HAMM <C€CANYON QUADRANGLE,

; By Fred W, Cater, Jr,

o RESOURCE COMPILATION SECTION

ME 21 [ ea o

COLORADO

~

Trace Elements Memorandum Report 698

UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

//K/ j /Mzﬂawé

///,fw
A ST






o \/¢ 7%,?“ UNITED STATES
) / - DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D. C.

FEE 5 1954

AEC ~ 491/4

Dr, Phillip L, Merritt, Assistant Director
Division of Raw Materials

U, S. Atomic Energy Commission

P, 0, Box 30, Ansonia Station

New York 23, New York

Dear Phil:

Transmii;‘bec_l herewith is one copy of 'LEM—698 s ‘"Geology
of the Ha.nnn Canyon quadrangle, Colorado," by Fred W. Ga%er s ITey
November 1953. - -

| Mr, Hosted approved on November 19, 1953, ouf plan to
publish this report in the Survey's Quadrangle Map Series.

Sincerely yours,

,ﬁ-\ W, H; Bradley
Chief Geologist

‘,m_)&‘v
yg'E‘GLO‘LuC‘,&, ;

ave &8,
DURICR
Ll

oy

7y

IN REPLY REFER TO:



Geology and Mineralogy
This document consists of :27 pages;,

plus 1 figure,
‘Series A

. UNITED STATES DEPARTMENT OF THE INTERIOR

P "GEOLOGICAL:SURVEY

GEOLOGY OF THE HAMM CANYON QUADRANGLE, COLORADO®

By
Fred W, Cater, Jr,

o Noverhber 1953
Trace Elements Memorandum Report 698

This preliminary report is distributed
without editorial and technical review
for conformity with official standards

and nomenclature, It is not for public
inspection or quotation,

#This report concerns work done partly on behalf of the Division
of Raw Materials of the U, S, Atomic Energy Commission,



USGS - TEM-698

~GEOLOGY AND MINERALOGY

»

Distribution (Series A)

Divisicn of Raw Materials, New York ., , . . . . . o
Divisicn of Raw. Materials, Washington ., . . . . . .
Exploration Division, Grand Junction Operations Office:

Grand Junction Operations Office , , .

Technical Information Service, Oak Ridge . . .

U, S, Geological Survey:

a e o0 o

Geochemistry and Petrology Branch, 'Washington

Geophysics Brarich, Washington , , .
Minreral Deposits Branch, Washington
R, P, Fischer, Grand Junction , , .
. W, A, Fischer, Washington o
{ TEPCO, Denver
“ TEPCO, RPS, Washington , . . . .
(Including master)

e o o

© o o o @ ©0 06,0 o o o

a o © o
o o o a
« ¢ o o

e o o o

o

<

°

°

Jof

copigs

o e e

L



Abstract , ., , . . . . . . o .
Inoduction , ., ¢ . . 6 o o o
Regional geology , . . . o « .
Swatigraphy ., . . o . . o o o

Hermosa formation -, - -,

°

o

Paradox member
Limestone member

“Gutler formation . . ,

o

°

Chinle formation ., . ., , .
Glen Canyon group . . . .

Wingate sandstone

Kayenta formation
Navajo sandstone ,
San Rafael growp ., . . . .
Carmel formation and Entrada sandstone
Summerville formation

Morrison formation , ,

o

o

°

a

°

o

°

3__

o

o

o

.

°

°

°

°

Q

°

a

Salt Wash sandstone member
Brushy Basin shale member ,

Burro Canyon formation
Dakota sandstone , ., .
Mancos shale , , ., .
Mesa Verde formation ,
Quaternary deposits
STUCIWE ., . o o 0 0 o o & o
Regional setting , . .

Structure in Hamm Canyon quadrangle

©

°

°

°

0

o

o

o

°

sn’uc;urallhismry e o o o o o

Mineral deposits , . & . o o .
Mineralogy , . . . .
Ore bodies , , ., . . .
Originofore , , . . .

Suggestions for prospecting

The mines , . , . . .
Mexico mines
Lookout mine

Riverview claim: :

Rambler claim
. Other deposits
' Literature cited , ., . . . . .

_:Preliminary geologic map and section of the Hamm Canycn Quadrangle, Coiorado o

o

o

a

o

°

o

o

]

o

°

[

°

o

o

o

°

°

o

°

‘o
‘o
2]

3

°

CONTENTS

o

°

°

°

o

o

°

o IR
. %um STRATION

o

o

°

o.

°

°

o

°

Page

W<eW 00 0V =3 =3 -3 -3 WL,

N N DD D) e e o b b b e e e e

24

In envelope



GEOLOGY OF THE:HAMMiCANYON 'QUADRANGLE,- COLORADO:
by Fred W, Cater,Jr,
ABSTRACT

,Thé"Harnm Canyon quadrangle is one .of eighmeén 7 1/2-minute c.madlrang]les covering thé
principal carnotite-producing area of southwestern Colokﬁdo, The geology of these quadxangleé was
mapped by the U, . S Geological Suurves; for the Atomic énergy Commission as part of a comprehénsive
study of carnotite deposits, The rocks-exposed in the eighteen quadrangles consist. of cxysmalline: vrocks
of pre%ambrian'age and sedimentary rocks that ré.nge in age from late Paleozoic to Quaternary;

Over much of the area the sedimentary rocks are ﬁam lying, but in places the rocks are disrupted by
high=apg]l@ faulxs,‘ and northwest-trending folds, Conspicuous among the folds are large anticlines h'avﬁng.
cores of intrusive salt and gypsum. |

‘Mos}g of the carnotite depesits are confined to the Salt Wash sandlsm@né member of the Jurassic
- Morrison formation, Within this sandstone, most of the deposits are spottily distributed thxoﬁgh an
arcuate zon€ known as the "Uravan Minéral Belt®, ﬁndﬁvﬂdual deposits rainge in size from irregular masses
containing onﬁly a 'ﬁ’ew tons of ore to large, tabular masses containing r'nany thousands of tons, The ore
consists largely of sandstone selectively impregnated and in part replaced by uranium and vanadium
minerals, Most of the deposits appear to be related to certain sedimentary structures in sandstones of

favorable composition,
METRO DU THGN.

