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GEOLOGY OF THE BULL CANYON QUADRANGLE, MONTROSE
AND SAN MIGUEL COUNTIES, COLORADO®

By Fred W, Cater, Jr,

ABSTRACT

'

The Bull Canyon quadrangle is one of eiighwenl_? 1//2=mmme quadrangles covering the principal
carnotite -producing area of southwestern Colorado, - The geology of these quadrangles was mapped by
the U, S, Geological Survey for the Atomic.Energy C@nﬁmﬁssﬁom 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 rocks that range in age from late Paleozoic to Quaternary, Over much
of the area the sedimentary rocks are flat lying, but in places the rocks are. disrupted by high-angle
faults and nofmweswarendh’mg folds, Conspicucus among the folds are large anticlines having cores
of intrusive salt and gypsum,

Most of the carnotite 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 frregular
masses containing only a few tons of ore to large, tabular masses containing many thousands of
tons, The ore consists largely of sandstone selectively impregnated and in part replaced by uranium
and vanadium mmnérals : 'Mos:tt of the deposits appear to be related to certain sedimentary structures

in sandstones of favorable composition,
INTRODUCTION

The U, S, Geological Survey mapped the geology of the Bull Canyon quadrangle, Colo,,
as part of a comprehensive study of carnotite deposits, The smdy;, covering the principal carnotite
producing area in southwestern Colorado, included detailed examination of mines and geclogic
- mapping of eﬁgﬁteen 7 1/2-minute quadrangles, . of which the Bull Canyon quadrangle is one; 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, andlwas continued through 1945 as a Walrume
strategic minerals project, Since 1947 the Geological Survey has been continuing these geologic

studies on behalf of the Division of Raw Materials of the Atomic Energy Commission, A small part of the
Bull Calmyon“ quadrangle was mapped in 1944; the rest was mapped in 1947,

The Bull Canyon quadrangle covers about 59 square miles in Montrose a;mdl San Miguel Counties,
Colo,, and les in the Canyon Lands division of the Colorado Plateau physiographic province, The
western part of the quadrangle is a rugged area of mesas and canyons, ﬁhemeas the eastern part is
relatively fiat and featureless, Total relief within the quadrangle is about 1, 900 feet; altitudes range
from about 5, 250 feet in the canyon of the Dolores River to ;7,_ 175 feet on Wedding Bell Mounttaﬁhc The,
Dolores River and its tributaries drain all the area except Dry Creek Basin in the eastern part of the
quadrangle, |

No accurate rainfall infoyémattion is available, but the annual precipitation is probably between
10 and 15 inches; the area is semiarid and suﬁppom a moderate growth of juniper and p&?m on rocky

terrain, and abundant sagebrush where soils are thick, Cacti of several varieties and sparse grass are

widely distributed, Most of the quadrangle is accessible over a system of dry-weather roads,
REGIONAL GEOLOGY

Rocks expogédl in the area covered by the eight&een 7 1/2-minute quadrangles consist of crystalline
pre=Cambrian rocks and sedimentary rocks that range in age from late Paleczoic to Quaternary,
Cwsttalline rocks crop out only in the northeastern.part of the area along the flanks of the Uncompahgre
Plateau; the rest of the area is underlain by sedimentary rocks, The latest Paleozoic and earliest
Mesozoic beds wedge out northeastward against the crystalline pre-Cambrian rocks, The sedimentary
beds are flat lying over most of the region, but inplaces they are dismptedl‘by high angle faults or are
folded into northwest-trending monoclines, shallow synclines and strongly developed anticlines, The
largest of the folds is the Uncorr}pahgre Plateaun uplift, a fold nearly 100 miles long that traverses the
northeastern part of the areé,, Well-developed anticlines having intrusive cores of salt and gypsum under-
lie Sinbad Valley, Paradox Valley, and Gypsum Valley in the central part of the 'an'ea; the Dolores anti-

cline in the southwestern part of the area probably has a similar salt-gypsum core, although it is not exposed,



STRATIGRAPHY

The oldest rocks exposed in the Bull Canyon quadrangle are of Pennsylvanian age and are exposed
in a small outcrop in Paradox Valley, Next oldest are Triassic rocks which are exposed only on the sides
of Gypsum Valley and Paradox Valley, Jurassic rocks crop out along the sides of Gypsum Valley and
Paradox Valley and in the cany;)n walls and on the benches and slopes below the mesas, Cretaceous
rocks cap the mesas and underlie the floor of Dry Creek Basin, Recent deposits of wind-blown material
and sheet wash are widely distributed on top of the mesas,. along the benches, and on the valley floors,

The stratigraphic. sequence is similar to that studied by Baker (1933) and Dane (1935) in nearby
areas in Utah; most of the formations can be tracéd continuously from the Bull Canyon quadrangle into

Utah,

Hermosa formation

Paxac;c;x 1'11¢inbel;j.

