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INTRODUCTION 
Location and Accessibility 

The Big Indian Uranium District lies in northern 
San Juan County, in southeastern Utah. The northern part, 
which is covered by this study, lies mainly in sections 
28 and 33» Twp. 29 S., Range 24 E. The area mapped is 
one and a quarter miles, north to south, by three quarters 
of a mile, east to west; it contains the North Alice, Far 
West, Radon and Cord mines. Steen's Mi Vida mine is 
three and a half miles to the south.

Paved roads enter the area. From La Sal Junction, 
on U.S. 160, 22 miles south of Moab and 33 miles north of 
Monticello, the route follows Utah 46 east for 7 miles, 
then turns south on the Lisbon Valley road for 4 miles 
to reach the area. The village of La Sal is 2 miles east 
on Utah 46 from its junction with the Lisbon Valley road. 
(See Index map).

A network of drilling roads covers the area.
Some of these are passable by automobile.

Character and Scope of Investigation 
The Geology Department of the University of 

Arizona approved a thesis area in Utah, where the writer 
was employed, in lieu of one in Arizona. It was hoped 
that a study of such an area, containing extensive

1



2
uranium deposits, would lead to a better understanding 
of the occurrence of uranium, not only within the immedi
ate district, but also in similar deposits elsewhere.

Surface mapping was done on a scale of one inch 
to 200 feet, using a topographic map, made by enlarging, 
by means of the pantograph, a part of the Mt. Peale quad
rangle topographic sheet, U. S. Geological Survey. Con
trol points, such as drill holes and claim corners, were 
used to correct the topography in detail. Field work was 
carried on intermittently during the Fall of 1957 and 
Spring of 1958.

Underground mapping began early in 1956, in work
ings being driven from the Far West shaft; it continued 
there as mining progressed until the present. The other 
mines were mapped mainly during the Summer of 1957 and 
the Winter of 1957-58. Drift walls were mapped on a 
scale of one inch to twenty feet. Vertical distances 
were measured from the track, where present; in trackless 
drifts a string was stretched between survey stations.
Ore grade was determined by means of a Geiger counter, 
and by assays, - chemical and scalar.

Thin sections of typical material from under
ground were prepared, and studied under the microscope. 
The Chinle and Cutler formations, - the ones most in
volved in the uranium ore occurrences, and the ones
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best exposed in section, were measured; exposures in the 
region of other formations were examined. Other mines in 
the district were visited; parts of some of the mines were 
mapped in detail.

Previous Work
The area is included in Oil and Gas Investigation, 

Preliminary Map, No. 70, Eastern and Southern Utah, on a 
scale of 1:500,000', compiled by D. A. Andrews and 
C. B. Hunt, 1948.

Personnel of the Atomic Energy Commission made a
study of the Big Indian district during the period 1953 to
1957. The following articles, and map, are known to have
been published, in addition to several books and articles
of a general nature which briefly describe the district:
BIX, G. P., The Uranium Deposits of Big Indian Wash, San 

Juan County, Utah; U.S.A.B.C., R.M.E. 4022, 1953 
ISACHSEN, Y. W., Ore Deposits of the Big Indian Wash-Lisbon 

Valley Area. Utah Geol. Soc.
Guidebook, No. 9, pp. 95-105, 1954 

Photogeologic map of the Lisbon Valley Anticline and sur
rounding area, San Juan County, Utah.
Scale 1 in.=4,000 ft.1, U.S.A.B.C. Prelim. Map No. 5 
1955

DAHL, H. M., and LBKAS, M. A., The Geology and Uranium
Deposits of the Lisbon Valley Anticline, San Juan 
Co., Utah. Intermount. Ass. Pet. Geol, Geology 
and Economic Deposits of East Central Utah,
pp. 161-168, 1956
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The U. S. Geological Survey is currently mapping 

a quadrangle which includes the Big Indian district, under 
the direction of Gordon Weir.

A paper, "Geology of the Northern Part of the Big 
Indian District" was presented by the writer at the 
Uranium Symposium at Moab in May of 1958.

Topography and Drainage
Streams are small, since they start in the area, 

and intermittent, flowing very rarely. Water reaches the 
Colorado river by way of Cane Creek, which joins the river 
5 miles below Moab. Locations of streams draining the wes
tern two-thirds of the area are governed partly by the wes
tern dip slope and partly by the fracture pattern. The 
largest stream here follows northwest fractures, passing 
the Eadon and Far West shafts. Thus the surface here is 
carved into rounded, ridges which plunge westerly and north
westerly. The gully walls are steep in places, with some 
vertical walls 20 feet high, and some 10 foot "waterfalls". 
(See Plate XIII)

In the east, a cliff and steep slope drop from the 
highest elevation in the area, - 7,400', to the lowest, - 
6,600'. The valley below the cliff is bounded on the east 
by a low ridge. (See Plate XXII). From a low divide near 
the southern end of the valley, drainage is southerly into 
Big Indian valley, and northerly, into West Coyote Wash.



The "wash" has the closest permanent flow of water, from 
springs in the alluvial fan below the La Sal mountains.

In sandy soil which floors some of the valleys 
and larger gullies, streams have cut vertical banks as 
much as 5 feet deep.

The highest point in the region is 13,060 feet, 
at Mt. Peale, in the La Sals; the lowest is in the can
yon of the Colorado River, 4,000 feet at Moab.

