





























Geology and Uranium Deposits of the Caineville Area,
Emery, Wayne and Garfield Counties, Utah

By Rudolph W. Kopf, Raymond J. Garcia and Martin Prochnik

Abstract

The Caineville area is[?ituateé)south and southwest of the San Rafael
Swell, north and notrthwest of the Henry Mountains and east of the Capitol

Reef in parts of Emery, Wayne and Garfield Counties, Utah.,

Outcropping stratigraphic units consist of the Carmel, Entrada, Curtis,

Summerville and Morrison (restricted) formatlons of Late Jurassic age,
iprm*f"‘w
the Cedar Mountalg, of Early and Late Cretaceous age, and the Naturita

and Mancos formations of Late Cretaceous age. Remnants of gravel terraces

of the ancestral Fremont River,[?eterm1ned to bC]of Quaternary (late

Pw *hp\ ”5
Pleistocene) age,Lgporad1ca11ﬂ blanket Mesozoic rocks while Recent alluvium

occurs

[is locatiﬁ along[yhé)present dralnagelgregj IgneousLﬁPcks, in the form

of;dikes and sillﬁx intrude Mesozoic rocks,
-—
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Structurally, the eastern portion of the area[;neiadeé7the northern part

ﬂg( .n{r 3

sharpness. Use lipit

of the Henry Mountains structural basin. The western 1m1t;of the area
isig;iiéiateq}by the northern part of the Waterpocket Fold, the Capitol
Reef monocline., The intervening areal}ﬂmngeé]a marked structural
plateau or terrace of relatively low structural relief consisting of
imbricating and coalescing anticlines and synclines of shallow closure
and with general northeast to northwest axial orientations. This terrace

includes the southern extent of the San Rafael anticline. Althoughﬁy&

a hxu {;“mtJ
varea‘of~aaoma&oue&y~htgh~degree~vf“fauit1ngﬂoccurs in the northeastern
veqi "

portion, the[?eef} generally, has been only moderately faulted. A series
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of small%thrusfz]hlgh angle reverse fau}ts east of and gara11e11ng the

ave bejitve duu 1o Pt s'\vv\f,\ﬁ‘ T b€ SE i
San Rafael anticlinal ax1sl}s~t&terpreted to- r?present~a general
) } H\ aAréq '
'{" ("‘x M}\‘ h (’}y J o - A BLER ".' Thi ‘F ‘ "y ['/‘v,,-_' hﬁ//b

.east-west compressional force believed-to héve‘been instrumental’y ¢4,,.4 ¢4s7 the

”’v:lj MD”‘R‘#M:
locallyy in the origin-of‘these»structureéa structuca/
. ,bﬂ:.' ", ft) .‘(IA(
ta s, js oF a
A;Frecentage
Because complete stripping of Tertiary deposits within the area has 4./ ravic

Suh

removed indications of crustal disturbance during Tertiary time, agesZﬁﬂx;(
angin
Frigion
of the individual tectonics cannot be determined from local geologlcegq;ldj
—— walf 14
features. However, {pom~euxdence—st§%%f . wﬁ;y ad301n1ng arqg§47£M,ﬁ

several periods of warping are recognized*hnd are believed to be of
Tertiary (Eocene, Oligocene or Miocene) and possibly ev¥en of

Quaternary (Recent) age.

Detailed measuring of the outcropping Mesoxzoic rocks reveals what appear
to be small open folds of)yéte Mesozoic age which are of such small
amplitude as to be almost completely masked by the more pronounced and

superimposed Tertiary folding.