Gypsum beds of the Paradox member of the Hermosa formation crop out in Paradox Valley a short
distance northeast of the lower end of the aerial tramway from the Jo Dandy mine, The outcrop is
small and is composed of massive, sandy, cellular gypsum, In exposures elsewhere outside the Bull
Canyon quadrangle, the Paradox contains considerable black‘ shale and gray sandstone; at depth, below
the zone of leaching, salt is the most abundant single constiwe‘mq Baker (1933, p, 17-18) and Dane
(1935, p,27-29) assigned the Paradox beds to the lower Pennsylvanian, None of the upper lim@stc;ne

member of the Hermosa formation fs exposed within the quadrangle,

Chinle formation

The Chinle formation of Upper Triassic age consists of red to orange-ted silwstone, with inter-
bedded red fine-grained séndsmneg shale, and limestone-clay pellet conglomerate, These lithologic

units are lenticular and discontinuous, The lower part of the formation contains numerous lenses of



a very distinctive limestone pebble and clay pgllehcong]lomerate% in places the lowermost lenses contain
quartz pebbles or consist of a relatively clean quartz grit, These quartz-bearing lenses are p.mobably the
stratigraphic equivalents of the Shinarump conglomerate, which is so widely distrib;nted in eastern Utah
and morthem.Arizona,, Much of the Chinle formation ‘consists of indisﬁnctly bedded red siltstone that breaks
into angular fragments; evenly bedded shale is rate, The sandstone layers vary in bedding characteristics;
some layers are massive ,‘whereas others are crqssabedded,, and still others are markedly ripple-bedded,
Almost everywhere the formatﬁon crops out as a steep slope broken in places by more resistant ledges of
sandstone and conglomerate,

The base of the Chinle foxt;matu'lon is not exposed in the Bull Cansron quadrangle, .Th@ thickness,
as projected from adljoiningquadrangles, probably ranges from 475 feet to 525 feet, except where it

thins abruptly on the flanks of the Gypsum Valley and Paradox Valley anticlines,

Glen. Canyon_grcup

" The Glen Canyon group complises in ascending order, the Wingate sandstone, the Kayenta formation,

and the Navajo sandstone,
Wingate sandstone

The Wingate sandstone conformably overlies the Chinle formation, ’iihe sandstone is a massive,
fine-grained rock composed of clean, well=soned‘quartz sand, It typically crops out as an imbxessiw}e
red or dgxk brown wall, stained and streakéd in places with red and black desert varnish, Vertical joints
cut the sandstone from top to bottom; the spalling of vem"xcaliy jointed slabé largely causes the recession
of the cliff, The sandstone is :divided into horizontal layers by extensive b?edding planes spaced 2 to 50
feet apart, Within each horizomal layer the sandstoné is cross-bedded on a magnificent sca}e; ' great
sweeping tangeﬂmial cross=beds of eolian type, in places extending across the entire thickness of the

horizontal layézr, are disposed in all directions, The sandstone is rather poorly cemented and crumbles

easily; this quality probably accounts for the readiness with which the rock disintegrates in féuﬂteg areas,



In the Bull Canyon quadrangle the Wingate sandstone ranges in thickness from 290 to 325 feet,
except along the walls of Gypsum Valley, where it thins to 200 feet, and Paradox Valley, where it thins

to as little as 50 feet,
_ _Kay@i;;ta.forma-mion

The Kayenta formation conformably overrliés the Wingate sandstone; the contact between the two
for.mations is gradational in most places, The formation is notable for its variety of rock types, Sandstone,
red, buff, gray, and lavender in cdlor; 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 quantities of mica, feldspar, and dark minerals, - Most of the sandstone is thin-bedded,
cross=bedded in part, and flaggy; some fs. ;.k,‘na'ss"ive., Endiqidual sandstone beds are lenticular, dis-
continuous, and inmrﬁnger with shale, and in placesi,, with congloﬁleratea - 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 part of the formation is mc;r"e firmly cemented and forms resistant thick ledges
that protect the underlying V}ingate sandstone from erosion,

The thickness of the Kayenta formation in the Bull Canyon quadrangle ranges from 190 to 230 feet,
except on the wa_tn of Paradox Valley below the Jo Dandy mine where the formation wedges out entirely,
Abrupt local changes in thickness of 10 to 20 feet are common, The irregular bedding, channel filling,

and range of thickness all indicate a fluviatile origin,
Navajo sandstone

The Navajo sandstone cbnfoxmably qverllies the Kayenta formation, "The Navajo is a gray to buff
massive fine-grained clean quartz sandstone, Tangential cross-beds of ixemend_ous size leave little
doubt of the eolian origin of the sandstone, The sahdstome weathers by disintegration and tends to develop
rounded topographic forms where exposed on slopes or benches and vertical cliffs where protected by

overlying rocks,



The Navajo sandstone ranges from a maximum thickness of more than 200 feet in the southwestern
part of the quadrangle to a knife-edge in the east and north and is absent in the area between Wild Steer

Canyon and the walls of Paradox Valley,

San Rafael group

In thié 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 ,‘tfmurassz’i:::))° The group crops out in a narrow band along the canyon walls and on thé sides
of buttes and mesas, The (;amnell formation and the Entrada sandstone were mapped as a single unit

because in most places they form a narrow outcrop,
Carmel formation and Entrada sandstone

The Carmel formation consists largely of red or buff, nonresistant, hoﬂzontalﬁ bedded siltstone,
mudstone, and sandstone, In some locallit_ties the basal beds consist of reworked Navajo sandstone,
Pe;,bbl@s 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 abundant locally to form layers of conglomerate,
I[nclmd@d in these layers are scattered greenish-gray, red, or yellow quartzite pebbles and cobbles as large
as b b.y 8 inches, In many places the upper part of the formation contains scattered barite nodules as
much as an inch across,