Climate
The climate is semi-arid, with cool winters and 

relatively hot summers. Snow usually covers all but the 
southern slopes from December through March. Thunder
showers are to be expected in August, and strong winds 
in the spring.

At Northdale, 30 miles south, and just east of 
the Colorado line, at an elevation of around 7,000 feet, 
the average temperature is 44.8° and the mean annual pre
cipitation is 13*39 inches. The highest temperature 
reading was 103°, in August, and the lowest - 10°, in 
December. Monthly figures follow, in table 1.

5
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Table l1

Precipitation^ Temperature3
Month Inches Max. Min.
Jan. 1.04 50 1
Feb. 1.02 58 12
Mar. 1.15 55 -2
April 1.07 74 20
May 0.85 83 26
June 0.56 97 19
July 1.15 95 39
Aug. 1.48 92 41
Sept. 1.61 87 29
Oct. 1.45 76 24
Nov. 0.88 64 -5
Dec. 1.13 44 -9

1 From TJ. S . Government records
2 Average for last 26 years
5 1953-54-

(degrees) F.
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Vegetation

The vegetation of this area lies between the two 
extremes of sparse desert growth in low-lying canyon 
bottoms and lush Alpine cover on high mountain slopes.
It is typical of wooded areas at that elevation.

Scrubby evergreens are scattered over the area; 
a mixture of juniper (Juniperus utahensis), pinyon pine 
(Pinus edulis) and Rock Mountain red cedar (Juniperus 
scopulorum). Some shaded slopes are thickly covered by 
bushy clumps of Rocky Mountain white oak (Quereus 
utahensis).

Cacti, while not very abundant or conspicuous, 
except when in bloom, can be found throughout the area.
Dwarf prickly pears are the most common; there are some 
hedgehogs and a few pincushions. Yucca are fairly abundant.

Sagebrush cover some of the lower flats and sandy 
washes. Tumbleweeds spring up on newly cleared areas, 
such as drill sites.

General Geology
The Big Indian district lies on the Colorado 

Plateau. Evaporites of Pennsylvanian age rest on Missis
sippi an limestone and are overlain by a Permian series of 
continental shales and sandstones, with some limestone 
beds. Triassic shales, and some sandstone, are capped by 
eolian sand. Lower Jurassic fluvial and eolian sandstone
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is overlain by Middle Jurassic silty sand. The lower part 
of the Jurassic consists of a series of eolian sandstone, 
siltatone, fluvial sandstone alternating with shale; and 
an overlying shale series. Cretaceous rocks consist of a 
continental sand (and quartzite) - shale, series, with 
marine shale above. A few miles to the north, diorite 
occurs as laccolithic intrusions, of Tertiary age, in the 
La Sal mountains. ,
; A salt anticline, of Permian and Cretaceous age,
has been cut along its axis by a steep fault, which brings 
Pennsylvanian rocks in opposition to Cretaceous beds. 
Uranium deposits occur in the upthrown foot-wall block; 
pitchblende replaces calcite cement and sand grains in 
channel sands at the base of the Triassic Chinle formation, 
in a belt underlain by the paleo-outcrop of Permian Cutler 
arkose beds. Small copper deposits occur in Cretaceous 
sandstone and quartzite in the hanging wall of the fault.

The uranium mineralization has been dated as early 
Tertiary. Rocks below and above the ore have been bleached 
by hydrothermal action. . . . . .
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DESCRIPTIVE GEOLOGY 
Stratigraphy

Sedimentary rocks exposed in the vicinity of the 
Big Indian district range in age from Pennsylvanian through 
Cretaceous. Some are poorly exposed locally and are known 
mainly through information obtained from holes drilled for 
oil and uranium. Exposed formations have been identified 
on the basis of lithology, and position in the stratigraphic 
column. These sediments are deposits in the Paradox Basin; 
first as evaporites and marine limestone, then as stream- 
borne continental material from bordering highlands, and as 
wind-blown sand, and finally as marine shales. Most forma
tions extend far beyond the limits of the original basin.

Some formations separable elsewhere have had to be 
combined locally. Age determinations are difficult because 
of lack of fossils; some period lines have been drawn only 
approximately. The following stratigraphic summary was 
drawn up by the Atomic Energy Commission; the form has been 
altered, the descriptions condensed and five thicknesses 
changed. The A.E.C. figures were: Dakota-Burro Canyon, -
220'; Brushy Basin, - 4-50'± ; Wingate, 2801-3601; Chinle, - 
540'-480'; Cutler-Rico, - 1470'.1

I Lekas, M. A., and Dahl, H. M. op. cit. fig. 4
p. 165

10
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Stratigraphic Sequence

UPPER CRETACEOUSrMANCOS SHALE; 20'(?)+, (3,000', Grand Co.)
Blue-gray shale. Forms a discontinuous veneer on 

the Dakota sandstone.
UPPER & LOWER CRETACEOUS:DAKOTA SS. & BURRO CANYON FM. (UNDIFF.);. 205'

Yellowish-brown to light gray, medium to coarse 
grained well-cemented to friable sandstone and conglomer
ate with some interbedded gray or red shale, - especially 
in the medial portion. The upper part forms prominent 
cliffs and the lower part a series of steep slopes and 
ledges. - ■ '  : ", ' :'

: Unconformity
UPPER JURASSIC:MORRISON FM.; BRUSHY BASIN SH. MEM.; 400't 

Red, purple, gray and green shales and bentonitic 
mudstone, with a few beds of friable lenticular coarse to 
conglomeratic sandstone and locally thin fine-grained sand
stone. Forms a gradual slope.
UPPER•JURASSIC: MORRISON FM.; SALT WASH SS. MEM.; 325'±

Interbedded gray lenticular beds of fine to medi
um grained sandstone and red and green shale with some fine 
grained red and light-gray sandstone beds. Forms a series 
of "rims" and slopes.