The U, S, Geological Survey mapped the geolbgy of the Hamm Canyon quadrangle,
Co]l@rado, as part of a comprehensive study of carnotite deposits, The study, covering the pf)incipal
carnotite -producing area in southwestern Colorado, included detailed examination of mines énd

~ geologic mapping of eighteen 7 1/2-minute quadrangles, of which the Hamm Canyon quadlfangle is one,



.Pam of tthe.texts accompanying these maps have been standardized; these parts comprise some
descriptions of geologic formations and general descriptions pf regional stmuqmral setting,” geologic
history, and cre deposits, A comprehensive report presentmé‘ in greater detail the geologic features of the :v. i
entire area and interpretations. of these features is in preparation, 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 mhmugh 1945 as a wartime strategic minerals project, Since 1947 the
Geological Survey has been continuing this geclogic study on behalf of the Division of Raw Materials of
. the Atomic Energy Commission, The Hamm Canyon quadrangle was: mapped ;ln:1944=.455 and, this mapping -
W aﬁ';ﬂﬁ;«i}m‘iﬁ@ﬁ@?@?@ﬂ~1:9,§1o

_ The Hamm Canyon quadrangle. covers about 59 square miles in San Miguel County, Colo,,
and les in the Canyon Lands division of the Colorade-Plateau physiographic province, Except for the
area bordering the Dolores River the southern part of the quadrangle is relatively flat; the nommer'n |
part is traversed by the rugged ridges that border Big Gypsum Valley, | Total relief within the quadrangle
is about 2, 000 feet; altitudes n;ange from about 5, 330 feet on the Dolores River to 7, 322 feet on the -
north rim of Big Gypsum Valley, The Dolores River and its tiibutaries drain all the "a‘urea eﬁc-cepm f;m' a
small part of the northeast c@mer that drains fnto Dry Creek, ‘ | |

No accurate infoxrmattﬁ@h on rainfall is available, but the annuaﬁ precipitation is gz;obablly

between. 10 and 15 inches; the area is semiarid and subports a moderate grqyth of jmﬁéer and pifion - .
on rocky terrain amj abundaﬁt sagebrush Wh@r@ soils are thick, Cacti and sparse grass are wﬁdgly
disuibuted, Most of the quadrangle is accessible over Colorado Highway 8.0‘evmd a »systtgemf of dxg;'?weémer

roads,
REGIONAL: GEO LOGY

Rocks exposed in the 18 quadrangles mapped consist of crystal]hln@j;; (i"ambmlan rocks and

B A 3
sedimentary rocks that rapge from late Paleozoic to Quaterary, Crystalline rocks ctrop‘ out only in . .
the northeastern part of the area along the flanks of the Uncompahgre Plateau; the rest of the atea is . -

:



underlain by sedimentary rocks, The latest Paleozoic and earliest Mesozoic beds wedge cut north-
eastward against the crystalline pre=.Cambrian‘mcks, but later Mésozoic units were deposited on top of

the pre=Cambrian rocks, Over most of the region the sedimentary beds are ,fnamr.;ym'g," but in places they .
are disrupted by high-angle faults, or folded into nﬁrthwéshtrending mohociﬂne;g shallow synclines, and
strongly developed anticlines, The largest of the folds is the Uncompahgre Plateau uplift, a fold nearly
100 miles long that traverses the northeastern part of the area, Well-developed anticlines having
intrusive cores of salt and gypsum underlie §inbad Valley, Pargdox Valley, and Gypsum Valley in the
central part of the area; the Dolores anticline in the southwestern part of the area érobébly has a salt-
gypsum core, although it is ndm exposed, |

The Hamm Canyon quadrangle lies in the southern part of the 18-quadrangle area, about 25

miles southwest of the Uncompahgre Plateau, The quadrangle lies across the central part of Gypsum Valley,
STRATIGRAPHY

The oldest rocks exposed Im the ﬁamm Canyon quadrangle are m'e._eam_ly Pennsylvanian mcks
in Big Gypsum Valley, Rocks of late Pennsylvanian, Permian, Triassic, and Jurassic age crop out in the
sides and floor of Big}Gypsum Valley, and Jurassic rocks are also exposed in the southwest ’comer of the
quadrangle, Rocks of the early Triassic Moenkopi formation are shown in the structure cn‘bss =section,
although they are not exposed in the quadrangle, Cretaceous rocks cap the mesasxand underlie the floor
of Disappointment Valley, Recent deposits of wind-blown material and sheet wash are widely distributed
on top of the mesas, along the benches, and on the vaﬂey floors,

The stratigraphic sequence is“similar to that studied by Baker ( 1933) and Dane (1935) in nearby. ‘
areas in Utah; most of the formations can be traced continuously from the Hamm 'Canyon quadrahgle .

into Utah,



Hermosa formation

The Pennsylvanian Hermosa formation comprises two members in this area; these are the
’ A
lower or Paradox member consisting largely of intrusive salt and gypsum, and the upper or limestone

member,

Paradox member

The Paradox memﬁeﬁ, where exposed, consists largely of cellular and earthy gypsum and minor
amounts of limestone, black shale, and sandstone, At dépth more than half the formation is rock salt,
All known sﬁrface occurrences of the Paradox are intrusive, and the beds are complexly folded and
contorted, The undisturbed thickness of the member is not known, but a well drilled in Paradox Valley

‘penetrated over 10, 800 feet of intrusive beds without reaching pre-Paradox strata, and there is little
reason to belb'le\\ie the intrusive beds undérlyimg Gypsum Valley are appreciably thinner, Baker (1933,

p. 17-18) and Dane (1935,. p, 27-29) assigned the Paradox to the lower Pennsylvanian,
Limestone member

. The upper or limestone member of the Hermosa formation probably overlies the Paradox
mejnber conformably, The upper member consists largely of fossiliferous thick=bedded‘gray limestone,
although thin shale beds occur, Only part of the member is exposed in the Hamm Canyon quadrangle,

but data from bore holes in nearby areas indicate the member is 2, 000 to 2, 300 feet thick,

