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Being an Account of little Interest to Ye 

Mining Industry, Ye General Publik, or Ye 

Scientific Profession, prepared only at Ye 

Constant Urging by Ye Authors' Lords and 

Colleagues, concerning diverse Observations 

made by Ye Authors whilst diligently charting 

Ye Positions of certain Calciferous Deposits, 

the same being well known since Ye Uranium 
I 

Ru h toPersons having Interest in suctiMatters, 
ft II ,-.1 \ 

Ye Authors, 'Dd~D themselves much hampered in 

their Endeavors by Ye Stones, most of which in 

Truth looketh like all Ye other Stones, and by 

Ye Noxious Grasses and Herbs bearing Poisonous 

Leaves, and harboring stinging Insects, ugly 

Rodents, and crafty Sidewinders, the whilst . 

ffectively concealin~e Stones from Ye Direct 
j 

Observation. 
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Fig.--North Caineville Reef viewed northward. J m, MorrisXon 
Formation, shale and sandstone producing irregular rounded hills 
and valleys; Kcm, Cedar Mountain Formation, shale and siltstone 
producing rounded hills; Kn, Naturita Formation of Young (1960), 
poorly cemented pebbly sandstone in strike valley; Kmt and Kmb, 
Tununk and Blue Gate Shale Members of the Mancos Shale form strike 
valleys, Kmf and Kme, Ferro%~and Emery Sandstone Members of the 
Mancos Shale form hogbacks eR cap mesas. 



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 [situate~ south and southwest of the San Rafael 

Swell, north and northwest 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) ~ormations of Late Jurassic age , 
-::tD i"M il""N 

the Cedar Mountain, of Early and Late Cretaceous age , and the Naturita 
11 

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

of the ancestral Fremont RiVert ~etermined to b~ Of Quaternary (late 
P6,( +t#-II~ 

Pleistocene) age, [!;poradicall~ blanket Mesozoic rocks while Recent alluvium 
OCCIA I'~ 

[ is locatej) along [th!] present drainag~~reajJ. IgneOus~oCkst in the form 

~dikes and sills intrude Mesozoic rocks. 

II~ j Ii.lJ fh j ~ J OK· tR,lh:K. 

Structurally, the eastern portion of the area 6 nelYdei/ the northern part 
' f r:'p,- i t\T'tr~ 

~' / S J, .. r,.~ tS. (},t li~1it 
of the Henry Mountajns structural basin. The western ~imi~of the area 

~.a r kt 

is ~elifteate~ by the northern part of the Waterpocket Fold , the Capitol 
. JS :7 

Reef monocline. The intervening area~~a marked structural 

plateau or t errace 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. Although~ 
h'1t. /1 

northeastern 

portion, the 1-fH~H. generally, has been only moderately faulted. A series 

I 



of Small ) thrust~ high angle reverse fau s ea~t of wld n~ra eling the 
~- b ,t'o t (!'q ,- ..., i!Sf 

'~ ~ . ~ I ~ !l f, t h <; 'f \ A ~ . p\ , ' I.; " . I 
San Rafael anticlina axis r~ · ·ftt.&rp-re~ t r p e ... a ge e I , 

F 
~ I f Jl i ,,- th-tf cu eq , f 

, • (1 I W J I I • J r y' r ~. f } ' v I U, " 1 A r (' IT T h ,p I) 

aat-w t comp force beli t-o have been instTUlnental , t ;' ,'n!r C ~qt t),e 

locally', in th orig ' n of these - tructures~ 
W"'Hj !1 o ~ '1"f-.t/ ... .f 

.. t~lLd~ rifl 

bilS " n.~ tv -1),( 

Nt s:t, is () f 4' 

,/ ,. .f: f 1/ t' I t ~ J ( 
Because odmp ete stripping of Tertiary deposi ts wi thin the area has ~ r./ tql-f,t, 

S '< (A ct,s 
• sl.(}..s/d~n t( 

removed indications of crustal disturbance during Tertiary t1me t ages fUCOt l7 !J" 

4lljillj-
• e~ f;-"i /PA.. 

of the individua l tectonics cannot be determined from local geolog1 c T,L ~~ ' 
nq .;> NrlJ 

features. However, Ergm evidence sti i!l in. ~d~Oini~g~~~e~s ;.C; 
several periods of warping are recognized 'and are believed to be o f 

Tertiary (Eocene, Oligocene or Miocene) and possibly e en of 

Quaternary (Recent) age. 

Detailed measuring of the outcropping Mesozoic rocks reveals what appear 

to be small open folds of )late Mesozoic age which are of such small 

amplitude as to be almost completely masked by the more pronounced and 

superimposed Tertiary folding. 

18 

The number and size of uranium deposits within the area is small.~el~~ 
C "e.(. ...- Cv ' ~o W II \ E C f· , t _ C. >~ 7" (... , I ,... Q~ t?v 1 *" 

groups of claims are known to have produced ore-grade materia{t pas t 

production has been marginal, small and sporadic in activity. At the time 
(..J I oIt/~ .,1.; , , I ~ y ', s 

of writingA(June, 1959),~QPe~propert' pe in operation. Potential 

reserves of the entire area is believed to be less than 5,000 tons of 

2 

W h-t.,r( CU' e the t ... o 

t f1J..lfs w A.' e-h 

s ~fPo~ (' ../ Ij },' si" t ile 

p ,../)"~ ",-tt' '5? I "ell r 
re r ,'1/ ej T 1\ (v;... • 

~ ';~ iV, 
7),' II! 1 



:11') tn /w.~t·,.o,v 
i I ..... 8j"'e.i:l~·'· 

/¥p 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 lith.logic descrip-

tions of measured sections, presentation of variations in thickness of the 

Morrison and Cedar Mountain formations as represented by isopach maps and, 
a: 

finally, presentation of selected detailed mine maps representative of 

uranium mineralized localities within the area. 

~~~JrM4l1-
The geologic map, plate 1, o's s preaf:'ilied on a scale of 1 :48,000. f\,t Fairchild 

radial line plotter 1 1 Wid in conjunction with areal photographs having a 
L.!.'\ c.: ' 

scale of 1:24,000 and flown in 1948 by a private concern ~aviRg ~an 

Atomic Energy Commission contract. The structure map, plate 2, of the same 

scale as the geologic map, utilizes the base of the Morrison formation as a 
= 

datwo. It was complIed by use of the ~~I~o,7~1, ·data; I) seventeen stratigra­

phic sections measured with plane table and an additional eighteen measured 

sections using , Brunton comppss, generally measured between sections 

having had plane table accuracy. 2) about four hundred and fifty deter~ina­
~ ) .(t.~.({ J , , 

tions of elevations of stratigraphic contacts by using plane table and /' 
;1 F-

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 J ormations were determined by use of the method employed by Dusk 

ti
(Le oy and Low, 1954, pp. 140-143'3158-161). The selected mines were mapped 
y r DJ.1. ~ ~)n and tape. 



MN Location and accessibility 

The Caineville area, as herein defined, includes 712 square miles south 

and southwest of the San Rafael Swell, north and nobthwest of the Henry 

Mountains and east of the northeastern portion of the Waterpocket Fold, 

locally termed the Capitol Reef. The area occurs between 38 0 07'30" and 

380 35'00" north latitude and 1100 52'30" and 1110 12'30" west longitude in 

Emery, Wayne and Garfield Counties, southeastern Utah (see index map, fig. 

1.). 

Only two settlements occur in the area. The agricultural village of Caine-

ville, with from six to eight persons, and the hamlet of NotoID , with from 

two to eight seasonal mining and agricultural inhabitants, are all that 

remain of the original half-a-dozen Mormon settlements formerly in the area. 

The population density of the area has declined since the 1897 flood (Hunt, 

1953b, p. 19) t o the present 0.025 persons per square mile. 

Vehicular accessibility to the area i s by mean paved 

state highway 24, connecting the towns of Green River and Hanksville to the 

north and east, respectively, with the settlements in Rabbit and Sevier 

Valleys to the west. The old Emery-Caineville trail, built about 1920 

(Gilluly, 1929, p. 75) as well as the Fish Lake-Aldrich roads are both in 

barely passable condition with four-wheel drive vehicles. The Factory Butte-

San Rafael Swell road, impassible through the Muddy River gorge since 1957, 

~a~ b~~ reopened in 1959. 



~ Physiography 

The Caineville area is physiographically situated in the Canyon Lands 

Section near its western boundary with the Aquarius Plateau of the High 

Plateaus Section. all within the Colorado Plateau jrovince (Fenneman. 1931. 

pp. 306-312). Th area is moderately to extremely dissected by arroyos, 

draws, gulches and canyons. These lowlands are interspersed by buttes and 

mesas often of 1,000 feet in relief although the total relief of the area 

approaches 2.000 feet. 

Water and wind gaps, hogbacks, strike valleys, cliffs, landslide blocks, 

breached anticlines, pirated streams, gravel covered pediments, badlands. 

bahada slopes and other features often characteristic of an arid climate 

are common in this area having a mean annual rainfall ot slightly 

greater than five inches (Butler, 1920, pp. 60-65). 

The Fremont and Muddy Rivers, draining the area, are approaching a stage of 

late youth to early maturity in their development. 



~ Previous inve tigations 

The first geologic reconnais ance itbin the Caineville area was made by 

Gilbert in 1875 and 1 76 in his cIa sic studie of the Henry ountain 

~~~~, l877a, p. 447, l877b, 160 pp.). In 1924 and 1925, Gilluly and 

other apped the northern part of th area a a geologic ap of the San 

Rafael Swell witb structure contoured on the 9Shinaru p ~onglo erat 

( to Back ~e ber of the Cbinle ~ormation of present usage) 1929, 

pp. 69-130). In 1928, the U. S. Geological Survey publi hed additional work 

on part of this area, particularly tbe area north of Caineville (Gilluly 

and Ree ide, 1928, pp. 61-110), and in 1939, the Federal urvey publisbed 

the re ults of fi ld ork on tbe Capitol Reef area whicb adjoins this area 

on th e t (Gregory 1827-1850). In 1935, Hunt 

and hi a sociat instigated ~~~~~-w~m~ of the Henry ount in region, 

the re ult of thi monu ental work being published as a professional paper 

(Hunt , 1953b, 234 p p .). Be geologically and structurally app d that part 

of the Caineville a r ea ea t of and including the Caineville Reef monocline. 
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II General Geology 

A. Sedi ntary roc 

epo it 

The e were not studied b cau e they 

occurred out id of the area under consideration. 
~-~ 

Upper Juras ic erie 

San Rafael roup 

F~ ,'1I5#n. f~f"" 

C ~i ,. t,/,· -" t ,'(),. f
J 

,~t. 

fJo 0 t" ,t~~ t /'tk '-' t,. ~;»,,+II 

/ Carm 1 formation 

The 01 t roc th rea ar tho e of the S Rafael roup, of 

Lat Jur 

n 

x e 

lank of th at rpocket Fold both north and outh of the h let of Noto , 

ar con id r bly On lithology. The b al portion, unconfo ably over-

lying th tone of the Glen Canyon roup, ay b easily ex ined 
of 

near the outh of th Capitol ee gorg. Thick portion ~ venly b dded, 

light gray, dy lime tone and red and tone b d , indic -

tiv of aci ,occ'r at the b • Th e ar overlai by thick, 

hite t pin and green andy and haly beds hich, up ard, are interb dd d 

ith thick white to pOnk gyp um bed , all repre ent tive of a ar On I 

rine __ ... _ f cie • These upper beds areEften hOg~~ contorted, 
~ . F 

long the Noto -CapOtol Reef road.")foin in the upp r p rt of 

y 

b noted 

eli ' at , ,,ar or resistant than th host rock, 
( 

stan . out traight ridges on the surf ce. Large, ell developed 

gyp cry t I , often over a foot in length and everal inch s in di eter, 

occur in tructur lly controlled cavitie in South D ert, north of Noto • 

I fJ 



Carmel formation (concluded) 

Only two sections , varying from 392 to 403 feet in thickness , were 

measured . Ohi o Oi l Company's No . 1 unit in the Caineville anticline 

reportedly encountered over 306 feet of Carmel . However , greater 
~ro~ 

variatmons in thickness are known· adjacent areas (Hunt , 19539, p . 68) 
~ 

Although fossil assemblages are well known from rocks representing the 

marine facies , none were collected in this study. Those collected by 

Gilluly (1929, p. 100) ;n the San Rafael Swell indicate Late Jurassic 

age . 