Unconformity
UPPER JURASSIC:SAN RAFAEL GROUP; SUMMERVILLE FM.; 10'-100' 

Regularly interbedded red siltstone and fine 
grained sandstone. Commonly forms an abrupt slope.
UPPER JURASSIC:SAN RAFAEL GROUP; ENTRADA SS.; 1?0'±

Buff and grayish-white massive cross-bedded medium 
grained sandstone. Forms coarsely-banded bare rounded 
outliers and steep slopes.
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MIDDLE JURASSIC:SAM RAFAEL GROUP; CARMEL FM.; 60' +

Soft interbedded dark red silty sandstone, sandy 
shale and mudstone. Steep hummocky slope below Entrada. 
LOWER JURASSIC:GLEN CANYON GROUP; NAVAJO SS.; 170'-320' 

Light gray massive cross-bedded medium-grained 
eolian sandstone with local thin lenticular limestone and 
red sandstone or mudstone beds. Forms prominent bare 
rounded light gray and buff slopes.
LOWER JURASSIC:GLEN CANYON GROUP; KAYENTA FM.; 230'±

Reddish irregularly bedded sandstone, locally con
glomeratic with some thin interbedded shale. Has a 
characteristic flaggy or slabby appearance. Forms irregu
larly banded cliffs and benches.
UPPER TRIASSIC:GLEN CANYON GROUP; WINGATE SS.; 300'+

Buff massive largely eolian cross-bedded sand
stone. Forms sheer cliffs.
UPPER TRIASSICjCHINLE FM.; 350'

Irregularly bedded, poorly sorted fluvial sand
stone, mudstone, shale and conglomerate. Mudstone galls 
and carbonaceous material locally abundant. Lower one w 
third is commonly gray-green, rest red. Forms a gradual 
slope with several ledges. A basal or near basal discon
tinuous sandstone unit represents the Mossback member.

Unconformity
PERMIAN-PENN.:CUTLER & RICO FES. (UNDIFF.) 1350'l

Red, locally lavender and white, arkosic and 
quartzose medium to coarse-grained thick bedded and lenti
cular sandstone, with some conglomerate and thin bedded 
reddish-brown claystone; and siltstone with a few thin 
siliceous limestone beds. Forms benches and alternating 
steep slopes and cliffs.



13
PEMSYLVANIAN:HERMOSA FM. ; 4,855' +

Upper unit consists of interbedded gray massive 
to thin bedded fossiliferous limestone with grayish-green 
fine sandstone and shale. Forms a moderately dipping 
bench.

The Paradox member consists of salt, gypsum and 
anhydrite with interbedded carbonaceous shales and gray 
limestone.. It does not crop out. A well drilled by 
Union Oil Company penetrated 1,465 feet of upper Hermosa 
and 5,390 feet of Paradox member before bottoming in the 
Paradox.

Hermosa Formation
The Pennsylvanian Hermosa formation is exposed on 

the east side of Big Indian valley about 4 miles southeast 
of the map area. The top only is visible, on a dip slope, 
as fine-grained, medium gray limestone interbedded with 
grayish-green siltstone. The following description is 
adapted from Herman and Sharps.1

MOLAS FORMATION. This formation consists of dark 
red to maroon shale, containing Des Moines fossils. It 
is about 100 feet thick, resting unconformably on 
Mississippian Leadville limestone. It makes a transition
al contact with the Hermosa.

LOWER HERMOSA MEMBER. In this member subgraywacke 
sandstone and shale, originating in a rising Uncompahgre 
highland, alternate with limestone beds. They were

— ” I Herman, George, and Sharps, S. L., Pennsylvanian
and Permian Stratigraphy of the Paradox Salt Embayment, 
Geology and Economic Deposits of East Central Utah, I.A.P.G. 
Field Conference, pp 79-81, 1956
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deposited in a foredeep off the southwest flank of the high
land. The thickness, is not given; it is estimated to be 
100 feet.

PARADOX MEMBER. Since slight crustal movements 
inhibited circulation of sea water, this member consists 
of an evaporite series. The sequence precipitated ranges 
from a basal limestone or dolomite to anhydrite to salt; 
the progression may then reverse itself, or start anew, 
depending on conditions. Sylvite (KOI) is found in the 
northern end of the basin, - furthest from the open sea. 
Dense black, organically-rich shales, probably the source 
beds for oil and gas - are interbedded with the evaporites 
and carbonates. Stokes thinks that the original thick
ness was about 15,000 feet. Herman and Sharps, however, on 
their isopach map show 5000.feet. The A.E.C. (Stratigraph
ic Sequence, above) reports a thickness of at least 3*590 
feet.

