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GEOLOGY OF THE PINE MOUNTAIN QUADRANGLE, COLORADO 

by Fred W o Cater~ Jr'o 

ABSTRACT 

The Pine Mountain quadrangle is one of eighteen ?~-minute quadrangles 

cover :~ng the principal carnotite-producing area of southwestern Colorado o 

The geology of t~ese quadrangles was mapped by the Uo So Geological Survey 

for the Atomic Energy Commission as part of a comprehensive study of 

carnotite depositso The rocks exposed in the eighteen qu~drangles consist 

of crystalline rocks of pre-Cambrian age and sedimentary rocks that range 

in age from lat~ Paleozoi~ to Quaternaryo 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 fol~so Conspicuous among the 

folds are large anticlines having cores of intrusive salt and gypsumo 

Most of the carnotite deposits are confined to the Salt vJash sand= 

stone member of the Jurassic Morrison formationo Within this sandstone~ 

most of the deposits are spottily distributed through an arcuate zone 

known as the "Uravan Mineral Belt 11 o Individual deposits range in size 

from irregular masses containing only a few tons of 0re to large~ tabular 
/ 

masses containing matiY thousands of tonso The ore consists largely of 
.. /----

sandstone selectively impregnated and in part replaced by uranium and 

vanadium mineralso Most of the deposits appear to be related to certain 

sedimentary structures in sandstones of favorable compositiono 
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GEOLOGY OF THE PINE lrfOUNTAIN QUADRAN GTE, MESA COUNTY , COLORADO 
. .. 

I 

INTRODUCTION 

The U o So Geological Survey mapped the geology of the Pine 

Mountain quadrangle~ Coloo~ as part of a comprehensive stu~ of 

carnotite depc)si ts o The study 11 ·covering the principal carnotite­

producing area in southwestern Colorado, included detailed examination 

of mines and geologic mapping or eighteen 7t-minute quadrangles, of 

which the Pine Mountain quadrangle is oneo Parts of the texts accam-

paqying ·these maps have been standardiz~d; these parts comprise some 

descriptions of geologic formations and general descriptions of 

regional structural setting,· geologic history 1 and ore deposits~ ~ 

comprehensive report presenting in greater detail the geologic features 

or the entire area and interpretations of these features is in pre~ara= 

tiono Work was started in the area in 1939 as a cooperative project with 

the State of Colorado and the Colorado Metal Mining Fund and was con­

ti~ued through 1945 as a wartime strategic minerala projecto Since 

1947 the Geological Survey has been continuing this geologic study on 

behalf of the ·Division of Raw Materials of the Atomic Energy Co~issiono 

The Pine Mountain quadrangle was mapped in 1949o 

The Pine Mountain quadrangle covers about 58 square miles in Mesa 

County, Coloo 9 and lies in the Caqyon Lands division of the Colorado 

Plateau pqysiographic provinceo Much of the quadrangle is a precipitous _ 
.i.f :II·."~' 

land 11 deep~ and comple~·carved into caqyonss cliffs, and steep~ 

sloping mesasj on~ on a lobe of the Uncompahgre Plateau in the north-

eastern part are there any extensive relative~ flat areaso The total 
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relief within the quadrangle is:about 39620 feet, altitudes range from 

about. 5.9800 feet on., Ute Creek to :9~400 ·r~et or_ more a _short dist~ce 
, .·· 

west of Far Pondo The entire quadrangle _is drained by tributaries of the 

Dolores Rivero 

No accnirate .. information on· rai¢all is available j but the ·.annual 

·precipit~tion is .probably. between 10 and :20 inchesj dependiilg l:lP~~->: ... · 

altitude; the area is ~emiarid in the lower ··country and supports ~~ !~oderate 

'"""' - . . . growth of juniper and_, pinon .. on rocky terrain and abundant sage brush where 
f 

soils are thicko Quaking aspen/ ponderesa pine, an~ 'fir grow at higher 

altitudes 9 where precipitation is greater a Cacti and sparse grass are ... ·. 

wide~ distributed~ Most of the quadrangle is accessible oyer a s,rstem 

of dry=weather.-.rpa~s _and stock trailso 

REGIONAL GEOLOGY 

Rocks exposed in the 18 ~uadrangles mappe_d consist of ceystalline 

pre-Cam~rian rocks and sedimentar.f :-rocks that range in age. from· late 

Paleozoi~ to Quaternar,yo Cr,ystalline rocks crop out onl,y in the 

northeaste.ril part of the area alon_g the. flanks of:~ ~?e ::.v~compahgre. · Pl~·-
r ·~.' 

~: 

teauj the- rest of the area is underlain by..~--sedimentary rockso The latest 

~aleozoi~ and earliest Mesozoic beds wedge out north~~tward against 

the cr,rstalline pre=Cambrian rocks 9 but later.~esozoic units were de= 

posited on top of the pre=Cambrian rockso Over most of' the area the···· 

sedimentary beds are f'lat=~ing~ but in place~ they: are '"disrupted by ~igi_~· ·. 

angle faults or f~lded into nortbwest=trending monoclines 9 shallow s.ync~ines 9 
and st!ong~ develoPed anticlineso The largest of the folds is the Uncom­

pahgre Plateau uplift, a fol4 nearlY 100 miles long ~~t traverses the 
. t¥ 

~-. 

,., ..... , 
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northeastern part of the areao Well-developed anticlines having intrusive 

cores of salt ·and gypsum underlie Sinbad Valley, Paradox Valle,y, and 

Qypsum Valley in the. central part of the area; the Dolores anticline in 
' 

1 

the southwestern part of the area probab~ has a· salt-gypsum core, although. 

it is n0t exposedo 

The Pine Mountain quadrangle lies in the northeast corner of the 

18=quadrangle area and includes a part of both the summit and the mono-

clinal southwest flank of the Uncompahgre Platea'l:lo 

STRATIGRAPHY 

The oldest .ro.cks in the Pine. Mountain quadrangle are crystalline 
I . 

rocks of pre~Cambrian age exposed along Ute Creek and in the cliffs 

··and steep slopes in the ':eastern and northern part-s of the quadrangle o 
t • .. .. 

