structural units consist of salt anticlineso 

45 to 80 mHes long; uplifted blockso 50 to 125 miles Ion& bounded by monoclinal folds; and ~~mirc.al 

uplift'l0 8 to 20 miles across. aroood stocklike and laccolithic intrusions .. 

The salt anticlines trend northwesterly and lie in a group between eastward-dipping monoclines on 

the west side of the Plateau and westward~dipping monoclines on the east side of the Plateau.. The cores 

of these anticlines consist of relatively plastic s~lt and gypsu~ derived from the Paradox member of the 

Pennsylvanian Hermosa formation and intruded into oveirlying late Paleoz_oic and early Mesozoic rockso 

AU the anticlines are structurally simHar in many respectso but each exhibits structural peculiarities not 

common to the rest; fUl'thermore. all are more complex than their seemingly simple forms would suggest., 

faults 0 grabenso and collapse and slump structures alter the forms of the anticlines.. Erosion has removed · 

much of the axial parts of these anticlines. leaving exposed large intrusive masses of the Paradox member. 

and foll'ming valley-s such as Sinbad Valley. Paradox Valley. and Gypsum Valley in Colorado and simHall' 

valleys in l!tah., Altemating with these anticlines are bl!'oad, shallow, simple synclineso 

S t r .. u c t u r e~!!_. U_r a:;v an ... q~u Cit d: r.an _ _g}e . -· 

The Ull'avan quadrangle lies near the southeast end of the system of salt anticlines and is crossed 

by the northeast flank of the Paradox Valley anticline.. The San Miguel syncline crosses the northeast 

pan of the quadrangl~o Most of the rock sttata in the quadrangle either are horizontal or dip at angles 

of less than 2°o only near the edge of Paradox Valley do the dips steepen appreciably., The rocks marginal 

to Paradox Valley are upturned sharply along the flanks of the anticline that underlies the valley.. The 

.pn·e.,Monison formations thlln against the salt~gypsum cores of these anticlines, and the older pre~Morrison 

fm·mations dip more steeply than the younger; however. some of these relations can be seen more clearly 

lln neal!'by areas outside the qtfadrangle .. 
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Particularly striking are the complex systems~.of. faults that cut the sides of Paradox Valley. Xn 

genex·al the blocks and slivers formed by these faults an·e downthrown toward the valleyso but some blocks 

form small holl'sts. These faults formed with collapse of the anticline because abstraction of the underlying 

salto by both solution and plastic flowageo left the overlying beds unsupported. The two faults of small 

displacement that cut Second and Third Parks probably also reflect a gravity adjustment to the absnracdon 
\ 

of salt.. 

Structural history 

lin order to undentand the structural history of the Ura van quadfangle, it is necessary to understand 

the stnnctural history of the adjoining part of southwestern Colorado. Parts of this history are still in doubt0 

because no clear record remains of some events; the record of other events, although legible0 is subject 

to different interpR·etationli. Al111lre events desc!t'iibed in the following discussion affected the Uravan 

quadrangle either directly or indirect.lyo although the evidence for some of them is not visible within the 

.qumdtangl~ boundall'ies. 

Weak compressive forces which probably 'Qegan in early Pennsylvanian times, gelil;lyvVw:a-r~.d.;the 

lt'egion. Thli.s warping gave rise to the ancestral Uncompahgre highlando an element of the ancestral 

Rocky Mou.ntali.ns0 a~rnd to· the basin in which the Paradox member of the Hermosa formation of Pennsylvanian 

age was deposited. These major sp-uctural featlll!'es controlled the pattern and the prevailing northwest~· 

O'ending grain of the smaller structures later superimposed on them. The boundary between the highland 

and the basino which is closely followed by the southwest margin of the present-day Uncompahgre Plateauo 

was a steep northwest~ttending fronto possibly a fault scarp. along which were deposited arkosic 

fanglomerates dul'ing late Pennsylvanian and Permian time. The older fanglomerates interfinger with 

Pennsylvanian marin~ sedimentary rocks of the Hermosa formation. The bulk of the fanglomerates 

probably li.s of Permian age and belongs to the Cutler formation. Intrusion of salt from the Paradox 

membero probably initiated by gentle regional deformation, began sometime during deposition of the 