UPPER HERMOSA MEMBER. This member consists of 
limestone, siltstone and shale, with some arkose, - from 
the Uncompahgre uplift. The thickness is several hundred 
feet. The A.E.C. figure is 1,405 feet. I

I Stokes, W. L., Stratigraphy of the Southeastern 
Utah Uranium Region, Utah Geol. Soc. Guidebook No. 9 
p. 21, 1954
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Cutler and Rico Formations 

Between the top of the Hermosa formation and the 
base of the Chinle, the Paleozoic rocks consist of a 
series of shale, sandstone and limestone. The term "Rico" 
has been applied to the lower part of the sequence, as far 
up as the highest limestone bed, and "Cutler" to the higher 
purely continental beds. The age of the "Rico" beds has 
been in doubt, as to whether they are Pennsylvanian or 
Permian. Stokesl considers the Rico a distinct unit, - 
whether a formation, a member or a facies of the Cutler, - 
and he quotes Lloyd Henbest (New Evidence of the Age of 
the Rico Formation in Colorado and Utah; Abstract, Bull. 
Geol. Soc. America; Vol. 59* PP* 1529-50, 194-8) in assign
ing it to the Pennsylvanian. The A.E.C. (Above strati
graphic chart) does not differentiate the two. The U. S.
Geological Survey, according to Weir2, found while measur
ing sections in the vicinity of the southern end of Big
Indian valley that the upper and lower parts of the se
quence were not distinctive enough for mapping separately, 
that the limestone beds were thin and discontinuous, and 
that no persistent marker bed could be found which might 
be used in making a division. They call the whole se
quence "Cutler".

- I Stokes, W. L. , op, cit. , pp. 24- & 252 Weir, Gordon, W., personal communication
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In the north end of Big Indian Valley, the writer 

found, overlying the highest limestone bed, a distinctive, 
purple, persistent sandstone bed, containing some coarse 
pebbles of Pre-Cambrian rocks, which he took as the base 
of the Cutler (proper).

The lower or "Rico” part of the sequence does not 
crop out in the area mapped. It can be seen in the south
ern part of Big Indian Valley, where it consists of thin 
gray, cherty limestone beds, red and orange sandstone and 
red and purplish shales. According to Weir the uppermost 
limestone bed, perhaps a continuation of the one seen by 
the writer in the north end of the valley, lies about 950 
feet above the Hermosa.

The upper, "Cutler", section appears below. It 
was measured east along the north boundary of sections 34 
and 35» Twp. 29# S.; Range 24- E., about a half mile south 
of the southeast corner of the mapped area.

Present in the mines but removed by pre-Chinle 
erosion from the outcropping section, are two persistent 
arkose beds, 20 to 4-0 feet thick. The original color is 
a dark reddish to purplish brown; bleaching in the vicin
ity of;uranium ore has removed varying amounts of the 
color and resulted in a light gray color with dark reddish 
gray spots, a very light gray with orange brown mottling,
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or, with most intense bleaching, a uniform light buff 
color. Calcite cement, originally abundant, in coarse 
crystals, was removed along with the color, thus the buff 
colored material is a very friable "sugar sand". The 
arkose is medium to fine grained and contains about equal 
amounts of quartz and feldspar, - plagioclase, and micro- 
cline, and some biotite. The presence of biotite, the 
uniform appearance and a finer grain size distinguish the 
Cutler arkose from the overlying Chinle scour-filling 
material. Where ore occurs in the overlying Chinle, the 
typically reddish brown Cutler siItstone is "bleached" to 
an olive green. This contrasts with the gray-green Chinle 
siltstone. In addition, the greater coarseness, and the 
presence of biotite, serve to distinguish the Cutler.

Cross-bedding, in these upper beds, indicates a 
westerly direction of stream flow. Most probably the 
source of the material was the Uncompahgre highland, in 
western Colorado. According to Blakely^, the Cutler forma
tion near Gateway, just west of the uplift, is very coarse 
and thick. (See Figure 2)

The type locality for the formation is in south
western Colorado.

T Blakely, Harold W., oral communication
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Cutler Formation Sequence*

UPPER TRIASSIC, Chinle formation 
Unconformity
PERMIAN, Cutler Formation: Feet
1. Siltatone: light greenish gray, coarse grained;

micaceous, - hiotite and muscovite; platy; 
calcareous --  - - - - - - - - - - - - - - -  7

2. Sandstone: light reddish gray, medium grained
weathers dark gray; calcareous. Forms a
ledge - - ----------------------------------  1

3. Conglomerate: light salmon gray. Matrix: sand
stone, medium, to coarse grained, arkosic.
Pebbles: siltstone, green and reddish brown,
0.1 "to 0.2". Calcareous - - - - - - - - -  1

4. Sandstone: pale reddish brown; very fine grained;
friable; calcareous; massive. May be eolian.
Forms a slope; mostly covered - - - - - - -  24

5. Sandstone: light orange brown; fine grained;
calcareous; has white spots. Massive - - - 5

6. Siltstone: dark reddish brown; coarse grained;
calcareous. Massive - - - - - - - - - - - -  7

7. Sandstone: reddish brown; fine grained; biotitic;
calcareous. Has white spots. Two foot beds 4

8. Sandstone: dark reddish brown, fine grained;
calcareous. Weathers reddish brown. Massive 6

9. Siltstone: reddish brown; micaceous. Massive 2.5
10. Sandstone: pale reddish brown; medium fine

grained; calcareous. White blotches; massive; 
forms a ledge - ■ 1

1 See Plate XXI B

3
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Feet

11. Siltstone: reddish brown; micaceous; calcareous.
Weathers light reddish "brown. Upper part 
knobby, below overhang, lower part covered; 
forms a slope - - - - - - - - - - - - - - -  20

12. Sandstone: light orange brown; fine grained;
calcareous. Has a few white spots. Thin 
bedded - - - - - -  - - - - - - - - - - - - -  5