In the Bull Canyon quadrangle the Carmel formation ranges from 10 feet or less to 90 feet in
thickness, This range in thickness appears to be due to deposition on irregular, eroded surfaces of Navajo
sandstone or beds of the Kayenta form;tion, No definite evidlence indicates that the Carmel of this area
is of marine origin as is the Carmel of ceniral Utah, but the probabilities are that the Carmel of south-

western Colorado was deposited in shallow water marginal to a sea,
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The Carmel formation grades upward, in most places without a prominent bfeak, into the Entrada
sandstone, The Entrada sandstone, known locally as the "slick rim", is, perhaps, the most picturesque
of all the formations in the plateau region of Colorado, V The smoothly rounded, fm places bulging, orange,
buff,’.and white Entrada cliffs are a distinctive and scenic feamﬁm of the region, Horizontal rows of pits
resulting from differential weathering and ranging from a few inches to a foqt or mMOore across are
_characteristic of these cliffs, The Entrada consists of alternating horizontally bedldedv umiﬁs and sweeping,
eolian-type cross-bedded units, The horizontally bedded units are most common in the basal part and in
the uppermost, lighter colored part of the Entrada, .Qhereas the cross-bedded units are dominant in the
middle partlo The Entrada sandstone differs from the somewhat similar Wingate sandstone and Navajo
. sandstone by the sorting of sand into two distinct grain sizes, Subrounded to subangular quartz grains
mostly less than 0, 16 mm in diamette; make up the bulk of the sandstone, The sandstone also cbnmains
larger grains which are well-rounded, have frosted suufaceg,,‘ and range from 0.4 to 0, 8 mm in diameter;
most of these grains are of quartz, but grains of chert are'gcanered among them, Most of the large grains
are distributed in thin:layers along bedding planes, |

The Entrada .san.dstone in the Bull Canyon quad:angle is 130 to 150 feet thick, except along the

flanks of the Gypsum Valley and paradox Valley anticlines, where it thins to less than 100 feem‘,
Summerville formation

The summervi}le formation generally crops out as a steep, debris-covered slope, with very few
good exposures, Where exposed. the Summerville exhibits a .remark‘ably even, thin hogizomél bed&ing,
Beds are predomimantly red of various shades, ahhough some beds are green, brown, iﬁght yellow,: or '
nearly white, Saﬁdly and sulty shalé are the most abundant kﬁ.ﬁds of rock, b!lmc all gradations from clay-
stone to clean, fing;'gr-ainedl séndsione are interbedded with them, Well-rounded amber quaﬁz grains
with frosted or matte surfaces are disseminaged ﬂuoughout most of the formation including beds consisting
almost gnﬂrely of‘ .daysmne,, Thin beds of authigenﬂc red and green chert vame widespread, A thin
discontinuous-bed of dark=~g;ay dense fresh-water limestone occurs in the ﬁppe; part of the foxmamﬁono._

Sandstone beds are thicker and sandstone is more abundant in the lower .pant'of the formation than in the
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upper part, Commonly the sandstone beds are ripple-marked, and in places they show small-scale
low-angle cross-bedding,

The Summerville formation rests conformably on the Entrada sandstone, and although a sharp
lithologic change marks the contact, no cessation of deposition separated the two formations, The
upper contact of the Summerville is uneven and channeled, and the channels are filled by the overlying
basal sandstone of the Morrison formation, 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,

In the Bull Canyon quadrangle the Summerville formation has a moderately uniform thickness

of about 105 feet except where it thins on the flanks of the Gypsum Valley and Paradox Valley anticlines,

Morrison formation

The Morrison formation of Upper Jurassic age is of special interest economically because of the
uranium- and vanadﬁurﬁ«bearimg deposits it contains, 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, The. thickness
of the Morrison formation m the Bull Canyon quadrangle varies from place to place but generally ranges
from 700 to 800 feet, The Salt Wash sandstone and the Brushy Basin shale members in general are of
apprqximate}l.y equal thickness, In some areas, however, their thicknesses vary independently of one

another, whéreas in other areas a thinning in one is accompanied by a thickening in the other,
Salt Wash sandstone member

The Salt Wash sandstone membgr ordinarily crops out above the slope -forming Summerville
formation as a series of thick resistant ledges aﬁd benches, Sandstone predominates and ranges from
nearly white to gray, light buff, and rusty red, Interbédded . 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 stratum

individual beds are lenticular and discontinuous; beds wedge out laterally, and other beds occupying
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essentially the same su;aﬁgraphic position wedge in, Thus, any relatively continuous sandstone stratum
ordinarily consists of numemoﬁs interfingering lenses, .with superposed 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 finé- to medium-fine-grained, cross-bedded, and massive; single beds or lenses
may attain a maximum thickness of 120 feet, Ripple marks, current lineations, rill marks, and cut-and-
fill structures indicate that the Salt Wash member was déposited under fluviatile conditions,

The sandstone consists largely of subang‘ulax to subrounded quartz grains, but orthoclase, microcline,
and albite grains occur in combined amounts of 10 to 15 percent, Chert and h;aw mineral grains are
accessory, Considerable quantities of interstitial clay and numerous clay pellets occur in places, especially
near the base of some of the sandstone lenses, -Fossil wood, carbonacecus matter, and saurian bones
occur locally, |

In the Bull Canyow quadrangle the Salt Wash sandstoné member ranges from.320 to 400 feet in
thickness and, unlike the underlying formations, the Salt Wash does not thin along the flanks of the Gypsum

Valley and Paradox Valley anticlines, Local thickness changes of as much as 30 feet are common,