Cutler formation

The Permian (?) Cutler formation consists of maroon, purple, red, and mottled light-red
arkosic sandstone and conglomerate and small quantities of reddish-brown sandy mudstone, . The poorly

sorted, mdely bedded layers and lenses consist of grains of quartz, fresh feldspar, and dark minerals, .



and pebbles of granite, gneiss, schist, and quartzite, Interlayered with the arkosic material are thin
irregular beds of sandy mudstone, Only a few hundred feet of beds of the Cutler formation are exposed

in the Hamm Canyon quadrangle, but the total thickness approaches 3, 000 feet,

S L Chims dormagion

The Upper Triassic Chinle formation consists of red to orange-red siltstone, with interbedded
red fine-grained sandstone, shale, and limestone pebble and 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 pellet-conglomerate; in places the lowermost lenses contain
quartz pebbles or consist of a relatively clean quartz grit, These quartz-bearing lenses are probably
the stratigraphic equivalent of the Shinarump conglomerate, which is widely distributed in éastem Utah
and northern Arizona, Much of the Chinle formation consists of indistinctly bedded red siltstone that
breaks into angular fwagments;,. Evenly bedded shale is rare, The sandstone layers differ in bedding
characteristics; some layers are massive, whereas others are cmss=beddledl,. and stfll others are con-
spicuously ripple-bedded, Almost everywhere the formation crops out as a steep slope broken in places’
by more resistant ﬂ@dg@s of sm&s&om@ and conglomerate,

Where the base of the Chinle formation s exposed in the Hamm Canyon quadrangle, it rests
unconformably on either the Cutler or Hermosa formations, The formation thﬁns:o.n the flank of the

Gypsum Valley anticline, and only this abnormally thin part is exposed in the quadrangle, ‘The normal

thickness underlying areas more remote from the anficline is probably between 500 to 600 feet,

K Glen Canyon ;group

The Glen Canyon group, of Jurassic (?) age, comprises, in ascending order, the Wingate

sandstone, the Kayenta formation, and the Navajo sandstone,




Wingate sandstone

The Wingate sandstone conformably overlies the Chzfxnle formation, The sandstone is a massive,
fine-grained rock composed of cleaﬁ, well-sorted quartz sand, It typically crops out as an impressive
red or dark brown wall, stained and streaked in places witﬁ a surficial red and black desert varnish,
Vertical joints cut the sandstone from top to bottom; the spalling .of vertically jointed slabs largely
causes the recession of the cliff, The sandstone is divided inte hoﬂzomtal layers by extensive be’ddling
planes spaced 2 to 50 feet apart, V!iﬁhin each horizontal 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 horizontal layer are disposed in all diimcmﬂon;so .A‘I'hs sandstone is rather poorly
-c@rﬁen&ed and crumbles easily; this quality probably accounts 'for the readiness v)ﬁm which the rock
disintegrates in faulted areas, -

The Wingate sandstone is about 300 feet thick in the Hamm Canyon quadrangle,
Kayenta formation

The Kayenta formation: conformal;]ly overlies the Wingate sandstone; the conttacm‘he;ween the
two formations is gradational in most places, The fotmatio;rx is notable for fts variety o’tj roék wPes;, R
Sandstone, n;ed,, buff,‘ gray, and lavender in color, is the most abundant type; but the formation also
contains considerable quantities of red silmone; thin-bedded shale, and conglomerate, The
cqnglomerat@ contalns pebbles of sandstone, shale and limestone, - The sandstone is composed of rounded
to subrounded quartz grains and minor quantities of mica, feldspar, aﬁd dark miﬁeralsu Most of the
sandstone is thin-bedded, ‘érossébedded in part, and flagay; some is massive, I[n’-‘,dividua]l sandstone beds
are lenmiculax:md discontinuous and interfinger with shale and, in.p]laces, with conglom@nratc,‘ The
Kayenta typically crops out in a series of benches and ledges, The ledges in many plaoe§ overhang ‘
[EeCesses whex;@ ;of&@r beds have eroded back. The lower pgm of ‘zche' formation is more ﬁxrrn}y cemented and

forms resistant, thick ledges that protect the underlying Wingate sandstone from erosion,
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The Kayenta formation in the Hamm Canyon quadwanglé”x,anges in thickness from 180 to 210 feet,

Abrupt local changes in thickness of 10 to 20 feet are common, The imregulaf béddfmg, channel filling,

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

The Navajo sandstone conformably overlies the Kayenta formation, The Navajo is a gray to
buff massive fine-grained clean quartz sandstone, Tangential cross-beds of remendous size leave little
doubt of the eclian origin of the sanﬁtstone, The sandstone 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 in thickness from a maximum of nearly 400 feet in Hamm

Canyon to a knife-edge toward the center. of Big Gypsum Valley,

San Rafael group

In this area the San Rafael group, - of Middle-and Late Jurassic age, comprises, in ascending
order, the Carmel formation. (Middle and Upper Jurassic); the Entrada.¢andstone, (Upper Jurassic),and the
 Summerviile formation (Upper Jurassic), The group crops-out in a narrow band along canyon walls and

on the sides of Big Gypsum Vraneyo The Carmel formation and the Entrada sandstone were mapped

PPI N
‘a

as a single unit because in most places they form a narrow outcrop,

Carmel formation and Entrada sandstone

The Carmel formation consists largely of red to buff, nonresistant, horizontally bedded
siltstone, mudstone, and sandstone, In some lo?alimies‘uhe basal beds consist of reworked 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 ﬁmrough ﬁme

upper part, These chert pebbles and angular fragments are sufficiently abundant locally to form
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layers of conglomerate, In many places the upper part of the formation contains scattered barite
nodules as much as an inch across,

The Carmel formation ranges from 10 feet or less to 25 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 'U;ah, but thé ';;robabiliw is that the Carrmel of southwestern.Colorado was
deposited in shallow water marginal to asea, ... . . . T C