JJ 



Entrada sandstone 
e "JJ'J~&JI (,bi#, 

(J 'I; '.! ~ ')1'61: ao, I'~~) ./..-
The Entrada sandstone was named by Gilluly and Reesideft (1929, p. 76) ~ 

~~~~t Entrada Point in the northern part of the San Rafael 
~Co:JIM#v . 

Swell~ Fb this area it crops out as steep cliffs to the west, not th and 

east of the Henry Mountains structural basin ~ as well as in a fenster 

within the Caineville anticline~ (See geologic map, plate 1). It conformably 

overlies the Carmel formation, from which it is often difficult to differen· 
=: (..1- 1., rl I'-

tiate. The major portion easily eroded red earthy facies, 

co po ed of thick red
J
8iltstone and shale beds interbedded with massive-
. ~ 

bedded red sandstones , th unit characteristically form - badland topogra-

phy. These beds are ~6.4e~~~~~ very continuous o#er long distances. 

This unit is overlain abruptly, but apparently conformabl., by light gray 

to buff, tin to medium-grained resistant ledge-forming sandstone beds 

which are generally highly cross laminated, representing a sandy phase of 

depo ition. In the exteeme southwestern portion of the breached Caineville 

anticline, the interval between these two facies is occupied by a thin 

lens of dark red mUdstone differing markedly from both~~~ lithologiC 

types. 

Several measured sections KKKK indicate thicknesses of between 392 and 

403 feet for the formation" ~ ;(Ii ~~ ~ . 
mq!tlth,'tt. e~a.ffd 

The only fossils ere small~casts, up to six 

beds representative of 

the sandy facies. Although none of the woody material was preserved suffi-

ciantly to be submitted for ideQtification, the fossils collaborate a sub-

aerial paleoenvironment during deposition of the Entrada sandstone. 
:=:. 

/2, 



Figure ~ .-Exposure at Cathedral Valley, nor thwest of the Caineville area , illustrates 

thick pink gypsum beds , often contorted , forming the upper beds of the Ca rmel ~rmation 

(in foreground) overlain by the entrada ~andstone composed primarily of a red earthy 

facies conformably overlain by buff-colored sandy facies . 



Curtis formation 
::; f ,ILl ~81 ~o~-P, ~. do./I..;f) 

LI'A"J~ ' 
The Curtis formation was named by Gilluly and Reeside (1929, p. 78) from 

" it type l~~ity on Curtis Point on the northeast side of the San Rafael 
~to. 

~~A~~~~rop pattern as that of the Entrada ~andstone 
~ ~ t 't;ti~~llf forms trike valleys. It 68AtQRBably 8'tferlies 'he 

&" •• 1 •• aads' ••• • Lithologically, it i composed of thin, evenly bedded 

hale and interbedded, fine «rained, more resistant sandstone beds, all 
/" ... IIJ 

ranging in color from gray to gree~ ~aa~~~ the presence of included 
f. 

glauconi t e grad *pward into maroon beds of the Summerville formation 
-ft.1 I t 'd, 'I a, I (;J (/ c /, 
Certain bed 1n the upper half of the formation contain concentrations of 

C I I ) 

r d to pink iliceous geodes and concretions, aucer shaped which , 

because 0 their greater resistance to weathering, t~~4~ are strewn over 

the lower slopes of the unit. Beds of conglomerate near the base of the 

formation, recorded both by Gilluly and Reeside (1929 , p. 105) and Hunt 

(1953, p. 72) ere not recognized on the east flank of the Caineville 

anticline but ay occur in other parts of the area not critically exam-

ined. 

section measured on the Caineville anticline showed a thickness of 61 

feet and, at Noto , 74 feet. However, greater variations in thickness are 

as umed. 

o fossils were ~~ .. ed in this formation although Gilluly and 

Ree ide (1929, p. lOS) and Hunt (1953, p. 73) report the presence of 

Late Jura sic marine invertebrates. These, together the presence of 
I 

glauconite, indicate ~~~~~~-P~~~~~~~~~fte-4~~~bon 

" 



_ {It Summerv ill e f o~a tj '!} 0,,,u1JV I}M. JJ.../fi ()' ~ 
~ ( ::",_,, ~d/ ;:fA ~ ~ , /}1W.JP, I,~ t) 

;the summerville fo ation was n~e y Gi u y and Reesid~ (1128, pp. 79- 0) 
~ ~ " tttd 

from expo ures a~ summ~~e Point at . ~e n9r.th , epd of. the S~ Rafae S ell . 
~~~AAMt~ ~~A.c.~~1.#t~..,..~. H- . A 

In th1s area, ij\w.conformab{ y overlies the Curt1s format10n. The format10n 

consi t of reddish brown evenly bedded mudstones, ¥IXI¥~KK ilt tones, 

and tones and gypsum beds. Mudstones generally range in thickness fro a 

halt to five teet in thickness range in color from reddi h brown to rray-
1 . ~ 

green-''''~ evenly bedded, slightly to highly calcareous and ~~~"I contain 

beds ot pink to orange gypsum and varicolored siltstoneHW~. Silt tone beds 

are generally light green to light brown ~~~~ 
C' 

') 
~tbinly bedded, highly 

calcareous, containA ight brown. mUdstone stringers ___ ; varicolored 

chert and other ilicat~~rit ~. pebble~'Nodular orange gypsW9 commonly 

occur interbedded in these units. Sandstone beds are commonJy colored 

variou hue of brown, white and greeni h white. Cross laminations are 

co only developed in these beds. Gypsum beds are common, ranging in thicknes 

fro i olated nodules less than one inch thick to beds several feet in thick­
gyp' 

ness. AllYbed vary in contained impuritie wh' h color the shades of pink, 
~ .. ".,I d if 

orange and even dull brown. Gypsum veins, ~ J of clear selenite, fill ~~~ 

fractures, particularly in the upper part of the unit. 

An 
1XKKXXJ¥( almo t co plet prior to the 

p !!1"' 
ensuing Morri on ,depo ition is evidence y t e~concordance of bedding ~~ 

d, r"'" ) 
along the ' 'between thest t 0 formation in this area. 

f.HI ,t' . LJ,/~-7:=.z.- -/}WP ~ fh ...... ~~ .,-. ---,----

IS 



Morrison formation (restricted) 
-:::. 

The term McElmo formation, first used by Cross (lA99) for beds 

exposed in McElmo Creek , Montezuma County, southwestern Colorado , 

was replaced by the term Morrison formation by Eldridge (1896) YlII ,"~c/ 
from = ..J 

I»~ exposures near the town of Morrison, Jefferson County, 

central Colorado . Later , Gilluly and Reeside (1928 , p. 118) aban­
McElmo 

doned the termYreplacing it by the term Morrison formation for 
1r 

use in this area . The term Morrison is fu~~~ vertically 
J.d,. 14'1\ "s 

restricted to exclude rocks bQ~~PM~ the Cedar Mountain 
A 

formation, of Early and Late Cretaceous age , which unconformably 
'Si 

overlies the Morrison in this area (see table 1) . 

Salt Wash sandstmne member 
~ 

The term Salt Wash ~andstone ~ember , the lower member of the Morrisob 
-:::. = 

formation, was proposed by Lupton (1914 , p. 127) for coarse grained 
";# 

sandstones in the basal portion of his McElmo tormation at Salt 

Wash , Grand County, Utah . Later , Gilluly and Reeside (1928 , p. 118) 

reallocated the Salt Nash ~ember into the Morrison Jormation by the 

action described above . 

Stf" /'f,,, ( 

Loco /~ the Salt Wash~~ember unconformably overlies the Summerville !ormation . 

This erosion surface is generally quite smooth and concordant with 

beds of the Summerville but , in places , ha s been scoured by wide but 

shallow channels as much as 50 feet in depth (Hunt , 1953 , p. 73) . The 
ftlltlh~ 

lowestlfgFtio~of the Salt Wash commonly resembles the immediately 

underlying Summerville beds both in color and lithology, often 

making r ecognition of the contact difficult . Because of this tran­
in this area 

sition zone, one must guard himself ,~ against 

selecting the contact too high in the section resulting in abnormally 
/'fl.k , 

thin sections of the ~alt Wash. 
~ 



Figure . - Northward view of Wood Bench, Wayne County. Paleostream chan­

nels \lie exposed on hi) surface • 

.. , 
Figure / .-We tward view toward lava-capped Fish Lake Mountain at 

skyline. Cre cent-shaped paleostream channels within [the Salt 

Wash e ber, see in foreground, are overlain bY ~h~ Variegated - /' 

Brushy Basin ember of th; Morrison formation (Upper Jurassic) 
i!!!!: ~ 

and di conformably overlain by the] Buckhorn ~onglomerate 

e ber of the Cedar Mountain formation (Lower Cretaceous) 
t2!. == 
CapPing l th~ mesa. Sections 4, 5, ? and 9, T. 28 S., R. 8 E., 

Wayne County. 
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Morrison formation (continued) .. 
The Salt Was~consists of heterogeneous lenses and discontinuous beds 

of gypsum, sandstone , siltstone, and minor amounts of conglomerate , 

mudstone , shale and limestone , with intermixtures of these lithologic 

types being com~on . Colors range from red , purple , pink , brown and 

green through various hues of white , gray and black. In cross section , 

as seen along canyon cliffs , massive beds of sandstones appear to lens 

in and out , often with sudden abruptness , but where these beds occur 

on weathered dip slopes , they commonly are recognized as gently 

meandering or crescent-shaped paleo-channel fillings, some of which 

may be traced for more than a mile (see figs . 6 and 7) . These 

meandering channels were apparently flanked by flood plain terraces 

or flats composed principally of finer grained siltsKlKll and mudsKlKll . 

Where exposed to present day forces of erosion, the less resistant 

flood plain deposits are rela tively rapidly eroded , leaving the more 

resistant channel fillings conspicuously exposed , often in the form 

of shoestring sands (see figs . 6 through 9) . Apparently channels 

were not restricted to their courses but commonly shifted , thereby 

reworking adjacent flood plain deposits and causing the development 

of an imbricating network of channel deposits , reminescent of slug-

gish braided streams on a 11 If XliX terraine of low relief. 

Variations in thickness are shown by the fence diagram, figure 4, 

as well as the isopachous map, figure 5. 

Two collections of fossils were submitted to the W£ieontology and 
~'= " 

Stratigraphy Branch of the U. S. Geological Survey. Richard Rezak 

(Rezak, written comminication) idebtified poorly preserved phycolites , 

precipitated of lime which were entrapped in the mucilaginous sheaths 

of fresh water algae, thereby causing growth of these "water biscuits" 
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l-1orri son formation (continued) 
;::! 

by accretion . These undiagnostic fossils were derived from IX a 

limestmne bed of fresh water origin 36 feet above the base of the member 

in SW~ , sec . 27 , T. 28 S., R. 8 E., Salt Lake Principal Meridian , 

Wayne County. 