1$. Sandstone: orange brown; fine grained; biotitic;
calcareous. Weathers dark orange brown.
Massive; forms a cliff - - - - - - - - - -  24

14. Siltstone: light reddish brown, calcareous,
massive, knobby - - - - - - - - - - - - - -  5

15- Siltstone: light reddish brown; micaceous;
calcareous; platy. Has some light gray bands 7 

16. Sandstone: reddish brown; fine grained;
calcareous. Massive; forms a ledge - - - - 5

1?. Sandstone: light reddish brown, and white; very
fine grained; calcareous; crumbly. Covered 
slope - - - - - - - - - - - - - - - - - - -  10

18. Sandstone: light reddish brown, and white,
mottled; fine grained; calcareous. Massive 
and thin, friable - - - - - - - - - - - - -  22

19. Sandstone: light reddish brown, and white, very
fine grained; calcareous. Micaceous; thin 
bedded - - - - - - - - - - - - - - - - - -  2.5

20. Sandstone: light reddish brown; partly white;
fine grained; calcareous. Massive; knobby; 
lower part covered slope 25

21. Sandstone: white; fine grained; calcareous;
friable. Massive. Surface stained brown.
Lower 4' red - - - - - - - - - - - - - - -  15
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22. Siltstone: reddish "brown, micaceous, calcareous.
Massive - - - - - - - - - - - - - - - - - -  6

25. Sandstone: light gray; fine grained; calcareous;
friable - - - - - - - - - - - - - - -  --  - 2

24. Siltstone: reddish brown and gray. Calcareous
nodules are gray. Covered slope - - - - - -  4

25. Sandstone: light orange brown; very fine
grained; calcareous; friable. White at top 
and bottom. Forms a ledge - - - - - - - -  6

26. Sandstone: reddish brown; very fine grained,
calcareous. Platy; forms a slope - - - - -  21

2?• Sandstone: light orange brown; fine grained
calcareous. Friable; massive; forms a ledge 10

28. Siltstone: reddish brown; calcareous. Massive;
covered slope - - - - - - - - - - - - - -  10

29. Sandstone: light reddish brown; top 6 feet and
bottom one foot white; fine grained; calcar
eous. Forms a cliff - - - - - - - - - - -  11

30. Sandstone: reddish brown, very fine grained;
calcareous. Thin bedded; forms a slope - - 1?

31. Sandstone: white; fine grained; biotitic;
calcareous. Brown stained. Forms a ledge 1

32. Sandstone: pale reddish brown; very fine grained;
calcareous; micaceous. Forms a covered slope 24

33. Sandstone: light reddish brown, with white at
top; fine grained; calcareous. Forms a slope 6

34. Sandstone: reddish brown; very fine grained;
calcareous; micaceous. Weathers light reddish 
brown. Thin bedded; forms a slope - - - - -  5

33. Sandstone: light orange brown, white at top
and bottom; fine grained; calcareous.
Massive; friable. Forms a ledge - - - - - -  7
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56. Hot exposed; probably siltstone - - - - - -  5
37* Sandstone: light reddish brown, white at top

and bottom; fine grained; calcareous.
Massive; forms a ledge - - - - - - - - -  4

38. Hot exposed; probably siltstone - - - - - -  20
39* Sandstone; purplish brown; medium grained.

Friable, massive. Forms a steep slope.
contains scattered egg-shaped pebbles, up to 
3 inches long, of pink granite, gneiss and 
pegmatite, and rounded quartz, white and
yellow ----- -- - - - ----------------- - 20
TOTAL 376 '

Limestone bed at top of PEHHSYLVAHIAH, Rico formation: 6
Cutler Formation - Chinle Formation Unconformity

The Upper Triassic Chinle formation was deposited 
on an eroded, truncated, Cutler surface. Scours cut into 
Cutler sandstone as much as 15 feet; some of them contain 
football-size boulders of the Cutler sandstone. The dis
cordant angle between beds is about three degrees.

Moenkopi Formation
The Lower Triassic Moendopi formation, composed 

of red siltstone and mudstone, with some ribs of sand
stone, is missing in the Big Indian district, although 
present to the east and west. Either it was not de
posited on the early anticline, or it was removed by 
erosion.
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Chinle Formation

The Upper Triassic Chinle formation is the host 
rock for uranium ore in the mines of the Big Indian dis
trict. It consists of a series of siltstones, mudstones, 
limestone conglomerates and sandstones, resting uncon- 
formably on the Permian Cutler formation, and overlain 
conformably by the Upper Triassic Wingate sandstone. The 
upper half of the series is red, the lower half green and 
gray. The formation crops out, below the Wingate cliff, 
in the southeastern part of the mapped area.l To the 
south it continues to crop out at intervals below Wingate 
cliffs, just west of the Big Indian valley escarpment, as 
far as the Mi Vida mine, and beyond.

The Shinarump Sandstone member, which forms the 
base of the formation (and the ore-bearing horizon) in 
White Canyon did not extend this far east, nor did the 
Monitor Butte member (shale, with sand lenses). (See 
Figure 5). The Mossback Sandstone, third member from the 
bottom at White Canyon, has been correlated by the A.E.C.^ 
with the lower part of the Chinle in the district.