“y

Brushy Basin shale member

The Brushy Basin shale member contrasts! smrongiy in overall appearance with the underlying Salt
Wash sandstone member, Although the lithologic differences are marked, nevertheless the contact between '
the two members is gradational, The mapped contact, taken is the base of the lowermost layer of -
conglomerate lenses, is arbitrary in many respecis, and probably does not mark an {dentical stratigraphic
horizon in all locallimigsn ) h

The Brushy Basin shale member consists predominantly of vaxrigolomedl bentonitic shale and mudstone,
wﬁm intercalated beds and lenses of conglomerate, sandsmﬁe,' and a few thin limestone layers, Because
of ﬂ;@ high proportion of soft, easily eroded benmnmc shale -and mudstone, the Brushy Basin member forms
smooth slopes covered with blocks and boulders weathered from the more resistant layers and from the

overlying formations, The shales and mudstones are thin-bedded, and range from pure white to pastel

. shades of red, blue, and green, Exposed surfaces of the rock are covered with a loose, fluffy ﬁay@r several

.
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inches thick caused by Khe.swe'lling 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 break with a
conchoidal fracture, The silica impregnating these beds may have been derived from the devitrification
of volcanic debris in adjacent beds, Beds of chert pebble-conglomerate, a few inches to 25 feet thick,
occur at intervals throughout the member, These conglomerate beds are commonly dark mgtcy red and
form oonépicu@ﬂs»msistam ledges, Silicified saurian bones and wood are much more abundant in the
Bmshy‘]Baém than in the Salt Wash sa;ldsmne member, - especially in some of the conglomerate beds,
;I'ne Brushy Basin shale member, like thé. Salt Wash sandstone member, undoubtedly was deposited
. under fluviatile conditions, The conglomerate and sandstone lenses mark stream channels that crossed fiood
plains on which were deposited the fine-grained sediments now represented by the mudstone and shales,
The thickness of the Brushy Basin shale member in the Bull Canyon quadrangle ranges from 350 to
" 500 feet; erratically Qisuibu&ed local variations in thickness of 20 to 30 feet are prevalent throughout

the quadrangle,

Burrg Canyon formation

The name Buwrro Canyon formation was pxqposéd by Stokes and Phoenix ( 1948) for the heterogeneous
sequénce of Lower Cretaceous conglomerate, sandstone,  shale, and thin limestone lenses that overlies -
the Motrison formation, The Burro C;nyon ‘characteristically crops out as a cliff or a series of thigk,
resistant ledges, T‘he bul‘k of the formation consists of white, ‘gray, and red sandstone and conglomergme
that form beds up to 100 feet thick, These beds are-massive, irregular and lenticular, Cross-bedding
and Ifesttoombed'dmg are prevalent throughout the formation, The sandstone is poorly sorted and consists of
quartz and lesser amounts of chert, The conglomerate consists largely of chert pebbles, but intermixed
are pebbles of quartz, silicifiéd limestone, quartzite, sandstone, and shale, In p}la;:es beds are highly
silicified, A considlerable‘pamc of the formation consists of bright-green mudst@ne and shale, and locally
these predominate over sandstone and conglomerate, Thin discontinuous beds of dense gray limestone
crop out in a few scattered localities, The formation was undoubtedly deposited under fluviatile cohdiﬂionso

The lower contact is indistinct in many places and appears to interfinger with the upper part of the Brushy
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Basin; elsewhere local erosion surfaces intervene and the contact is sharp, The upper contact is an erosion
surface of regional extent,
The Burro Canyon formation in the Bull Canyon quadrangle attains a maximum thickness of about

200 feet,

+ Dakota sandstone

Th@VDakota sandstone of Early and Late Cretaceous age consists principally of flaggy gray, yellow,
and buff‘ sandstone; less abundant are conglomerate, carbomaceous shale, and impure coal, Because of its
resistance to erosion, the Dakota crops out extensively as the capping beds on Wild Steer and Monogram
Mesas and on the floor of Dry Creek Basin, Some of the sahdlsmone is fine-grained and thin-bedded, but
much of it is coarse-grained and cross-bedded, Scattered through the sandstone are irregular, discohminu-- .
ous beds and lenses of conglomerate comaininé chert and quartz pebbles ;s much as 2 inches across,
Interfingering with the sandstone beds are thinly bedded gray and black carbonaceous shales and thin coal
seafns and beds, Plant impressions aboundin both the sancstone and shale, The entire thickness of the
"+ Dakota sandstone is not @xpﬁé@dl in the quadrangle; the remaining beds under Dxrj Creek Basin in the eastern

part of th‘.@' quadrangle are probably about 150 feet thick,

Quaternary deposifts

Extensive deposits of light-red, sandy and silty material of Quaternary age mantle the benches
_and mesa tops, Thns material gppéan’s to be mosfclyw wind. c'-!eposiuted], although much of it has been x@wqg;ked
by water and intermixed with sheet wash, These deposits have not been mapped where they are unusually -
spotty, dllseontinuoqs, or less than. 1 foot thick; the greatest observed thickness in some dry washes on |
mesa tops is about 10 feet, "
The floors of Gypsum and P aradox Vaneys"‘a!re covered with soils that, generally, differ markedly
from the wind=deposimsd material on the mesas, These valley soils are derived not only from wind%bwn
material but also fmm the disintegration of the rocks exposédl on the valley walls and floors, Very little

gravel and alluvium occur in any of the stream beds, Considerable talus covers many of the steeper slopes,
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Landslides consisting largely of Brushy Basin shale are prominent along the sides of Paradox Valley in the
northeastern part of the quadrangle, Because the élluviurn,‘ talus, wind-deposited material, and sheet .