The number and size of uranium dep051ts within the area is small.E?Meiﬂga
P CHELH TY9 COomtoRM WITH EConamcs SECTIoN OF REPoR
groups of claims are known to have produced ore-grade mater1at3\Past

production has been marginal, small and sporadlc in activity. At the time

('\'}14 warsy,!16/) DNE ¥ s
of wrltlngALJune~—}959) E}hreéapropert&ea~are in operation. Potential

reserves of the entire area is believed to be less than 5,000 tons of
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Intre f'u etion

4y, Purpose, scope and method

The purpose of this study was twofold. The initial program was designed to
determine surface stratigraphic and structural features of the area. The
concluding stage of the program was to determine possible genetic relation-
ships between these geologic features and known occurrences of scattered
uranium mineralization in order to develop criteria for establishing local

ore guides, thereby defining favorable and unfavorable ground.

The scope of the project consisted of the preparation of a geologic map,
preparation of a structure map, assembling of detailed lithidlogic descrip-
tions of measured sections, presentation of variations in thickness of the
Morrison and Cedar Mountain gormations as represented by isopach maps and,
finally, presentation of selected detailed mine maps representative of

uranium mineralized localities within the area.

#WM Jf*‘“"/’

The geologic map, plate 1, dis:presented on a scale of 1:48,000.Aﬂ'Fairchild
radial line plotter wass=Sdd in conjunction with areal photographs having a
scale of 1:24,000 and flown in 1948 by a private concerngé;;;;é~haé?an
Atomic Energy Commission contract. The structure map, plate 2, of the same
scale as the geologic map, utilizes the base of the Morrison égrmation as a
datum., It was complled by use of the following data; 1) seventeen stratigra-
phic sections measured with plane taé};\ggéﬁ;; additional eighteen measured
sections using~$hg:8runton comppss, generally measured between sections
having had plane table accuracy, 2) about four hundred and fifty determina-

Cnd, LGP 805

tions of elevations of stratigraphic contacts by using plane tablﬁ and .-
Wallace and Tiernan roving altimeters, and 3) about six hundred determina-
tions of the attitude of beds determined by plane table and Brunton compass.
Profile construction and subsequent thicknesses of the Morrison and Cedar

Mountain formations were determined by use of the method employed by Busk

é%egoz&ggg kgg,t;ggf, PP. 140-143,3158-161). The selected mines were mapped
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II General Geology W 4

f X A\ \""
A. Sedimentary rocks LA )
AN A LA
Mesozoip deposits PN
~ Jarespic L TriagsC Ao Gt
&?&ogressively olderzéufffgéai rocks occur J%e%xﬁfg because of the
e - T A\ off the ' A

' g linal Waterpocket Fold
eastwardlf&pp*ngﬂmonoc nal Waterp Lj

~aad—dura‘sic—ago—Illlllﬁi—crvpdcugg These were not studied because they

occurred outside of the area under consideration.

For yfason f”'
cn/é,‘il//;nf','spf see
foolaste, t/th PP oY,

Upper Jurassic geries
San Rafael group
{ 7 Carmel formation

A

The oldest rocks within the area are those of the San Rafael group, of
ge. The Carmel formation, the basal unit of the group, was
MM?J‘fuﬂ/ﬂw 064 Jpmr 30, 1926) =

namped 'y ¥ ’J)Lfrom ::?osur:s a Mount‘Farne ’
§é§é§4k“““‘ :»;:fg%; P '”"%7"”"' ard
;%?gr% ¢ County

is formation, examined along the east
flank of the Waterpocket Fold both north and south of the hamlet of Notom,

Late Jurassic

tah,
A

varies considerably in lithology. The basal portion, unconformably over-
lying the Navajo‘gandstone of the Glen Canyon group, maifbe easily examined
near the mouth of the Capitol Reef gorge. Thick portionspevenly bedded,
light gray, somewhat sandy limestone eée and red sandstone beds, indica-
tive of a marine facies, occur at the base. These are overlain by thick,
white to pink and green sandy and shaly beds which, upward, are interbedded
with thick white to pink gypsum beds, all representative of a marginal
marine owmbley facies. These uppeg&:;ii&fzz_ often ;}gh contorted, as may
be noted along the Notom-Capitol Reef road.Y?Gin s in the upper part of

the formation 3 etaai py in this arid
et an <.J i
climate, , are more resistant than the host rock, thereby conspicuously,

stand@ué out as straight ridges on the surface. Large,/well developed
gypsum crystals, often over a foot in length and several inches in diameter,

occur in structurally controlled cavities in South Desert, north of Notom.