Permian Cutler formation. Ksostatic rise of Sfilt ruptured the overlying Hermosa and Cutler formation 

and at the end of Cutler deposition salt broke through to the surface. From then until flowage ceasedo 
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late in the jurassii.c. 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. perhaps accelerated by the incJrease of the static load of sediments accumulating in the 

suJrroundilllg all'eas. balanced or slightly exceeded the rate of removal of salt by solution and erosion at the 

surface. Consequently. all the Mesozoli.c formations to the base of the Morrison formation wedge out 

against the flanks of the salt intrusions. Salt flowage was not everywhere continuous or at a uniform rate; 

rather. in many places it progressed spasmodically. Local surges of comparatively rapid intrusion gave 

rllse to cupolas at different times and in diffe1·ent places along the salt masses. At the beginning ·of 

deposition of the Morrison. sediments finally covered the salt intrusions. perhaps because the supply of 

salt UQderlying the areas between the intrusions was exhausted. Relative quiescence prevailed throughout 

the remainder of the Mesozoic and probably thlrough the early part of the Tertiary. 

The s~l!::ond major period of' deformation occuued in the Tertiary- -probably during the Eocene 

~Hunt. written communication). · The region of the salt intrusions was compressed into a series of broad 

folds. guided and localized by the pre-existing salt intmsions. Although salt flowage was renewed. it 

seems unlikely that any considerable amo0:nt 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 intrusions. Owing to the mobility of the rocks in the 

cores of the anticlines. normal faulting took place along the crests of the anticlines. probably dul!'ing 

relaxation of compressive stJresses after folding ceased. At this t~me the crests of the anticlines in places 

were dropped. as grabens. several hundred to a few thousand feeta A period of crustal quiescence 

followed. during which the highlands overlying the anticlines and domes were reduced by erosion and 

topographic relief became low throughout the area. 

During middle Tertiary. the entire Colorado Plateau was uplifted. This uplift rejuvenated the 

streams and increased ground water circulation. The crests of the anticlines were breach~d. and the · 

underlying salt was exposed to rapid solution and removal. With the abstraction of sal~ renewed collapse 

of the anticlines began. Although much of the collapse was due directly to removal of salt by solutionu 
- "· O ·: •• MOo 



18 

it seems unlikely that all the collapse can be attributed to this process, as was believed by earlier workers 

li.n the a1reao Ratherv much of the collapse apparently was caused by flowage of salt from the parts of the 

anticlines still overlain by thick layers of sediments to the parts from which the overlying sediments had 

been removed. Once the crests of the anticlines had been breached, the relatively plastic salt offered 

little support fm· the beds overlying the Paradox member of the Hermosa formation in the flanks of the 

anticlines; consequently these essentially unsupported beds slumped, probably along fractures and joints 

formed dul'ing earlier flexures. Small faults and folds in Quaternary deposits may indicate that collapse 

and local readjustments are still continuin~ 

MENERAL DJEPOSKTS 

The onl~ commercially important mineral deposits in the Uravan quadrangle are those that contain 

UJranium, vanadium, and radium. Although deposits containin~ these metals were discovered in 1899 

near Roc Clreeko about 10 miles northwest of the Uravan quadra.ngleo intensive mining of these Oll'es did 

not begin. in the Plateau ll'egion until 1911. Thereaftell'0 the ores were mined primarily for their radium 

content until 19230 when the Belgian Congo pitchblende deposits began to supply radium. The mines 

were mostly idXe from 1923 until 1937, but since 1937 they again have been exploited intensivelyv first 

foll' vanadium and in more recent years for both vanadium and uranium. 

-
Most of the deposits are restricted to the upper layer of sandstone lenses in the Salt Wash sandstone 

member, but within this layer the deposits have a spotty distribution. Ore bodies range from small 

irregular masses containing only a few tons of ore to large tabular masses containing many thousands of 

tonsv'JDut most ore bodies are relatively small and contain only a few hundred tons. The ore consists 

mainly of sandstone impregnated with uranium- and vanadium-bearing minerals. 

Mineralogy 

The most common ore minerals are carnotite and a fine-grained, vanadium-bearing micaceous 

mineral. Carnotite ~~uo2)~Vo4~2 ~3H2o], is a yellow, fine-grained, earthy or powdery mineral. 

Tyuyamunite @a(uo2)2(V04)2 ·nH2g"' the calcium analog!Je of carnotite, is also present and is 
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neall'ly llndhtltnguishable from carnotite. The micaceous vanadium mineral, which formerly was thought 

to be roscoelitep is now considered to be related to the nontronite or montmorillonite group of clay 

minerals. lit forms aggregates of minute flakes. coating oir partly replacing sand grains and filling pore 

spaces in the sandstone. Rt colors the rock gray. Other vanadium ore minerals ·present are montroseite 

~nFeO• nV 2o4• nV 
2
o3• nH20), corvusite {V 2o 

4
• 6V 2o5

• nH20)o and hewettite (CaO •3V 2o5• 9H20). 