wash are difficult to differentiate in some places, they hav.'e not been separated on the geologic map,
- STRUCTURE

Regional séttirig

Many geologic structures on the Colorado Plateau are so large that a 7 1/2-minute quadrangle covers
only a small part of any complete structural un‘i.t.° ‘ Thellarge‘t, structural units consist of salt anticlines,
45 to 80 miles long; uplifmgd blocks bounded by monoclinal folldsg'; 50 to 125 miles long; and domical
uplifts, 8 to 20 miles ag:@g, around sto;:klike and laccolithic intrusions,

" The éaim anticlines trend northwesterly and ‘ligé ir_x a :‘g.roup betwgezxn gastwar&-dippmg monoclines on
the west side of the Plateau and Westward=dippmg monoclines on the east side of the Plateau, The cores of
these ahticlin@s consist of relatively plamc salt ar}d gyp&ﬁm, derived from the faradox member of the
Hermosg,ﬁpﬁi{aﬁon andﬁnuuded into ibyefrlying ' la{bé Paleozoic and early Mesozoic rocks, All the aﬁncunes
are smuctﬁrally‘vsimila#‘i@ ‘r'h:,a;ny -resi)ect:s, “but each exhibits structural peculiarities not comimon to the rest;
furthermore, all are more complex than their seemingly simple forms would suggest, F_aulv;,, grabens,
and collapse and slump suucﬁﬁres alter the forms of the anﬁclihesa Erosion has removed muchAof. the
axial Dams‘ of fhese anﬁcline§ leaving e)ép'iised large intrusive masses of the Paradox rx;lelmber, and fon;ﬁmg
valleys such as Sinbad Valley, Paradox Valleyu Gypsum Valley in Colou:a«:lo° and sﬁmilar valleys in Utah,

Alternating wﬁtch these annclmes are bmad shallow, sunple synclmes such as that underlymg Dry Creek

Basin in the eastern part of the Bull Canyon quadrangle, .

S

Srgoturerin:Bill Canyon: quadsangle:.

~ Most of the rocks in the Bull Canyon quadrangle are either flat lyiig or dipping at angles of less
;han 2% only near the edges of G?ps_urri Valley and Pa_radox Valley do the dips steepen apprrec_ﬂablye The
:‘Dry Creek Basin syncline, of which only the northwest end lies within the quadxangﬂe is a simple. downfold

rimmed by cuestas of_ Cretaceous sandstone, The rocks maxginal to Gypsum Va]lley and Paradox Valley are
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upturned sharply along the flanks of the énticlines that underlie these valleys, The pre-Morrison
formations thin against the salt-gypsum cores of these anticlines, and the older formations dip more
steeply; however, these relations are more clearly seen in nearby areas outside the quadrangle,
Complex systems of faults cut the sides of Gypsum Valley and Paradox Valley, In general the
blocks and siivers fqrmed by these faults are downthrown toward the valleys, but somevblocks form small
horsts, Immediately soutﬁ»;lest of the Monogram group of mines a small graben, about 1, 000 feet wide
and several miles long, separates the intensely faulted walls of Paradox Valley from the long dip slopes

that form Monogram and Skein Mesas,

Structural history

In order to understand the structural history of the Bull Canyon quadrangle, it is necessary to under-
stand the structural history of the adjoining part of southwestern Colorado, Parts of this history are still’
in doubt, because no clear evidence remains of éome events; the record of other events, although legible,
is subject to different interpretations,

Weak compressive forces which probably began in early Pennsylvanian time gently warped the region,
This warping gave rise to the ancestral Uncompahgre highland, an element of the ancestral Rocky Mountains,
and to the basin in which the Paradox member of the Pennsylvanian Hermosa formation was deposited,
These major structural features controlled the pattern and prevailing northwest-trending grain of the
smaller structures later superimposed on them, The, boundary between the highland and the basin, which
is closel& followed by the southwest margin of the present. day. Unéompahgre Plateau, was a stéep north-
west-trending front, bossibly a fault scarp, along which were.deposited arkosic fanglomerates during late
Pennsy;vanian and Permian times, The -oldér ﬁnglomerafes interfinger with Pennsylvanian mar‘ine
sedimentary rocks of the Hermosa formation, The bulk of the fanglomerates probably is of Permian age
and belongs to the Cutler formation, Intrusion of salt:from the -Paradox member, probably initiated

by gentle regional deformation, began sometime during deposition of the Permian Cutler formation,
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Isostatic rise of salt ruptured the overlying Hermoga: and Cutler formations and, after the Cutler was
deposited,salt broke through to the surface, From then untl flowage ceased, late in the Jurassic, 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 iengthso The rate of upwelling of additional salt, perhaps
acceleratgd by the increase of the static load of the sediments accumulating in the surrounding areas,
balanced or slightly exceeded the rate of re;'noval of salt by. solution and erosion at the surface, Conse-=
quently, all the Mesozoic formations to the base -of the Morrisoﬁ 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 sp;smodicallyo Local silrges of comparatively rapid intrusion gave rise to cupolas at
different times and in different 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 underlying the
areas between the intrusions was exhausted, R@lamlvg quiescence prevailed throughout the remainder of
the Mesozoic and probably through the early part of tﬁe Tertiary,