/0









Figure.* ,-Exposure at Cathedral Valley, northwest of the Caineville area, illustrates

thick pink gypsum beds,often contorted,forming the upper beds cf the Carmel formation
(in foreground) overlain by the Entrada sandstone composed primarily of a red earthy

facies conformably overlain by buff-colored sandy facies.,
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Summervxlle forma s
%‘_@"‘ Lo ﬂ%/«?gvy, . 30,134
e summerville fo atxon was n d by Gilluly and Reeside, (1928. pp. 79-80)

f S il} Point at tg rth epnd of the S R f ) ell.
rom exposures az ummerv oint a e/&f/; ] e a a.elr_ L

In this area, it , wconformably overlies the Curtis éormatxon. The formation
consists of reddish brown evenly bedded mudstones, EXNNEXNNEX siltstones,

sandstones and gypsum beds. Mudstones generally range in thickness from a

half to five feet in thickness{ range in color from reddish brown to gray-

{v';- ™
greenrﬁ49~evenly bedded, slightly to highly calcareous and/ofeen contaxn

beds of pink to orange gypsum and varicolored sxltstoneééedd Siltstone beds
IJ"!. A

are generally light green to light brown!ig—oo}or thinly bedded highly

. /)
"“k 21
calcareous, a-dLoften'contaxn‘uight brown mudstone stringers and varicolored

chert and other sxllcate*trit 423 pebble’A ‘Nodular orange gypsum commonly

occurs interbedded in these unita. Sandstone beds are common}y colored
various hues of brown, white and greenish white. Cross laminations are
commonly developed in these beds. Gypsum beds are common, ranging in thicknes

from isolated nodules less than one inch thick to beds several feet in thick-

gypsum
ness. AllYbeds vary in contained impurities wh&gh color them shades of pink

orange and even dull brown. Gypsum veins, Zeizon of clear selenite, fill '/é
fractures, particularly in the upper part of the unit.

An
EKKKXX}Xthmost complete absence of dxsturbance of the beds prior to the
2 pers ry- o
ensuing Morrison deposxt1on is evidenced y t e‘concordance of bedding
i
along tberaneon%er-tty~between thes¢two formations in this area.

i ol ot i iy, il neelind
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Y\)
Figure .-View southeast of Notom of southern CainevilleAMonocline illustrating topography

due to weathering characteristics of variegated Brushy Basin shale member of Morrison
formation (foreground), Cedar Mountain formation (left center) and cliff-slope forming

Mancos shale. Henry Mountains are in background.






























Cretaceous System

Lower and Upper Cretaceous _geries

Dakota éroup

o .
The term«ﬁakota has long been used in this area (see table 1) for rocks
overlying the Morrison as used in older reports and underlying the Mancos

shale. Young (in preparation) has raised the term to group status for the

6/‘7 hengavrbena eCo«’
area within the Colorado Plateau and 1nc1udes he Cedar Mountain formatlon

ﬁ’artm AcCeu s
as the basal unit and theANaturita gprmation of Young (in preparation) as

the upper unit. This action was deemed advisable EXEHHEE by him because
” CeJar Mountain depaxt'f' jeass a‘f’i‘r’a“y J'l'fo i{ag bf “ﬁ:( /Va‘fm-{

‘< A "t-:,~
ﬁﬁl’;/.f’}w,s- mug'T rt!.;H'Sl%ﬂ‘ .fac/r »‘;’ a /’”’” Un/? '//,p L ﬁuh “‘?u';’ »1:,

This report follows the usage as proposed by Young,
Cedar Mountain gormation

The Cedar Mountain ;ormation, formerly consideredy part of the MNXXINNK
unrestricted Morrison formation (see table 1) was named by Stokes (iZfz
ﬁf 94_"7“7) from its type locality at Cedar Mountain, Emery County, Utah.
The Caineville area includes the southwesternmost known limits of the
formation, It crops out only along the western and northern parts of the
Henry Mountains structural basin, and is not represented in the eastern
part. Because of the NX¥K great amount of included mudstones, it typically
forms badlands resembling the underlying Brushy Basin ghale member of th;

Morrison from which casual inspection may make differentiation difficult.

