RESOURCE. COMPILATION SECTION

GEOLOGY OF THE GYPSUM GAP

QUADRANGLE, COLORADO

By Fred W. Cater, Jr,

Y WAV
el 1984
TEPCC

Zﬂ;/ﬁfz;ﬂ@ﬁ’i&QﬂZZ{(“
(AT Bttt
A Ed

a7

Trace  Elements  Memorandum Report 697

WNTITE>  STATES DEPARTMENT OF THE  INTERIOR
7 LOGICAL  SURVEY






Lol &/4;.
IN REPLY REFER TO:

act
UNITED STATES Crnr
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
WASHINGTON 25, D.C.

JAN12 7 185

AEC . 350/L

Dr. Phillip L. Merritt, Assistant Director
Division of Raw Materials
7. S. Atomic Energy Commission
P. 0., Box 30, Ansonia Station
New York 23, New York
Dear Phil:
Transmitted herewith is one copy of TEM=697, "Geology of the
Gypsum Gap quadrangle, Colorado™, by Fred W. Cater, August 1953.
Mr. Hosted approved on September 15, 1953 our plan to publish

this report in the Survey's Quadrangle Map Series,

Sincerely yours;

s ,
4' y -
/ B . PR on i

S g Lopat) M 2T

/
[P

W. H. Bradley
Chief Geologist

FEB 1 290



MY

Geology and Mineralogy

This document consists of 36 pages,
plus 1 figure.

Series A

- 2,UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

GEOLOGY OF THE GYPSUM GAP QUADRANGLE, COLORADO%*

By

Fred W. Cater, Jr.

August 1953
Trace Elements Memorandum Report 697

This preliminary report is dis-

tributed without editorial and

technical review for conformity

with official standards and no-

menclature. It is not for pub-
. lic inspection or quotation.

\

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



2
USGS - TEM=690

GEOLOGY AND MINERALOGY

Ne.

of cepies

Distribution (Series A)

Divisien eof Raw Materials, Washingten . . . . . . ¢« . o ¢ & &
Divisien ef Raw Materials, New York . . . . ¢« ¢« v o o o ¢ & &
Expleratien Divisien, GJOO . . & ¢ ¢ ¢ ¢ v ¢ o ¢ ¢ o o ¢ o &
Grand Junctien Operatiens Office e 4 e s o s e o e s e s o a
Technical Infermatien Service, Oak Ridge . . . . . . . . . .
 U. S. Geelegicsl Survey:

Geechemistry ard Petreolegy Branch, Washingten . . . . . . . .
Geophysics Irarch, Washingten . . . . . . & ¢« « ¢ ¢« v ¢« o o &
Mineral Depe¢sits Brarch, Washingten . . . . . . . .« ¢« o .
R. P, Fischer, Grand Junctien . « ¢« « o ¢ o ¢ ¢ o o o o ¢ o
W. A. Fischer, WasMington . o o o v o o o o o o o o o o o o o
TEPCO, Denvgr o o o o 6 o s o s o s s s o a 5 e e o o o o e

* TEPCOy WS’ was:.{lingt@n ° ° - o Ll . ‘0 L] L] . o ° . . . . . ° .
(Including master)

"2'-
13



CONTENTS
Page
Abstract o o o o o o o o o © o o o o o s o 6 o 5 6 o o o o o e 5

Introduction . o o« o o o o o o o o o o o o o o o 8 o a o o o o
Regional geo0logY « o o o o o o o o o o o o o5 o s o0 o o o e
Stratigraphy . o o o o o o o o o s 6 o o 0.6 o o s 6 6 o o e-e

Hermcsa formation o o o o o o o o 8 o o o a o s o o

Paradoxlmember o o o 5 o 5 o s 5 s o o o o o o o o

Limestone member . . o o o o o o o o o o o o o o o

O B @ ¢ ¢ ¢ s T o )N

Rico and Cutler formation . . ¢ v ¢ o o o s o o o o & &
Chinle formation & » v v o o o v v o o o« o v o o o o oo 10
Glen Canyon grouP o « o o o o o o o s a o s o o o o o o 10
Wingate sandstone . . . v v o « o o o o % o e e 110
Kayenta formation . . . . . . . e e e e e e e e 11
Navajo sandstone & & & ¢« o o o o o o o ,~. e s oo 12
San Rafael group o o o o o o o o o o o o o o o o o o o o 13
Carmel fermation and Entrada sandstone e o o o o o 13
Summerville formation . . . . o v v v oo w ... 15
Morrison formation . o o o o o o o o o ¢ 0 0 0 o 0 o . ; 16
Salt Wash sandstone member . . o« ¢ o o o o o o o o 16
Brushy Basin shale member . . « ¢ ¢ o &« « o o« o o o 17
Burro Canyon formation . o« o« ¢ o« o o o o o o & ,‘. e o o 19
Dakota sandstone . . . . ; o ¢ o o o a b5 5 o o o o o o e 20
Mancos shale ¢ o ¢ ¢ o o o s o o o o o 5 o o o o o o .. 20
Mesa Verde formation . . o o ¢« o o o o o o o« s o &« o o o« 21

Quaternary depOSitS ° © e o © e o o @ ©o o o 6 °o o o o o 2.].



CONTENTS~~Continued

Structure . .« 2 o 2 o o o o 6 o o 6 s o 8 o o s
Regional setting . ; o 6 o o o o o o o e
Structure in the Gypsum*Gap quadrangle . .
Structural history . . ¢« ¢« « « o o o o &

Mineral deposits c o o o o e o v o o o e o o o
Mineralogy =« o« o o o o o o o o o o o o o o
Ore DOCI®E o ¢ o o o o o o o o o 0 o o o
Origin of ore . . ¢ ¢ o o o « o o o s o« o
Suggestior.s for prospecting o o o o o o o
The mines o 5 o s 6 o o o 8 a4 o o o

Pitchfork mines . . . . . . IR
Bald Eagle mines o s oo s s s o e
Leng Ridge mines o o o 6 o o

Other Aeposits « o v o v o o o o & &

Literature cited e o o o © o o o o o o & o o o
ILLUSTRATION

Preliminary geclogic map and section of the

Gypsum Gap quadrangle, Colorado . . « o . o o

Page
C.. 22
o o 22
e . 23
C.. 2
C..o27
c.. 28
. . 28

29
ce. 32
e o o 33
C .. 33
.. 33
A
A
.. 35

In envelope



GEOLOGY OF THE GYPSUM GAP QUADRANGLE, COLORADO
by Fred W. Cater, Jr.
ABSTRACT

The Gypsum Gap quadrangle is one of eighteen 7%—minute quadrangles
0®vering the principal carnotite-producting area of southwestern Colorado.
The geology of these quadrangles was mapped by the U. S. Geological Survey
for the Atomic Energy Cemmission as part of a compreﬁensive study ef
carnetite deposits. The rocks exposed in the eighteen quadrangles consist
of erystalline rocks of pre-Cambrian age and sedimentary rocks that range
in age from late Paleozeic te Quaternary. Over much of the area the sed-
imentary rocks are flat lying, but in places the rocks are disrupted by
high-angle faults, and northwest-trending folds. Coenspicuous amoﬁg the
folds are large anticlines having corcé of intrusive salt and gypsum.