The Carmel formation grades upward, in most places without prominent breaks, into the
Entrada sandstone, The Entrada sandstone, kndwn locény as the "slick rim” because of its appearance,
is perhaps the most picturesque of all the formations in the -pl‘attea»u region of Colorado, The smoothly
rounded, in places bulging, orange, buff, and white cliffs formed by this sandstone are a distjnctive
and 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
cmg'ﬁm%?tihernaung horizontally bedded units and sweeping, eolian-type clmss‘=be‘dldedl units, The
horizontally bedded units are most common in the basal part and in the uppermost, lighter-colored
part of the Entrada, whereas the cross-bedded units are dominant in the middle part, The Entrada
sandstone differs from the somewhat similar Wingate sandstone and Navajo sandstone by the sorting of
sand into two distinct grain sizes, Subrounded to subangular quartz grains mostly less than 0, 15 mm in
diameter make up the bulk of the sandstone, The sandstone also contains larger grains, which are
well-rounded, have frosted surfaces, and range from 0,4 to 0, 8 mm in diameter; most of these grains
are quartz, but grains of chert are scattered among them, Most of the larger grains are distributed in
thin ]layelrs! along 5edding planes,

The Entrada sandstone is 110 to 120 feet thick, except in the center of Big Gypsum Valley

where it Wedgesﬂodg .



Summerville formation

The Summerville formation generally crops out as a smeepn. debris-covered slope, with very
few good exposures, Where exposed the Summerville exhibits a remarkably even, thin, horizontal
bedding, - Beds are predominantly red ;)f various shades, althoughsome beds are green, brown, light
yellow, or n%;arly white, Sandy ‘a_Jfﬂd snlmy shale are the most abundant kinds of rock but all gradations
from .claystone t.to.cllean, fme=g1ramedf sandstone are interbedded with them, wq;frounded amber-colored
quartz grains with frosted or mame;.surfgces are disseminated throughout most of ﬂne formation, inc]ludi;ié
beds consisting almost entirely of Tc]lay‘;s;tcme, Thin beds of authigenic red and green chert are widespread,
A thin discontinuous bed of dlaixk=gray- @eme fresh-water limestone occurs in the upper part of the formation,

T i

Sandstone beds are thicker énd sandst@@ie js more abundant in the lower part of the formation than in the
upper part, Commonly the sandlstdnev. beds are ripple-marked, and in places they show small-scale
low-angle cross-bedding, a

The Summerville foxrmatx{gn x@éms conformably on the Entrada sandstone, and, although a sharp
lithologic change marks the comtat:;’m, no ceissat_ionA of deposition separated the two formations, Tﬁe
upper contact of the Summerville is uneven aﬁdl channeled;, and the channels are filled By the overlying
basal sandstones of the Morrison formation, Locally, however, the ‘contact is difficult to determine,
because the overlying shales and -mudstomes of the Morrison formation are similar to beds of the
Summerville,

Thg Summerville formation has a moderately uniform thickness of about 105 feet except

where it thins on the flanks of the Gypsum Valley anticline,

. The Upper Jurassic Morrison formation is of special interest economically because of the
uranium- and vanadium-bearing deposits it contains, The formation comprises two members in this

area; the lower is the Salt Wash sandstone member, and the upper is the Brushy Basin shale member,
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In the Hamm Canyon quadrangle the Morrison formation ranges in thickness from 700 to 800 feet,

The Salt Wash sandstone member and the Brushy shale member in general are of approximately equal

.- thickness, 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 Wash sandstone member

The Salt Wash sandstone member ordinarily crops out above the slope-forming Summerville
formation as a series of thick, resistant ledges and benches, Sandstone psedomﬁnét@s and ranges in color
from nearly white to gray, light Puff, and rusty red, Interbedded with the sandstone are red shale and
mudstone and locally a few thin lenses of dense gray limestone, Sandstone commeonly cccurs as strata
traceable as ledges for consﬁden‘able‘dﬂsﬁances along the outcrop, but within each stratum individual
beds are lenticular and discontinuous; beds wedge out late}‘any, and other beds occupying essentially .
the same stratigraphic position wedg@ in, Thus, -any relatively continuous sandstone stratum ordimarily
consists of numerous interfingering lenses, with superposed lenses in many places filling channels carved
in underlying beds, Lenses are separated in blaces by mudstone and coma‘ﬁn mudstone seams, ‘Mest of the
s@dst@n@ is fine- to medium-fine-grained, cross-bedded, and massive; single beds or lenses may
attain a maximum thickness of 120 feet, Ripple marks, current lineations, rill marks, and cut-and-fill
structures indicate the Salt Wash was deposited under fluviatile conditions,

The sandstone consists largely of subangular to subrounded quartz grains, . but orthoclase,
microcline, and albite grains occur in combined amounts of 10 to 15 percent, Chert and heavy-mineral
grains are accessory? Considerable quantities.of interstitial éllay and numerous clay pellets occur in |
places, especially near the base of sém@ of the sandstone lenses, Fossil wood, carbonaceous mam_,g,,
and saurian bones occur locally, . |

The Salt Wash sandstone member ranges from 320 to 380 feet in thickness and, unlike the
underlying formations, - does not thin a]l@hg the flanks of the Gypsuim :Vallk@y anticline, Local changes

in thickness of as much as 30 feet are common,
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Brushy Basin shale member )

The Brushy Basin shale member contrasts strongly in overall appearance with the underlying
Salt Wash sandstone member, Although the lithologic differences are marked, the contact between
the two members is gradational, The -mapped contact, taken as the base of the lowermost layer of con-
glomerate lenses, is arbitrary in. many respects, 'andl probably does not mark an identical stratigraphic
hgrizun in all localities, |

The Brushy Basin shale member consists.predominantly of varicolored beiitonitic shale and
mudstone, 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 shale and mudstone are
thin-bedded and range in color from pure white to pastel tints of red, blue, and green, Exposed
surfaces of the rock are covered with a lobsé, fluffy layer of material several inches thick, 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 devitrification of volcanic debris
in adjacent beds, .Beds of chert p@bl@l@bconglomemate a few inches to 25 feet thick occur at intervals
throughout the member, These conglomerate beds are commonly dark rusty red and form conspicuous
resistant ledges, Silicified saurian bones and waqdl are much more abundant in the Brushy Basin shale
member than in the Salt Wash sandstone member, - especially in some of the conglomerate beds,

The Brushy Basin shale m@fnber,‘ like the Salt Wash sandstone member, undoubtedly was
deposited under fluviatile conditions, Thg‘ conglomerate and sandstone lenses mark strgam channels.
that émssed flood plains on which were deposited the fine-grained sediments now represented by

the mudstone and shale,
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The Brushy Basin shale member ranges from 350 to 430.feet in thickness; erratically

. distributed local variations in thickness of 20 to 30 feet are prevalent throughout the quadrangle,

Burro Canyon formation

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

. sequence of Lower Cretaceous conglomerate, sandstone, shale, and thin lefises of limestone that overlies

=

the Morrison formation, The Burro Canyon characteristically crops out as a cliff or a series of thick,

\ .