Corvuslite and monttoseite occur together, forming compact masses of bluish-black ore, whereas hewettite 

commonly forms stringers and veinlets along joints and fractures. Recent deeper drilling and mining in the 

Plateau have indicated that below the zone of oxidation black oxides of uranium and vanadiumo accompanied 

by pyrite and perhaps other sulfides, are more abundant, and uranyl vanadates are scarce or absent. 

Ore bodies 

The ore consists mostly of sandstone selectively Ji.mpregnated and in part replaced by manium and 

vanadium mllnel!'als• but ricq· concentrations of camotite and micaceous vanadium clay mineral are also 

associated wJi.th thin mudstone partings, beds of mudstone pebbleso and carbonized fossil! plant material. 

Mallly fossil logs ll'eplaced by neall'ly pure carnotite have been found. lin general the ore minerals were 

deposited lln lirregula!f layers that il'O'i.ligbly followed the sandstone beds" Rn most deposits the highest~ grade 

concentrations of ore minerals occur in sharply bounded. elongate concretionary structureso called "rolls" 

by tthe miners. These rolls are encompassed by rJl.cho veinlike concentlrations of the micaceous vanadium~ 

beall'ing clay mineiral that curve across bedding planes. Within these rolls this mineral generally is 

disttibtnU!d 1as diffusion layers0 the richeir layers commonly lying nearer the margins of the rolls. The 

distribution of camotite in the rolls b less systematico 

Margins of ore bodj[es may be vaguely or sharply definedo Vaguely defined margins may have 

mineralized sandstone extending well beyond the limits of commercial ore; on the other hand0 sharply 

defined mall'gins such as occur along the surfaces of rolls ordinarily mark·the limits of both the mineraUzed 

sandstone and the commercial ore. 
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Although many rolls are small and !uegular, the larger ones are elongate and may extend with little 

change of dilrection for more than 100 feeto The elongate rolls in an ore body or group of ore bodies lin a 

given area genen·ally have a common oll'ientationo This orientation is rOt~ghly parallel to the elongation of the 

ore bodlieso 

Origin of o Ire 

The odgip of the 'l.llll'anium=vanadium oll'es in the Morrison formation is uncertain and oontroversiat 

lin some lt'espects the deposits are u.mique, and much of the evidence concerning the genesis of the olt'e is 

ehhelt' not concluzhe or appeall's to be contradictory. lin this brief account only a small amount of evidence 

can be presented and the hypotheses can only be summall'.izedo 

Moot of the qeposits are closely associated with certain sedimentary features. Layen of ore .lie 

essentially parallel to the bedding; most of the deposits occur in the thicker parts and commonly near the 

base of the sandstone lenses; the trend of the long d]fectlon of the deposits and the ttend of the olt'e rolls in 

the sand.stollile are manghly pall'allel to the trend of the fossil logs in the sandstone and to the average or 

resultant dip of the. crosse bedding m the sandstone •. These relations strongly suggest that primary structmes 

lin the s~diments were instn..llmental in localizing most of the ore depositso 

~ecernt investigations have ll'evealed new data beall'ing on the origin of the ores (Waters. and Grangero 

1953)0 Below the. zone of ox~dation some of the ore consists chiefly of oxides, such as pitchblende and 

low-valent oxidecl of vanadium, and small quantities of sulflldes such as pyrite, borniteo galenao and 

.GhaJlc~,py.ri.ue; fully oxidized and fully hydll'ated minerals are either rare or nonexistento A hard valt'iety of 

UJraniniteo previously reported only fll'Om hydrothermal depositso has been found in the Gray Daun mine 

in San Juan Countyo Utah (Rasor, 1952)0 and in the Happy Jack mine in White Canyon, Utah., Studies of 

lead-uranium lt'~\tios in ores from the Colorado Plateau indicate thato regardless· of where or in what forma

tion fou~rnd, all the ores are of roughly the same age, and this age is no older than latest Cretaceous 

{Stieff and Sterno 1952~0 Some geologists believe field relations in pre-Morrison formations at White 