The second major perﬂo& of deformation occurred in the Tertiary, probably during the Eocene
- (Hunt, C, B,, written communication), The region of the salt intrusions was compressed into a series
of broad folds, guided and localized by the pre-existing salt intrusions, Almoﬁgh salt flowage was
renewed, it seems unlikely. that any considerable-amount of new salt was forced into the intrusions;
flotwage probably consisted largely of redistribution of the salt already present, By the end of this period
of defOfmanlo;l these folds had attained apﬁtoxﬂmégeiy 'ﬁwu presénc structural form, e_xg:ept‘fox modifi-
cations imgosed by later collapse of thé a.qticllineé‘ovexllym"g the salt intrusions, ?Wipg to the mobility
of the rocks in the cores of the anticlines, normal fai;lting-took place along the crests of the anticlines,
probably during relaxation of compressive stresses-after folding ceased, At this ime the crests of the v
anticlines in places were dropped as-grabens several hundred to a few thousand feet, A period of ’r:rustal
quiescence followed during which the highland overlying the anticlines and ‘domes were reduced by
érosion and topographic relief became lc'w throughout the area,

Théh during the middle Tertiary, the-entire Colorado Plateau was uplifted, This uplift rejuvenated

the streams and increased ground-water circulation, The crests of the anticlines were breached, and the under-
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lying salt was exposed to rapid solution and ‘rér:n.o'valo With the abstraction of salt, renewed collapse of anti-
cline began, Although much of the collapse wa; due directly to removal of salt by solution, it seems
uﬁlikely that all the collapse can be attributed to this proé:essv as was believed by earlier workers in the area,
Rather, much of the collapse was apparently 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 présts of the anticlines had been breached, the relatively plastic salt offered little support for the
bed’s ovériying the Paradox membér of the Hermosa formation in yhe flanks of the anticlines; consequently
these essenmi’a'ﬂly unsupported beds slumped, probably along fractures and joints formed during earlier

flexures, Small faults and folds in Quaternary deposits may indicaté that collapse and local readjustments

are still continuing,

MINERAL DEPOSITS

The only commercially importaﬁt rninereii deposits in the Bull Canyon »quadran;gle are those that
contain uranfum, vanadium, and radium, Although deposits containing these metals were discovered in
 1899 near Roc Creek, about 15 miles north of the Bull Canyon quadrangle, inte'nsﬁ've mjning of these ores
did not begin in the Plateau region until 1911, Thereafter the ores were mined primarily for their radium
content untfl 1923, when the Belgium Congo pitchblende de]'?qsits began to supply radium, - The mines were
mostly idle from 1923 until 193"1° but since 1937 they agéin have been exploited intensively, ’,first“for_
vanadium and in more recent years for both \}anadium and ur_aniumo.' )

Most of thé d;apqsits are re_strict'edy to the upper lay::r of sandstone lenses m the Salt Wash .sandston'e
member, but within this layer the deposits have a spotty distribution, Q.re bodies range from small, irregular
masses, containing only a few wms of ore, to large tabular masses, ‘(_.:‘ontaining many thousaﬁds of tons; most
are-sma.lll and conta{in only a. fewhundred tons, - Thc.-“;::.(.)re" cgi;silsts'»~-mainly of sapdstone inpregnated with

L

uranium- and vanadium-bearing minerals,

Minera logy

i

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

mineral, Carnotite (KﬁUO2)2(VO4)2° 3_1{-1'20)n is a yellow fine-grained earthy or powdery material,

’
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Tyuyamunite (Ca{ U02)2(V0 4)20 nHy0), the calcium a_halogue of carnotite, is also present and is nearly
indistinguishable from carnotite, The micaceous vanadium mineral, which formerly was thought to be
roscoelite, is now considered to be related to the nontronite of montmorillonite group of clay minerals,
It forms aggregates of minute ﬁakes coating or’partly replacing sand grains and filling pore spaces in the
sandstone, It colors tthé rock gray, Other vavnadiurn'ore minerals present are montroseite
(nFeO- nV20 4° ml203° nH20)o corvusite (Vle) 4 6V205o I?H2O), and hewetr.i;e (Caoe 3V20 5° 9H20)°
Corvusite and montrosite occur togethe.rp forming comp.act. ;rlasses of bluish-black ore, whereas hewettite
commonly forms stringers and veinlets along joints and fractures, Recent deeper drilling and mining in
the P‘laxeau have indicated that below the zone of oxidation black oxides of uranium and vanadium,
aécompaﬁied by pyrite and perhaps other sulfides, are more abundant, and uranyl vana_xdates are scarce or
absent,

Oré bodies

The ore consists mostly of sandstone seiectively impregnated and in part replaced by uranium and

vanadium minerals, but rich concentrations of carnotite and the micaceous va'n_adium clay mineral are

also associated with thin mudstone partings, beds of mudstone pebbles, and ca‘;Bonized fossil plant material,
Many fossil logs replaced by nearly pure carnotite have been foupdo In general the ore minerals were
dépdsitgd in irregular layers tha; roughly followed the sg;;;.toge be'c'l:s‘, _Iln most dgpp;i;s thg highest grade
concentrations of drg minér{alsf occur in sharply bounded_,, elongate coqcxeuog;ry é}ftg‘ém;esa ) c;11e§ '"ré}fls"
by the miners, ;I'hés,e rolig are encompﬁssgd by rich, vein-like concentrations of ;hé miqaceéué va;xaq;lum-
bearing clay mineral that chrw}e across bedding pl'anes.,f w ﬂthm these rolls this .,minexal. generally is :
distributed as diffusj;oh layers, the ?icher layers commonly lyiﬁg-néarex the .mar:gir!s_ p'f tﬁ;' roils,, The
distribu‘&i‘on éf Catqétiw in the rolls is less systematic, M#tgins -of ore bodies-rﬁay be vaguely or sharply
definvedo' Vaguely defined r}largins may have-miner:a',lized sandstone extendling well beyond the limits

of cofnmercial ote; on the other hand, sharply de?ined‘«r;;érg‘ins, '.such as 'c;ccux along the surfaces of rolls,