" resistant ledges, The bulk of the formation consists of white, gray, and red sandstone ahd conglomerate
that form beds up to 100 feet thick, These beds are massive, irregular, and lenticular, Cross=bedding
'andl fesmonebédding are pre‘valemc throughout the formation, The sandstone is poorly sorted aﬁd consls:p ’

of quartz and lesser amounts of chert, The conglomer;‘am-chnsﬁsts laxgéiy of chert. pebbles, but inter-

mixed are pebbles of quartz, silicified limestone, quartzite, sandstone, and shale..k In places beds aré

‘highly silicified, A‘considerabl@pam of the formation consists of bright-green mudstone and shale, and

locauy these predominate dvgn the sandstone ‘and conglomerate, Thin, discontinudus beds of dense gréy

limestone crop out in a few scattered i@calitﬁeso The formation was undoubtedly deposited under fluviatile
conditions, The lower contact is indistinct in many places and appears w mtérfﬁnger with the upper part
of mﬁe Brushy Basin shale member; elsewhere local erosion surfaces intervene and the contact {s sharp, The
upper contact {s- an erosion surface. of. regional extent,

The Burro Canyon formation in the Hamm Canyon quadrangle is 190 to 240 feet thick; abrupt

local variations in thickness of 10 to 30 feet are common,

Dakota sandstone e

The Dakota saxmilsitom:o of Early and Late Cretaceous age, . consists. prmc?&pally of gray, yellow, and
buff flaggy. sandstone; less abundant are:conglomerate, carbonaceous shale, and impure coal,. Some of the
sandstone is fine-grained and thin-bedded, but much of it is coarse-grajned and cross-bedded, Scattered

through the sandstone are irregular, - discontinuous beds and lenses of conglomerate containing chert and
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quartz pebbles as much as 2 inches across, Interfingering with the sandstone beds are thin-bedded gray .
and black carbonaceous shalesand thin coal seams and beds, Plant impressions abound in both the
sandstone and the shale, The Dakota attains a thickness of about-200 feet in the Hamm Canyon

quadrangle,
Mancos shale

The Upper Cretaceous Mancos shale is a dark-gray soft homogeneous fissile rock ‘that erodes
either to smooth, rounded topographic forms or to badlands, 'Along some horizons in the shale, large
calcareous concretionary masses are erratically diswibuted, The downwarped mass of Mancos shale in

the center of Big Gypsum Valley probably s about 1, 600 feet thick,

Mesa Verde formation

The Upper Cretaceous Mesa Verde formation conformably overlies the: Mancos shale; and
crops out in the downwarped mass of rocks in the center of Big Gypsum Valley, The formation
consists of interbedded yellgwish-gray sandstone and light-gray shale, Only part of the formation is

preserved within the quadrangle,

Quaternary deposits

The deposits of Quaternary age consist of terrace gravel, wind-deposited material, alluvium,
talus, and landslides, Terrace gravel composed largely of pebbles of ‘crfstalline rocks occur at
various levels along Disappointment Creek and the Dolores River, Extensive deposits of light-red
sandy and silty material mantle the benches and mesa tops, This material appears to be mostly
wind-deposited, aMhough much of it has been reworked by water and intermixed with sfieet wash,
These deposits have not been mapped where they are unusually spotty, discontinucus, or less than

a foot thick; the greatest observed thickness- in some dry washes on mesa tops is about 10 feet,
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The floor of Big Gypsum Valley is covered with soils that generally differ markedly from the wind-
deposited maiteﬁal on the mesas, The Valley soils are derived not cnly from wind-blown material
but also from the d’isinteg;atibnﬁ of the rocks exposed oﬁ the vanéi;; walls and floors, Gravel and
alluvium occur along Disappommém Creek and the Dolores Rﬁv@ro Considerable talus covers many of
the steeper élopes, ‘Because these vdrious deposits, except for the tterracée gravel, are difficult to
differentiate in some places, they have not been separated on the geologic map, Landslides consisting

largely of Brushy Basin debris are prominent along the southwest side of Big Gypsum Valley,
STRUCTURE

- yRezlonat-setag

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 sraruéxural unit, The larger structural units
consist of salt anticlines, 45 to 80 miles long; uplifted blocks, 50 to 125 miles long, bounded by
monoclinal folds; and domical uplifts, 8 to 20 miles across, around stocklike an@ laccolithic
intrusions,

The salt anticlines trend northeast and lie in a glroup between eastward-dipping m@hocllines
on the west side of the Plateau and wesftwardedlipping monoclines on the east side of the Plateau,
The cores of these anticlines consist, of Ielaﬁtveﬂy plastic salt and gypsum, derived from the Paradox
member of the Pennsylvanian Hermosa formation and intruded mlto,@verlynng late éaleozoic and
early Mesozoic rocks, All the anticlines are smru'c.:mrauy similar in :mmy respects, but each exhibits
structural pecuh-%kifgi@s not common to the rest; furthermore, all are more complex than tthe:ﬁlr seemingly .
simple forms would suggest, Faults, grabens, and collapse and slump s@u‘cwx«es' alter the forms of
the anticlines, Erosion has removed much of the axial parts of t:hesé anﬁdﬁnes, léavﬁng exposed large
intrusive r’nassés of the Paradox member and forming valleys such as Sinbad Valley, Paradox Valley, -
and Gypsum Valley in Colorado amd;{s":ﬁ‘r:ni]lar valleys in Utah, Alternating with these anticlines are

broad, shallow, simple synclines,
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-+ $tructure.in Hamm Canyon quadrangle