Canyon «Benson, and otherso 1952) and Temple Mountain in Utaho indicate that the deposits may be 

genetically r.elated to faults and fractUJreso At the Rajah mine near Roc Creek in Colorado ore occurs 

along a fault and horsetails out into the waH lt'ock~ 
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Two main hypotheses have a!l'lisen 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 ienclosing 

rocks were deposited ~Cofflt~) 1921: Hess0 1933: Fischer, 1937, 1942, 1950; and Fischer and Hilpert, 1952)0 

!Later movements of ground water may have dissolved and reprecipitated the ore constituents, but the 

essential matedals were allt'eady present in the host rocks or in the waters permeating theiDa Although 

this hypothesis offe1rs a reasonable explanation for the relation of ores to sedimentary featureso it faces some 

difficulty in explaining: ( 1) the discrepancy between the age of the uranium and the age of the enclosing 

rock: ~2) the broad stratigraphic distribution of uranium occurrences and association of ores with fr~ctures 

in a few localitie;;; and ( 3) the hydrothermal aspect of the mineral suites in some ores~ The second 

hypothes!so and the one the author favors, is essentially a telethermal hypothesis and assumes the ore to have 

originated from a hypogene sourceo l?rQpamtents of this hypothesis believe that the ore-bearing solutions 

olrllgll.nated at depth from an igneous source and ascended along fractures. After these solutions mingled 

with circulating ground waters0 the minerals were precipii.tated in favorable beds as much as several miles 

from fractures. This hypothesis explains more readily the difficulties inherent in the penesyngenetic 

hypo.thesis but poses two other difficulties, namely: the hypothetical location of igneous source rocks 

and ~2) the difficulty of pmving the connection between fractures and faults and the ore depositsa A third 

hypothesis0 advanced by some geologists~ suggests that the source of the ore metals was the volcanic 

material in the beds overlying the ore~beadng sandstone 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 

dll.fficulties in the penesyngenetic hypothesis, but 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 have been 

recognized through geologic mapping and exploration experience--are useful as guides feD finding 

ore ~Weiro 1952}. In southwestem Colorado most of the deposits are in the uppermost sandstone stratum 

!n the Salt Wash sandstone member of the Morrison formationo Generally the central or thicker parts of 

the sandstone lenses are more favorable--many deposits are in sandstone that is 40 feet or more thick; 

few deposits are in sandstone less than 20 feet thicko 'Clrqss-bedded0 relatively coal!'se-grained sandstone 
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fll1 more favOR"able than thinly or evenly bedded, fine~grained sandstoneo Ught yellow-brown sandstone 

speckled wit~. limonite stain is moK'e favoll'able than ll'ed or reddfulh-bmwn sandstoneo Sandstone that 

corntaino considell'able amounts of oil' b undell'lam by a considerable thickness of gray, altered mudstone is 

moire favol!'able than sandstone comaining and underlain by ll'ed. unaltered mudstone--this guide is perhaps the 

most useful in diamond"ldll'ill explo!'ationo ITf the deposits have a hypogene origin, then localities where 

favpll'able host ll'ocks are neal' or coextensive with areas of more· intense deformation may be especially favor~ble 

ITn the Ua·avarn quadrangle the most likely area for finding ore, because of the presence of favorable 

host rocks. is the pan noll'th of Paradox Valley and west of a line roughly between the Bitter Creek mines 

and Spll'ing Creek Mesao The largest mines are in the Long Park all'ea9 an al!'ea cut by many j<?ints and 

ll'elatiively close to the faults pall'alleUng Paradox Valleyo The faults northeast of the S.an Miguel River all'e in 

areas of genell'ally t.mfavol!'able host roclkso 

T he mines 

Numemus depm.ii:ts are scattell'ed over the west half of the Uravan quadrangle, and several of the 

mines have been among the lall'ger olt'e .pmducell'S on the Colorado Plateauo Most of the deposits are in the 

uppermQst layer of sandstone lenlSes of the Salt Wash sandstone member of the Morrison formationo 

Recent!)', extensions of old deposits and new dllscoveries have been found by extensive drilling progums 

~n the southwestern. qua1rter of the Ulravan quadrangleo Most of the exploration neal!' old workings and in 
I 

areas whe1·e the ore zone is l!.'elatively shallow in depth has been conducted by private indus tty; however. 

in areas whel!'e the ore zone is deeper and whell'e the cost of drilling has been too great for private concernsg 

the exploratio~rn has been undenaken by the Geological Survey on behalf of the Atomic Energy Commissiono 
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L o n g P a.r k N 9. 6 m in e 