A

ordinarily mark the limits of both the mineralized sandstone and the commercial. ore,
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Although many rolls are small and irregular, the larger ones are elongate and may extend with litte
changé of direction for more than 100 feet, The elongate rolls in an ore body or group of ore bodies
in a given area generally have a common orientation, This orientation is mugh]ly parallel to the elongation

of the ore bodies,
Origin of ore

The origin of the ﬁraniumcvanadium ores in the Morrison formation is uncertain and controversial,
In some respects the deposits are unique, and much of the evidence concerning the genesis of the ore is
elther not conclusive or appears to be conmr#dicmry, In this brief account énlyx a small amount of evidence
can be presented .mcﬂ the hypomheses can only be summarized,

Most of the deposits are closely assoéiéted with certain sedimentary featuyrésn Layers of ore lie
‘ essentially paréu@l to the bedding; most of the. deposits occur in the thicker parts -of the Sandsttopg lenses, -
comm@nw'heax the base of the sandstone ‘le'nses.; ﬂle_’n‘é'ndl ‘of m‘};e. long direcnion .Qf the deposits and the
wend of mer ore rolls m the égndstone are roughly para:i)l@}. ﬁ;»ﬂne trend of the foééil logs in the sandstone
and tb the average or resultant dip of the groés ;bgddﬂng ﬁn &hg sandstone, These relations strongly suggest
“that primary siurﬁcmn;@s in the sediments welre; inmum@tal in_‘localizmg most of the ore deposit;;'

Recent inve_sﬁigastions have revealed new data bearing én .'ﬂné’ origin of the ores (Waters an{d (‘z’rzr.amlgeru
1953), Be]low the zone of oxidation some of the‘ore cﬁnsism’s chi:eﬂyvof oxﬁ,aés, such as pitchblende ahd
low-=valent: oxﬁd@s.of vanadliﬁ]m; :Fan_d smail quanmim'lesl.of sulfides such ag pyri_te, bornite, galei‘na, andl
i chalcopym@ fully oxﬁdnzed and fn;lly hydratedl minerals are either rare or nonexisl:cnm A hard variety
of uranmitt@ previously tepon@d only from hydrotrhermal deposnlts has been found in the Gray Daun mine
in Salr,n Juan Comg, Umah(Rasorﬂ -1952), apd in Ith@ Happy Jack mine fm White Canyon,' Utah, Studies
of lead-l=-wranﬁum ratios in ores from tthe“ éo]lora’db Plateau indiéaté that, regardless of winere or invwhat
formation fbund, all the dlres‘aur@j of .roughly the gaﬁxe agé, and this age'is no older than latest Cn;emaccous

(Sueff and Stern, 1952) Some geologists belneve field relations in pre-Morrison formations at White

Canyon (Benson and omers 1952) and Temple Moumain in Utah, mdlicame mat the deposits may be

i
1

geneucallly related to faults and fractunes At the Ra;ah mine near Roc Cxeek* m Coloradlo,@re occurs

. along a fault and horsemanls out mw the wal]l rack,
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The rﬁain hypotheses have arisen to explain the origin of the ores, The oldest and probably the most
widely held is the hypothesis that the ores are penesyngenetic and were formed soon after the enclosing
.rocks were deposited (Coffin, 1921; Hess, 1933; Fischer, 1937, 1942, 1950; and Fischer and Hilpert, 1952).
Later movements of ground water may have dissolved and reprecipitated the ore constituents, but the
essential materials were already present in the host rocks or in the waters permeating them, Although
this hypothesis offers a reasonable explanation for the relation of ores to sedimentary features, it faces
;ome difficulty in explaining: (1) the discrepancy between the age of the uranium and the age of the
enclosing rock; (2) the. broad stratigkaphic distribution of uranium occurrences and association of ores with
fractures in some locallimies; and (3) the hydrothermal aspect of the mineral suites in some ores, The second
hypothesis, and the one the author favors, is essentially a telethermal hypothesis and assumes the ore to have
originated from a hypogene source, Proponents of this hypothesis believe that:ore -bearing solutions,
originated at depth from an ignecus source and ascended along fractures, After these solutions mingled
with circulating ground waters, the minerals were precipitated in favorable beds as much as several miles
from fractures, This hypothesis e);plains more readily the difficulties inherent in the peﬁesyngeneuic
hypothesis but poses two otthér difﬁ‘culues, -namely: (1) the gyé;)meucal location of igneous source rocks
_and (2) the difficulty of proving the c'onne‘cﬁon between fractures and faults and the oré. deposits, A;&hhd
hypothesis, advanced byl some geologists, suggests that the source of the ore metals was-the volcanic
mat@rigl in the beds overlying the ore-bearing 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

difficuldes in the penesyngenetic hypothesis, but it presents some additional ones of its own,