Two large northwesterly trending structural features cross the Hamm Canyon quadrangle; these
are the Gypsum Valley salt anticline and the:Disappointment syncline, The Disappoiiitment syncline is
a broad, single downfold that plungés gently to the southeast, whereas the Gypsum \}aney salt anticline
is a complex fold, modified by vam‘loqs- collapse features and cut by nu;lmenj@us faults, The rocks are
upturned along the flanks of the anmicime, Pre=Morrison formations thin against the salt-gypsum core '
of the anticline and disappear altogether over the top of the core, Furthermore, the older pre=Morrison
formations dip more steeply than do the younger, Over rpuch of the floor of Big Gypsum Valley,” where
not covered by alluvium, great masses of gypsum belonging to the intrusive core crop out, South of the
mouth of Hamm Canyon a huge rﬁasé of Upper Jurassic and Cretaceous rocks has sagged and foundered
in the salt-gypsum core to a depth of at least 3, 000 feet,

Complex systems of faults cut the sides of Big Gypsum Valley, In general the blocks and .

slivers formed by these faults are downthrown toward the valley, In places the beds have been forced

into sharp folds along the sides and in the center of the valley,

Structural history

In crder to understand the structural history of the Hamm Canyon quadrangle, ‘itt is necessary
to understand the structural history of the adjoining part of soufthwes;em Co]lorad“o‘, Parts. of this history
are still in doubt, because no clear record remains of somé events; the record of otchexr'evenms, glthough
legible, is subject to different interpretations, All the events described in the fo]llowmgdiscussion
affected the Hamm Canyon quadrangle either directly or indirectly, although mhe: evidence for some of
them is not visible within the boundaries of mhe‘quadjranglle‘, | "

Weak compressive forces, which probably begaﬁ. in early Pennsylvanian tﬂmes,, gen;ly warped
the region, This warping gave rise to the ancesﬁral Uncompahgre highland, an element Qf ithe'anoésual

Rocky M@untéins, and to the basin in which the Paradox member of the Pennsylvanian Hermosa formation

was deposited, These major structural features controlled the pattern and the plrevamng northwest-trending
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grain of the smaller swictinés: later superimposed on them, ... Theboundary betwgen.the highland and

the basin, which is closely foliewed by the southwest. margin.of the present-day Uncompahgre - - g+

Plateau, was a steep northwest-trending front, possibly a fault scarp, along which were deposited arkosic
fanglomerates during late Pennsylvanian and Permian time, The older fanglomerates interfinger with
Pennsylvanian marine %Edimemaw rocks of the Hermosa formation, The bulk of the fanglomerates
probably is of Permian age and belongs to the Cutlélr formation, Intrusion of salt from the Paradox
member, probably initiated by gentle regional deformation, began sometime during deposition of the
Permian Cutler formation, Isostatic rise of salt ruptured the overlying Hermosa and Cutler formations, .
and after the Cutler was deposited salt broke through to the surface, From then until flowage ceased,
late in the Jurassic, the elongate salt intrusions such as those in Paradox Valley and Gypsum Valley s;tood
o as acttgzall topographic highs at one place or another along their lengths, The rate of upwelling of
additional salt, perhaps accelerated by the increase of the static load of sediments accumﬁlaﬁng in the |
surrounding areas, balanced or slightly exceeded the rate of removal of salt by solution and eﬁosidn at
the surface, Consequently, all the Mesozoic formations to the base of the Morrison formation wedge
out against the flanks of the ‘salt intrusions, Salt flowage was not everywhere continuous at a unﬂfox-fn.
rate; rather, in many places it progressed spasmodically, Local surges of comparatively rapid intrusion
gave rise to cupolas at different times and in differém‘places a]lqng the salt masses, At thé beginning
of deposition of the Morrﬁsoﬁ sediments finally covered the salt ix;mms'ions, perhaps because the supply
of salt underlying the areas between the intrusions was exhausted, Relative qui:escence prevai]led “
throughout the remainder of the Mesozoic and probably through the early part of the Tertiary,

The second major period o@?é&efommadon occurred iﬁ_me Tenﬁarwwrobablly during the
Eocene (Hunt, written commmicamion), but the date cannot be determined accurately, Th:e lregﬁofﬁ
of the salt intrusions was compressed into a series of br@ad folds, guided and localized by the pre-
existing salt inmusﬁons,, Although sahc’ flowage was renewed, it seems unlikely tch;m any considexabﬁe :
amount of new salt was forced into the intrusions; flowage probably consisted largély of redlistrit.nn'uon. of

the salt already present, By the end of ﬂlis"pexiddl vof deformation.these, folds‘had,auamed agproximamcly

v
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their present structural form, except for modifications imposed by later collapse of the anticlines ove;ly.in{g,‘,

. the salt intrusions, Owing to the mobility of the rocks in the cores of the anticiihes, no;mal faulting took
place along the crests of the anticlines, probably duﬁng re]laxak‘iifbn of compressive stresses after folding
ceased, At this m'tmig_ the crests of the anticlines in places were dropped, as grabens, several hundred to
a few thousand feet, A period of crustal quiescence followed, during which the highlands ow}erelying

- the anticlines and domes were reduced by erosion and topographic relief became low throughout the area,

Then, during the middle Tertiary, the entire Colorado Plateau was uplifted, This uplift

rejuvenated the streams and increased ground-water circulation, T/ltﬁe crests of the anticlines were breached,
and the underlying salt was expos;pd to rapid soma:ﬁon and removal, With the abstraction of sah, renewed
collapse of the anﬁcﬁn@s began, Although much of the collapse was due directly to reinoval of salt by
solution, it seems unlikely that all the collapse can be attributéd to this process, as was believed by earlier
workers in the area, Rather, much of the coHapsé apparently was caused by flowage of s{a’lt from the parts
of the anticlines sttm overlain bybm)lck layérs of sediments to the parts from which the overlying sediments
had been rgmoved, Once the crests of the anticlines had been breached, the relatively plastic salt offered
little support for the beds overlying the Paradox member of the Hermosa .foxrmattﬂon in the flanks of the
anticlines; consequently these essentially unsupported beds slumped, probably along fractures and joints
formed during earlier flexures, Small faults and folds in Quaternary deposits may indicate that collapse and

local readjustments are still continuing,
MIN ERAIL DEPOSITS

“The only commetcially important mineral deposits in the Hamm Canyon guadxangle are those
that contain uranium, vanadivm, fmd radium, Although deposits containing these metals were discovered
in 1899 near Roc Creek, about 22 miles north of the Hamm Canyon quadrangle, intensive mlinfumg of these
ores did not begin in the Plateau region until 1911, Thereafter the ores were mined pmim@ﬁly for their

radium content until 1923, when the Belgian Congo pitchblende deposits began to supply radium, The
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mines were mostly idle from 1923 until 1937, -but since 1937 they again have péc‘h exploited intensively,
first for vanadium and in more recent years for both vanadium and uranium?;,f |