The Mossback member contains quite a thickness of 
sandstone in the upper part, - 82 feet where measured - 
underlain mainly by siltstone, with an occasional thin 1

1 See Plate I2 Dahl, H. M. and Lekas, M. A., op. cit., p. 91, 1956
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bed of sandstone or conglomerate. The bottom unit is 
often a coarse sand, silty and conglomeratic, filling 
scours eroded into the top of the Cutler; the sand lens 
overlying the scour material is the usual ore-bearing 
horizon; ore also may occur in the scour horizon.

The siltstone is typically massive, green-gray in 
color and bentonitic, - probably from included volcanic 
ash. The bentonitic material, on exposure to weather, ab
sorbs water and expands, making a scaly, puffy, "pop-corn" 
type of surface. The finer grained siltstone may have a 
reddish mottling; but the red color is bleached to green 
in the vicinity of uranium ore.

The sandstone is usually well sorted and rounded, 
arkosic, slightly friable but fairly well cemented by cal
otte. It is gray, except that the upper beds may be a 
reddish gray, and that the ore-bearing sandstone is gen
erally pink. Galls of green or red mudstone or siltstone 
occur sparsely. Vegetal material occurs as the very rare 
log, with the thicker end pointing up stream, usually 
coalified, with seams of pyrite and of calcite, sometimes 
partly replaced by pitchblende; and as finer material rang
ing from branches to flecks of carbon, - usually charcoal, 
in the upper, finer-grained, part of the bed. Jasper, 
seen sometimes as sheets one to two inches thick and a
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foot or so wide resting on the Cutler paleo erosion sur
face, commonly occurs in the scour sands, - ranging in 
size from 1 to 2 inch rectangular blocks down to small 
angular grains.

Conglomerate beds usually occur in the central 
part of the member. They consist of fine, - 0.03M diame
ter, well rounded gray limestone pebbles; and some larger; 
up to #  of an inch, elongated gray siltstone pebbles; in 
a matrix of calcareous siltstone. The limestone may have 
come from beds of the Rico exposed on some early anticline 
to the east.

The only recognizable fossil seen was a flattened 
cone, an inch long by a third of an inch wide, with diamond 
shaped markings a tenth of an inch wide, indicating that 
some of the trees were conifers. In the eastern part of 
the Far West mine, and adjacent North Alice workings, the 
Chinle siltstone extends in a series of tentacle-like 
tubes down into the upper few feet of Cutler sandstone.
The tubes are spaced from one to five feet apart and enter 
the Cutler to a depth of between two and three feet, near
ly vertically, with some branching. They are from 1)6 to 
2)6 inches in diameter, slightly larger at the top. No 
plant remains or other foreign matter could be seen. 
Apparently silt filled holes in the sand. The holes could 
have been made by roots or by burrowing animals. The
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general appearance is that of a prairie dog town except 
that no mounds appear at the tops of the holes. Where 
the holes are in bleached Cutler sandstone, the siltstone 
fill material is green; where the sand is red, the silt 
is red. (See Figure 4)

Channel trends, size gradation and tree orienta
tion indicate a westerly stream direction. Apparently the 
source area was the ancient Uncompahgre highland, in 
Colorado, while some material came from re-working of 
older sediments. The basal sands were apparently deposited 
by braided streams.

The upper, "Red", member of the Chinle is composed 
of slope-forming red siltstones and mudstones, some of 
them bentonitic. It contains some calcareous concretions, 
one to two inches in diameter. The top few inches, below 
the Wingate sandstone, are usually bleached green; casts 
of mud-crack polygons are visible on the lower side of the 
Wingate sandstone.

The following section was measured southeasterly 
from the point of the Wingate cliff, just south of the 
mapped area, and a third of a mile north of the southeast 
corner of section 55, Twp. 29 S., Range 24 E. The top of 
the sand, unit No. 35, just above the thick cliff-forming 
sandstone, is here considered to be the top of the Mossback 
member. The two members have not been mapped separately,

£
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since drill hole data does not always show the position of 
the contact, - holes are usually cored only through the ore 
horizon. Because of rapid erosion, most units do not have 
a weathered surface color.

The type locality for the formation is in north
eastern Arizona.

Chinle Formation Sequence-*- 
UPPER TRIASSIC, Wingate sandstone 
UPPER TRIASSIC, Chinle Formation:

Feet
1. Siltstone: light grayish green. Alternates with

very fine sandstone, greenish white, weather
ing to light orange pink. Bedding very thin,
0.1". Mud crack polygons, 5 feet across, have 
formed casts, which appear as ridges of sand
stone , two inches wide by two inches thick, 
on the lower surface of the overhanging 
Wingate c l i f f ---------- - - — ------ ------- 0.5

2. Sandstone: weak reddish brown; fine grained.
Weathers dull reddish brown. Has shaley 
banding at 0.1" intervals. Probably is the I
unbleached part of No. 1 2

3. Sandstone: pale reddish brown; medium fine
grained; slightly calcareous. Massive; with 
a few small blebs of red mudstone - - - - -  3

4. Siltstone: light reddish brown, massive. Two
veinlets of gypsum, at 10° to bedding - - - 1.5

5. Sandstone: light gray; medium fine grained;
calcareous. Weathers pale brown. Rude thin 
bedding - - - - - - - - - - - - - - - - -  2.5

I See Plate XXI A



6. Conglomerate: Matrix: sandstone, pale reddish
brown, medium grained, muddy, arkosic, 
slightly calcareous. Pebbles: siltstone, 
gray and red, largest are #"in diameter, 
average are JC". Weathers dull reddish brown.
Forms a ledge - —  - - - - - --------- - - - 2