Regardless of the actual origin of the deposits, certain habits of the deposimswhé‘bi.ts- that have been
recognized through geologic mapping and explc;ramiqn experience--are useful as guides for fﬁndfmg\ ore
(Weir, 1952), In southwestern Colorado most of the deposits are in the uppermost sandstone stratum in the
Salt wésh member of the Morrison formaﬁono Generally the central or thicker parts of the sandstone

lenses are more;favorable--many deposits are in sandstone- that is 40 feet or moré thick; few deposits are in
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sandstone less than 20 feet thick, Cross-bedded, relatively coarse-grained sandstone is more favorable
than thinly or evenly bedded, fine-grained sandstone, Light yellow-brown sandstone speckled with limo-
nite stain is more favorable than red or reddish-brown sandstone, .Sandstone that contains or is underlain
by a considerable amount of gray, altered mudstone is more favorable than Isandstone containing and
underlain by red, unaltered mudstone--this guide is perhaps the most useful in diamond-drill exploration,
If the deposits have a hypogene origin, then localities where favorable host rocks are near or are coex-

tensive with areas of more intense deformation may be especially favorable for finding ore,
‘ The mines
Jo Dandy group

The most productive mines in the Bull Canyon quadrangle are those of the Jo Dandy group, All
the mines of this group are in one large deposit that ranges from a few inches to 15 feet in thickness and
is essentially continuous along the outcrop through a distance of about 3, 000 feet, In a number of
respects this deposit is unique among deposits in the Morrison formation,,b Associated with the usual
micaceous vanadium mineral are commercially important quantities of the commonly less abundant
vanadium minerals, corvusite and hewettite, Not much carnotite is visible, although the ore contains
considerable uranium, Gypsum 'saturates the sgndstone as a cement and as fracture fillings, Considerable
pyrite is disseminated through the ore or occurs as clusters of crystals; these clusters arg 2 to 6 inches
across,

The deposit consists of an essentially continuous layer of rather uniformly distributed, low-grade,
disseminated ore, The margins of the ore body are in;lefinite, and rolls are rare, In general neither
lense; of mudstone pebbles 'nor fossil logs are as richly mineralized as they commoniy are in other
deposits, Some of the richest oré consists of concenx:;ationé of corvusite in small, spherical masses 4
to 12 inches across,

The zone of collapse faulting that borders Paradox Valley cufs through the ore body, and some of

the faults in the zone offset the ore as much as 50 feet,
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Monogram group

i’l.'he:dre 4depo§ims at the Monogram group of mines are more or less*typical of other deposits in the
Salt Wash sandstone member, The ore minerals are cagnotite ;md the micaceous vanadium mineral,
The minor vanadium minerals, so abundant in the Jo Dandy area, are either rare or nomexi‘sten,r..t The
ore bodies are sharply defined, irregular tabular masses as much as‘600 feet long and 350 feet wide,
Rolls and fossil logs are common, although the logs generally are not richly mineralized, -The ore-
bearing sandstone is split into an upper and a lower unit by a mudstone lens as much as 25 feet thick,
Deposits occur in the base of the upper sandstone unit, and both near the top and near the base of the

a

lower unit, Numerous faults with a displacernent of a few feet cut the deposits,

Wild Steer mine

’

The ore body at the Wild Steer mine is unusual in that it lies only 10 to 20 feet above the base
of the Salt Wash sandstone member, In addition to carnotite and the mir;:aceous vanadium min-
era}.,, the ore also contains considerable amounts of corvusite, especially in the higher-grade ores,
Copper stains are common, Fairly well-developed rolls and numerous erratically distributed high-

grade lenses and "pockets” containing corvusite are characteristic of the deposit,
Tea Pot Dome mines

. The TeaPot Dome mines are the largesi in the area, The deposits a’re. ina thick channel sand-
stone that trends about N, 75° W, Tﬁe oré' minerals are camptite and the fnicaceous w}anadium mineral;
these occur as lowwglrade disseminations in the s;'m,dsmone, or as higher-grade concentrations confined
largely to n‘umeroqs rolls, The rolls curve sljghtly, but most have a common tr'end. of abo;xt N ,’750. Ww.,
parallel to the trend of the enclosing lens of channel ;andstone, Addiﬁonal ore might be found by

exploring the ground southeast of the mine along the projected extension of the thick channel sand-

stone,
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About half a mile south of Fawn Springs promising new deposits have been discovered in another

thick lens of sandstone, These deposits appear to be very similar to the Tea Pot Dome deposits,
Other mines and prospects

Many other small mines and prospects are scattered along the outcrops of the Morrison formation,
especially in the Bull Canyon area and along the rim of Paradox Valley, In the Bull Canyon area,
although most of the larger dgposits occur in the uppermost sandstone beds of the Salt Wash sandstone
member, deposits are not as closely confined to those beds as is common elsewhere in western Colorado,
One of the more productive mines, the Ground Hog mine,is in the conglomer;mic bed in the lower part
of the Brushy Basin shale member, In general, deposits in the lower part of the Salt Wash are small and
conslst of {rregular masses of relatively high-grade ore, These deposits characteristically contain copper
stains; deposit; in higher beds rarely, if at all, contain any visible copper minerals,

On the rim of Paradox Valley between the Jo Dandy and Monogram groups are a number of mipes
known as the Opera Box group, The geologic features of the Opera Box deposits are intermediate between
those of the Jo Dandy and the Monogram, Carnotite and the micaceous vanadium mineral are the
important ore minerals, buﬁ corvusite and hewettite are present, as are gypsum and pyrite, Rolls are
commeon,

Southwesterly from the Monogram mines on the Gray-and Black Point claims a numbex; of small

deposits have been mined from a conglomeratic lens in the lower part of the Brushy Basin shale member,

The deposits were mostly low-grade and the mineralization spotty and irregular,
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