Most of the deposits are restricted to layers of sandstone lenses in the Salt Wash sandstone member,
Buit a few occur in the lowermost conglomeratic sandstone layer of -the Brushy Basin shale member, Within
these layers the deposits have a spotty distribution, “Ore bodies range from small irregular masses containing
only a few tons of ore to tabular masses containing a few thousands of tons: but most ore bodies are relatively
small and contain only a few hundred tons, The ptey consists mainly of s,a;ndswm impregnated with .‘ o

- . “ [

uranium- and vanadium-bearing minerals, -

Mﬂﬁéx—al@g '

The most éommon ore mﬁnen*als are carnotite and a fine-grained, vanadium-bearing
micaceous mineral,” Carnotite (K%U()g;ﬁz(vogzo 3H205), -1s a yellow, fine-grained, earthy or powdery
material, Tyuyamunite (Ca{Uoﬁ)QgV()@g nHg0), the calcium analogue of éamotifte, is also plresenit amlzl ‘
is nearly indﬁsm@nguﬁshablle from carnotite, ‘The micaceous vanadium minegal, which formerly w§s thought
to be roscoelite, is mow considered to be relawd to the nontronite or montmorillonite group of clay
minerals, It forms aggregates of minute flakes coating or partly replacing sand grains and filling pore

spaces in the sandstone, It colors the rock gray, Other vanadium ore minerals presemt are moniroseite

° Qﬂ:i[ 20)0

(nFe0: nY 040 BV 904 RH,0), corvusite (Vg0 & 6V90 5° nH,0), and hewettite (Ca0- 3Vy0 5

Corvusite and montroseite occur together, forming compact masses of bluish-black ore, whereas
hewettite commonly forms ;s‘tringers and veinlets along joints and fractures, ' Recent deeper dritling and ..
mining in the Plateau have indicated that be]low'me zone of oxi&li;tﬁon black ogﬂdés of uzré.nium and |
vanadium, accompanied by pyrite and perhaps q;rhér sun]lﬁd@s;'/'a]r@ more'abx;&ndam, - and uranyl valnadal:es

are scarce or absent,

, Ore bodies
—_—

-

The ore consists mostly of sandstone selectively impn'egnated and in part Eepnacedl by uranium

-

/‘ .
and vanadium minerals; but rich concentrations of carnotite and the micaceous vanadium clay mineral

BIt
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are also associated with thin mudstone partings, bgds of mudstone pebbles, and carbonized fossil plant
glam;rﬁal Many foss;llogsxeplfacedby nearly pure carnotite have been found, In general the ore
mﬁnera]s were deposited in irregular layers that roughly followed the sandstone beds, In most deposits
the high@stcgradé concenmaﬁ;c;ns of ore minerals o;:cur in sharply bounded, elongate concrettignary
structures, calied "rolls” by the miners, These rolls are encompassed by rich, veinlike conce€nirations
of the micaceous vanadium-bearing clay mineral that curve across bedding planes, . Within these rolls
this mineral generally is distributed as diffusion layers; the richer .léyers commonly lying nearer the
margins of the rolls; the diswibution of carnotite in the rolls ié less systematic, Margins of ore bodies
may be vaguely or sharply defined, Vaguely defined margins may have mineralized sandstone extend-
ing well beyond the limits of commercial ore; on the other hand, sharply defined margins, such as occur
along the surfaces of rolls ordinarily .mark mhé limits of both the mineralized sandstone and the commercial
oire,,

Although many rolls are small and irregular, the larger ones are elongate and may extend
with little change 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 roughly parallel to

the elongation of the ore bodies,
'bii'ﬁgin,of ore . » ‘

The oxigfm of the uranium-vanadium ores in. the Morrison formation is uncertain and
controversial, In some respects the' deposits are unique, and much of the evidence _(:ohcewxiing the
genesis of the oré is either not conclusive or-appears to be contradictory, ' In this brief account only a
. small amount of evidence can be presented and the hypotheses can only be sﬁnmmamizedlo

"Maest of the deposits are closely associated with certain sedimentary features, Layers of ‘ore
lie essentially parallel to the bedding; most of the deposits occur in the thicker parts mdl commonly

near the base of these sandstone lenses; the trend of the long direction: of the deposits and the tend

of the ore rolls in the sandstone qxé roughly parallel to the trend of the fossil logs in the sandstone and
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to the average or resultant dip of the cross=beddlmg'in the sandstone, These relations strongly suggest that
primary structures in the sediments were instrumental in localizing most of the ore deposits,

Recent investigations have revealed new data bearing on the origin of the ores (Waters and
Granger, 1953), Below the zone of oxidation some of the ore consists chiefly of oxides, such as pitchblende
and low-valent oxides of vanadium, and small quantities of sulfides such as pyrite, bornite, galena, and
chalcopyrite; fully oxidized and fully hydrated minerals are either rare or nonexistent, A hard variety of
uraninite, previously reported only from hydrothermal deposits, has been found in the Gray Daun mine in
San Juan County, Utah (Rasor, 1952), and in the Happy Jack mine in White Canyon, Utah, Studies of lead-
uranium ratios in ores from the Colorade Plateau indicate that, regardless of where or in what form;xtion
found, all the ores are of roughly the same age, 2nd this age is no older than latest Cretaceous (Stieff
and Stern, 1952), Some geoclogists believe field relations m pre=-Mg{;rﬁson formations at White Canyon 4
(Benson, and otthgrs, 1952) and Temple Mountain in Utah, indicate that the deposits may.be geneulc‘auy‘