The g”&M“ ”5hnrufc”nu4/”% Buckhorn conglomerate member
A [ Ay £ bt . ) 197, r 959, 765-9¢ 6x for eXposures pegy CaAr Mownlasn flnrr) County, {E24,

A et
This lIn—manx‘piaOOfézdiscontxnuous lenses of a well to medium well-sorted, well-
Membor ynglsts OF — A

indurated, calcareous, cross-laminated conglomerate consistinjg of chert

pebbles of multi-colored silicates and even of clear quartzli*o_nenognizaa7
Cidnr Mosntain oR
at the base of thetéormation. These pebblesgs well rounded and up to 3/4

inches in diameter,. 2




f(’ v ndl; o
Buckhorn ;pnglomerate member of Cedar Mountainh(continued)
=

desert—varnisis,

The thickness of this member varies from O to a maximum of 38.2 feet at
the Muddy River. Generally, however, the member rarely exceeds 17 feet in

thickbhess within the area.

This member is coprelated with the persistant chert-pebble conglomerate
referred to by Gilluly(1929, p. 111) as being within and about 200 feet
below the top of his Morrison formation (unrestricted). He, however, did

not recognize the existence of this unit south of the Muddy River.

Chert pebbles containing marine bryozoa, crinoidal fragments and spicules,

S. L. M., Wayne County. Of these, Miss Helen Duncan of the U. S. Geological
(Hempation, st e covpmmirnialion

SurveyAwas able to recognize fistuliporoid, stenoporoid, rhomboporoid,

fenestellid and acanthocladid bryozoans. Of the assemblgge, she recognibzed

forms that are not known in pre-Carboniferous rocks. Miss Duncan adds;

"A Carboniferous or Permian source is indicated, but I am unable to narrow

down the possibilities very much. I regard it as unlikely that they are

earlier than Upper Mississippian. Examples of the genera I have come to

rely on as indicative of post-Mississippian age were not found, but the

absence of these types does not necessarily mean that the source is pre-

Pennsylvanian. Diagnostic Kaibab genera are not present, but a possible

Permian age cannot be eliminated."

Late Paleozoic fossil assemblages are also known to have been identified

by Stokes (/777 ) from more northerly exposures of this member.
Upper member oF Cedar Mountain _gormation[fﬂn&i-fferentimdj

The Buckhorn conglomerate member is conformably overlain by an upper,

unnamed member, consisting XX almost entirely of thick mudstone and silt-
29
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of Ywn,
Naturita ;ormationA(concluded)

Mudstone beds are commonly light gray to black, coaly with papery to
shaly laminations. In places, dark brown to black low grade coal beds up
to 4 feet thick are well developed as in sec. 1, T. 28 S,, R. 8 E., S. L. M.

» Wayne County.

Certain beds are commonly discolored by the presence of secondary limonite

and jarosite. Selenite crystals are also common as fracture fillings.

The formation is not everywhere present in the area. Generally, however,
the unit is expressed as a thin veneer several inches to less than 10 feet
in thickness, although a maximim recorded thickness of 64 feet was measured
by Hunt (1953, fig. 19, p. 78) at Blue Valley in the Saleratus Creek syn-

cline area.