Overlapping these cr,ystalline rocks are sedimentary rocks of Permian(?) 

and Triassic age o Early Triassic rocks are shown on the structure cross-

section; although the,y are. exposed in nearb,y areas~ the.y do not crop 

out within the quadrangle o Upper . Tria ssLc rocks crop out along Ute 

Creek, around a lobe of the Uncompahgre Plateau in the eastern partSl 

and on the steep "flatirons" in the southeastern part of the quadrangle~ ~·,. 

Rocks of Jurassic age crop out extensively on the "flatirons", in the 

caqyons~ ~n ~esas and benches flanking the caqrons, and on the upland 

surface of the Uncompahgre Plateauo Recent deposits of wind-blown ma-

terial and sheet wash are widely dis~ributed on the tops of mesas, and 

~lluvium covers the floors of some of the valleyso 

The stratigraphic sequence is similar to that studied b,y Baker 

·(1933) and Dane (1935) in nearb,y areas in Utah; mos~ of the formations 

can be traced continuous~ from the Pine Mountain quadrangle into Utaho 
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Pre~Cambrian rocks 

. A complex of ccystalline pre-Cambria.il . rocks is. expos~d 1:n the 

eastern and northern parts of the quadrangleo No attempt was made 

to outline on the map the various rocks in the complex because of the 

exceedingly .intricate int·errelations of tl:te different types o · · Most 

abundant of·t~e rocks is a gr~ meditim-grained gneissic graniteo The 

foliation of this granite· strikes in·all directions, but the· dips are 

most~ vertic~lo Engulfed. in this granite· are small masses of quartzite 

and hornblende and biotite schists and gneisses that have undergone 

varying degrees of ass~lation. Intruded into this ~neissic .. gran~i tEi g~~e di.t~'os 

and irregular~shaped bodies of pink coarse~grained granite and.dikes of 

pegmatite, aplite, and da.rk colored rock altered largely to chlori t~·; The older:~ 

more abundant gneissic granite h~s been considerab~ altered in places 9 . 
- . 

with the d·ark minerals be~ng replaced by chlorite ·and epidote, whereas 

the younger 9 pink granite appears to be essentially ·fresh~. The entire complex 

has been sheared, faulted, and crushedo 

.-· Schist and gneiss 9 probab]Jr belonging to the same series as the · 

masses engulfed in the gneissic granite, are exposed in Unaweep .Caqron 

a . few miles north of the quadrangle; Peale. (1877) belieyed these rocks 
" 

to be of Archean ageo Hunter (1925), in the nearb,r Gunnison River area, 

assigned similar rocks to the Archean and the granitic. intrusions to the 

Algonkian or ear~ Paleozoico 

Cutler formation 

The Permian(?) Cutler formation consists of maroon, purple, red~. 

and mottled light-red cross-bedded arkosic sandstone and·coriglomerate~ 
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and small quantities of reddish-brQwn .sandy mudstoneo
1

:-... It_ crops out over 
. . .. 

a small area. on the western .. edge of the quadrangle beiwee~ Ute Cre~k .. arid 

.Pine Mountain a,i)d · in.j. the ·~~~sbutheastern part of the quadrangle on Indian 
• j • • • - ... •• 

Creeko. Grains of fresh feldspar and dark minerals, pebbles and boulders 
I . . . 

of graniteZJ gneiss~ schis~.9 and quartzite-=matertals deriv~d almost entire·ly 

from .the pre=Cambri~-~ar.e mixed·. together in poorly :s~:rted·,. rudezy. cro~s­

bedded l~ers ~d lenseso .Small·amounts of reddlsh~brown.sanqy mudstone 
• I • • "• 

are dist~ibuted'.'t'hrough the co~ser ·uia~erial as thin, irregular seam~ .. 'ifhat 

serve to delineate the otherwise obscure Peddingo . 

The Cutler formation nests directly pn pre=Cambrian rt)cks in the··. 

Pine M?untain quadrangle and for.ms a wedge between the pr~1-Cambri~ roc~s 
i' 

and the overlying Triassic bedso The formation thickens fr~m_a _knife=edge 

near Pine Mountain and Indian Creek on the flank of the ~ncompahgre Plate·au · 
. ~ 

to several thousand feet a few miles to the southwesto A well drilled about 

~ miles southwest of the edge of the Cutler in the caqyon of the Dqlores 

River near the town of Gate~9 Coloo 9 penetrated more than 79 SOO feet of 

red arkoses before reaching the Pre-Cambrian basemento The upper beds 

were ~1,eled b,y erosion before the beds of the over~ing ~iassic were 
~ . 

deposit~do .. It seems probable that this thick sequence of be_~s includes 
.'~;· . 

not. only rocks of Permian (?) age but of Pennsylvanian as welio Abrupt 

thinning of the formation toward its-source area, coarseness of the·material~ 

and rude ~dding all indicate that the Cutler in this area was deposited 

as. a fanglamerateo .... ~~ 

•• ···i .• 

Chinle formation 

Throughout most of the Color8:do Plateau!~ beds of the Upper Triassic 

rest unconformably on older rockso This relati_onsh:!p is strikingly 
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evident in the Pine Mountain quadrangle and adjacent areaso As the 

Uncompahgre Plateau is approached from the west~ the Upper Triassic Chinle 

formation restsj in turn~ first on the Lower Triassic Moenkopi formation 9 

then on the Cutler formation, and final~, on the Plate~u, on pre-Cambrian 

rockso Except for disturbances incident to later faulting and uplift~ 

this erosion surface below the Chinle in the vicinity of the Uncompahgre 

Plateau.is remarkab~ flato 

The Chinle formation consists of red to orange=red siltstoneJ 

with interbedded red fine~grained sandstone, shale~ and limestone-pebble 

and cl~ pellet=conglomerateo_ These lithologic units are lenticular and 

discontinuouso The lower part of the formation contains numerous lenses 

of a ver.y distinctive limestone=pebble and clay pellet~conglomerate; in 

places the lowermost lenses contain quartz pebbles or consist of a rela­

ti-vely clean quartz grit:, These quartz-bearing lenses are probably the 

stratigraphic equivalent of the Shinarump conglomerate, which is wide~ 

·distributed in eastern Utah and northern Arizonao .Much of the Chinle 

formation consists of indistinctly bedded red siltstone that breaks into 

angular fragments o Evenly bedded shale is rare o The sandstone layers 

var.y in bedding characteristics; some l~ers are massive, whereas others 

are cross-bedded~ and still others are conspicuous~ ripple-beddedo Almost 

everywhere the formation crops out as a steep slope broken in places b,y 

more resistant ledges of sand~and conglomerateo In the Pine Mountain 

quadrangle the formation ranges in thickness from 120 feet to 220 feeto 
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Glen Canyon gr-2YJ2 