related to faults and fractures, At the Rajah mine near Roc Creek_ in Colorado, ore occurs along a fault
. e

and horsetails out into the wall rock,

The main hypotheses have arisen to explain the origin of the ores, The oldest and probably the
most widely held is the hypothesis that the ores aﬁe 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 djsso]lvéd -and reprecipitated the ore cpmtiméms, but the
essential materials were already present in the host rocks or in.the waters pe‘fr'meatci,ng them, Although
this hypomh@g,is offers a reasonable explanation for the {re]lation_of ores to sedimentary features, it faces
some difficulty in explaining: (1) the discrepancy betweeﬁ the age of the uranium and the age gf the
enclosing rock; (2) - the broad sltratiémaphic diswribution of uranium occurrences and association of onjes;
with fractures in a few localities; and (3) the -hydrothermal aspect of .the mineral suites in some ores,

The second hypothesis, and the one the author favors, ns essentially a telethermal hypothesis and assumes
the ore to have origmamdl from a hypogene source, - Proﬁon@nts of this hypothesis believe that ore-bearing
. solutions, originated at depth.from an iéneouls source and ascended along fractures, After these solutions - "

mingled with circulating ground waters,the minerals were precipitated in favorable beds as much as several

ERIRRES St SR e -
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mﬂ%" from fractures, This hypothesis explains more readily the difficulftﬁes;ﬁgzherem in the penesyngenetic
hypothesis, but poses two other difficulties; (1) hypothetical location of igneous source rocks and (2) the
difficulty of proving the connection between fractures and faults and the ore deposits, A third hypothests;,
advanced by some geologists, suggests that the source of the ore metals was the volcanic material in the
beds overlying the ore-bearing sandstones and that these metals were subsequently leached and redeposited
ih the beds that now contain the ore, This hypothesis encounters not oitly most of the -difficulties in the

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

Suggestions for prospecting

Regardless of the actual origin of the deposits, certain habits of the deposits=-habits that have
been recognized through geologic mapping and exploration experience-~are useful as guides for finding
ore (Weir, 1952), In southwestern Colorado most of the deposits are in the uppermdst sandstone stratum
in the Salt Wash sandstone membex of the Morrison formation, Generally the central or thicker parts of
the sandstone lenses are more favorable--many. deposits are in sandstone that {s 40 feet or more thick, a
few deposits are in sandstone less than 20 feet thick, Cross-bedded, relatively coarse-grained sandstone is |
more favorable than ﬂzimy or evenly.bedldecﬁ, fine-grained sandstone, Light yellow-brown sandstone
speckled with limonite stain is more favorable than red or reddish-brown sandstone, Sandstone that con-
tains considerable amounts of gray, altered mudstone or is underlain by a considgrable thickness of this
rock is more favorable than sandstone containing and underlain by fed, unaltered-mudstone=«this guide is
perhaps the most useful in ‘diamondlwdrm exploration, If the deposits have a hypogene origin then
localities where favorable host rocks are near or coextensive with areas of more intense deformation may
be especially favorable for finding ore,

In the Hamm Canyon quadrangle.probably. the most likely areas for finding ore, because of the
presence of favorable host rocks, are the soumhwésmem part lying southwest of and in the vicinity of the
- Dolores River, the areas bordering Big Gypsum Valley except for the Cape Horn locality, and the area
north of Hamm Canyon, In the Hamm Canyon quadrangle the rocks in the vicinity of the faults are,
for the most part, favorable hosts for ore, and possibly the presence of the faults had some bearing on the

unusual concentraticn of deposits along Big Gypsum Valley,
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The mines

hfigeed
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The deposits in the Mexico mines are scattered through the lower, middle, and upper sandstone
layers of the Salt Wash sandstone member, -and a few deposits have been found in the lowermost con-
glomeratic sandstone layer in the Brushy Basin shale member, The ore occurs as rolls and as irregular
tabular bodies as much as 200 feet lqhg and 150 feet wide, In places the ore attains a maximum thickness

of 10 feet, Ore minerals are carnotite and the micaceous vanadium-bearing clay mineral,
Lookout mine

The ore body at the Lookout mine is in the lower sandstone laiyer of the Sait Wash sandstone
rnemlbe'ﬁ:o The ore body is a rather thin, tabular mass aboim 200 feet long that splits into two layers in the
southwestern part of the mz'ume? A number of non‘theasteﬂy.uending rolls have been found, but fossil logs are
scarce if, indeed, there are any, Ore minerals are camoﬁime and the micaceous vanadium-bearing clay

mineral,
Riverview claim

A number of deposits on and in the vicinity of ‘tlh@ Riverview claim have been worked, These
deposits occur near the top of the lower sandstone unit of the Salt Wash, Most of the ore on the Riverview
claim is relatively high-grade and occurs principally as rolls, whereas the deposits outside the claim are
lower-grade and consist largely of irregular tabular masses of disseminated ore, The ore minerals are

carnotite and the micaceous vanadium-bearing clay mineral,
Rambler claim

The deposits on the Rambler claim are in the upper sandstone unit of the Salt Wash member,
and are more nearly typical of deposits found in the Salt Wash than most of the deposits in the quadrangle,

The ore bodies are irregular tabular masses containing rolls and mineralized fossil logs, Although
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considerable thick high-grade ore has been mined,much of the ore is rather thin and low-grade, The

ore minerals are carnotite and micaceous vanadium-bearing clay,
Other.deposits

Numerous small deposits other than those described are scattered along the outcrop of the
Morrison formation in the quadrangle, A number of deposits along the sides of Morrison Canyon have
been mined, These deposits occur in the uppermost sandstone layer of the Salt Wash and the lowermost
part of the Brushy Basin, All are small and consist of rolls and thin, tabular masses of disseminated
camotite and micaceous vanadium clay, InBig Gypsum Valley some ore has been taken flrpm a deposit
in the Wingate samﬁstone;,_ This deposit is about a mile southeast of the mouth of Hamm Canyon,
The ore occurs a§ impregnations in faulted and brecciated sandstone; both the shape and grade of the

ore bodies in this deposit are very irregular,
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