Most of the carngfite deposits are confined teo the Sali,ahsh sand-
stone membgr of the Jurassic Merrisen fermation. Within this éandstone,
most of the deposits are spettily distributed through an arcuate zone
known as the "Uravan Mineral Belt". Individual depesits range in size
from irregular masses.containing.only a feﬁ tons of ore teo large, tabular
masses containing many thousands cf tons. The eore consists largeiy of
sandstone selectively impregnated_andlin part replaced by uranium and
vanadium minerals. Most of the depesits appear to be related to certain

sedimentary structures in sandstones of favorable cempesition.



INTRODUCTION

The U. S. Geological Survey mapped the geology of the Gypsum Gap
quadrangle, Celo., as part of a comprehensive study of carnotite deposits.
The study, covering the principal carnotite—producing area in southwestern
Colorade, incliuded detailed examination of mines and geélogic mapping of
eighteen 7%~minute quadrahgles, of which the Gypsum Gap quadrangle is one.
Parts of the texts accompanjing these maps have been standardized; these
parts cemprise some descriptions of geolegic fermatiens and general
descriptions e¢f regional strucéural setting, geolegic hist@ry? and ore
depesits. A comprehensive repert presenting in greater detail the
geologic features of the entire area and interpretations of these features
is in preparation. Work was started in the area in 1939 as a ceoperative
project with the State of Colorado and the Colerade Metal Mining Fund and
was continued through 1945 as a wartime strategic minerals project. Since
1947 the Geolegical Survey has been continuing this geolegic study en
behalf ef the Division of Raw Materials of the Atomic Energy Commission.

A part of the Gypsum Gap quadrangle was mapped in, 1944-45; the rest was
mapped in 1948,
The Gypsun Gap quadrangle covers about 59 square miles in s
.San Miguel County, Celo., and lies in the Canyon Lands division of the
.Celerade Plateau physiegraphic province. The generally flat or gently
sloping surface of the quadraﬁgle ig interrupted énly by the reugh,
steep hegbacks berdering Big Gypsum Valley and the canyens of Dry Creek
and its forks. Total relief within the quadrangle is aﬁout 1,660 feet;
altitudes range from about 5,720 feet in Disappointment Valley te 7,380

feet in the southeast corner of the quadrangle. The quadrangle is
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drained by Dry Creek, a tributary to the San Miguel River, and

Big Gypsum and Disappeintment Creeks, tributaries to the Dolores River.
No accurate information on rainfall is available, but the annual

precipitation is probably between 10 and 15 inches; the area is semiarid

and supports a moderate growth of juniper and pihion on rocky terrain and

abundant sagebrush where soils are thick. Cacti and sparse grass are

widely distributed. Most of the quadrangle is accessible over

Celerado Highway.80 and-é'system of dry-weather roads.
REGIONAL GEOLOGY

Rocks exposed in the 18 quadrangles mapped censist eof crystalline
pre-Cambrian rocks and sedimentary rocks that range from late Paleozoic
to Quaternary. Crystalline rocks crep out énly in the neortheastern part
of the area along the flanks of the Uncompahgre Plateau; the rest of the
area is underlain by sedimentary rocks. The latest Paleezoic and earliest
Mesozoic beds wedge out northeastward against the crystalline pre-Cambrian
rocks, but later Mesozoic units were deposited on top of the pre-Cambrian
rocks. Over mest of the region the sedimentary beds.are flat~lying,
but in places they are disrupted by high-angle faults or folded inte
northwest-trending meneclines, shallow synclines,>and stroagly developed
anticlines. The largest of the felds is the Uncompahgre Plateau uplift,
a feold nearly 100 milesAlong‘that traverses the northeasﬁern part of the
area. Well-developed anticlines having intrusive cores of salt and gypsum
underlie Sinbad Valley, Paradex Valley, and Gypsum Valley in the central
part of the area; the Deleres anticline in the soﬁthwestern part of the
area probably nas a salt-gypsum core, although it is not expesed.

The Gypsum Gap quadrangle lies in the southeastern part of the
18-quadrangle area, about 20 miles southwest of the Uncompahgre Plateau.

The quadrangle is traversed by the seutheast end of Gypsum Valley.



STRATIGRAPHY

The oldest rocks exposed in the Gypsum Gap quadrangle are the
early Pennsylwanian rocks in Big Gypsum Valley. Rocks of late
Penneylvanian, Permian, Triassic, and Jurassic ages crop out in the
sides and end of Big Gypsum Valley. Cretacecus rocks underlie the
floor of Dry Crec? Busin and Disappointment Valley. Recent deposits
of wind--blown material and sheet wash are widely distributed on the

valley floors.

Hermosa formation

The Pennsylvanian Hermosa formation comprises two members in this
area; these are the lower or Paradox member consisting largely of intrusive

salt and gypsum, and the upper or limestone member.
v

Paradox member

The Paradsx member, where exposed,Aconsists largely Qf cellular
and earthy gypsum and minor amounts of limestone, black shale, and
sandstone, At depth mere than half of the formation is rock salt.

All known surface occurrences of the Paradox are intrusive, and the
beds are cwnpl xiy folded and contorted. The undisturbed thiékncss

of the member 8 not known, but a well drilled in the center of
Paradox Valley penetrated over 10,800 feet of intrusive bed without
reaching pre-Paradox strata, and there is little reason to believe the
intrusive beds underlying Gypsum Valley are appreciably thinner., Baker

(1933, p. 17-18) and Dane (1935, p. 27-29) assigned the Paradox to the

lower Pennsyivenian.