~~ Glen·Caqyon groupj of Jurassic(?) age, comprises the Wingate 

sandstone.and the K~enta formation in the Pine Mountain quadrangleo 

.. 
\.fingate sandstone 

The Wingate sandstone conformably overlies the Chinle formationo 

The sandstone is a massive~ £ine=grained rock composed of clean1 well=. 
. ' . . 

sorted. quartz sando It typical~· crop~ out ~s an impressive red or dark-

brown wall~ stai~?d and streaked in places with a surficial ~ed and black 
.. 

desert varnisho Vertical joints cut the sandstone from· top to bott~m~ 

the spalling-of vertically jointed slabs largely causes the recession of 

the:ciiff~ The sandstone is.divided into ho~izontal l~ers b,y extensive 

bedding!planes spaced 2· to 50 feet aparto ·Within each horizontal l~er 

·the sandstone is cross=bedded ou a· magnificent scale; great s~eeping 

tangenti,el cross-beds of eolian type.1 in places ext~nding across the 

entire thickness of the horizontal layer~ are disposed 'in all directionso 

!n general~ the sandstone is rather poor~ cemented and crum~les· easi~ 1 

aqd this quality probablY accounts for the readiness with which;the rock 

disintegrates in faulted areas 9 but in the area extending from the vicinity 

o~ Big Pond northwest to Turner Gulch· the sandstone is highly silicified~ 

brittle 9 and breaks with a conchoidal fractureo · 

In the Pine Mountain quadrangle the Wingate sandstone ranges in. 
I 

thickness from 220 feet tp at least ·420·feeto 

~enta formation 

The K~enta formation conformab~ overlies the Wingate sandstone' 
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the eontact 'between the two formations is gradational in most placeso 

The formation is notable for its vatiet,y of rock typeso Sandstone~ red~ 

'bUrr, gray:~ and lavender in color~ is the most abundant type 1 but the 
. ~ .. 

formation also contains considerable quantities o~ red si~tstone, thin= 

bedded shale~ and conglomerateo The conglomerate contains pebbles of_ 

limestone9 shale9 and sandstoneo The sandstone is composed of rounded 
. . 

to subrounded quartz grains and minor quanti ties of mica, feldspar, and 

dark minerals o · Most of the sandstone i.~ thin bedded, cross-bedded in· part:~ 
,.· 

and flaggy~·· s~1n:e is massiveo Individual sandstone beds are lenticular and 

dis·continuous and interfinger with shale and~ in places, with co.nglomerate o 

The Kqenta typically crops out in :Ei·r::~eri~s of ~ches· and ledges·o The 

ledges in. Dl8IIY' place.s overhang recessions where softer beds ha:ve eroded 

back·o The lower part of the formation is more firmly cemented and forms 

resista~t~ thick ledges that protect:·the underlying Wingate sands~one from 

eros.iono · 

In the Pine Mountain quadrangle and southeastward over a distance 

of at least 25 -miles~ the f~athe~~dge of the Kqenta formation coinc~de.s 

rather closely with the southwest front o~ the Uncompahgre Jlateau; thus 9 

on Wolf Hill on the eastern edge of the quadrangle 9 the ~aY'enta is miss'ing9 

and the Entrada·sandstone rests directly on the Wingate.sandstoneo 

Southwest from its featheredge the ~enta thickens to a maximum~or about . . . . 
' ' 

170 feet within the quadrangleo Abrupt local changes in 't~e~~s,$ . .-.of io· 

to 20. feet are common o The irregular bedding~ channel filling, and· range 

of thickness all indicate a fluviatile origino 

San Raf~el group 

In this area the San Rafael group, of Middle and Late Jurassic age~. 

.. 
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comprises~ in.ascending order, the Carmel formation~ (Middle and Upper 

Jurassic) the Entrada sandstone, (Upper Jurassic) and the Summerville forma= 

tion (Upper Jurassic) o The group crops out in a narrow band along canyon walls 

and on the sides of mesaso The Carmel formation and the Entrada sandstone 

~ere mapped as.a single unit because in most places they form a narrow outcropo 

Carmel formation and Entrada sandstone 

The Carmel formation consists large~ of red to buff, soft~ horizontal~ 

bedded siltstone 9 mudstone~ and sandstoneo Pebbles and angular fragments of 

·white and gr~ cpert 9. as much as an inch across 9 are scatt~red rather abundant~ 

through the lower part or· the formation and less abundantly through the upper':· 

parto Locally 11 chert pebbles and angular fragments are sufficiently abundant 

, to form l~ers of conglomerateo Included in these l~ers are scattered greenish= 

gray 9 red9 and yellow quartzite pebbles and boulders as large as· 5 by 8 incheso 