The late Mr . John B. Reeside Jr . (written communication) identified 

the fresh water pelecypod Unio aff. Q. felchii White collected from 

a cross-laminated conglomerate 293 feet above the base of the member 

in the NEk , SE~ , NW~ , sec . 4 , T. 27 S., R. 9 ~., Wayne County. Other 

fossils encountered but not submitted for identification include 

abundant plant debris and rept ilian bone fragments . The fossils 

collaborate a subaerial and fluviatile paleoenvironment during 

deposition of this member . 

Brushy Basin shale member (restricted) 

The Brushy Basin shale member, named by Gregory (1938 , p. 59 ) 
~ ::! 

from exposueed in Brushy Basin , San Juan County, southeas tern Utah , 

is herei~ vertically restricted in the Caineville area to exclude 

rocks herein recognized as the Cedar Mountain ~ormation , of Early 

and Late Cretaceous age , which unconformably overlies the member . 

This member , the upper of the two members of the Morrison formation , 
~ 

represents a continuation of Salt Wash deposition but differs from 

the Salt Wash in that thick mudstone and siltstone sections predom­
True sandstones are almost entirely absent . 

inate over coarser clastics.~Colors are typically variegated hues of purple , red , 

pink and brown to light gray and green although others were encountered . Color 

bands commonly coincide with certain lithologic entities but are not 

necessarilly restricted to llfKKIX definite beds of a lithologic 

unit , but often cross them at low angles . The upper part of the 

member is characteristically bleached to pastel shades of the variegated 

2/ 



~~ ' "t. 

Figure · .-View southeast of Notom of southern Caineville~Monocline illustrating topography 

due to weathering characteristics of variegated Brushy BAsin shAle member of Morrison 
-::=. -= 

!ormation (foreground), Cedar 1·1ountain ~ormation (left center ) and cliff-slope forming 

Mancos ~hale . Henry Mo~~tains are in background . 



Figure .-Northeastward view across Salvation Creek synclinal axis. 

Caineville Wash, center right, is entrenched in ~ Salt Wash 
..,.-

~ember while outliers of /~ Brushy Basin ~embert lower and upper 

center, illustrate typical variegated bedding. Mesa in lower left 

is capped byr Buckhorn conglomerate ~ember of ~]cedar Mountain 

'ormation. Note scour and fill within l~] Brushy Basin ~ember~ -
~~~~~~~~~a.~ft/ in knob in right center. Section 4 

J 

(unsurveyed), T. 28 S., R. 8 E., Vayne County. 

q 
Figure ~:-Southeastward view of ~Naturita lormation~,~~~~~~n 

-capping the Morr-is-o ,~~~east of Factory Bench. Notel~a!] 

~~tl ~~ ~,~~~~:i ~a~ . ;;] 
~~~~~~~~~~Mbnm~~'~'~d'~~ 1 

e ..() f ",,,tlJr'/t"l Fo 1'""4 1j·on. ~ ,., 
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\.: :' 
~\ ~, .. :, 

~ ·f 
,-.: .' 

~.";'. ~ J 

'+ ~ .• 

Figure • -Westward view toward '.ate"r ocke,t F~l~~",<-at ho;iz~l!-) ft •• 
Caineville Wash (in- toreground) -;~ie.ed ac~ ::~~~rea~h~d Caine­

ville anticline. Note curved Salt Wash paleochannel. Rocks in 

foreground are e stward dipping Morrison and Cedar Mountain 

formations. Section 28, T. 28 S., R. 8 E., Wayne County. 

Figure 9.-Southwestward view from Hartnet Draw toward South Desert 

(broad flat valley below skyline). Paleochannels in foreground 

cap in background 

Salt Wash ~ember of ~J?t10rrison lormation. 380 
24' north lati­

tude, 1110 11' 30" west longitude, Wayne County. 
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Morrison ~ormation (continued) 

colors noted in the lower portions of the member (see fig . 16) . 

The thickness of bleaching below the upper contact appears to be 

genetically related to the presence of carbonaceous beds within the 

overlying Naturita ~ormation where the intervening Cedar Mountain 

formation is missing . Studmes by Young (oral communication) have 
s 

indicated that thicker sections of low grade coals within the 

Naturita formation result in thicker zones of bleaching in 
'5 

mudstones of the immediately underlying unit , re~ardless of whether 

it be the Morrison or the Cedar Mountain I~rmationX. 
= 

Like the Salt Wash , the Brushy Basin ~ ~hale ~ember had a fluviatile 

origin and contains well developed paleo stream channels as seen in 

figure 11. However , because of the smaller amount of course grained 

clastics within the member, fewer channels are recognized than in 

the underlying member . The area east of Factory Bench includes many 

well developed channels in this member . 

Variations in thickr.ess of the member are sho~m by fence diagram, 

figure 4, as well as the isopachous map , figure 12 . 

The only fossils sub~tted for identificati)n was a sili c ified 

cephalopod, obviously of marine origin, but reworked and transported I 

into the area. This ammonoid was collected from a massive conglomerate 

bed 404 feet above the ba se of the formation in the NEi , NE~ , swi , 

sec . 1, T. 28 S. , R. ~ E. , Wayne county. Mr . Mackenzie Gordon , of 

the U. S. geological Survey (written communication) identified the 

ammonoid as a glaohyritid . He added that Glaphyrites drakei , ~. 

multiseptum and Q.. modestus are the iOUn~HHXj~U closest 

affinities to this species , that G. modestus is known from the 

Late Pennsylvanian of Texas whjle G. drakei and~. multiseptum are 

2t 



Morrison formation (concluded) 
c 

known from similar Late Pennsyl\ranian strata near Socorro , New Mexico . 

Concerning a m0re orobable source of the fossil , and therefore a 

possible source area for at least part of the sedimenys comprising 

the member , Mr . Gordmn adds: "I have talked with C. A. Repenning of 

the Fuels Branch 4P. S. Geological Surveil who has studied the Meso­

zoic rocks of the western part of the Colorado Plateau province . He 

suggests rocks to the west or southwest as a likely source of these 

conglomerates in the LBrushy Basin member of thi? Morrison 
::. 

formation. The western edge of Morrison deoositional area describes 
~ 

a north-northeastward sigmoidal curve through southeastern Utah and 

northwestern Utah . As the Ely formation (unrestricted) ~Pennsylvania~ 

jijI*~~YMj»~in the Confusion Range of western Utah and at its 

type locality ~astern Nevadi! includes a hiatus representing part of 

Middle Pennsylvanian and probably all of Upper Pennsylvanian time , it 

would seem more likely that the ammonoid might have been derived from 

the Bird Spring ~ormation LPennsylvaniari! of southern Nevada in which 

Upper Pennsylvanian equivalents are known . Although no ammonoids have 

been described from this ~ormation , we have a Lower Pennsylvanian 

species of Glaphyrites collected recently near the base of the 

for:nation by C. R. Longwell in the Spring mountains near Las Vegas . " 

This source area agrees with the contention of Eardley (1951 , plates 

11 through 13) who indicates the existance of a Paleozoic highland in 

southcentral and southeastern Nevada to southeastern California 

with subsequent deposition to the west into the Utah tr0ugh during 

Triassic and all of Jurassic time . Furthermore , Eardley (plate 14) 
surficial 

indicates the presence ofAPennsylvanian rocks in this positive area 

near the close of Jurassic time . 
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ere tctceot.t.-s j:i.ste~ 

Lower and Upper Cretaceous series .. 
Dakota group ... 

""- ~ 
The term Dakota 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 
~ /.. .... 1(1, " cri"'tctc ;-. L ./")'\ /U tt'Q ~ :' 
area within the Colorado Plateau and includes fheACedar Mountain Jormation 

1 tJ. 'fb t.T"nA < ~ ' f .S 

as the basal unit and the Naturita formation of Young (in preparation) as 
-1 ... 

the upper unit. This action was deemed advisable .IKKKKI by him because 

CeJa-f' _1i1oJ.i.'VlfA,j>1 d P 4" S Lt ·---12 ~~ f' --k .teuj) . ~±~-- *1t~ ~--. fJ-f- t1J f... _ Na1t1~rl4. 

Pm!. ~t.t_ ' . ...f. r t'P.-(Se"YIi ftt t. 1 {" //"1.' 11 ! tlY1f.t:_CAn l'f; r¥ !D; rl J ~~ 
. i _I . , v " t ,~ /qO+-A a~o O'\.f 

iii'" 4 

This -report follows the usage as proposed by Young. 

Cedar Mountain ~ormation 

The Cedar Mountain !ormation, formerly conSidere~~ of the N.~KKK 
unrestricted Morrison !ormation (see table 1) was named by Stokes ( 19~~ 

~!" !~1) from its type locality at Cedar Mountain , Emery County, Utah. 

The Caineville area includes the southwesternmost known limits of the 

format ion. 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 ~K great amount of included mudstones, it typically 

forms badlands resembling the underlying Brushy Basin shale member of the 
::£. == 

Morrison from which casual inspection may make differentiation difficult. 

Tit~ BK ck~orl\ r ~rp'lo (t tr'lit 11(,f1lhy was Buckhorn ~onglomerate :ember 
II ;! ,- I ~! J~' I . ) ,,'PI. ,- '51 • .,'5-,,,;. f';-!~/"'.,·j lit.: rd •. .- Mo".f,/>t.J'-.Oj l'.fAdl'y ... !(tq~._ 

J~is lin man~ Pl~ discontinuous lenses of a well to medium well- sorted, well-
"'1';tyJJ'f'" n -,..,s,'J'f'" ____ A 

indurated , calcareous, cross-laminated conglomerate consistins of chert 

pebbles of multi-colored silicates and even of clear quartz!&P8 recogaize4] 
c rJ .. , M fN.,J-.. Jn... 64f. 

at the base ot the~~ormation. These pebbless well rounded and up to 3/4 

inches in diameter.,. 81 e C!(Joted witli a dUlle gpay Ie 61aelt: mlfterel re8ellbRng 
21 



ro., JIIt .rl ,. frA. 

Buckhorn conglomerate member of Cedar Mountain (continued) & _ A 

ca.el t yara1.k:. 

The thickness of this member varies from 0 to a maximum of 38.2 feet at 

the Muddy River. Generally, however, the member rarely exceeds 17 feet in 

thickbess within tbe area. 