Limestone member

Presurably the upper or limestone member of the Hermecsa formation
confermably overlies the Paradox member. The upper member consists very
largely of fessiliferous thick-bedded gray limestone, although thin
shale beds occur, Only part of the member is expesed in the Gypsum Gap
quadrangle, but_data from bere heles in néarby areas indicate ﬁhe member'

ig 2,000 te 2,300 feet thick.

o

Rico and Cutler formations

Overlying the Hermosa formation is a sequence of beds:which
have been mapp:d as the Rice and Cutler formations undifferentiated.
The lower part eof this sequence consists of alterndting beds of marine
limestone and arkosic material--a sequence that is lithelogically similgr
teo the Rico formatien in the San Jﬁén Meuntains. The upper part consists
entirely eof maroon; purple, red, and mottled light-red arkesic sandstone
and conglemerate and small quantities of reddish-brown sandy mudstone. |
These beds correspeond lithelogically and in stratigraphic pesitien te
the Cﬁtler formation. Fessils collected frem the lower part ef the
sequence have been jdentified by L. G. Henbest as of Missourian
(Pennsylvanian) age. Much of the upper part--the part assigned to the
Cutler formativsn--is undsubtedly of Permian age. The upper part of the.
Rice and Cu%le:r sequence has been truncated by an uncenformity, and

enly about 1,200 feet of beds crop out in the quadrangle.
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Chinle formation

The Upper Tfiassic Chinle fermation consists of red te erange-red
siltstone, with interbedded red fine-grained sandstone, shale and
limestone-pebble and clay pellet-cenglemerate. These lithelegic units
are lenticular and discentinueus. The lewer part of the fermatien cen-_ . .
taiﬁs numerousg lenses @f.a highly distinctive limestone—pcbble and
clay pellet-cenglemerate; in places the lewermest lenses centain quartz
pebbles er censist ef a relatively clean quartz grit. These quartz-
bearing lenses are prebably the stratigrapﬁic equivalent ef the Shinarump
conglemerate, which is widely distributed in eastern Utah and nerthern
Arizona. Much of the Chinle formation censists of indistinctly bedded
red siltstene that brei%s iﬁto angular fragments. Evenly bedded shale
is rare, The sandstene layers differ in bedding characteristics; seme
layers are massive, whereas ethers are ér@ss-beddgd, and still ethers
are censpicueusly ripple-bedded. Almest everywhere the fermatien creps
out as a steep slepe breken in places by mere resistant ledges of sand-
stone and cenglemerate. |

In the Gypsum Gap quadranglg?the Chinle f@rmaii@n'thins frem a
probable thickness ef L75 te 550 feet under Dry Creek Basin te a van-~

ishing edge on the flanks of the Gypsum Valley anticline.

Glen Canyen greup

The Glen Canyen greup ef Jurassic (?) age cemprises, in ascending
erder, the Wingate sandstone, the Kayenta fermation, and the Navajo

sandstone.
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Wingate sandstone

The Wingate sandstene conformably everlies the Chinle fermation.
The sandsterie is a massive, fine-grained reck compesed of clean,
well-sorted quartz sand. It typically crops cut as an impressive red
or dark-brown wall, stained and streaked in places with a surficial red
and black desert warnish. Vertical jeints cut the sandstone from tep
to bettom; the spalling of vértically jointed slabs largely causes the
recession of the cliff. The sandstene is divided into herizontal layers
by extensive bedding planes spaced 2 to 50 feet apart. Within each
ﬁorizontal layer the sandstone is crosé-bcdded on a magnificent scale;
great sweeping tangential cross-beds of eolian type, in places extending
across the entire thickness ef the horizontal layer are disposed in all

irections. The sandstone is rather poorly cemented and crumbles easily;

this quality prebably accounts for the readiness with which the rock
disintegrates in faulted areas.

In the Gypsum Gap quadrangle the Wingate sandstone thins from a
pgobable thickress ef 250 to 300 feet under Dry Creek Basin and
Disappeintment Valley te a vanishing edge on the flanks of the G&psum

Valley anticline.
Kayenta formation

The Kayenta fermation conformably overlies the Wingate sandstene;
. ;
the contact between the two formations is gradationgl in mest places.
The formation is netable for its variety of rock types. Sandstone, red,

buff, gray and lavender in coler, is the most abundant type; but the

formation also contains considerable quantities of red siltstone, i



thin-bedded shale, and conglemerate. The conglemerate contains
pebbles of sancstone, shale, and limesten?. The sandstone is compesed
of rounded to subrounded quartz grains and minor quantities @f‘mica,
feldspar, and cark minerals. Moest of the sandstone is thin-bedded,
cross-bedded in part, and flaggy; seme is massive. Individual sand-
stone beds sre lenticular and discentinueus and interfinger w;th’shale
and, in places; with c?nglomcrate. The Kayenta typically crops ocut in
a series of benches and ledges. The ledges in many places everhang
recesses where softer beds have eroded back. The lewer part of the.
formation is mere firmly cemented and forms resistant, thiék ledges that
protect the underlying Wingate sandstone from eresien.

The Kayenta formatien in the Gypsum Gap quadrangle rangeé in prob-
able thickness from 190 te 230 feet under Dry Creek BaSin and DiSappoint-
ment Valley te a vanishing edge in the walls of Big Gypsum Valley.
Abrupt loecal changes in thickness of 10 to 20 feet ;fe common. The

irregular bedding, channel filling, and range of thickness all indicate

a fluviatile erigin.
Navajo sandstene

The eastern edge of the Navajoe sandstene follows an irregular course
through the westernmost part of Celerado, and the only exposed Navajo
in the quadrangle is a part of the featheredge which crops eut on ﬁhe
northeast wall of Big Gypsum Vﬁlley in the western part of the quadrangle.
The Navajo sandstene which conformably overlies the Kayenta fermatign, is
a gréy to buff massive fine-grained clean quartz sandstone. Tangential
cress-beds of tremendous size leave little doubt bf the eolian origin of

the sandstone. The sandstone weathers by disintegration and tends to
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develop rourded tepographic forms whe”e exposed en slopes or benches,

and vertical cliffs whers protected by overlying rocks.

San Rafael group

In this area the San Rafael group of Middle and Late Jurassic age
cemprises, in ascending erder, the Carmel formatien, (Middle and Upper
Jurussic) the Fatrada sandstene, (Upper Jurassic) and the Summerville

formation (Upper Jurassic). The group creps out in a narrow band aleng
canyeri walls ard en the sides of Big Gypsum Valley. The Carmel formation
and the Eatrada sandstone were @apped ag a single unit because in mest

places they form a narrow outcrop,
Carmel formatien and Entrada sandstone

The Carmel formation consists largely of red to buff, nen-resistant,
heorizontally bedded siltstone, mudstone, and sandstene, In some
lecalities the basal beds consist of rewerked Nava jo sandstone. Pebbles
and angular‘fragments of white and gray chert, as much as an inch acress,
are scattered rather abundantly through the lower part of the formation
and less abundantly threugh the upper part. These chert pebbles and
angular fragments are sufficiently abundant leocally to form layers cof
cenglemerate, Tha upper part of the formation contains scatiered barite
nedules as wuch as &n inchAacfoss,

The Carmel formation rangss from 10 fest or less te 20 feet in
thickness, This range appears e be due chiefly to deposition en ir-
regular, ereded surfaces of NavaJo sandstene or the Kayenta formatien.