In maqy places the upper part of the formation contain~ scattered barite nodules 

as mu©h as an inch aeross.o 

The Carmel formation ranges from 5 feet or less to 15 feet in thicknesso 

This range.appears ~o be due chief~ to deposition on irregular9 eroded surfaces 

of the ~enta for.mationo No definite evidence indicates that the Carmel 

formation of this area is of marine origin as is the Carmel of central Utah 11 

but the probabilities are that the Carmel of southwestern Colorado was deposited 

in shallow water marginal to a seao 

The Carmel formation grades upward, in most places without a prominent 

break, into the Entrada sandstone o The Entrad~ sandstone, lmown loca.lly as 

the "slick rim n be. cause of its appearance, is perhaps the most striking:;ty 

picturesque of all the formations in the plateau region of Coloradoo 
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The smooth~v rounded 9 i~ places bulging, orange~; buff~ and white cliffs --

formed by this s~dstone a;~ "a ·distinctive and sc.enic feature of the regiono 

Horizontal re>Ws of pits resulting; from differential weat~ering and ranging 
. - ~ ; 

from a few inches to a foot ormore across &re characteristic of these cliffso 

Th~.Entrata consists or alternating par~llel-bed4ed units and sweeping~ eolian-.. . 

type cro.ssc.obedded unitso· The parallel=bedded units are most common in the 
. -: '. . 

basal·part and in the uppermost, lighter-colored part of the Entrada, whereas 
• • ' • t 

the cross=bedded units are dominan~ in the middle parto The·~ntrada sandstone 

differs "from the somewhat similar Wingate s·andstone and Navajo sandstone by 

the sorting o~ ~and into '.~two dist~nct grain sizes o Subrounded to subangular 

quartz grains mo~tly less than Ool5 mm in diameter make up t~e bulk/.·:~f the 
.~.-·· 

sandstorieo The sandstone also contains larger grains, which are veil-rounded, 

have frosted surfaces~ arid range from Oo4·to OoS:mm in diame~erj most of these 
. . ' 

grains are of quart~~· but grains of· eh~r:t·are scattere~ among rthemo Most of 
.. , 

the larger grains. are; distributed in thin layers along planes of bedding and 

laminationo 

The·Entrada sandstone is abdut 140 feet thick in the western part 

of the quadrangle, eastward it thins to abqut 80 feet along Ute Greeko 

Summerville formation 

The S'it1111II1ervill~ formation generally crops out ·as .a steep, debris.,.;covered "-

slope~ with very few good exposureso ·Where exposed the S1mnnerville exhibits 

a remarkab~ even~ thin~ horizontal beddingo Beds are predominantly red of 

·various shades~ although some beds are green~ brown, light yellow~ or near~ 

whiteo San~ and silty shale is the most abundant rock~ but all gradations 
I 

from shale to clean, fine=grained sandstone ar.e interbedded in the·unito 

Well=rounded amber=colored quartz grains .. with frosted or:_ .matt~ sur~ces are 



disseminated through~t most of the formation~ including these·beds· consisting 
-· 

almost entire~ or el~stoneo Thin beds or autochthonous red and green chert 

are widespreado A thinj .discontinu~-us bed of dark....,grey dense fresh-water 

limestone occurs in the upper part of the for.mationo Sandstone.beds are 

thicker and sandstone is more abundant in the lower part of the formation than 

in the upper parto Common~ the sandstone beds are ripple-marked, and in 

places they show small-seale low~angle cross~beddingo 

The Summerville formation rests eonf~rmably on the Entrada sandstonel. 

and~ although a sharp lithologic change marks the contact, no cessation ·or 

deposition separated the two formationso Regions~ the upper part of the 

Entrada and the lower part of the Summerville intertongue, and the -contact does· , 

not occur ever.ywhere at the same stratigraphie horizono The upper contact 

· ot the Summervi,lle is uneven and channeled 1 and the channels are filled by the 

overlying basal sand·stones of the M?rrison formationo Locally, however 9 

the contact is difficult to deter.mine 9 because, in the absence of the basal 

sandstones of the Salt Wash~ the shale and mudstone of the Morrison formati9n 

are similar to beds of the Summervilleo 

The binmnerville for.mation in the Pine Mountain quadrangle ranges in 

thickness from about 85 feet to 110 feeto 

Morrison formation 

The Morrison formation, of Late Jurassic agej is of special interest 

economically because of the uranium- and vanadi'Um-bearing~,d~Gsits:::~~t.~. aent·a:tnso 

The formation comprises two members in this area; the lower is the Salt Wash 

sandstone member and ~he upper is the Brus~ Basin shale membero In the Pine 

Mountain quadrangle no complete sections of the Morrison formation remain 
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because the upper .Part of the Brus~ Basin shale member has beett:stripped off 

by erosiono In nearb,y areas outside th~ quadrangle the Brushy Bas~ shale 

· member . .in general is somewhat thicker than the Salt Wash sandf?tone membero 

Salt Wash sandstone member 

.. 
The Salt Wash sandstone member ordinar~~ crops out above the slope=for.ming 

Summerville rdrmation as a series of· th,_ck, ·· rElsistant ledges and benches"o 

Sand~tone ·pred~in~tes and range·s in color from nearlY .. wl)i ~e $0 ,grBY, .light buff;~· 

and rusty redo . Interbedded With the sandstone are red shaie.:·and mudstone 

and locally a few thin lenses of dense gray limestone o Sandstone commonly 

occurs a·s strata traceable as ledges fbr considerable distances along the 

outcrop~ but within each stratum individual.beds are lenticular and discon~ 
... • I 

tinuous 1 beds wedge out laterally, and other beds occupying ~~sent.ially. th~ 

same stratigraphic position wedge ino Thus :v any re.lati vely',. continuous sand!-
• ~ ... ~ • 'f 

stone stratum ordinarily consists. or numerous in~e~finger~g lenses 11 ·liith 

superposed lenses in maqy·places filling channe~s carved in underlying ~dso 

Lenses are ~eparated in pla~es by mudstone and contain mudstone se·amso 

Most or the sandstone is fine= to medium=fine ..... grained :9 cross-bedded, and . 

massive, single beds or lenses m~ attain a maximum thickness of 120 feeto 

Ripple marks, current lineations, rill marks 11 ·and cut-arid-fill structures 

indicate that the Salt Wash member.was deposited under.f'luviatile conditionso 

The sandstone consi-sts largely ·or sub8i:igular to subrolinded quartz grains» 
i·. 