This member is cODrelated with tbe persistant ebert-pebble conglomerate 

referred to by Gilluly(1929, p. Ill) as being within and about 200 feet 

below the top of his Morrison formation (unrestricted). He, however, did 
3= 

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

Chert pabbles containing marine bryozoa, crinoidal fragments and spicules, 

were collected from the member in the #~ ~, ~.~_J4, sec. 6, T. 298., R. 8 E., 

S. L. M., Wayne County. Of these, Miss Helen Duncan of the U. S. Geological 
6 ,~ f~~ ~~~ 

SurveYAwas able to recognize fistuliporoid, stenoporoid, rhomboporoid, 

fenestellid and acanthocladid bryozoans. Of the assembllge, she recogn.zed 

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

itA 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 foun., 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 

) from more northerly exposures of this member • . . -'- ...... ... -. =-

Cedar Mountain lormation !±undiffex el1tiate~ 
.:It-

The Buckhorn ~onglomerate member is conformably overlain by an upper 
~ ~ , 

unnamed member, consisting X% almost entirely of thick mUdstone and silt-

2' 



Cedar Mountain formation (concluded) 

stone units with minor amounts of sandstone and conglomerate beds~contain­

ing pebbles up to 2 inches in diameter. Calcareous gray to buff mamillary 

nodules often several inches in diameter and containing quartz veins are 
JfJ,t a~SlIH~ IfcR';(),..tt UI #tJ Ir)Atlr/" I, -th ~ hllft. ~«std hur.,s", 

common in certain beds. TheseAand the presence of large, well-rounded 

silicate pebbles and cobbles, often referred to as "gastroliths", help to 
~ftf'l i",W!,/;ttf.,Jj~ rvlt r' Iy; It-~ 

distinguish this unit from the~Brushy Basin ~hale ~ember of the Morrison 

~ormation, which it often resembles. Colors are commonly variegated, ranging 

from XXlXI white, light brown, buff, gray, gray green, pale to olive green 

to brown, chocolate brown, red, lavender and purple. Commonly the upper 

-
part~ particularly where overlain by lowAgrade coal deposits within the 

Naturita iormation, displays bleaching of colors to pastel shades with .. 
deeper colors of the mUdstone effected most greatly. Bleaching commonly 

effects certain beds more than others, but may cross bedding with seemingly 

complete disregard toward any lithologic control. 

cui. r f1oWt\.i~ il\ 
The A!!liuatiog attains a maximum thickness of over 300 feet near the 

Caineville anticline but thins eastward to a feather-edge, apparently by 

local westward tilting, warping, and subsequent beveling by erosion rather 

than by non-deposition. This is evidenced by the apparent removal of the 

upper part of the Morrison formation southward of the southernmost limits 
-:s ~~A .r! A yJ ~H~~ 

of the Cedar( Mountain !ormation south of Notom.~ariations in thickness of 
Cfi dt:t.¥" M~~ tlt~ /,.. -

the ~rmati~ are shown by the fence diagram, figuret4, as well as the 

isopach map~ figures '1. I') Q~' IS. 
*' 

co/lp, t I 
No fossils .ere ~fteeUfttere~ from the upper member of the formation but a 

. b.::l /;~/i:'JJ' C/'Uflt ft/~'f/(! 
fluviatile environment similar to that of the Morrison is indica~ed. 

Jt 
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lA ffll" tr t faf~ 'V( J .s r ~I· t'.s 

Na~~ormation ~ f rD~ "'r 
,;(' --- ~ 

14 '0 1.) ) 1'4 
The term Naturita ~ormation , named by Young (i~ prepaistion) frem its 

type locality near Naturita , Montrose County , Col~----P, is hereby 

geographically extended to apply to rocks formerly referred to as the 

Dakota or Dakot~(?) §and*tone by previous workers in the Caineville area 
-../ ~ 

(see table 1). 

Because of the greater resistance to erosion as compared to underlying and 

overlying strata , the formation characteristically forms benches or 

hogbacks along its area of outcrop. It as exposed around the west , north 

and east sides of the Henry Mountains structural basin as well as along the 
directly 

flanks of the Saleratus Creek syncline . It UDconformablyYoverlies the 

Cedar Mountain ~ormation in the major portion of the area and unconformably 

overlies the Morrison formation east and south of the KKA~KXK 

XX¥¥¥lrlK pinchout of the Cedar Mountain !ormation (see fig. 7) where the 
. jn tervening 
YCedar Mountain is absent. 

The lithology of the {ormation varies considerably throughout the area, 

ranging from lens-like beds of pebble conglomerate to mudstone. Beds of 

conglomerate, generally shades of brown and consisting of subangular to 

well rounded pebbles generally * inch in diameter , but reaching a knOMn 

maximum of J inches, ~K are present . Pebbles are generally of cross-

laminated, light gray to white quartzite and commonly coated with a dark 

gray to black mineral resembling desert varnish. A light gray , silty to 
~~ 

sand~ matrix is generally present . Sandstone beds , often conglomeratic to 

gritty, are generally light brown, very fine to coarse-grained , poorly to 

well sorted , thinly tb thickly laminated, calcareous , often ripple marked 

and often noticeably friable. Siltstone beds are generally green to buff , ~ 

dark gray to brownish black , very fine IIf)(XK¥IXI.KXllXU to coarse grained , 

slightly carbonaceous to coaly. 



o f 1'01,0( " 

Naturita formation (concluded) 
=- 1>. 

Mudstone bed 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. I, T . 28 S., R. 8 E., S . L. M. 

t 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 thiclme s, although a maxim recorded thickness of 64 feet was measured 

by Hunt (1953, fig. 19, p. 78) at Blue Valley in the Saleratus Creek syn-

cline area. 

XKXM»KIXJI"'. The only fossils submitted for identification were four 

specimens of silicified ood collected from a single log in a cross-lamina-

ted andstone matrix in SW~, SE ~ t sec. 1 , T . 28 S., R. 8 E ., S. L. M. , 

Wayne County. Because of the poor pres rva tion of histolo ical features, Mr. 
(~ ) 

Richard A. Scott of the U. S . Geological SurveyAwas unable to identify the 

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

the upper part of the lormation contains fragmentar, fossil remains of a 
, 

fauna co posed principally of the mollusks Gryphae newberryi, Inoceramus 
Ji I ~1 ) I ~ " . • ., J " 

!E. and Exogyra ~. None, however, were sub itted for identification. 

of paleoecology are recognized from the lithology and 
I II 

paleontology. ~~tft~~gravels and near-shore fluviatile and lagoonal 

deposits are represented by conglomerates and fiaer-grained clastics often 

supporting a coal- forming thick vegetal cover. Later the initial transgres­
L illte 

sion of the~p~ Cretaceous sea reworked part and, in places, all of the 

deposits, intr·ducing a marine faunal assemblage in the reworked portion. 



Mancos shale 

In his studies of the Henry Mountains, Gilbert (1877b, p. 4) origihally 

subdivided the series of alternating shales and sandstones-overlying his Henry's 

Fork ,roup (Morrison, Cedar Mountain and Naturita ~ormations of this report) 

into three shale and three sandstone units, each shale and overlying sandstone being 

named, in ascending order, Tu-nunk', Blue Gate and Ma-suk' (see Table 1). Later, 

because duplication of names is contrary to the practice of the U. S. Geological 

Survey, only Gilbert's names for the sandstmne units were adopted, the shale 

units thereby losing formal recognition pending further correlative studies 

with adjacent areas (Longwell and others, 1923, p. 15). Still later the term 

Mancos ~hale, named by Cross (1899, p. ) from exposures near the town of Mancos, 

Montezuma County, Colorado, was K~~Iril extended westward to encompass Gilbert's 

lowest five units (the term Mesaverde ~ormation being applied to the uppermost 

unit) and the terms Tununk, ~lue Gate and Masuk reinstated to apply to the shale 

units as members of the Mancos ~hale. Names for the remaining sandstone member~ t-Ae 
iFerron and EmerY$~ 

Awere introduced into the area by Hunt (1953, p. 79) "in accordance with the usage 

in adjoining parts of Utah". 

Tununk shale member ;::. ::; 

The basal or Tununk ~hale ~ember, named by Gilbert (1877b, pp. 4 &0 ) as the 
=- -

Tu-nunk' ~hale from exposures 'n Tununk Plateau in the Henry Mountains region, 
,group 

unconformably overlies rocks of the Dakota group or, where the1XXili is absent, 
c el.yo 1'101A-1t,:b.,. II\, 0 I" MrJ1"If"'S o~ -= 

the underlying ~orl iso.m formation; This J!bember, typically a slope-and-cliff 

and strike valley former, is characterized by thin but very even bedded dark 
t 

gray shales and somewhat calcareous interbedded sandstones and siltsones, 
/\ 

commonly weathering to a light gray. Shales are generally dark gray, weathering 

to blue-gray and dark-brown hues. They are usually thinly laminated, well indura-

ted, highly bentonitic in certain beds and commonly highly fractured with gypsum 

or selenite and limonite co~entrated along bedding and fracture surfaces. 



Mancos shale (continued) 
.iE 

Siltstone beds are generally \"Jhite to tan, medium to coarse grained, 

calcareous and poorly cemented. The frequency of sandstone beds increase 

markedly in the upper part of the member where they form a transitional 

boundary with the overlying Ferron sandstone member. The ~ember varies in 
~ "iilO = 

thickness from 595 feet south of the Muddy River to 690 feet in the southern 

part of the area. However, variations in thickness of from 478 to 839 feet 

were measured. 

Although no fossils were submitted for identification, the unit is highly 

fossiliferous in marine micro- and macrofossils. GryPhaea cf. G. newberryi 
a 

is particularly common at or just above the base, formingftcochina-like zone 

several feet in thickness and traceable over large parts of the area. In places, 

this zone has been stripped and used as road metal. A single dental plate of 

an oyster-feeding shark was found on a weathered slope in the SW~, NW~, 

sec. 21, T29S, K!E R8E, S~ - L. M., Wayne «ounty. 

Ferron sandstone member 
...... '5 

The Ferron was named by Lupton (1914, p 128) from exposures south of Ferron, 

Emery County, Utah for rocks locally termed Tu-nunk' ~andstone by Gilbert 

(lB77b, pp. 4 to )(see table 1). The base of this member everywhere contains 
so 

~ecreasing numbers and thicknesses of sandstone lenses forming a transitional 

boundary with the underlying Tununk shale member. It commonly forms dip 
'£.. ~ 

slopes, benches and vertical cliffs (see frontispiece). 

The ~ember is characterized by thick, light gray to buff, silty sandstones, 

often ripple-marked, with minor amounts of thinly-bedded siltstones and dark 
(subbituminous A to bituminous C coal (Hunt, 1953, p. ZIt 216 

to medium-gray shales. Low-grade coal beds~re common in the upper part and 

have been mined sporadically at the Factory Butte coal mines where it attains 



Mancos ~ale (continued) 

Few fossils were found. A collection from a shale bed 42 feet above the base of the 
in NW~, WNi, NWi , sec. 3, T27S, R9E, S1M, 

transition zoneAwas identified by the late Mr. John B. Reeside, Jr., (written 

communication) of the U. S. Geological Survey, as containing Ostrea lugubris Conrad 

and CyPrimeria ~., probably new. He added that the oyster is considered 

of late~ Carlisle age. 

Although the bulk of the member is recognized as being of littoral, lagoonal, 

and barrier beach deposits, the fossils identified above indicate a marine 
re 

interfingering in the lower or transitional portion as regression of the Mancos sho 

lin~continued eastward. 

Thicknesses vary from 156 in the east to 460 feet westward. However, much of 

the variation in thickness may be due to arbitrary selection of the base 

within the transition zone. 

Blue Gate shale member 
~ ~ 

i 
p.W 

The 1IiIX~ term Blue Gate was originall pplied by G·lbert, 1877b, iii to 
on the Bl ate latea rh 

a thick shale and overlying sandstone unit overlying ;X A~u-nunk' (~ 
Mil'll;t,. 

Ferron of modern usage) §andstone. Later, Hunt (1946, 1953) restricted the 
8J~e'-te ~ /I Gilbert's 

terml\to KjijUJ~jKKIlXiiHK exclude / sandstone unit. Although the term 
~ 

was adopted by the U. S. Geological Survey for the sandstone unit referred to 

herein, (Wilmarth, 1938, p. 219), the usage as proposed by Hunt is herein 

adopted. 

The Blue Gate §hale ~ember discon~ormably overlies the Ferron §andstone 
~ = . = 

~ember of the Mancos ~hale. Its topography forms slopes and strike valleys 

(see frontispiece). The unit consists predominently of dark gray, thinly-

laminated and iIljX commonly highly bentonitic shale beds with interbedded 
i mpure 

sandy shales and li!1l~3tones. In areas where the unit occurs on the surface 

or is overlain unconforma~ly by Quaternary river terrace deposits, the 

upper 20 feet or so is commonly weathered a light brown to buff (see sextion 
31 



Mancos shale (continued) 
:! 

color. 

Only three stratigraphic sections were measured. Thicknesses were found to 

vary from 1577 to a maximum of 1760 feet ~~~XX in the southern part of 

the area. 