No definite evidence indicates that the Carmel formatien of this area

is of marine erigin as is the Carmel of central Utah, but the probabilities
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are that the Carmel of southwestern Celeorade was depesited in shalleow
water marginal te a sea.

The Carmel formatien grades upward, in mest places without a premi-~
nent breék;jn€6$ﬁéﬁkmrada sandstene. The Entrada sandstene, known
lecally as tﬁe "slick rim" because of its appearance, is perhaps the
mest picturesque of all the fermatiens in‘the piateau rcgigh of Celerade.
The smeethly reunded, in places bulging, @rangé, buff, and white cliffs
formed by this sandstene are a distinctive and scenic feature ef the
region. Herizental rews ef pits resulting frem differential weathering
and ranging frem a few inches te a feet er mere across are characteristic
of these cliffe. The Entrada censists ef alternating herizentally bedded
units and sweeping, eelian-type cress-bedded units. The herizentally '
bedded J%its are mest cemmen ig the basal part and in the uppermest,
lighter-c@léred part ef the Entrada, whereas the.crass—bedded units
are deminant in the middle part. The Entrada sandstone aiffers frem the
somewhat similar Wingate sandstene and Navaje sandstene by the serting
ef sand inte twe distinct grain sizes. Subreunded te subangular quartz
grains mestly less than 0.15 mm in diameter make up the buﬁk‘@f the
sandst@w;l‘e° The sandstone alse contains larger grains, which are well-
reunded, have frosted surfaces, and range frem 0.4 te 0.8 mm in diameter;
mest ef these graids are of quartz, but grains of chert are scattered
ameng them. Mest ef the larger grains are distributed in thin layers
aleng bedding planes.

The Entrada sandstene is liO te 130 feet thick, except aleng the

flanks of Big Gypsum Valley where in placeé it we&ges eut,
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Sumuerville formation

The Summerville formation generally crops out as a steep, debris-
covered  slope;, with few good exposures. Where exposed the Summerville
exhibits a rem.rksbly even, thin, horizental bedding. Beds are pre-
dominantly red of various shades, although scme beds are green, brown,
light yellew, ur nearly white. Sandy and silty shale are the most
abundant kinds of rock but all gradations from claystone to clean,
fine~grained sandstone are interbedded with them. Well-rounded amber-
colored quartz grains with frosted or matte surfaces are disseminated
throughout moest of the formation, including bgds consisting almost en-
tirel& of cf]:fflyistoné. Thin beds of authigenic red and green chert are
widcspréad. A thin, discontinueus bed eof dark-gray dense fresh-water
limestone occurs in the upper part of the formation, Sandsteone beds
are thicker and sandstone is more abundant in the lower part of the
formation thén‘in the upper part. Commenly the sandstone beds.arc
ripple-marked, and in places tﬁey’sh@w small-scale low-angle cross-
bedding. |

The Summerville formation rests conformably on the Entrada sand-
stone, and altlough a sharp lithologic change marks the contact, no
cessation of deposition separated the two formations., Regionaliy the
upper part of the Entrada and the lower part of the Summerville. inter-
tongue, and the contact does not occur everywhere at the same strati-
graphic horizen. The upper contact of the Summervillc is uneven and
channeled, and the channels are filled by the overlying basal sandstenes
of the Morrison formation. Locally, however, the contact is difficult to
determine, because the overlyiné shales and mudstones of the Morrison

formation are similar to beds of the Summerville.
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The Summerville formation in the Gypsum Gap quadrangle has a
moderitoly uniform thickness of about 105 feet except where it thins

on the flanks of Big Gypsum Valley.

Morrison formation

The Upper Jurassic Morrison fermation 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. In the Gypsum Gap quadrangle the Morrison formation-
ranges in thickness from 700 to 800 feet., The Salt Wash sandstone
membér and the Brushy Basin shale member in general are of approximately
eQual thickness. 'In some areas, however, their thicknesses vary
independently, whereas in othef 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 prcdomihéfeéﬂand ranges in coloer from
nearly white to gray, light buff, and rusty red. Interbedded with
the sandstone are red shale and mudstq%g,and locally a few thin lenses
of densé.grayllimestone, Sandstone cbmmonly occurs as strata traceable
as ledges for c@nsiderabie distances along the outcrop, but within each
stratum individual beds are lenticular and discontinuous; beds wedge out
laterally, and ether beds occupying essentially the same stratigraphic

poesitien wedge in. Thus, any relatively continuous:§andstonc stratum
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ordinarily consists of numerous interfingering lenses, with superposed
lensos\in many .places filling channels carved in underlying beds. Lenses
are separated in places by mudstone and contain mudstone seams. Mest
of the sandstone is fine- te medium-fine-grained, cross-bedded, and
massive; single beds er lenses may attain a maximum thickness eof
120 feet. Features indicative ef fluviatile erigim such as ripple marks,
current lineatiens, rill marks, and cut-and-fill structures are abundant.
The sandst&ne consists largely of subangular te subreunded quartz
grains, but ertheclase, micrecline, and albite grains occur in cembined
amounts of 10 te 15 percent. Chert and heavy-minerdl grains are aécessery.
Considgrabla Qquantities ef interstitial cliy and numer@ﬁs qlay pellets
eccur in places, especially near.the base of some of the sandstene lenses.
Fessil weed, carbenaceeus matter, and saurian benes eccur lecally.
The Sait Wash sandstone member ranges frem 320 teo LOO feet in
v'thickness and, unlike the underlying fermations, dees net thin alleng

the flanks of the Gypsum Valley anticline. Lecal changes in thiékness

.of as much as 30 fegt are commen.,
Brushy Basin shale member

The Brushy Basin shale member centrasts syr@ngly in everall
appearance with the underlying Salt Wash sandstone member; Altheugh
the lithelegic differences are marked, the centact between the twe
memberé is gradational. The mapped centact, taken'as the base of the
lewermest layer ef cenglemerate lenses, is arbitrary in many respescts
and probably dees net mark an identical stratigraphic herizen in all