INXMEXXXNXXXEX The only fossils submitted for identification were four
specimens of silicified wood collected from a single log in a cross-lamina-
ted sandstone matrix in SW %, SE %4, sec. 1, T. 28 S., R, 8 E,, S. L. M.,
Waynebc°unty. Because of the poor preservaﬁifgéoinﬁii:gizgﬁcal features, Mr.
Richard A, Scott of the U. S. Geological S;;;eiAQas unable to identify the

specimens other than that they are of conniferous origin. In most places

the upper part of the formation contains fragmentary fossil remains of a

fauna composed principally of the mollusks Gryphaei newberryi, Inoceramus
plumbelin “4 ,[\5‘;.'~‘;" nenizl 4

sp. and Exogyra 52. None, however, were submitted for identification.

XEEMEEKXXY Two types of paleoecology are recognized from the lithology and

paleontology.éb;;;n;a;?é;avels and near-shore fluviatile and lagoonal

deposits are represented by conglomerates and fimer-grained clastics often

supporting achglvforming thick vegetal cover. Later the initial transgres-
a

sion of the[bppeﬂ Cretaceous sea reworked part and, in places, all of the

deposits, intrbducing a marine faunal assemblage in the reworked portion.
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General structural setting
The area includes, and is bounded, structurally, by two major features;
on the east by the southward plunging Henry Mountains structural basin and,
on the west, by the northeast trending Capitol Reef monogline, the northern
extension of the Waterpo%t&l% ,&/‘({ie late 2). ;&/Js;?on'g 'Qmonoc]inal feature,
the Caineville Reef monocliney forms thé western boun of the Henry Mountains
structural basin and coalesces southward with the Waterpocket Folde The area
between these two monoclinal flexures is occupied by a structural terrace
which has been, by comparison, only slightly deformd,,‘Iést;siz%;é( ‘o/'f two
gently folded, imbricating and coalescing, nearly symmetrical anticlines and
synclines which have distorted strata into a maximum relief 041,800 feet on
this terrace as compared to a total structural relief in the area of over
L,000 feet. Y,

[Pypes—of] folds

Henry Mountains structural basin This basin, one of the major structural

basins on the Colorado Plateau, is a broad, gently flexed assymetrical trough

[ hgﬁ%?a steep western limb, its gently dipping eastern flank having been
intruded by the Henry Mountains laccolithic intrusions southeast of this areae
The northern Elilcgeztx_ﬁ of the structure occurs in this area and is traceable
southward beyond the Colorado River (Hunt, 1953, plate 5) where it is recognized
as the Nokai syncliine in Monument Valleyy near Kayenta, Reizona.

San Rafael anticline Only the southward plunging nose of the San Rafael

assymetrical anticline is present in the central part of the area. As north-
ward, where it attains its maximum XX&XU¥¥ relief, the east side is expressed
as a sharp monoclinal flexure typically forming a "reef" or hogback, locally

expressed as the Caineville Reef monocline, The San Rafael anticlinel structure
to
is traceable northward, beyond the Book Cliffs (See Gilluly, 1929, plate 30).
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Figure Mg, 24
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ﬁ. Mut/s‘f'on(»") olive ;/((,\ incfudes ‘34,,422![,,,6 uni't al base g,m,/ﬂr o C, Muceh limon,Ce

mudstone

alvng Fractures, Yaros/te i 4 v ‘o,
/4 /'?( f’le' W:ﬂ(/ [)/Ov/)l réfn(#';rﬁrn a/éwf? “”I‘-t: "-’"j /-'/('/>(.‘~S/f;{‘ Erl /"_‘{f”'f' e ok
Fractures tum/ M 30 £, aip 0 to #£3° S are devord of uran'wm mintrals,
: 925






i associatdd with o ross Jaminae which are

The ore generally M&M@gcm and

o5t howrizon

umllyoeemﬁinmwithinthe _ There is little or no
hterltitMchyndtthemnmd:-tmmcmmnearbymot*h{
Member

Salt Hnshnm entirely lacking here. Some md:ﬂ:one occurs in the form of
lenses, pebbleuaudcobbleonngin.mlueﬁoulmchtolfootvithn

ert

the /sand/horizons. These fragments are usually grayish green in color and 9
<
often have bleached centers. Moninlnyfomleeutobeentircly v
absent. FN
L
B
(2) Desert Mine IR
th the North Caineville Wash sub-area, Robert S 2
2