bQ.t..: orthoclase i micro cline~ and albite grains occur in combined amounts of 

10 to 15 percento Chert Ql1d heavy""'~eral grailis are accessory o Considerable 

quantities of interstitial clay and numerous cl~ pellets occur in places 9 

especial~ near the base of some of the sandstone lenseso Fossil wood 9 

carbonaceous ... matter 9 ana· sa'ili"ian- 'bones occur locally 0 
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.... . ~.: .· -
In ·the Pine Mountain· quadrangle the Salt Wash sandstone member is 300 to 

320 feet thicko 

Brushy Basin . shale member 

The Brus~ Basin shale member contrasts strongly in overall appearance 
0 0 

with the under~i~g Salt Wash sandstone membero Although the lithologic 

differences are marked~ the contact between the two members is gradationalo 

The mapped contact~ taken as the base of the lowermost l~er of conglomerate 

lenses~ is arbitrar.y in many respects and probab~ does not mark an identical 

·stratigraphio horizon in all localitieso 

The Brusqy Basinoshale membe~ consists predominant~ of varicolored 
\ 

bPntoni'ticshale and mudstone 9 With intercalated beds Sndolenses Of COn-
,• " I 

o~omerate and sandstone~ and a few thin layers of liniestoneo Because of 

its high proportion of soft9 easi~ eroded bentonitic shale and mudstone 9 the 

Brusqy Basin member forms smooth slopes covered with blocks and boulders 

weathered from the ~ore resistant l~ers of the member and from the over~ing 

for.mationso The shale and mudstone are thin~bedded and range in color from 

pure white to pastel tints of red~ blue~ and greene .Exposed surfaces of 

the rook are covered with a loose~ fluff.y layer several inches thick, caused 

b,r the swelling of theb~onitic material during periods of wet weathero 

Scattered through the shale ~and mudstone are thin beds of fine-grained ver,y 

hard silicified rock that breaks with a conchoida~ fractureo The silica 

impregnating these beds m~ have been released during the devitrification 

of volcanic debris in adjacent bedso Beds of chert pebble-conglomerate a 

few inches to 25 feet thick occur at intervals throughout the membero These 

conglomerate beds ·are commonly dark rusty .... red and form conspicuous resistant 

ledgeso. Silicified saurian bones and wood are much more abundant in the 

.. ':. 
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Brushy Bas~ shale member than in the Salt Wash· sandstone member., especially 

in some of the conglomerate bedso 

The· Brushy Basin shale member, like the Salt Wash sandston~ .m~~rj 

undoubted~ was deposited under fluviatile conditionso ·The conglom~rate 

I . 

. and sandstone lenses mark stream channels that crossed flo?d plains on which 

were deposlted the.fine=grained sediments now represented by the mudstone 

and shaleo 

Less than 100 feet of the Brus~·shale member is preserved within the 

quadrangleo 

Quaternary deposits 

Quaterna~ deposits consist of a single outcrop of fanglomerate and 

~widespread vindc:adeposited material, alluvium, and talus debriso The 

fanglomerate caps a low ridge on the western edge ~f the quadrangle and 

consists of a light=red heterogen~ous, poor]3" sorted accwrulation of silrt:~ 

sand~ pebbles~ and boulders derived almost-entire~ from the mesozoic forma­

tionso The material has been.slight~ indurated and stands in vertical cut 

banks 30 to 50 feet higho The fanglomerate was deposited as sheet wash and 

talus debris on an irregular, sloping surface possibly during early pleist~ 

cene timeo . More recent talus debris differs from the fanglomerate b,y its 

la~k of induration and its relative~ high content of material derived from 

the Permian (?) Cutler formation and from pre-Cambrian rocks o. EXtensive 

deposits of light red sandy and silt.y material mantle the benches and mesa 

tops·o This material appears t<? be. mostly wind-deposited, although much of"· 

it has been reworked b,y water and intermixed with sheet washo Gravel and 

alluvium occur in some of the stream bedso 

'\ ·~· 

... ,. 
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STRUCTURE 

Regional setting 

Maqy geologic structures on the Colorado ~ateau are so large that a 

7i=minute quadrangle covers on~ a small part of aqy complete structurai 

unit, The larger structural units consist of salt an~iclines~ 45 to 80 miles 

long; uplifted blocksj 50 to 125 miles longj bqunded by monoclinal,:_.folds; and 

domical uplifts~ 8 to 20 mile~ across,. around stoc·klike and ···'i'Elccoli thi~ int:nh~lons ~ 

The salt anticlines trend northwest and lie in a group between eas~ 
. ~ . . .~ 

wardao:dipping monoclines c:>n the west side . of the Plateau and .. ,westward-dipping 

monoclines on the east side of the Plateauo The cores of these anticlines 

~ .. ~onsist of relative~ plastic salt·and.gypsum~ derived from the Paradox 

member ·of. the Pennsy:lvanian H~rmosa fo~tion and intruded into overlying lat~ · 

Faleozoic and ear~ Mesozoic.rockso All the anticlines are structural~ similar 
.. 

I, in ,lll8llY respects9 but each exhibits structural peculiarities not common to the 

rest j furthermore, all ·: a:re mQre ·.·complex: than their seemingly simple forms ·.woul;~· 
. , . . . 

suggesto Faults, grabe·~, and-· ~ollapse arid slump ~tructures alte~ the forms · 

of the anticlineso Erosion has remoye.d .mu~h of the axial parts of these anti= 
... ~ 

clines~ leaving exposed large intrusive masse~ ~r the Paradox member and forming 
, - :: . . . . 

valleys such as Sinbad Valley~· Paradox Valley-~~-. and Gypsum Valley in Colorado 

and s.imilar valleys i~ Utfiho Alternating with these anticlines are broad, 

' 
shallow, simple synclines~: 

Structure in Pine Mountain quadrangle 

The dominant st~ctural feature that crosses the Pine Mountain quadrangle 

is the monoclinal fold fronting the Uncompahgre Plateau uplifto· In. this 

quadrangle the sharpest part of the flexure has been greatly mo4if'ied hi\ a 

_. 



large graben9 which bas been named the Ute Cre.ek grabeno Beds in the 

southwestern part of the quadrangle in general dip 2° . to 8° SW o , away from 

the Ute Creek grabe~o The Ute Cr~ek graben is 1 to 2t miles wide and trends . 
:J 

northwest diagonally acr.oss the quadrangl-ec The .southwest. side or' the graben· 

is bounded b,y a fault having a maximum displacement below ·the north end of 
.... 