The Long Par~ No. 6 mine iis one of the most productive in the area. The ore is erratically distributed 

thli'ough two ore layers in a relatively thin sandstone lens in the upper part of the Salt Wash. The lens is 20 

to 25 feet thicku whereas the othex· large depoSJlts in the Long Park area are in sandstone lenses more than 30 

feet thick. Some of the ore bodies are lenticularo others are tabular; rolls occur in both types. The chief 

ore minerals are carnotite and the micaceous vanadium clay mineral; these occur as disseminations in the 

sandstone. Carnotite is also present along mudstone seams and in "trash pockets'.:. Local concentrations of 

col!'vus!te0 hewettite0 and montroseiite form scattered high-grade pockets commonly associated with fossil 

logs or other carbonaceous material. The trend of the ore bodiese mineralized logs. and rolls is east to 

nonheast. 

Black Dinah mine 

The Black Dinah mine is one of the oldest large producers in the Long Park area. The deposits are in 

the upper pan of the Salt Wash in a sandstone. stratum 30 tto 35 feet thicku consisting of three large overlapping 

lenses of oll'e. The ore in these lenses consists of sandstone impregnated with disseminated carnotite and the 

micaceous vanadium clay mineral. The few scattered rolls and mineralized logs trend east to northeasto 

Small amounts of corvusite and hewettite occur locally~ 

Bittel!.' Creek rni.ln:es 

Deposits in the Bitter Creek mines are largeo extensive0 and of unusual miineralogiic interest. They 

0 
occur in the uppermost Salt Wash in a sandstone lens about 50 to 60 feet thick that dips about 15 to the 

noll'theast. The ore bodies near the outcrop consist of broad rolls and lenticular masses associated wiith 

abundant gypsum seams of an inch oll' mol!'e in thickness. ·The ore is relatively low~grade in this pan of 

the mllneo and consists predominantly of the micaceous vanadium clay mineral disseminated in the sandstone. 

Carnotite occurs in relatively small amounts as itainings along fractures and in assocli.ation with mudstone 

seams. The ore bodies down dip remote from the outcmp are predominantly high-grade pockets erratically 

dllstributed in a gR·ay sandstone devoid of Umonlite stains. Less gypsum is found at depthu but the ore commonly 
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is associated with finely disseminated p,ydte and with carbonaceous material. The ore minerals are 

corvusheo heweniteo vanadium clayo monttoseli.teo and one olt' more unidentified black uranium minerals. 

The rich pockets become smaller and more enatically distributed with increasing depth. Some widely 

scattered mineralized logs are presem in the lowell' workings. The logs and rolls in the Bitter Creek group 

generally trend northeast. 

Other deposits 

Elsewhere in the westem half of the Uravan quadJrangle, a large number of small deposits have been 

worked. Most of these are similar to the l~rger deposits but are geneJrally of lower grade. 

The Rock Rave~ m!n~0 •• a sm.-!11 mine ln_t_he {lortl1we~r,~r1J. qqme.!l' Qf.Jl11!_q~a . .qrangl~a. Js-.tm..:iqlJ~t:in.Jhat .the or~ 

occult's in a conglomeratic sandstone lens of the Brushy Basin shale member of the Morrison formation 0 about 

100 fee~ above the uppermost sandstone stJtatll.llm of the Salt Wash sandstone member. The ore occurs in 

tabular0 irregutlaro and lenticulall' masses; mlls are poorly defined and mineralized logs are absent. Ore 

mineul!l are micaceous vanadium clay ali1ld carnotite. Some of the carnotite occurs in mudstone sea~s and 

along bedding planes of the sandstone. 

The Ramblell' working:: in the Club gmup of mines expose large, essentially tabular ore bodies. Ore 

also occurs in mnmemus lall'ge lt'Olls and as high~·grade ~placement of fossH trees or in halos surroi.llndli.ng 

fossil wood and trash. Ore minerals al!'e pl!'edominantly carnotite and rrticacem.ns vanadium clay. The ore 

bod~es and better developed rolls are oriented :in a general northeasterly direction. 

RecentlyD drilling by the Geological Survey on behalf of the Atomic Enell'gy Commission has partially 

outUnedla~ge ol!'e bodies a few thousand feet nolt'theast of the Black Dinah mine. These deposits are in the 

uppermost Salt Wash sandstone stratum in a lens about 40 feet thick. The sandstone appears gray and 

unoxidJized Ji.n the drill core. The ore apparently is associatted with pyrite and gypsume and is composed of 

vanadium clay minerals and one or more unidentified black uranium minerals. 
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