Although marine invertebrate fossils were found during the course of the 

field work, none were collected for identification. 

This ~ember is believed to represent the last westward invasion of the Mancos 

sea into the area. 

Emery sandstone member 
~ '# 

k . 
Thi s member was named by Spie»er and Reeside (1925, GSA Buli., vol. 36, 

p. 439) for exposares southwest of the town of Emery, Sevier County, Utah. 

Locally it caps buttes ans mesas which protect the more unresistant under-
glt4/p 

lying Blue GateA~ember by its great thickness and degree of induration, 
Its w ... cI''''l:Ji~ SJ.,q# 
~ contact with theABlue GateA~ember resembles the Tununk-Ferron contact 

in its lithologic transition. 

Only two stratigraphic sections were measured; on North Caineville Mesa it 

is I5l 192 feet thick while on Factory Butte, 206 feet were measured. 

Masuk shale member 
s. 

Gilbert (1877h,)applied the term Ma-suk' to 500 feet of shale and 500 feet 

of the overlying sandstone~ as exposed in the Masuk Plateau of the Henry 

M~untain region. Hunt (1946 and 1953) restricted the term to the shaly 

portion of Gilbert's Ma-suk', relegating the sandstone~o the Mesaverde 

formation. 

_--------- )la:;",k 
~ the Caineville a~~he _beiJ represents 

~~ --,-- ~,;t,- / 0 0 ~r-::tt.4.. 
deposi~~~solated outl~sAare found on North 

J' 

the ~XH»»X youngest Cretaceous 

and South Caineville Mesas. 



Mancos shale (concluded) 

Because of difficulty of access, it was examined solely from aerial photo-
where S4t ,Jsf.'''''f 

graph~ ,tt appears to unconformably overlie the EmerY/I.: ember ~eI e the e0I1~aQt 

'Wa s t};.m'i eXim.iA,e~. 
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Quaternary ~ystem 

No sedimentary rocks of Tertiary age are known to exist in the area 

in spite of published information to the contrary (Alexander and 

Reid, 1954, p. 121). Although there is structural evidence that 

deposits of early Tertiary age, such as the Paleocene Flagstaff and 

Eocene Green River and later lacustrine deposits once blanketed 

the area (Hunt, 1956, figs. 55, 56 and 57), subsequent ermsion has 

not only stripped away all remnants of these deposits but has deeply 

eroded lii~IJ underlying Mesozoic strata. 

Quaternary deposits in the form of terrace boulder gravels of the 

ancestral Fremont and Muddy Rivers exist as discontinuous pediment 

cover (figures 18 through 21) while sand dunes, colluvium and 

other water and wind blown deposits of Recent age generally occur 

in the low lands. Composition of terrace gravels mentioned above i) 
(ff>t/~'J 

are discussed in greater detail under the topic If Geologic Historylf. 
/l 



Igneous rocks 

A broad area containing intrusive rocks exists in the western 

portion of the San Rafael Swell (Gilluly, 1928, pp. 199-211) as 

well as on Fish Lake Mountain on the Aquarius Plateau (Luedke, 

1954, p. 59) and extends into the west-central portion of the Caine-

ville area. Although, locally, these rocks are all in the form of 

dikes and sills, several large plugs of similar petrology, apparently 

acting as feeder stocks, occur immediately to the west of the area 

in the northern part of South Desert. A conspicuous, approximately 
intruding 

80 foot thick, dark colored sill IKK~I Morrison rocks on Black 

Mountain, T. 27S., R. 7 E., is described by Gilluly (1929, pp. 120-

121) as one of the diabase and syenite composite sills (rigure 17). 

A series of northwest trending dikes exists north of Black Mountain, 

disappearing southeastward before they reach the Caineville Reef 

monocline. Of these,one of a group of three parallel but discontinuous 

en ~chelon type dike~whose width ranges from 0 to 5 feet and which 

occupies a joint system trending N 350 W in section 36, T. 27 S., R. 

8 E., was sampled. Results (S. R. Austin, personal communication) 

indicate that the 2~ foot wide dike consists of analcite-biotite 

diabase and alkalic syenite. Therefore, similarity in composition 

to the Black Mountain and nearby intrusives suggests a common origin 

and time of emplacement. ~ 6hip samples of the center and outer 
Fo YmahO~ 

contact of the dike and the country rock (Summerville~~.) immediately 

in contact with the dike indicated that only the center of the dike 

contained a trace of chemical U308 while V205 assays indicated a 

reduction from 0.05% throughout the dike to 0.02% in the ~ country 

rock. These assays are not anomalously high, even for basaltic rocks, 

and appear~ to rule out these intrusives as a source ~i of uranium­

vanadium bearing solutions in this area. 
~l 



Igneous rocks (concluded) 

Because of denudation of rocks younger than Jurassic in the area 

of the intrusives, no more definite age assignment to these intrusives 

can here be ~given from local evidence than a post-Jurassic (post­

Morrison) age . Gilluly (1929 , p. 121) believes the intrusives to be 

of Tertiary age by analogy with igneous rocks of the Henry Mountains 

and the High Plateaus . A closer age determination may yet be obtained 

from field evidence on the Aquarmus Plateau to the west where a 

more complete Tertiary record exists and where acidic extrusives 

in the form of extensive lava flows are considered by Williams 

(1954 , pp . 74-75) to be Miocene(?) and basalt and olivine-basalt 

extrusives to be of early and , again, late Quaternary age . 



) r} 
Figure ~-Northeastward view of Black Mountain. The Morrison formation 

== 
is intruded by resistant diabase and syenite composite sills. 

280 north latitude, 1110 
7t west longitude, Wayne County. 

\ 8 
Figure X. -North-northeastern view of ~ breached Ca-ineville 

anticline floored and rimed byH Entrada !andstone. ~ 

~inuous Caineville Reef 8S discernable at ~foot of North 

Caineville Mesa in [tbeJ upper right. Note dark-colored 

Quaternary gravel caps truncating 1f1iJUf.IXli ~)Morrison 

~ormation (Upper Jurassic) in ~~ lOwe:i) foreground. Sections 

6 and 8, T. 29 S.t R. 8 E., Wayne County. 
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Structural features 

A structure map of the Summerville-Morrison erosion surface in the 

Caineville area was prepared (plate 2 in pocket) by determining 
and alidade 

strike and dip of beds by the use of plane table~ brunton and 

photogeologic maps, by measuring thicknesses of Mesozoic rocks 

of post-Summerville age with plane table and alidade and brunton 

and , finally, by determining elevation of key beds by use of Wallace 

and Tiernan roving altimeters and plane table and alidade , once 

variatmons in thickness of strata were determined for the area . 



General struotural setting 

The area inoludes, and is bounded, struoturally, 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 monovline, the northern 

extension of the Waterpocket FoldX oree ),late 2). A strong ,,{1"noelinal feature , 
~8ici~~~~{/177.,jJl.~ 

the Caineville Reef monocline,lt forms the western bouncfary of the Henry Mountains 

struotural basin and coalesces southward with the Waterpocket Fold. '!he area 

between these two monoclinal flexures is occupied by a structural terrace 
];.h t +err '£ 

which has been, by comparison, only slightly deformeq,~oonsis~ of two 
S 

gently folded, imbricating and coalescing, nearly symmetrical anticlines and 

synolines which h va distorted strata into a maximum. relief oi, 800 feet on 

this terraoe as oompared to a total struotural relief in the area of over 

4,000 feet. ~_ 

&:rI'ee ~ folds 
!! 

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

basins on the Colorado Plateau, is a broad, gently flexed ass.ymetrical trough 

~h~~a steep western limb, its gently dipping eastern flank having been 

intruded by the HtmrJI Mountains laccoli thic intrusions southeast of this area. 
I,' ", ,"t-

The northern ~jJ 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 synoline in Monument Vallen near Kayenta, bizona. 

San Rafael antioline Only the sou thward plunging nose of the San Rafael 

assymetrical antioline is present in the central part of the area. As north-

ward, where it attains its maximum nlDH relief, the east side is expressed 

as a sharp monoclinal flexure typically forming a "reefn or hogbaok, locally 

expressed as the Caineville Reef monocline . The San Rafael anticlinal structure 
to 

is traceable northwardAbeyond the Book Cliffs (s.e Gilluly, 1929, plate 30) . 

\ \ \ ) 
0 ' IS- 7,. ,s! I 



SalvatioIll spncline Crossing the southern Z?-0se of the San Rafael anticline is 

the broad, gently folded Salvation syncline. This structure demarcates the 

San Rafael structure from the Caineville anticline to the south and continues 

to plunge southeastward inth the Henry Mountains structural basin where it 

disappears. 

Salvation Cieek anticline The Starvation Creek anticline, described by Hager 

(1954, p. 96) as the Last Chance anticline, is an assymetrieal anticline 

facing the southwest end of the San Rafael anticline in a general north to 

northwest arc (Gi11u1y, 1929, p. 123). It plunges both northwest and southeast 

into structural saddles. 

Caineville anticline The Caineville anticline is formed by the coalescence of 

the southward extensions of the Starvation Creek and San Rafael anticlines. '.ftle 

structure has been of interest to the petroleum industry, having been twice d.rilJj 

with negative oil and gas results (Hager, 1954, p. 96-91). (~~, c.:) 
Saleratus Creek syncline Paralleling the east side of the Capitol Reef mono-

cline is the Saleratus Creek structure, another broad, gently flexed depression 

resembling, on a minor scale, the Henry Mountains basin into which it plunges 

southeastward.. 

Caineville Reef monocline This structure, first described as the Blue Gate 

Flexure by Gilbert (1871, plate 2), coalesces southward with the Capitol Reef 

monocline and. continues sinuously no:btheastward to form the San Rafael Reef. 

Locally, alternating competant and inoompetant beds of the Mancos formation 
/~:e.;(;:/ 

are ~imtO'tl8~ de~ and eroded to form the Cainevill~ Reef. 

Capitol Reef monocline This structure, fOrming the western border of the area, 

is the northwestern portion of the nearly 80 mile long Waterpocket Fold. The 
sedimentary 

northern ~ end of the monocline is concealed 'llJfiU bene~oks of 

Eocene (Dutton, 1880, pp. 286-295) and lava flows of later Tertiary age capping 

'Ihousand. Lake Mountaino ~ps decrease northward from 35° in Garfield County to 

50 at the northwest end as expressed in the reef-forming rocks of the Jurassic 

Glen Canyon group (Luedke, 1954, ppo 59-62) • 
.5'1 
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Table 2 STATISTICAL ANALYSES OF THE STRUCTURES 

Name of structure General trend of Direction of dip Amount of Maximum dip TOYal area 
axis in this area of axial plane closure in area (sq. mi.) 