Pine Mountain of at least 850 feeto To the 6outheast the displacement 

. ... ' .. 
A number of Subsidiary .;fta~ts either paralle~ or. branch off this main faulto · 

northwesterly course from the head of Cow Cree·k to wh~re it leaves the quad= 

rangle near Turner Gulch.. The displac~ment along Athi~ fault .al-sQ... increases 

to the nort~est., and f:lttains a maximum displace~~t of about 1 9000 feeto 

Several ~ssociated branc_hing faults have lesser di~ple.ceme~tso the floor 

of the southeastern ~n~ of the .gr~ben i~ cut ·b.Y. llmnerous minor .:f.aults; en~ 

· ~ of. which trends east nearly' transverse to the trend of the grabeno The Ute 
., -

Creek graben formed after the main uplift of the Uncompahgre Plat~au~ 

probab~ as an adjustment following relaxation of stresses responsible for 

the~uplifto 

In addition to the f~ults associated with the_graben four other·taults 
- .. . • - ·. • ; .. t•?" 

cut the rocks in the quadrangleo Two of these 9 about ·2 mil~s soiith 'or P:Ule. 

Mountain:;~ are ininor ~ northwestward-trending faults vi th -only a few feet 

of displacemento The third fault~ just west of Pine Mill in the southeast 

corner of the quadrangle~ strikes nprth and is c~t off b.1 the grabe~-fault- , 

ingo The fourth ~ault 9 _in the head of South Lobe Creek, trends No·~o0 Eo 

and.drops the rocks west of. the fault about 300 feeto 

Rocks on the Uncompahgre Plateau in the northeastern part of t~e quad~ 

rangle are relative~ flat-~ing~ and in much of the area dips do not exceed 2~ 

-./. 
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Structural history 

In order to understand the structural histor.y of the Pine Mountain 

quadrangle~ it is necessar,y to understand the structural histor.y of the 

adjoining part of southwestern Colora4oo Parts of this history are still in 

doubt, because no clear.record remains of some events; the record of other 

events~ although legi~le~ is subject to different interpretationso All the 

events described in the· following discussion affected the Pine Mountain 
~ 

quadrangle·e~ther direct~ or indirect~~ although the evidence for. some of 

them is not-visible within the boundaries of the quadrangleo 

Weak compressive forces, which probab~ began in ear~ Penns.ylvanian 

times~ gent~ warped the regiono This warping gave rise to the ancestral 

Uncompahgre highland~ an element of the ancestral Rocky Mountains, and to the 

basin in which the Paradox member ~r the Hermqsa formation of Pennsylvanian 

age was depositedo These major structural features controlled the pattern 

and the prevailing northwest=trending grain of the smaller structures later 

superimposed on themo The boundary between the highland and the basin~ which 

is closely followed qy the southwest margin of the present-d~ Uncompahgre 

Plateau~ was a steep northwest~trending front, possibly a fault scarp~ along 

which we~e deposite~ arkosic fanglomerates during late Penns,rlvanian and 

Permian timeo The older fanglomerates interfinger with Pennsylvanian marine 

sedimentar,y rocks of the Hermosa formationo The bulk of the fanglomerates 

probably is of Permian age and belongs to the Cutler for.mationo Intrusion of 

salt from the Paradox member~ probably initiated qy gentle regional deformationj 

began sometime during deposition of the Permian (?) Cutler formationo Isostatic 

rise of salt ruptured the overl,ying Hermosa and Cutler formation, and after the 

Cutler \vas deposited salt broke through to the surface o . 
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From then until flowage ceased, late in the Jurassic, the elongate salt 

intrusions such as these in Paradox Valley and Qypsum Valley stood as actual 

topographic highs at one place or another along their lengthso The rate of 

upwelling of additional salt, perhaps accelerated qy the increase of the 

static load of sediments accumulating in the surrounding areas, balanced or 

slight~ exceeded the rate of removal of salt b,y solution and erosion at 

the surfaceo Consequently, all the Mesozoic formations to the base of the 

Morrison formation ~edge out locally against the flanks of the salt intrusion:3o 

Salt flowage was not ever,ywhere continuous or at a uniform rate; rather, in 

~ places it progressed spasmodicallyo Local surges of comparative~ rapid 

intrusion gave rise to cupolas at different times and in different places 

along the salt masseso At the beginning of deposition of the Morrison in 

the area 9 sediments final~ covered the salt intrusions, perhaps because the 

supp~ of salt under~ing the area between the intrusions was exhaustedo 

Relative quiescence prevailed throughout the remainder of the Mesozoic and 

probab~ through the ear~ part of the Tertiar,ro 

The second major period of deformation occurred in the Ter·ciary~­

probab~ during the Eocene (Hunt, written communication) but the date 

cannot be determined accurate~o The region of the salt intrusions was 

compressed into a series of broad folds, guided and localized b.1 the pre~ 

existing salt intrusions., Although salt flo,..rage was renewed 11 it seems 

unlikely that aqy considerable amount of new salt was forced into the 

intrusions; flowage probab~ consisted large~ of redistribution of the salt 

a1reaqy present~ ~ the end of this period of deformation these folds had 

attained approximate~y their present structural form, except for modifi­

cations imposed qy later collapse of the anticlines overlying the salt 
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intrusionso Owing to the mobility of the rocks in the cores of the anticlines~ 