The Desert group of claims,was located on July 1, 1955 by /Bob)Hodges. O

Im't/’a_/ prac/uef.‘o». was attained romthe Desert No.% efaim
3 W&Mﬂ}n M19%W
(see F'?“?‘f)w

r‘x . A
o “Not+4claims] A 23 degree Ma[yfﬁeeddrim 265 feet to a point 97
2 w,'f/lih ﬂr\{/
‘ rntbelmtheswmce,ﬂwthehuorthe&uhshgmer@&thew.

512 tons have been shipped as of Jenuary 1, 1961. nere;asnoactivityon
aftter whic

this property from lovenbex_')1958 to Mmrglw)wn

S}H(}J,Aéf
tons of 0.09‘03wm§aﬂtothe!h10n Carbide mill at Rifle. The mine

v (‘(/n::umg,l?(l)
is inactive at the present tine/\.'
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Page 7

mwmmum-wmm. Dense growth of
Astragalus Pattersonii (?) was noted growing in areas that had been surface
stripped. This plant, a selenium indicator, is often found associated with

peewrrences

uranium mineralization) in this area.

Mineralogy
Mineralef "%-pl.es were taken at all described localities and submitted to
mwdﬂeﬂh@ hbm‘boty of the U. S. Atomic

Crl n!#ﬂu{ On apfrql‘,{)ns 0()‘;(‘( C/ﬁrJJa,qf,d, [a/, ) ,z U No ye€sults 1‘

Wu may be said tht‘ﬁm?muium /S Commenfy

aseociated with vanad, Um, ard 2&lcias m, rarely w/th topper, and that
thf 0,‘/[-/[,.['4/»‘,',‘{/’4/5‘ tjutfan-u,.r,'f(‘aru{ (‘dl‘/ﬂf/ff
miherals aqe in
the form of ) in near-surface
the unoy, ,;(/ minerals uranin'te m\? corvugite ,4// (/{/L_%l,t: eicept

in deeper deposits.
ﬂ;\@

occurrences and
the De.n’,t" a/{fos;f Aave um/u;one gur'/:/cm/ ox:d'“

20+
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22

23

24

25—
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9.1267

Poten tlal reserves

-

All properties that have produced over 50 tons are located in areas
o f E"_/)’ Cretoctous age
that have a thinning of the Cedsr Mountain formation (see Figure Ng. 5 ).
ma \ Il>(’ e
This thinning|is interpreted |(Pags No:__and Tigure Ni——)/as revealing tie
minor al Foles
presence of post-Cedsr Mountaia and pre-hturitaﬂstmtur’. Young (1957),
o

inr/(f?(nt{/ln.ﬂ_y
workingAintheGmenMVerlnning District about 50 miles to the north of the
the Creen River ore bodies alsa within the Salt W‘?M:;n&ne Membeap
v‘ w

area of this report found that the location oﬁ

qreas in wf,'c./i the Cedar Mountain Format ;o

¢ Nor,"-s‘,,‘ Formatyon

%

Ehins: g subsegueal erps/ong

para.llol[
e su£~
Ore bodies Mtheéorthea:ln/‘vﬂle!a.hﬁamseentomthelns
R hember

tlongEzbe—ﬁnm—ot]m in which the Salt iluh}ghom an anomalors thicken-
are believed to

(see Fig.5)

ing. Areas where the above two features coincide represent areas of
(:¢5AF,‘?,30> The presence of addytionaf \sofated orebodies ea.st-ward

reserves. ure exploration 7therefore;hleeu in gatedm from the

é toward the Yelw C:umr\y ;rJ“P of claims M,'\Z;z‘t/e wi'lel Horse Mesa. €a®

Mﬂm@ﬂclmmofgdtmhmropmthemﬂhmorm

Blue Flats.

&3

s

€ Cailhevsle area a¢ -
we/
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