(ft. ) 
ANTICUNES 

4) 
San Rafael N 300 E SW 4, 00 oj. 6~ 2,600 

Caineville N - S W 3BO 20~ 15 
2) 

Starvation Creek N 400 w w 600 10-12~ 110 
3) 

700 

SYNCLINES 

Salvation N 300 w Vert. 40 120W 75 

Saleratus Creek N 300 w Vert. 460 13~ 20t 
1) 

46°SE 
4) 

Henry Mountains N 150 E w 4,Ooo.f 2,100 

MONOCLINES 

Cainevi11e Reef N 25° E w - - - 27°E - - -
N 30° W 

6) 
Capitol Reef W - - - 5 - 35~ - - -

1) Hunt, 1953, p. 88 
2) Hager, 1954, p. 96 
3) Gi11u1y, 1929, p. 123 
4) Kelley, 1955, pp. 22, 27 
5) Luedke, 1954, p. 61 
6) Gregory and Moore, 1931, p. ll~ 



~ Iinor fol ds 

In add ition to the I1Ia.jor s tructura l features just d iscuss ed, minor 

crustal mover.-,ents of sr.-,all ampli t ude and believed to be of late !,:es ozomc 

E'.0e ','rh ich were subsequently masked by t h e later , more l)rOnounced folding , 

a re believed to have existed in t he area as evidenced by results of 

d e tailed secti on meas urementso These have been tre a ted Dore fully in the 

section governin~ stratigrapJly o In add ition to these folds , micro-folds , 

consisting of symmetrical to westr;urd dip~) in [!; rec umbant folds of less t llan 
deformation 

ten f eet of vertical ~~SF~x£KMeR*, a re com~on ) rallcling the east side of 

the San Rafael anticlinal axis as tively incompetent 

SUD'merville heds in this regiono 

Fractures 

Fractures in the area consist of faul ts and[ joints II .~s evidenced by the ... 

nUlr:ber and amount of their displaceli,.ent, falll tin£; wa s moderate (see Fig o X) 0 

An anomalous ly intense area of faulti ng occurs in the northe rn part of the 

::enry l:ountains structural basin 0 .AI t :1ouJh poorly eX:"Jos c d bec C'.use of the 

i n COf.1petant natu re of surficial bed.~ of the ~ !ancos shale, it can be stated 

that the faults consist of generally hi~h ~ ngle (6 5 - 89° ) normal faults 

trending between e ast - west and N65
0

J with t hrows (vertical conwoncnts of 

dip s lips) ranging rro~ 2 to 30 feet. Of seventeen en ~chelon faults 

measured , fifteen of the scarps were normal or gravity faults. Of the two 

rernainin:; reverse faul ts I t h e eas t-northeast trending l,:uddy Hi ver faul t 

s e-arp exhibi ted the greatest amount of tIu'owo .~ I thou2;h eXI)os u res of t his 

fault are sketchy becaus e of Tertiary alluvium cover, it is safe to 

e s tii rlate Ul) to almost 200 feet of vertical dis.placsment o 

.A series of low angle (22-38°) westward dil)ldn~ scarps of reverse 01' 

thrust faults occur in surficial Summerville beds in t~e same be lt as the 

recl.lIebant folds l)reviously des cribed as occurrin2; cast of and ess entially 

5"~ 



aralleling the cre st of the o an Rafae l anti c lina l axi s . No faults vith 

throw gre a te r than 4 fe e t we re en~ntered o This zone of recLmbant foldin ~ 

a nd reverse faul ting i.s i n ter ret~"i/l= indicating the resenc~ of g eneral 

east - we s t com ressional forces whi c h at first resulted in levelo~ ing tle 

structural terrace containing the southe rn n ose of t he San Rafael anticline 

and finally resulting in ru ture along the east side of the San Rafael and 

Cainevi lle structures g 

These views are strengtlened by the i nterpretation gi/en by Hunt (1~53 , 

89) to t h e ori g in of the en ' chelon faults previously aiscu~s ed o He be lieves 

these faults "strongly suggest shearing along the south side of an eastward 

thrust , as if the ~an Rafael Swell had been bodily thrus~ e as t ward wi th 

res ect to the I-Ienry l'lountains structural basin o " Al t lough he adds t hat 

thes e fults ?p)arent ly b eiong to an independ e n t and lar ·er syst em of 

fractures widespread in the Green River Desert to the east , t h e s e n ior 

author feels that , at leas t locally , the firs t interpre t a tion given by 

im is corr ect , being validated by t he 2resence of t. e p revi ous ly mention ed 

westward dipl)ing t hrusts and. re cumbaat folds \-7hich strongly indicate 

shearing in a general east - wes t direction uue to comlre s s iona l forces 

apparently instigated after the .evelopDent , iocally , of t he struc tural 

nos e of t he San Rafael ·anticl i ne w·hich obviously d id not extend t lis far 

south unti l rather l at e in t h e stage o f , and t h erefore , time of deformation 

of the Swell . 

Additional faults of s mall vertical displacement occurring S oradically 

throuuhou,.t the area are interpreted as caused by os t - deformational 

• elasti.c rebound o 



Fractures (concluded) 

Because of the weathering characteristic of widely outcropping 

incornpetant beds of the Mancos shale, few joints are sufficiently .. 
exposed to be mapped. Aerial photos and photogeologic ~ps indicate 

the presence of two sets of essentially vertical joints which trend 

perpendicularly northeast and northwest within the Henry Mountains 

structural basin as developed in massive sandstone units of the 

Mancos ~hale (see plate 2). These joints are be~ved to represent 
:I 

shear fractures as a result of east-west compressional forces in 

the basin. 

A set of paralleling joint fractures in section 36 (projected), 

T. 27 S., R. B E., which strike N 350 Wand dip B5~ (previously 

described under "Igneous rocks!!) acted as conduits for a system 

of en ~chelon Tertiary(?) dikes which can be traced northwest for 

many miles. Hunt (1953, pl. 5) depicts additional northeast-north-

west trending joint sets as exhibited by outcropping Glen Canyon 

rocks along the southern limit of the San Rafael Swell as well as 

a north trending system along the Waterpocket Fold. 

Three major joint trends are recognized in the area, vis; between 
(s e~ -p,,;. ItfJ~ 

N 60 and N 25 W, between N 25 and 35 E and between N 40 and 55 ~. 
A 

Peter Badgley (personal communmcation), although admitting that 

more conclusive evidence is required, believes that these trends are 
with some trench 

suggestive of a pre-Laramide orogeny ~ ... probably parallel to 

older pre-existing lineaments of possible pr~mbrian origi~which 
$ 

may have been rejuvinated. 
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Geologic history of the area (continued) 

Cretaceous history 

Probably during the close of the Jurassic and certainly during the 

advent of the Early Cretaceous, slight regional uplift accompanied 

by warping on a minor scale was followed by peneplanation of the 

Morrison-covered surface with resultant variations in thickness of 

the Morrison at the expense of the upper or Brushy Basin ~ember. 

Early Cretaceous deposition began as fluviatile deposits of an initial 

conglomeratic phase, representing the basal Buckhorn conglomerate • 
member, Xi followed by interbedded argillacemus and arenaceous 
ox. 

deposits comprising the bulk of the Cedar Mountain formation. This 
. "S: 

was followed by a more severe regional uplift, principally expressed 

as tilting of the area in a northwestward direct,ion and accompanied 

by minor crustal warps. The resulting denudation of these incompetant 

beds by peneplanation not only beveled the Cedar Mountain formation 
.a 

to a featheredge along the eastern and southern portions of the area 

(see figure 15) but eroded part of the older Morrison formation in 
3!! 

the southern portion and even progressively older beds south of the 

area. 

Peneplanation of theyiarly Cretaceous land surface apparently reached 

a stage of marked maturity. At best, if peneplanation was not comple-

ted before deposition of the Late Cretaceous fluviatile clastics and 
of rOl(i' "t. o 

lagoonal coal beds of the Naturita formation, planation was certainly 
- II 

completed by the ensuing erosive beveling force of the advancing 

shoreline of the Mancos sea. This erosive action, armed with surficial 

Naturita and Cedar Mountain debris, often caused redeposition of a 
-"type 

thin veneer of terrestrially derived but reworked ~aturita; deposits 

containing conspicuously well rounded pebbles and thin mudstone 

beds containing a marine fauna. These reworked beds, where present, 
.rJ' 



Geologic history of the area (continued) 

Cretaceous history (continued) 

unconformably' overlies undisturbed Naturita clastics. 

The advance of the initial Mancos sea deposited the thick calcabeous 

and gypsiferous mudstone sequence of the Tununk ~hale ~ember ~ 

in a marine environment which, at its maximum advance, is believed 

to have been at a minimum depth of 500 feet. The first of several 

retreats of the Mancos sea,reflecting crustal unrest in the 'form of 

renewed uplift, is represented by the upward transition of Tununk 

lithology into cross-laminated sandstones and, finally, interbedded 

coal beds of thexFerron ~andstone ~ember, representative of littoral, 
,;;a- -::> 

lagoonal, and barrier beach deposits. 

These beds are disconformably overlain by marine mudstones og the 

Blue Gate ~hale ~ember, indicating a second advance of the Mancos ::a. _ 

sea. A second gradual retreat of the sea is reflected by an 

upward transition into shoreline and coal-bearing lagoonal deposits 

IIXIIi represented by the Emery !andstone ~ember. This unit is 

overlain by argillaceous marine deposits representative of the third 

major westward advance of the Mancos sea, the Masuk thale ,ember . 

Although nearly all evidence of the remaining geologic record is 

missing because of denudation, other nearby areas including the 

Henry Mountains and the Book Cliffs indicate that at least a third 

majo~ retreat of the sea deposited beach sands and possible coal 

beds, represented by the Mesaverde ~ormation, reflecting a 

repetition of Ferron and Emery paleoenvironment. 

Presumably then, early Late Cretaceous downwarping of the crust took 

place pulsatingly causing not only the westward advancing Mancos sea 



$eologic history of the area (continued) 

Cretaceous history (continued) 

th ~ ~("-l:4... 

to inundate the area, but downwarpingAsufficiently to accomodate 

accumulation of between 2700 and 4000 feet thickness of Mancos 

elasticsx in this part of the geosyncline. Downwarping was interrupted 

by at least two major periods of uplift as evidenced by shoreline 

and lagoonal deposits comprising Ferron and Emery clastics. These 

regressions of the Mancos sea may be traced over large areas of 

the Colorado Plateau. 
T.e i' t /4 r" Y h ,·..st 0 f-Y 

Sometime after Mancos and Mesaverde deposition, the area, presumably, 

was deformed. Dutton (lS80, pp. 286-295) indicates that, 0n the 

northern end of the Waterpocket Fold, older rocks are ~olded, 

truncated and overlain by rocks classified as Eocene in age 

while Young (verbal communication) indicates crustal unrest in the 

Book Cliffs as evidenced by thinning of Paleocene beds along the 

northward projected axis of the San Rafael Swell. 

There is gathering evidence that the San Rafael Swell probably began 

its history of uplift as early as Early Cretaceous (Young, JI!IIKI 

verbal communication) but did not attain maximum deformatlon till 

probably Eocene time. As each deformational ttpulse" was renewed, the 

limits of the anticlinal axis were simultaneously extended both north 

intm the Book Cliffs area and south into the Caineville area. Local 

absence of thinning of Mancos clastics near this present axis 

indicates that XKIXIXXIi this area was uneffected by such initial 

uplift. Unfortunately, denudation of Tertiary rocks has removed 

with it evidence to indicate which structure, the San Rafael Swell, 

the Henry Mountains structural basin or the Waterpocket Fold, of 

Late Cretaceous or Tertiary age; (Hunt, 1953, p. 209) initially 

effected t he area. (0 
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Geologic history of the area (continued} 

Tertiary history (continued) 

Later the ,·;area, as an intrinsic part of the Colorado Plateau, was 

uplifted in late Eocene to early Miocene time and probably thereafter 

throughout late Tertiary and perhaps even Quaternary time (Hunt, 1953~ 

p. 221; 1956, ) 

In order the date the age of the structural deformation more closely, 

tbew~sedefithe youngest rocks truncating the Caineville anticline, 

namely gravel terrace deposits considered by Alexander and Reid 

(1954, pp. 121, 122) to be late Tertiary in age, was questioned. 

These flood plain deposits (see figures 17, 18, 19 and 20), derived 

from the ancestral Fremont River, are composed of sand, pebble, cobble 

and boulder-sized jiKifIII rocks (see sections and in appendix). 