normal faulting took place along the crests of the ~ticlines, probab~ during 

relaxation of compressive stresses after folding ceasedo At this time the 

crests of the anticlines in places wer~ dropped, as grabens, several hundred 

to a few thousand ~aeto A period of crustal quiescence followed, during 

.w~ich the highlands over~ing the anticlines and cores were reduced b,y erosion 

and topographic relief became low throughout the areao 

Then during the middle Tertiar,y, the entire Colorado Plateau was,up­

liftedo This uplift rejuvenated the streams and increased ground-water 

circulationo The crests of the anticlines were breached, and the underly­

ing salt was exposed to rapid solution and removalo With the abstraction of 

salt, renewed collapse of the anticlines begano Although much of the 

collapse was due direct~ to removal of salt b.1 solution, it seems unlikely 

that all the collapse can be attributed to this process, as was believed 

b,y earlie.r~workers in the areao Rather, much of the collapse apparently was 

caused qy flowage of salt from the parts of the anticlines still overlain 

b,y thick layers of sediments to the parts from which the over~ing sediments 

had been removedo Once the crests of the anticlines had been breached, the 

relative~ plastic salt offered little support for the beds overlying the 

Paradox member of the Hermosa formation in the flanks of the anticlines; 

consequent~ these essential~ unsupported beds slumped~ probably along 

fractures and joints formed during earlier flexureso Small faults and 

folds in Quaterna~ deposits may indicate that collapse and local readjust­

ments are still continuingo 
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MINERAL DEPOSITS 

The on~ commercially important mineral deposits in the Pine 

Mountain quadrangle are these that contain uranium, yanadium, and radiumo 

Although deposits containing these metals were discovered in 1899 near Roc 

Creek, about 13 miles south-southwest of tp~ Pine Mountain quadrangle, 

intensive mining of these ores did not begin in the Pla~ea~ region until 191lo 

Thereafter the ores were mined primari~ for their ra~ium·content until 1923~ 

when the Belgian Congo pitchblende deposits began to supp~ radiumo The 

mines were most~ idle from 1923 until 1937, but since 1937 they again have 

been exploited intensively, first for vanadium and in more recent years for 

both vanadium and uraniumo 

The deposits in the Pine Mountain quadrangle are restricted to the 

upper layer of sandstone lenses in the Salt 1rlash sands-tone member, but 

within this. layer the deposits have a:.~potty··.distributioho Ore bodies range 

from small irregular masses containing on~ a few tons of ore to tabular 

masses contain~ng several thousands of tonso The ore consists mainly of 

sandstone impregnated with uranium- and van~dium-bearing mineralso · 

Mineralogy 

The most common ore minerals are carnotite and a fine=grained~ 

vanadium~bearing micaceous mineralo Carnotite (K2(U02) 2 (Vq4)2 o3H20) 

is a yellow, fine.;::grained, earthly or powdery m~terialo Tyuyamu..11ite : 

(Ca(Uo2)2 (vo4)2 nH2o)~ the calcium analogue of carnotite, is also present 

and is nearly indistinguishable from ·carnotite o The micaceous vanadium 

mineral, which former~ was thought to be rescoelite, is now considered to 

be related to the nontronite or montmorillonite gro~p of cl~ mineralso 
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I . . 
It forms aggregate~ of minute fl¥e~ coating or partly replacing sand grains 

and filling pore spaces in the sandstoneo It ·colo:rs-.t~e ro;ck grayo other 

vanad~~ ore mine~ls present are ~ontroseite ~nFeO~nV2o4 ~nv~o3 ~nH2o), 
corvusite (v2o4.9~2o5 .nH20), ~d he~ttite (Ca0'3V2Q'§.9H2o), Corvusite and 

·,· ... ' .. 

montroseite occur together, forming c?mpact masses of~:.:bluish-black ore, 

where, as he_wetti te commo.nly forms stringer~ .~ velnlets along j o.ints and · 

f'ractureso Recent deeper.·drilling and ~gin the ·Pla~au have indicated 

that ~low the zone of oxidation black oxide·s ot.:..,uranium and vanadiumj 

accompanied by PYJ:ite and perhaps o~her sulf'idesj .. ·· ~;,.ore abundant, and :~~1 
......... :· 

v~adates are scarce or absento 

'.:.:;;u .. • 

Ore bOdies 

·The ore consists mostly of sandstone selectively impregnated and in part 

replaced by uranium and vanadium minerals; but rich concentra1;1ons of carnotite 
. . 

and the micaceous vanadium clq Jid.Qeral are also associated with_ thin mudstone 
0 

partingsj beds of mudstone pebbles, and c~boni~~d:£ossil plant material~ 

,Maqv fossil logs replaced b,f near~ pure· carnotite .~ve been fbundo· In 

~neral the ore , .• ,ral~_ were deposited in irregular;· layers that roughq' 

followed the sandstone beds~· l~-most deposits the highest-grade cOBCentra-

tiona of ore minerals occur in sharplf 'bounded~· elongate concretionar.y 

structures 9 called "rolls" b,y the miners~ These rolls ~re en~ompassed. by 

richj veinlike concentrations of the micaceous vanadium~bearing cl~ mineral 

that curve across bedding planeso Within these rolls this mineral general~ 

is dist;ri·buted as diffusion layers, the ~icher layers commonly lying nearer 

the margins of the rolls; the distribution of carnotite in ~he rolls is less 

systematico Margins of, Ol(e bodies m~ be vaguely or_ sharply def~edo 

I) 

I·, 
.,/: 
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Vague~ defined margins m~ have mineralized sandstone extending well beyond 

the limits of commercial ore, on the other hand, sharply defined margins, such 

as occur along the surfaces of rolls, ordinarily mark the limits of both the 

mineralized sandstone and the commercial oreo 

Although many rolls are small and irregular, the larger ones are elongate 

and m~.extend with little change of direction for more than 100 feeto The 

elongate rolls in an ore b~ or group of.ore bodies in a given area general~ 

have a common orientationo This orientation is rough~ parallel to the ·elonga-

tion of the ore bodieso 

Origin of ore 

The origin of the uranium~vanadium or~s in the Morrison formation is 

uncertain and controversialo In some respects the deposits are unique, and 

much of the evidence concerning the genesis of the ore is either not conclusive 

or appears to be contradictor,ro In this brief, account on~ a small amount of 

evidenc·e::. can be presented and the hypotheses can only be summarizedo 

Most of the deposits are close~ associated with certain sedimentar.y· 

featureso Layers of ore lie essentially parallel to the bedding; most of the 

deposits occur in the thicker parts and common~ near the base of the sandstone 

lenses, the trend of the long direction of the deposits and the trend of the 

ore rolls in the sandstone are roughly parallel to the trend of the fossil logs 

in the sandstone and to the average or resultant dip of the crossbedding in 

the sandstoneo These relations strongly suggest that primary structures in 

the sediments were inst~ental in localizing most of the ore depositso 

I 
,; 
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Recent investigations have revealed new data pearing on the orig~·- of .... 

the ores (Waters and. Granger 1 1953) o . Below the zone of o~dation some.-~-of the 

ore consi·sts chief~ of oxides, such as.pitchblende .and low-valent ·oxides 

of vanadium, and small quantities of sulfide~ such ~s P,Yrite, bornite 1 galena, 

and chalcop,yrite; fullY oxidized and ful~ qydrated minerals are ejther rare . 