lecalities.
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The Brushy Basin shale member ceonsists predominantly of vari-
colored bentenitic shale and mudstone, with intercalated beds and lenses
of conglomerate and sandstene, and a few thin layers of limestone.
Because of its high propertion of seft, easily eroded bentonitic shale
and mudstone, the Brushy Basin member ferms smeeth slepes covered with
blecks and boulders weathered from the more resistant layers of the
member and from the coverlying formations. The shale and mudstone are
thin-bedded anc range in celor from pure white to pastel tints of red,
blue, and green. Exposed surfaces of the rock are covered with a loese,
fluffy layer several inches thick, caused by the swelling of the ben-
tenitic material during periods of wet weather. Scattered through the
shale and mudstene are thin beds of fine-grained very hard silicified
rock that breaks with a concheidal fracture. The silica impregnating
these beds may have been released during the devitrification of volcanic
debris in adjacent beds. Beds ef chert pebble-cenglemerate, a few inches
te 25 feet thick eccur at intervals throughout the member. These congle-
merate beds are cemmenly dark rusty red and form conspicuous resistant
ledges. Silicified saurian bones and weed are much more abundant in the
Brushy Basin shale member than in the Salt Wash sandstene member, espec-
ially in some ¢f the conglomerate beds.

The Brushy Basin shale member, like tﬁe Salt Wash sandstone‘member,
undoubtedly was depeosited under fluviatile cenditions. The conglemerate
and sandstone lenses mark stream channels that crésscd fleed plains on
which were depesited the fine-grained sediments now represented by the °

mudstone and shale,
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The Brushy Basin ghale member ranges frem 350 te 420 feet in thick-
ness; leocal variatiems in thickness of 20 te 30 feet are cemmen threugheut

the guadrangle,

Burre Canyen fermation

The name Burre Canyen formation was propesed by St@kés and Pheenix
(1948) for the heterogeneeus sequence of Lewer Cretaceeus cenglemerate,
sandstene, shale, and thin lenses of limestene that overlies the Merrisen
fermatien. The Burre Canyen characteristically creps out as a cliff
er a series of thick, resistant ledges. The bulk ef the fermatien cen-
sists ef white, gray, and red sandstene and cenglemerate that ferm beds
as much as 100 feet thick. These‘beds are massive, irregular, and lentic-
ﬁ@la&v, Cress~bedding and festeen-bedding are prevalent threughout the
fermatien. The sandstene is peerly serted and censists ef quartz and
lesser amounts of chert., The conglemerate consists largely ef chert
pebbles, but intermixed are pebbles ef qﬁartz, silicified limestene,
quartzite, sandst@néy and shale. In places beds are highly siliéified.

A censiderable part ef the formatien censist; of bright~green mudstene
and shale, and lecally these predominate over sandstene and cenglemerate,
Thin, discentinueus beds of dense gray limestone crep out in a few
scattered localities. The formatien was undeubtedly depesited under
fluviatile conditiens. The lewer contact is indistinct in many places
and appears to interfinger with the upper part ef the Brushy Basin shale
member; elsewhere lecal eresion surfaces intervene and the centact is

sharp. The upper contact is an eresien surface of regienal extent.
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The Burre Canyon formation in the Gypsum Gap quadrangle is 160 to
240 feet thick; abrupt lecal variations in thickness of 10 te 30 feet

are commen.

Dakota sandstone

The Dakots sandstone of EKarly and Late Cretaceous age consists
principally ef gray, yellew, and buff flaggy sandstene; less abundant
are conglomerate, carbonacecus shale, and impure ceal. Some ef the
sandstone is fine-grained and thin-bedded, but much of it is cearse-
grained and cress-bedded. Scattered through the sandstene are irregular,
discontinuous beds and lenses of cenglomerate containiﬁg chert and quartz
pebbles as much as 2 inches across. Interfingering with the sandstone
beds are thin-tedded gray and black carbenaceous shales and thin ceal
seams and beds. Plant impressions abound in both the sandstone and the
shale. The Dakota sandstone in the Gypsum Gap quadrangle ranges in

thickness from 180 te 220 feet,

Mancos shale

.The Upper Cretucecus Mancos shale is a dark-gray soft hoﬁogeneous
fissile rock that eredes either teo smooth, rounded tepegraphic forms er
to badlands. Aleng some horizeons in the shale, large calcareocus con-
cretionary masses are erratically distributed. The shale has a thickness
of about 3,000 feet in rearby areas, buf a complete section is not ex-

posed in the quadrangle.



Mesa Verde formation

The Upper Cretacesus Mesa Verde formation conformably everlies
the Mances ﬂﬁale. It crops out in the dewndrepped blecks in the s&uth~
west corner ef the quadrangle. The formation censists of interbedded
yellewish-gray sandstone and light-gray shale. 6nly the lower part ef

the formaticr is preserved within the quadrangle.

,Quaternary.deposits

Thick depesits of coarse gravel, cempesed very largely of igneous
pebbles, cover a consideraktle area in the southeast part of the quad-
rangle. Although these deposits have been regarded as Quaternary by
Stokes and Phoenix (1948), they may be as old as Pliocene. Most of them
are not closely related te the present teopegraphy, nor te the present
drainage system; scme ef them are strongly folded and were depoéited
prior to the last.stages of cellapse of the Gypsum Valley anticline.

On the other hand, a few of the thinner depesits are in lecalities

where it seems unlikely they ceuld have survived were they of Pliocene
age., These deposits are prebably derived from the reworking of the older
gravels,

The fleors of the valleys are covered with extensive deposits of

svils and alluvium. These have been derived frem wind-deposited material,

]

sheet wash, anc disintegration of the recks exposed in the valley fleoors

and walls. Talus mantles seome of the steeper sloepes.
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STRUCTURE

Regional setting

Many geolegic structures on the Celorade Plateau are so lafge that
a Ti-minute quadrangle cevers only a small part of any complete structural
unit. The larger structural units consist eof salt anticlines, 45 te 80
miles leng; upiifted blecks, 50 te 125 miles leng, bounded by moneclinal
folds; and demical uplifts, 8 te 20 miles across, areund stocklike and
laccelithic intrusions,