7. Sandstone: reddish brown, weathers same color;
very fine grained, massive. Forms rounded 
ledge - ----- - - - - - - - - - - - - - -  2

8. Sandstone: light gray; medium fine grained;
calcareous. Weathers light orange brown.
Thin, 0.5”, beds alternate with siltstone, 
light green and red - - - - - - - - - - -  1

9. Sandstone: medium reddish brown; very fine
grained. Forms a knobby cliff - - - - - -  9

10. Not exposed. Probably siltstone, like No. 11 9
11. Siltstone: medium reddish brown. Massive;

forms a slope - - - - - - - - - - - - - -  1
12. Not exposed. Probably siltstone, like No. 11 10
1$. Siltstone: light reddish gray; massive - - - 0.5
14-. Not exposed. Probably mudstone, like No. 15 5*5
15. Mudstone: ■ dark reddish brown; crumbly - - - - 0.5
16. Siltstone: light greenish gray. Surface stained

reddish brown. Slightly calcareous. Contains 
a few flakes of red mudstone. Forms a ledge 2.5

17. Mudstone: light chocolate brown; slightly
calcareous - - - - - - - - - - - - - - - -  0.5

18. Not exposed. Probably mudstone, like No. 17 17
19. Sandstone: light reddish brown, weathers the

same; very fine grained. Has a few white 
spots. - - -  ---1

20. Not exposed. Probably siltstone, like No. 21 6

27
Feet
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21. Siltstone: pale reddish brown; slightly cal
careous. Massive, rather crumbly. Forms 
a slope - - - - - - - - - - - - - - - -  11

22. Siltstone: pale reddish brown. Massive; very
crumbly; covered. Like No. 21 - - - - -  0.5

25. Not exposed. Probably siltstone, like No. 22 &
No. 24 - - - - - - - - - --------------- 20

24. Siltstone: very pale reddish brown. Rude,
micaceous, bedding, at 0.1". Crumbly,
forms a slope - - - - - - - - - - - - -  10

25. Not exposed. Probably siltstone, like No. 24
and No. 26 --------------- ----------- 10

26. Siltstone: pale reddish brown, slightly
calcareous. Thin bedded, - 0.0$". Very 
crumbly. Forms a slope. Like No. 24 - - 12

27. Not exposed. Probably siltstone, like No. 26 2
28. Siltstone: pale greenish gray; calcareous.

Rude thin bedding, - 0.1" _ _ _ _ _ _ _ _  2
29• Conglomerate: greenish gray. Matrix: calcar

eous mudstone. Pebbles: limestone, gray,
well rounded, 0.025" _ _ _ _ _ _ _ _ _ _  0.5

30. Siltstone: pale greenish gray; calcareous.
Rude bedding, 0.1". Like No. 28 - - - - -  " 2

31. Sandstone: light gray; fine grained; calcar
eous. Weathers dark gray. Forms a ledge 1

32. Not exposed. Probably mudstone, like No. 33 5
33. Mudstone: medium reddish brown, a few small

yellowish green spots; calcareous. Crumbly 0.5
34. Covered. Probably mudstone, like 33 - _ - - 7
35. Sandstone: light reddish gray; fine grained,

calcareous. Surface stained reddish brown.
Thin bedded, - 0.2". Forms a slope. Top of 
Mossback (?) --- 7
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36. Sandstone: light reddish gray; fine grained;
calcareous. Weathers medium gray. Massive. 
Forms a cliff - - - - - - - - - - - - - - -  79

37* Conglomerate: light greenish gray. Matrix:
calcareous siltstone. Pebbles: green-gray
siltstorie, oval, largest 1" long, average 
0.3* long. Forms a ledge - - - - - - - - -  1

38. Sandstone: light greenish gray; fine grained;
calcareous. Rude, thin, - 0.09, micaceous 
bedding. Weathers dark gray, forms ledge 6

39* Siltstone: light green-gray; calcareous. Has
a platy, micaceous bedding. Weathers lighter 
green-gray - — - - - - - - - - - - - - - -  4-

4-0. Conglomerate: greenish gray; fine grained.
Matrix: calcareous siltstone. Pebbles: gray
limestone, well rounded, 0.03" in diameter 1 

4-1. Siltstone: light green-gray; calcareous. Platy
bedding, - 0.1", micaceous. Like No. 39 
Some calcareous concretions, 1" diameter.
Forma a ledge - - - - - -  --  - - - - - - -  15

4-2. Not exposed. Probably siltstone, like No. 4-1 19
4-3. Sandstone: light greenish gray; fine grained.

Massive, forms a rounded cliff - - - - - -  20
44. Sandstone and mudstone: light gray, medium

grained, calcareous sandstone; with large, 
irregular galls of light green-gray mudstone. 
Forms a ledge - - - - - - - - - - - - - -  1

43. Conglomerate: light greenish gray; fine grained
Matrix: calcareous siltstone. Pebbles: gray
limestone, well rounded, 0.03" diameter. Like 
No. 40 ------------------------------------  1



46. Sandstone: light greenish gray, medium grained;
calcareous. Arkosic. Forms a ledge - - - 1.5

4?. Siltstone: dark green-gray, has some mica.
Crumbly. Forms a slope - - - - - - - - -  8

48. Conglomerate: gray; fine grained. Matrix:
siltstone. Pebbles: gray limestone, well
rounded, 0.05" in diameter. Forms a ledge 8

49. Sandstone: light gray; medium grained; calcar
eous. Friable; arkosic. Thin bedded, - 0.5"
Forms a ledge - - - - - - - - - - - - - -  7.