Although most of the smaller sized material is composed of the less 

competant sedimentary rocks, almost all of the cobbles and boulders, 

some exceeding three feet in diameter, are composed of well-rounded, 

slightly weathered, highly vesicular basalt. Representative samples 

of basaltic boulders were taken from flood plain terraces of the 

Fremont, two samples near Caineville, two farther upstream Ijl~iJi 

near Aldrich, and one at Torrey, 38 river miles west of Caineville. 

Petrographic examination (Austin, 1958, written communication) indica­

ted that all samples consisted of trachybasalts composed of plagio­

clase feldspar, slightly greenish pyroxene, olivine more or less 

altered to iddingsite, magnetite, and minor amounts of aplite, all 

in a microcrystalline to glassy groundmass. In all specimens submitted, 

the plagioclase phenocrysts contained inclusions of groundmass 

material, principally glass. 



Geologic history of the area (continued) 

Tertiary history (continued) 

The large body of igneous rocks closest to this area, those of the 

Henry Mountains, is described by Hunt (1953b, p. 152) as being 

wholly intrusive, consisting of porphyritic diorite, porphyritic 
. 'A ls 

monzonite, aplite and basalt. U-fti basalt is located in and around 

t he shattered zone of Mount Ellen, about 22 miles southeast of 

Caineville. This basalt, with phenocrysts too small to be visible 

in the hand specimen (Hunt, 1953b. p. 157), constitutes less than 

1% of the total volume of the Henry Mountains intrusives. 

The Henry Mountains, therefore, could not have been the source of 

the basalt-contained flood plain deposits because 1) gravel deposits 

contain basalt as the sole igneous constituent, 2) the mass of 

basalt deposited as boulders outweighs the mass of basalt as presently 

exposed in the Henry Mountains, 3) basalt liiIllfj having such large 

vesicles would indicate an extrusive lava source, and 4) no tribu-

tary streams of the Fremont River mn the Caineville area presently 

drain the Henry Mountains. 

Boulder Mountain, a flat-topped feature south of, and extending to 

within 9 miles of Torrey, rises 5,000 to 6,000 feet above the 

Caineville area to the east. It has an area of nearly 70 square miles 

and rises over 11,000 feet above present sea level, ~ 

IXHKjXliXjjjX~iI According to Gould (1939, p. 1373), it is 

capped by 1,000 to 2,000 feet of basaltic lava flows, the topmost of 

which, at least, are vesicular. He and Flint (195S, p. 119) have 

aptly demonstrated the presence of sheet glaciation of Boulder Mountain, 



Geologic hmstory of the area (continued) 

which glaciation spilled over the rim forming ice tongues or outlet 

glaciers. Flint (1958, p. 117~ fig. 25 and plate 6), in mapping these 

glacial deposits, found that the distal end of the Carcass Creek drift 

of the Fish Creek-Grover drift lobe flowed northward to the Fremont River. 
accumulating melt water 

illfl It apparently dammed the river for a short time, thenAbpoke 

through the barrier carrying drift material composed of basalt-contained 

outwash by sheet flooding to distances IXXIiKIl over 40 miles down-

stream. 

That the source of the basalt boulder-contained flood plain deposits 

of the Caineville area was the Boulder Mountain region ~ is 

indicated by 1) petrographic similarity of basalt boulders with those of 

extrusive lava flows of Boulder Mountain, 2) a reasonable source area of 

large volumes of fast moving water, conceiveably derived from meltwaters, 

required to bransport boulders up to 12 feet in diameter (Flint, 1958, 
v/ ell·./'"6 It f\1t/ tO~~/~t I(~ 

p. 123), 3~ boulders which apparently were glacial erratics, partly 

rounded by glaciation, partly ~ stream transportation, 4) the large 

volume of basaltic lava flows which would account for the large amount 

of basalt boulders in terrace gravels, and 5) tributaries of the Fremont 

River which drain Boulder Mountain both presently and during glacial time. 

Examination of the highest (oldest) flood plain 1¥~~jtXj terraces was 

made in an effort to determige whether any post-depositional tilting iY 
7h t. $t"'fJ~ 

could be recognized. fraese sur£ace~indicate~ that no anomalous tilting 
;'" 

occurred (Ii a maximum of ~o was recognized) and, therefore, that all 

major structural movement must be 
(H." 

Jtfi wu l\. 
dated as~post-Mancos (post Late 

Cretaceous) ~ pre-terrace (pre-B~ll Lake(?) 
interglacial stage, late ~leisbocene)tiMt . 

\ ,(.J 

stage of the Sangamon 



}~ r; -I [ 1- :7 
Figure .-Northward view along~west limb of ~northwa~d 

trending Caineville anticline illustrating apparent post-

Pleistocene tilting ot dark-colored Quaternary gravel terraces 

which here truncate beds of ..., ~Morrison ~ormation. Sections 

6 and 8, T. 29 S., R. 8 E., Wayne County. 

;20 . 
Figure . '-Southeastward view of H west limb of~Caineville 

anticline toward~Henry ' Mountains in background. Note dip 

slope of Morrison beds truncated and capped by remnants of 

dark-colored Quaternary pediment gravels deposited by[th~ 

ancestral Fremont River. Sections 6 and 8, T . 29 S., R. 8 E., 

Wayne County. 
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Figure ~.-Southeastward view of partially dissected terrace of 
/ 

ancestral Fremont River which here bevels beds of L~Morrison 

~ormation. Present Fremont River , seen in upper center , is 600 

feet lower than surface of terrace. Section 13 , T. 29 S . , 

R. 7. E., Wayne County . 
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Figure ~.-N'rthwestward view across 
r 

J orthern part Of~J 

Caineville anticline. Stream in foreground is present and 

only drainage of valley to left. Note two pirated entrenched ~~ 

meanders in center of photo. Fish Lake Mountain at skyline. 

Section 28, T. 28 S., R. 8 E., Wayne County. 

' I , 
~~ 

Figure /~.-Eastward view of figure 19. Note [~] red earthy facies 

of the Entrada~andstone overlain by .~sandY facies, both of · 

which are entrenched by the encised meanders. 
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Geologic history 

A summary of geologic events of the Caineville area, following 

deposition and erosion of the Navajo ~and.tone, is herewith presented. 

1. Deposition of marine limestones in the Carmel sea, followed by 

gypsum and red bed evaporites in the retreating Carmel sea within the 

Late Jurassic Utah trough. 

2. Deposition of the shallow water earthy facies and terrestrial sandy 

facies of the Entrada sandstone. 
--

3. Truncation and reworking of the uppermost Entrada and deposition of 

marine glauconite-bearing Curtis shales and sandstones by the eastward 

advancing Curtis sea. 

4. Continued deposition of the Summerville Lormation as marginal marine 

evaporites and fine-gra~ned clastics. 

5.-Broad gentle uplift accompanied by gentle erosion with maximum paleo-

topographic relief of 50 feet. 

6. Deposition of reworked Summerville clastics and evaporites followed 

by typical argillaceous and arenaceous deposits of the Morrison formation, 
"!!. 

the latter deposits by northeastward flowing aggrading streams. Later 
'tit d .. 

deposits ~ ,riincjJpally fine-grained clastics derived possibly from 

positive Paleozoic highlands as far west as southern Nevada. 

7. Gentle uplift and erosion terminating Late Jurassic time. 

8. Deposition of a fluviatile basal conglomerate phase derived from 

Paleozoic highlands, probably to the west and followed by deposition of 

fluviatile clastics of the Early and Late Cretaceous Cedar Mountain 

..!ormation. 
:::-

9. Slight warping accompanied by differential uplift resulting in 

tilting and truncating the Cedar Mountain and, to the south, the upper 

part of the Morrison formation during early Late Cretaceous time. 
~ 



10. Deposition of the fluviatile and lagoonal Naturita formation, 
:;; 

probably as a shoreward facies of the Mancos sea. 

11. Subsidance of a large part of Utah below sea level, resulting in 

t westward advance of the Mancos sea into the area, reworking 

deposits of the Naturita formation by wavw action and introducing a 
-= 

marine fauna in the reworked portion, 

12. Continuation of deposition of off-shore fine marine sediments 

comprising the Tununk ~hale ~ember of the Mancos Ihale. 

13. Eastward retreat of the Mancos (Tununk) sea accompahied by deposition 

of near shore, barrier beach and lagoonal sandstones and coals of the 

Ferron sandstone member. 
-: .. 

14. Westward readvance of the Mancos sea, truncating sandy deposits of 

the Ferron and depositing ; ununk-like clastics of the Blue Gate ~hale 

!!ember. 
~ . 
l5Eastward retreat of the Mancos (Blue Gate) sea accompanied by deposition 
" 

of near shore, beach and lagoonal sandstones and coal beds of the Emery 

sandstone member • .:;;- s 

16. Readvance of the Mancos sea, truncating sandstones of the Emery 

§andstone member and depositing Tununk-like marine clastics of the Masuk 
~ ~ 

shale member. 
,;. 'S' 

17. Final eastward withdrawal of the Mancos sea with deposition of 

Star Point and Blackhawk equivalents of the Mesaverde ~roup, apparently 

under fluviatile and sub-aerial conditions. 

18. Initial upwarp of the ancestral San Rafael Swell to the north, accom-

panied by erosion representing t~rly Laramide orogeny. 

19. Continuation of deposition of Late Cretaceous non-marine Mesaverde 

~oup, including possible equivalents of the Price River Jormation. 

20. Renewed uplift of the San Rafael Swell to the north, accompanied by 

erosion. 

" 



21.Deposition of equivalents of the North Horn and possibly Tuscher 

formations of latest Cretaceous and early Paleocene age. 
: 
22. Renewed uplift of the San Rafael Swell, apparently extending the 