The salt anticlines trend nerthwest and lie in a group between

eastward-dippiag monoclines on the west side ef the Plateau and
westward-dipping meneclines en the east side of the Plateau. The cores
of these anticlines consist of relatively plastic salt and gypsum, de-
rived from the Paradex member of the Hermeosa formation intruded into
@verlying late Paleozoic and early Mesozeic rocks. All the anticlines
are structurally similar in many respects, but each exhibits structural
peculiarities not cemmen to the rest; furthermore, all are more complex
than their seemingly simple forms would sﬁggest. Faults, grabens, and
cellapse and slump structures alter the ferms of the anticlines,
Eresien has remeved much ef the axial parts eof these ihticlines, leaving
expoesed large intrusive masses @f'the Paradex member and ferming valleys
such as Sinbad Valley, Paradex Valley, and Gypsum Valley in Celerade and.
gimilar valleys in Utah. Alternating with these anticlines are bread,

shallew, simple synclines.
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Structure in Gypsum Gap quadrangle

Parts of two large northwesterly trending structural features
cross the Gypsum Gap quadrangle;-theéé are the Dry Creek Basin syncline
and the Gypsum Valley salt anticline. The Dry Creek Eésin syncline is
a broad, simple dewnfold that'plunges gently to the southeast. The
Gypsum Valley anticline, on the ether hand, is a complex structure,'the
complexities resulting from its long history ef salt intrusion and
eventual collapse° The rocks are upturned sharply aleng the flanks 6f
the anticline.. Pre-Merrison formatiens thié against the salt--gypsum
core of the anticline and disappear altegether over the top of the core,
Furthermore, the older pre-Merrison fermations dip more steeply than do
the younger. ,O&er mest of the floor of Big Gypsum Valley, where not
covered by alluvium, great masses of gypsum belenging te the intrusive
core crop eut. Two er three miles northwest of Gypsum Gap a large blocﬁ
of Merrison and Cretaceous rocks has foundered to an unknqwn depth in
the salt and gypsum.

Altheugh upthrusting of salt and gypsum seems generally o have
ceased with the beginning of the depesition of the Morrisen formatien,
field relations at a few localities inAthe southwest end of Big Gypsum
Valley indicate that Paradox beds intruded rocks as high as the Mancos
shale. However, the exposures are poor and the evidence is not con-
clusive,

Complex systems of faults cut the sides and end of Big Gy@sum Valley.
In general the blocks and slivers formed by these faults are dwwnthrdrn
toeward the valley, but seme blocks form small hersts. In places, sharp,

narrow synclines, resembling the ring synclines surrounding salt domes
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in other regions, have formed between the walle of the valley and the

intrusive core in the center of the valley.

tructural histery

In erder to understand the structural history of the Gypsum Gap
quadrangle, it is necessary to understand the structural history of the
adjoining part ef geuthwestern Colorade. Parts of this histery are
gtill in doubt, because no clear record remains of some events; the
record of other events, although legible, is subject to different
interpretations, All the evenﬁs described in the follewing discussion
affected the Gypsum Gap guadrangle either.directly or indirectly, altheugh
the evidence for some of them is not visible within the boundaries of the
quadrangle,

Weak ccmpressive forces, which prebably bcgan in early Pennsyl-
vanian times, gently warped the region. This warping gave rise to the
ancestral Uncompahgre highland, an element of the ancestral Recky Moun-
tains, and to the basin in which the Paradox member of the Hermosa
formation of Pennsylvanian age was deposited. These major structural
features controlled the pattern and the prevailing northwest-trending
grain of the smaller structures later superimposed on them. The
boundary between the highland and the basin, which is closely foilowed
by the seuthwest margin of the present-day Unccmpahgre Plateau, was a
steep northwest-trending frent, possibly a fault scarp, aleong which were
deposited arkosic fanglemerates during late Pennsylvanian and Perrian time.
The older fanglemerates interfinger with Pennsylvanian marine sedimehtary
rocks of the Hermosa fermation. The bulk of the fanglomerates probably

iz of Permian age and belongs to the Cutler formation. Intrusion of
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salt from the Paradox member, probably initiated by gentle regional de-
formation, began sometime during depesition of the Permian Cutler
formation. Isestatic rise of salt ruptured the overlying Hermesa and
Cutler formatiens, and after the Cutler was depesited salt broke through
te the surface. From then until flewage ceased, late in the Jurassic,
the elongate salt intrusions such as these in Paradox Valley and Gypsum
Valley steod as actual tepographic 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 sedimcnts-accumulatiné
in the surrounding areas, balanced or slightly exceeded the rate of re-
moval of salt by solutien and eéresion at the surface. Consequently, all
the Mesezoic fermations to the base of the Merrison formation wedge out
against the flanks of the salt intrusions. Salt flewage was not every-
where continuous and at a uniform rate; rather, in many places it pro-
gressed spasmodiqallyg Local3éurges of comparatively rapid intrusion
gave rise to cupelas at different times and in different places along the
salt masses. At the beginning of deposition of the Morrision, sediments
finaliy covered the salt intrusiens, perhaps because the supply ef salt
underlying the areas between the intrusiens was exhausted. Relative
quiescence prevailed throughout the remainder of the Mesozeic and proebab-
ly through the early part of the Tertiary.

The second major period of deformatien eccurred in the Tertiary—-
probably during the Eocene (Hunt, written cemmunication) but the date
cannet be determined accurately. The region of the salt intrusions was
compressed inte a series of broad folds, guided ana localized by the
pre-existing salt intrusions. Altheough salt fleowage was renewad,'it

seems unlikely that any censiderable amount of new salt was forced inte
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the intrusions; flewage probablﬁ consisted largely ef redistributien of
the salt already present. By the end of this peried of deformation these
folds had attained appreximately their present structural ferm, except
for medifications impesed by later collapse of the anticlines everlying
the salt iﬁtrusiens. Owing te the mebility ef the rocks in the ceres

of the anticlines,inormal faulting teek place along the crests of the

" anticlines, Prebably during relaxatien ef compressive stresses after
folding ceased. Afithis time the crests of the anticlines in places

were drepped, as grabens, several hundred te a few theusand feet,

A peried ef crustal quiescence fellewed, during which the highlands
everlying the anticlines and demes were reduced by eresion and tepegraphic
relief became low thréughout the area.

Then, during the middle Tertiary, the entire Celerade Plateau was
uplifted. This uplift rejuvenated the streams and increaséd greund
water circulation. The crests of the anticlines were breached, and the
underlying salt was expesed te rapid selutien and remeval. With the
abstraqpion of 3alt, renewed collapse of the anticlines began.

Altheugh much ef the.céllapse was due directly te remeval of salt by
selutien, it seems unlikely thatAall the callapse can be attribuﬁed te
“this precess, as was Believed by earlier werkers in the area. Rather,
mujh of the cellapse apparently was caused by flewage of salt frem the
parts of the anticlines still everlain by thick layers of sediments to the
parts fi@m which the overlying sediments had been remeved. Once the
crests of the anticlines had been breached, the relatively plastic
salt effered little suppert fer the beds everlyimrg the Paradex membgr
of the Hcrﬁesa fermatien in the flanks ef the anticlines; censequently

these essentially unsupperted beds slumped, prebably aleng fractures and
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Jjeints fermed during earlier flexures. Small faults and felds in
Quaternary depesits may indicate that cellapse and lecal readjustments

are still centinuing.