. _, .. or none:rlstento A. hard variety of uranini te,. previously reported only from 

hydrotherm~ deposits, has been found in the Gray Daun mine in· San Juan County, 
I 

r'·.·:, 

Utah (Rasor~ 1952), and in the·Happy Jack··mine in White Canyon, Utaho Studies 

of le~-uranium ratios in ores from the Colorado Plateau indicate .that~ re­

gar4less of whe.re or in what formation it occurs, all the ores are of roughly 

the same. age, .and this· age is no older than __ late Cretaceous (Stieff and 

Stern, 1952)o Some geologists believe field relations in pre-Morrison 

formations at White Canyon (Be~son, et alo, 1952) and Temple·Mountain in Utah, 

indicate. that the deposits may be_genetically related to faults and fractureso 
.. 

At the Rajah mine near Roc Creek, in Colq~ado, OT~ occurs alp~g.a fault and· 

horsetails out int.o the w~ll rock.)·· · · 
\, ... : 

·'1\.ro main eypotheses have arisen.,~to~explain the origin of theJ or~so The 

oldest and probab~ the most wide~ held is the ~thesis that t~e ores are 

pepes,yngenet~~ ~d were formed soon after the ~nclosing rocks were deposited 

.C c·of'fin, ~ 921;. _Hess, 1 ~33' Fischer~ 1937, 1942, 1950; and Fischer and ~ilpert, 

i952) o ·.'·Later movements· of gr~d water may have dissolved and reprecipit~ted 

the o~e.constituents, but the essential materials were alreaqy present in the 
. . ' . 

hostrbcks or in the wate~~ premeating theme .Although this qypothesis offers 

a r~asonable explanatio~.;~r:the relation of ores to sediment~ features~ 
it faces. some difficulty in e~plaining: (1) the discrepancy between the age 

. . ' 



27 

of the·uranium and the age of the enclosing rock' (2) the broad stratigraphic 

distribution of uranium occurrences and association of ores with fractures 

in a few localities; and (3) the hydrothermal aspect o·f the minerai suites 

in some oreso The second qypothesis, and the one the author favors, is 

essentially a telethermal hypothesis and assumes the ore to have originated 

from a hypogene source o Proponents of this hypothesis believe that ore= 
';of 

bearing solutions originated at depth from an igneous source and ascended aiong 

fractureso After these solutions mingled wi~h circulating ground waters the 

minerals were precipitated in favorable beds as. much as several miles from 

fractureso This hypothesis explains more readi~ the difficulties inherent 

in the penesyngenetic hypothe~is but poses t'11o other difficulties: (1) the 

hypothetical location of igneous source rocks and (2) the difficulty of proving 

the .QOnnP-ction between fractures and faults and the ore depositso A third 

~pothesis 9 advanced qy some geologists, suggests that the source .of the ore 

metals·was the volcanic material in the beds overlying the ore-bearing sand-
.• 

stones and that these metals were subsequently leached and redeposited in the 

beds that now contain the oreo This hypothesis encounters not only most of 

the difficulties in the penesyngenetic qypothesis, but it presents some addi~ 

tionaJ. ones of its owno 

Suggestions for prospecting 

Regardless of the actual origin of the deposits, certain habits 

or the deposits--habits that have been recognized through geologic mapping 

and exploration experience ....... are useful as guides for finding ore (Weir, i952)o 

In southwestern Colorado most of the deposits are in the uppermost sandstone 

stratmn in the Salt Wash member of the Morrison form.ationo Generally .the 
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central of thicker parts of the sandstone lenses are more favorable-~ma~ 

deposits are in· sandstone that i~ 40 feet or more thick; fev deposits are in 

sandstone less than 20~eet thicko Cross-bedded~ relative~ coarse-grained 

sandstone is more favorable~han thin]~ or evenly bedded, fine-grained sand-
~ p 

.stoneo Light yellow browa sand~tone speckled with limonite stain in more 
I 

favorable than red or reddish-brown sandstoneo Sandstone that contains con-

siderable amounts qf gray, ~t~red mudstone or is underlain b,y a considerable 

thickness of this rock is more favorable than sandstone containing and under-
,. i 

lain b.y red, unaltered mudstone--this guide is perhaps the most useful in 

diamond-drill explorationo 

In the Pine Mountain quadrangle probab~ the most like~ area for finding 

ore~ because of the presence of favorable host rocks, is th~ southwestern 

cornero Maqy deposits occur in localities remote from areas of intensive 

structural deformation, and additional deposits will undoubtedly be found in 

such undeformed localitieso If the deposits had a hypogene origin, as the 

author believes, then the more intensive~ deformed rocks, probably are 

favorable places to look for new deposits, provided that the favored forma-

tions and rock types known to be hosts for ore are presento In the Pine 

Mountain quadrangle, howeverj the rocks in the vicini~ of the faults are, 

for the most part; unfavorable hosts for oreo 

The mines 

The only mines in the Pine Mountain quadrangle are t~ose on the 

Sunflower claim in the extreme southwestern corner of the quadrangleo The· 

mines are in the top layer of sandstone lenses of the Salt Wash sandstone 

member of the Morrison for.mationo The denosits occur as irregular tabular masses 

as much as 300 feet long and 100 feet wide that range from a few inches to 13 - . 
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