structural axis southward into the Caineville area, and accompanied by 
~~~u~ 

~ deformation~ of the Circle Cliffs, Waterpocket and Monument upwarps during 

early Paleocene time. 

23. Deposition of the lacustrine Flagstaff limestone in lowlands along -the west edge of the Colorado Plateau during middle and late Paleocene 

time. 

24. Probable deposition of the Wasatch, predominantly fluviatile Colton 

and lacustrine Green River formations and possible other younger units = 
during early and middle Eocene time. 

25. Possible instigatio~ of epirogenic uplift of the Colorado Plateau 

accompanied by defo~ation of the Henry Mountains structural basin 

during late Eocene time. Period of normal, en echelon and reverse 

faulting in the Caineville area. 

26. Block faulting in the Basin and Range Province to the west during 

Oligocene and Miocene time, with the High Plateaus becomming outlined 

during early Miocene time. 

27. Advent of igneous activity in the form of the Henry Mountains 

laccolithic intrusions to the south and extensive sialic andesite and 

trachyte lava flows in the High Plateaus to the west. Probable emplace-

ment of the analcite-biotite diabase and alkalic syenite fikes, sills and 

stocks in the Caineville area, all apparently during middle Miocene time. 

Establishment of ancestral drainage of the Fremont, Muddy and Dirty Devil 

Rivers. 

" 



28. Continuation of epeirogenic uplift of the Colorado Plateau. Possible 

short-lived deposition of the fresh water Browns Park and Bidahochi 

formations or their equivalents. Extensive basalt extrusions in the High 
iif 

Plateaus to the west during late Miocene to middle Pliocene. 

29. Volcanic eruptions of olivine basalts continuing in High Plateaus, 

with eastern limits possibly extending into Caineville area, during 

and after late Pliocene time. Advent of extensive denudation of surface 

of the Colorado Plateau. 

30. Faulting, causing up to 2,000 feet of uplift of the High Plateaus, 

continues intermittantly into Pleistocene time. Denudation of land surface 

in Caineville area continues, stripping all post-Mancos deposits from 

these lowland areas. 

31. Glaciation of lava-~apped areas over 11,000 feet in parts of the 

Aquarius Plateau to the west during the Sangamon interglacial stage. 

32. Melting of glaciers to west causing sheet flooding of lowlands to 

east by the ancestral Fremont River, resulting in deposition of basalt-

strewn boulder and cobble terraces in the Caineville area. 

~. ~ •••• d uplift 81 the 8ainevilie UB'i.~'Be~ 
~ Renewed stream erosion in recent time producing present topography, 

e: 

accompanied by continued faulting in the High Plateaus to the west. 
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Figure 'No. Z If 
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figure ¥o 2S 
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A. 

B. 

c. 

Figure)fu; ~, 

@illy t S Dr eam min~ Lower ~ki 0 l' ( 

grained, well sorted. Limonite 

;0 

[ r 1'1 .f t c h' ~ /1 J II n t' t-.s 

~h () ",Itd ~ /vvp f' be. '/"$ C'" i;~ 
LV ,'tA h /.1;; ~st' f /', .s r. 

~ t.e yf.XJ 

coarse gr ained, same ~ 

to coarse Rriined, crossbedred . 
~~-----------------------------

SE'"i-,', ,,,- Co 1't ",'sts ~r lithel?/c IAn/ts IJ fhr,'l"'-- Goo /1'\.. Sq/'i-' W"Sh ~~n·d~,.. bt- l'I~rt-/.tOJ1 j:',r'iJ,~ f-;(;~.J 

·6, Sqlthto",.J /,.,Af }l'tlYJ )?ttl/lAih.1 4"1f6:~ poor/,j ;d"mtt!~ cr~.ss /t't'U/1 "i,,/ COtl.f.,'yts, t.j~lI~I" .. /te 

as ? ~.'·'I.s . w ell ytlun"Q~ 
F. t()I(IJ.It\II"~t#!-Jd&/rx ;t"lI.f t'o lu~fr:~ f t>j,I>I~s 1; -t-b 2 /1 / 1'\. d/(I",tl(;;,/,/r/tlJd~ ct'o.ss !q n,,'l1ttt€!. I1l1.('h 1/,,,a,.,,.Ct, 

s i (/'/fi";! 4:/D7 c~s.s /r:r~iYff.fe s{.(r6ut',S. 

£ , SCl'nt 43 r exce;r ('OYliqjJl.S mutlstal1.'t /"'/)05 "'/ to /';11. .,J/tI,,,tftr, hi' ttl".! o/jllt J"~~h.- ad fll'()let . 

Some tju.J(prpt.n,'te / 11.. ZOh-#,s ()f- o!el1,.. C/e41\. ilA.. 14Yfz..,F4;n s • 

D J t f t 
liJ ~ r./ #//-ro",,, j. / pt'iJ;J{ls. L.;# OYl,./;-e 

. .5 i ts 011(1 1>l4f~ C.MtO:II.5 th/n ~trAfQ " l'Ul/, z. 8ifl'uf.s ~ a 11'1 I 

an.I 1.1It'h~t/le (-?), SOrYl'(, 'bj£l'yli'rIl.t!1/f../ 11\ low~Y'" ~oY't.,n... 
C. c. ,.,) "" eN fe -> rn' 4,'" ~ ,.$ j:"'r ~~'Z:r.:; f,y.,. to. I' ,. ro -// M .. If- '5 IN ell yo" mIJ'~ 0 (C .. ) .~,.( m .,.1, to", 

ff,dls , TJ~:J.~" .. / t~ aI,,; A c,. .. .5 I"mlnoe su~f~c.~""j .,., .. "i .ilt.tone. I-lis. W"it~> 
},owiers) s()J ... /./~ (,'4/-", (aIIH1/tej) at- Ptl5e. . 

.8. /'1uJs fol'1('./ ()J.'\/~ "r"~~n.~ j nc.-/fLe/t!S cS"n/sf(Jn~ lAl1,'t--r:rt />Ilse S/I'h,'III" to C-, f\1 /.te}, ' I,· .. n~,,/f:'t 
fJ/D"'t' fr«dlltt'ts. r/Q.rDs/te . J 

~ • . 'V« / I / 

A 
.L I 1/ ~'fi b '"t$ Lffb(J$/tl'd /n t:( 1-:f~tlfY f"''''/Of( . . R-ect.-nr;- 1N',' yz - /) OWJ1.. Slfni'll\'trfJ~ q ovl IAnl err I 

rY',,(..t:IIT'~~ t.,tn/ tJ 3D E~ clip eft) t o RJo $) a Y'~ J"'tlo,-d of /,;/rCln/IltJn. f/1/nl,."ls. 

75 



9.1267 

17 

18 

19 

i 
20- I 

,' I 

?"L 

)3 

24 

2':i--

I'3ILL"I'S D R E' ~M N\ II\J E 

Unconsolidated dune sand 
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andstone, lir:;'rt t gray to buff . Ted to coarse grained', poorly sorted 
some stainin~ b¥ secondary ura lium minerals 
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Page 4 

;s a .ssoc.."(J.i~ W','fAcrf).s.s /am/n&( (!. W il li,,/, a""""'" 
The ore generall.y sbed:tM '!if common and 

usuall.y oce There is 1itt1e or no 

""" interstitial clay and the thin mud atone seams common in nearby areas of -tJ, -t., ...... 
Me~. 

Salt Wash,,&re antlrely lacking here. Some mudytone occurs in the form of 

l.enses" pebbles and cobbles rangiq in size from 1. inch to ~ :toot within 

horizons. These fragments are usually grayish green in co~or and 

otten have bleached centers. Carbon in any torm seems to be ent1re1y " 

absent. 

--.,.. , 
?')~ 
\. 

(2) Desert Mine ~ ~» 
J ilt t}' )10 ~tA C4 ;ytlv,'l1 W.sJ. s/,ti> - q ,~!> R~I> I rt' .. ~ ~ 

The sert group of cl.&1ms"was 10eated CD July .1, 1955 by~Hodges. 'Q ~ 

G
J'n l.t/ Q/ p r6Juet.· I W4£ a t ta lh -('rtf""'- -t. h l>~.s eY'-t Alo.¥ ~/a/~ 

~ ~ k • in :reb~ 1956~, ~1I-1;.lla..-Di~~ 
~v;. t . 2.Z (se t, 1=..,. ~I) 11 

~ r:!3 A -23-' degree incllne ~ W' dr1 Yen 265 :feet to a point 97 
IIIII·bh in.- ~ 1'\/ " 

feet be10w the surface,,,oea.r the base of' the Salt Wash member @.~Jl.e.-MI;)z:I=U~. 

512 tons have been shipped 8S of January 1, 1961. There was no activity on 
t:l( ft~r w~i,h 

this property.from ovembe~195B to January 1.96~ ~3 
~AI" 

tons of O.09~ U30B was to the UnioD Carbide mill at Rifle. The ine 
( V4 ,. ' I 19 , i) 

is 1Dactive at the p sent t1me; 
A 
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All properties that bave produced over 50 ton are l.ocated in areas 
. ~ ., £-"!J t r~f~t 0 It,j ~ ~ 

that ve thinning of the Cedar Mountain fornatlon
A 

(see Figure 
mq P = • !I.. ). 

This th1nnl L:f:a interpreted ~:?;X"''''''Id7i~. _--:o:;JiI~H'i'i""'!P-WfioiO-- ) as revealing tJ:e 
n,lnor If'/' 

pre ence of po t-cedar tain and pre- turita struct Young (1957), 
j fl.J tpt " Jttltt's 1\ 1\ 

or i ng" i n the Green Rl ver Mining District about 50 miles to the north ot the 
t:he. C,.eel\. ~i'l""" or "~jQI.sf) 'II,'thll'v tAe. s .. lt: W4t$~ SQ.,.Jstont f1tItlP"":-' 

of thi report found that the location of seem to 
ctttCl.$ '''' W ,'cIt tAt.. ct.dtil" l1ou~ / r~"nrllt,.o1 .thlttS b:J 

~el§~~~~~~~~~~MM~~.~~~l~t~~l~~-

e. ~II.~-
Ore bodies in the north CainviUe wash a.rea seem to align themselves ~ 

~ A - A l ".e ..."p 

~te-fl:Bltlar-m~ zon in which the Salt Wash shows an anomalous thieken-;.. 
aY! pelltvt' to 

1 • Areas here the above two f'eat~8 coinc de A represent areas of potent 
(.3~e.I\P;1' 30) TAt "r~&t,. e C1 f adt!,'t, I' "so~ ttJ Or bdc/I $ ea 1''-/ '4 

reserve. ture exploration therefore seems in cated ~7f'rom the t 
" r4wa he. Y 1/ C J 1 YOI.AP a.p ~t I n: ()~;t"'Hle w,'Irl 711l"$f. I1l.s~ eQ~ 

Desert group al areas ot sa1t wash outcrop on the north rim ot North 
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Conclusions 

The initial purpose of determining ~ surface stratigraphic and 

structural features are presented herein. The second purpose of the program, 

namely, to deb~emine possible genetic relationships between these geologic 

features and known occurrences of scattered mineralization, are herewith 

presented. 

Negative factors ire: 

1) N~ionShiP of deposit distribution to ~he major ~ertiary structural 

features of the area. 

2) N~ationshiP of deposit distribution to faulting or jointing, whether 

of Tertiary or Urejuvinated pre-Camvrian lt origin. 

3) No !II apparent relationship of deposit distribution to intrusives, nor 

can it be shown that these intrusives acted as sources of urani~vanadium 

ore deposits in this area. 

i) No II apparent relationship of deposit distribution to areas of anomalously 

thick bleached sections of either the Morrison formation or the Cedar Mountain 
s.. 

formation. 
:s:. 

5) No relationship of deposit distribution to either the present topography or 

~I position of the present ground water table. 

(7 



Conclusions (concluded) 

Positive factors are: 
Two w.aJgr \101"*"'/1.4""' . a ,J t41l0'4 / ll/-u/ . ()CCIt'(' i)t. t ltt, 4Yt4 . O'/.;d/re4. t>rl dtP"Si~ 

I)Atypes ofAore, namely oxidized~depositsAcan be demonstrated to exist in 
t Ao! J>"l&i~ 

close proxirnijy to itiK~f~~~I1 · outcrop distribution of the host f~ horizon 

while unoxidized ore bodies are generally found to exist~alt8P~under 

deeper protective cover. 

2) All uranium-vanadium deposits appear to be locally restricted to the basal 
sfl I\Isi'''! 

member of the Morrison formation, the Salt Wash member. 
~ A~ 

3) Based on present discoveries, uranium deposits average less than 200 tons, 
5[G ~CoN 0 H.l c... , 

but may reach as much as 2,000 ton ore bodies. ~C--rlO~ 

4) Anomalous thickening of the host rock, namely coarse clastics of the Salt 

Wash, by cut and fill at the expense of older sedimentary rocks acted as 

favorable loci for uranium deposits. 

) 
t t DI.tS • 5 Presence of carbona~ vegetal mater~al in the host ~ horizon appears to~ 

have acted as urani~vanadium precipitators while presence of siliceously 

replaces vegetal material acted unfavorably to such precipitation and accumulation 

6) Distribution of favorable ground appears to be oriented along several 

east-west belts crossing the area. 

;L7) The reason for the existance of these favorable belts iii is not completely 

understood. They appear, however, to coincide with areas in which Cedar Mountain 
(see f/cy.l5) 

deposits can be demonstrated to be anomalously thiti. The implication tha.t slight 
~~~.=-~ A 

post-Cedar Mountain wrink ing ~resulted in the effected host rock to be 

selectively ndneaalized by mineral-bearing aqueous solutions must be 

tested in similar areas in which Cedar Mountain deposits or, where absent, 
pre- WQtu. f,.t~ 

Brushy Basin deposits appear to be thinned by" tectonics Nt pI e ~ie:+'ttri+'a a~. 
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