MINERAL DEPOSITS

The enly cemmercially impertant mineral depesits in the Gypsum Gap
quadrangle are these that centain urénium, vanadium, and radium.
Altheugh depesits centaining these metals were discevered in 1899 near
Rec Creek, about 25 miles nerth of the Gypsum Gap quadrangle, intensive
mining ef these ores did net begin in the Plateau regien until 1911,
Thereafter the ores were mined primarily for their radiﬁh centent umtil
1923, when the Belgian Cenge pitchblende depesits began te supply radium.
The mines were mestly idle frem 1923 until 1937, but since 1937 they
again have been expleited intensively, first fer vanadium and in mere
recent years for beth vanadium and uranium,

The stratigraphic distributien eof depesits is mere erratic aleng
Big Gypsum Valley than in mest other areas in seuthwestern Celerade.
Altheugh mest ef the depesits are in the Salt W@sh sandstene member, a few
are in limestones and shales of the Hermesa fermatiem., Withim the Salt Wash
many of the depesits are in lewer sandstene strata; the stratigraphic
positien of seme of the depesits within the Salt Wash is uncertain be-
cause of folding amd faulting and peer expesures. Ore bedies range
frem small irregular masses centaining enly a few tens ef ere te tabular
masses containing several th@usands’of tens; but mest ore bedies are
relatively small and centain enly a.few hundred tens. The ere censists
mainly of sandstene and, in the case of depesits in the Hermesa fermatien,

limestene impregnated with uranium-and vanadium-bearing minerals.
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Mineralogy

The meost éomm@n ore minerals are carnetite and a fine-grained,
vanadium-bearing micaceous mineral. Carnetite (Ké(UOz)Z(VOA)2,3H2O),
is a yellew, fine-grained, earthy er pewdery material. Tyuyamuniﬁe
(Ca(U02)2(V04)2.nH20), the calcium analegue of carnetite, is alse present
and is nearly indistinguishable frem carnotite., The micaceeus vanadium
mineral, which formerly was thought to be resceelite, is now censidered
to be related to the nentrenite or mentmerillenite greup ef clay minerals.
It forms aggregates of minute flakes ceating er partly replacing sand
grains and filling pore Sbaces in the sandstene. It celers the rock
gray. Other vanadium ore minerals present are mentreseite . L
(nFeO-anoh.nV203.nH20), cervusite (V20y.6V205.nH20), aﬁd hewettite
(CaO-3V205f9H20). Corvusite and mentreseite occur tegether, forming
compact masses of bluish-black ere, whereas hewettite commenly forms
stringers and veinlets along jeints and fractures. Recent deeper drilling
and mining in the Plateau have indicated that below the zene of oxidatien
black exides of uranium and vanadium, accempanied by pyrite ahd perhaps
ether sulfides, are more abundant, and uranyl vanadates are scarce or

absent.
. Ore Bodies

The ere censists mostly of sandstene selectively impregnéted and in
part replaced by uranium and vanadium minerals; but.rich C@ncentrgtions
of carnetite and the micaceous vanadium clay mineral are alse asseciated
with thin mudstene partings, beds of mudstene pebbles, and carbenized
fossil plant material. Many feossil legs replaced by nearly pure

carnetite have been feund. In general the ore minerals were depesited
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in irregular layers that roughiy follewed the sandstone beds. 1In most
deposits the highest-grade concentrations eof ore minerals occur in sharply
bounded, elongate cencretienary structufes, called "rells" by miners.
These rolls are encompassed bty rich, veinlike cencentrations ef the‘f'
micaceous vanadiﬁmnbearing clay mineral that curve across bedaing planes.
Within these rclis this mineral generally is distributed asldiffusi@n
layers, the richer layers commonly lying nearer the margins of the rells;
the distributien ef carnetite in the rells is less systematic.

Margins ef ere bedies maj’be vaguely or sharply defined. Vaguely
defined margins may have mineralized sandstene exteﬁding well beyend the
limits of commercial ore; on the ether hand, sharply defined margins,
such as occur aleng the surfaces of rells, erdinarily mark the limits
of beth the mineralized sandstene and the commercial ere.

Alth@ugh many rells are smail and irrégular, the larger ones are
elongate and may extend‘with little change of directi@ns for more than
100 feet. The elongate rolls in an ore b@dy‘er group of ore bedies in
a given area generally have a commen orientatioen. This orientation is

roughly parallel to the eleongation ef the ore bedies.,

Origin of eore

The origin of the uranium«vanadium ores in the Merrisen fermatien
is uncertain and controversial. In seme respects the depesits are unique,
and much of the evidence cencerning the genesis of the ere is either
not cenclusive or appears te bé contradictery. In this brief account
only a small amsunt of evidence can be presented and the hypotheses can

only be summarized.



30

Most eof the‘deposits are clesely asseciated with certain sedimentary
features. Layers of ore lie essentially parallel te the bedding; mest
ef the deposits eccur in the thicker parts and cemmenly near the base
of these sandstene lenses; the trend ef the leng directionAof the de-
pesits and the trend ef the ers rells in the sandcgonc are reughly
parallel te the trend ef the fessil legs in the sandstene and te the
average eor resultant dip ef the cross-beddihg in the sandstene. These
relationé strengly suggest that primary structures in the sediments were
instrumental in lecalizing mest of the ere depolitﬁ.

Recent investigaﬁions h#ve revealed new dﬂtg bearing en the erigin
of the ores (Waters and Granger, 1953). Belew the zene ef the exidatien
some of the ere consists chiefly ef exides, such as pitchblende and
1ow%mient exides ef vanadium, and small quantities of sulfides such as
pyrite, bernite, gal§na, and chalcepyrite; fully oxi@ized and fully
hydrated minerals are either rare er nen-existent. A hard varieﬁy of
uraninite, previouﬁly reported enly frem hydrethermal depesits, has
been feund in the Grey Daum mine in San Juan Cbunty, Utah (Raser, 1952),
and in the Happy Jack mine in White Canyen, Utah. Studies ef lead-uranium
ratios in ores frem the Celerade Plateau indicate that, regardless of
where er in what fermatien the eres are found; all arelof reughly the |
"same age, and this age is ne elder than latest Creﬁaceous‘(Stieff and
Stern, 1952). Seme geolegists believe field relat@onq in'pre-Morrison
fermatiens at White Canyen (Benson, and chers, 1952) ;nd Temple Meuntain
in Utah, indicate that the depesits may be genetically relate& te faults
and fractures. At the Rajah mine near Roc Creek, in Colorado, ore

eccurs aleng a fault and hersetails eut inte the wall reck.
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Two main hypétheses have arisen te explain the origin of the eores.
The oldest and prebably the mest Widely held is the hypethesis that the
eres are penesyngenetic and were fermed seon after the enclesing rocks
were deposited (C@ffin, 1921; Hess, 1933; Fischer, 1937, 1942, 1950, and
Fischer and Hilperﬁ, 1952). Later movements ef graund water may have
dissalved and reprecipitated the ore constituents, but the essential
materials were already present in the hest recks er in the waters permeaf;
ing them. Although this hypethesis effers a reasenable explanatien
fer the relatien eof eres to sedimentary features, it faces some diffi-J
culty in.explaining: (1) the discrepancy between the age of the uranium
and the age of the enclesing reck; (2) the bread strﬁtigrﬁphic distribu—
tien eof uranium eccurrences and asseciation ef ores with fractures in
a few lecalities; and (3) the hydrotﬁermal aspect of the mineral suites
in seme ores. The secend hypothesis, anﬁ the one the authorAfavers is
gsSentially a telethermal hypethesis and assumes the ofc te have @rigiﬁf
natéd frem a hypegene source. Prop‘nents of this hypethesis believe thét
.ore—bearing selutiens eriginated at depth frem an igneous seu;ce and
ascended aleng frastures. After these solutiens mingled with circulating
gitound waters the minerals were precipitated in faverable beds as much
-as several miles from fractures. This hypethesis explains mere readily
the difficulties inherent in the penesyngenetic hypothesis but peses
two ether difficulties, nam&ly, the hypethetical lecatien éf igneous
- seurce rocks, and the difficulty of’preving the cennectien between
fractures and faults and the ore depesits. A third hypethesis, advanced
b& some geolegists, suggests that the source 6f~th9 ore metals was the.
velcanic material in the béds overlying the orc—beafing sandstenes and

that these metals were subsequently leached and redeposited in the beds
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thaﬁ now contain the ere. This hypethesis encounters net enly mest eof
the difficulties in the penesyngenetic hypethesis, but it presents some

additional ones of its ewn.

Suggestiens fer prespecting

Regardless eof the actual. vrigin ef the depesits, certain habits
of the depesits--habits that have been recognized threugh geolegic
mapping and expleratien experience--are useful &s{guiﬁes fﬁr finding eore
(Weir, 1952). In southwestern Celorade most ef the depésitg are in the
uppermest sandstene stratum in the Salt Wash sandstene member ef the
Merrisen formatien. Generally the central or thicker parts ef the
sandstone lenses are more favorable--many depesits are in sandstene that
is 4O feet or more thick, few depesits are in sandstene less than
20 feet thick. Cross-bedded, relatively cearse-grained sandstone is mere
faverable thaﬁ thinly er evenly bedded, fine-grained sandstene. Light-
yellow-brewn sandsteone speckied with limenite stain is mere favorable than
red @r'reddiéhjbrOWh sandstone, Sandstone that centains a cbnsideraﬁle
amount of gray, altered mudstene or is underlain by a consideraﬂle thick-
ness of this reck is mere faverable than sandstene containing and undcré
lainlby red, unaltered mudstene--this guide is perhaps the mest useful
in diamend-drill exploratien. If the depesits have a hypegene origin,
then lecalities where faverable host rocks are near er ceextensive wifh
areas of more intense deformation may be espeéially faverable for finding
ore,

In the Gypsum Gap quadranglé the Salt Wﬁsh member is exposed only
aleng the edges of Big Gypsuﬁ Valley. These valley edges are also zones

. \ .
of strong deformation and fracturing. The questien as te whether or



not the relaticn between the zones of fracturing and the abundance of
deposits in the Salt Wash in this quadrangle is more apparent than

real has ndfﬁbeen settled~-nor is it likely te be until mere is known
abeut the distribution of deposits under Dry Creek Basin and Disapp@int—

ment Valley.
The mines
Pitchfork mines

The ore deposits at the Pitchfork mine are in shérply folded,
somewhat crushed, steeply dipping sandstene strata of the Salt Wash
sandstone. Ore bedies are as much as 200 feet leng and attain a maximum
thickness of 15 feet, and ore eccurs beth as thin streaks ef. high-grade
ore and thick masses of lew-grade disseminated ere., Ore minerals are
carnetite and the micaceous vanadium-bearing clay. Prebably there has .
been consideratle secondary migration of ore mineralslas is indicated

by the erratic and widespread distribution eof carnetite stains,
Bald Eagle mines

The dcp@siﬁs at the Bald Eagle mines are unique in that they occur
in steeply dipping limestene and shale beds of the‘Herﬁosa formatien.
Mest ef the ere is associated with faults and brecciated zenes. The ore
is difficult te distinguish frem the unmineralized limestone, altheugh
the ore is cemmenly slightly darker and samewhatIS@fter and, near thg
surface, is stained with carnetite. Seome geologists think the ore was
derived by dewrward leaching frem the Salt Wash sandstene which at ene

time immediately overlaid the Hermesa formatien in this iocality.
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The deposits are fairly large and extensive, but the ore has been un-

desirable because of the high calcium centent.
Leng Ridge mines

The deposits at the Leng Ridge mines are in a sandstene stratum
of the Salt Wash member butlthe exact stratigraphic pesitien ef the
stratum in the member is uncertain. The sandstene dips abeut 45© nerth-
east and forms a lew ridge on the valley fleer. The ere creps out
intermittently sver a distance of several theusand feet aleng er near
the crest of th= ridge. Ore bedies eccur at several differentlheriZ@ns
within the straitum and censist ef discentinueus irregular masses that
lie essentially parallel te the bedding. Ore minerals are carnetite

and the micaceeus vanadium-bearing clay.
Other depesits

Several dezen small qarn@titc minss and prespects are scattered
aleng the outcrosp of the Salt Wash sandstene member en beth sides of
Big Gypsum Vallsy. In general the depesits are similar te the Leng Ridge
and Pitchf@rk mines, only smaller and cmmm@nly.ofblewer grade,

In the NE, sec. 9, T. 43 N.,R. 16 W. a few prespect pits have been
excavated aleng a cepper stained shear zene; nene of these, hewever,

appear te centain any radieactive materials.
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