50. Siltstone: green-gray. Massive. Has a few
green mudstone galls. Forms a slope , - - - 2

51. Conglomerate: gray; fine grained. Matrix:
calcareous siltstone. Pebbles: gray lime
stone, well rounded, 0.05* in diameter. Like 
Ho. 48 ------------- -------------------- - 1

52. Sandstone: light gray; fine grained; calcareous.
Micaceous; friable 1

55. Sandstone: light gray; medium grained; calcar
eous. Massive. Has some green siltstone

. galls '-----------------------------------------2
54. Siltstone: green-gray; massive. Has a few

green mudstone galls. Like No. 50. Forms a 
slope 1

55* Sandstone: light gray; medium grained; calcar
eous. Massive, - slightly cross-bedded.
Weathers buff. Has a few mudstone galls.
Some pebbles: smoky quartz, pink feldspar,
fairly well rounded, %” in diameter. Forms a 

...... ledge ------- ------------------ --------- - __3_.J>
TOTAL 341.5

: 1 , ' ' 'Unconformity
UPPER TRIASSIC, Chinle formation

30
Feet
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Wingate Sandstone

The Wingate sandstone lies conformably on the 
Chinle. The lowest formation in the Glen Canyon group, 
it has recently been moved from the Jurassic to the 
Triassic by the Committee on Geologic Names because of new 
paleontologic evidence from northern Arizona.1

It is a light buff, fine grained, quite friable, 
cross bedded eolian sandstone, about JOO feet thick. It 
forms a dip slope over the western two thirds of the area 
mapped, and a cliff, 20 to 100 feet high, along the eastern 
edge of the outcrop.2 The direction of steepest cross bed
ding is to the southeast, indicating that deposition was 
from the northwest. Partly because of the varying direc
tions of cross bedding, the dip slope surface has many 
rounded knobs. True bedding is at intervals of about 40 
feet.

Outside of the Big Indian district, the formation 
makes sheer cliffs; it is an orange red color and not quite 
as friable, being cemented by hematite. Typically, at 
least one side of each faulted salt anticline is formed 
by sheer red cliffs of Wingate sandstone; the cliffs usual
ly continue up through Kayenta sandstone into a capping of

" r Craig, L. C. and Dickey, D. D., Jurassic Strata 
Southeastern Utah and Southwestern Colorado, Geology and 
Economic Deposits of East Central Utah. I.A.P.G. Field
Conference, p. 95, 19562 See Plates I , XIII B and XXII
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Navajo sandstone. Hydrothermal action, perhaps accompany
ing the uranium ore deposition in the Big Indian district 
has removed the cement in the Wingate sandstone, bleaching 
it and leaving it less resistant to erosion. Similar 
effects on the Kayenta and Navajo sandstones would account 
for their removal from the ore belt, so that the only cliff 
former in the group is the lower part of the Wingate.

Nodules of dark brown limonite, cementing the sand 
grains, occur along some bedding and cross-bedding planes, 
especially near faults. They are spheroidal to quite flat, 
and up to two inches in diameter. They occur in groups, 
sometimes within a light brown halo. They probably repre
sent weathered pyrite; nodules of a similar size, formed 
by the cementing of sand grains by pyrite, occur in the 
Chinle formation.

Calcite concretions are fairly common; they erode 
out as marbles scattered over the surface in some areas.

Kayenta Sandstone
Kayenta sandstone, of Lower Jurassic (?) age, lies 

conformably on the Wingate. It is the second unit of the 
Glen Canyon group. It consists of thin beds of light 
orange-brown fine grained sandstone and reddish brown mud
stone. Where not capped by Navajo sandstone, it weathers 
into benches and steps. Obviously stream-deposited, it 
made a break in the series of eolian deposits.



33
The Kayenta crops out in low flat-topped ridges on 

the dip slope just below the western edge of the map. The 
A.E.C. has determined a thickness of 230 feet.

Although removed by erosion from the immediate ore 
belt, the Kayenta also appears to be somewhat bleached; it 
contains less hematite than it does near Moab.

Havajo Sandstone
This formation is the upper member of the Glen 

Canyon group; it is of Lower Jurassic age and rests conform
ably on the Kayenta. It consists of white to pale orange 
brown, fine grained eolian sandstone, very prominently 
cross-bedded. It usually caps cliffs, the upper part form
ing curved ridges and rounded domes, with steep-walled 
gullies following fractures.

It crops out about a mile west of the map area.
The A.E.C. has found its thickness to vary from 170 to 320 
feet.

Carmel Formation
The Carmel, of Middle Jurassic age, is the lowest 

member of the San Rafael group; it lies conformably on the 
Havajo Sandstone.^ It consists of red siltstone and sand
stone...... ....

Frequently it is seen at the base of Entrada I

I Craig, L. C. and Dickey, D. D. op. cit., p. 98,1956
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Sandstone cliffs. It lies "below Entrada cliffs three 
miles west of the area. The A.E.C. has found a thickness 
of about 60 feet.

Entrada Sandstone
This Late Jurassic eolian sandstone is the middle 

formation in the San Rafael group; it rests conformably on 
the Carmel. It consists of massive, cross-bedded, medium 
to fine grained, light brick red to white sandstone. It 
forms rounded cliffs; concave cliffs on narrow extensions 
of mesas tend to erode through, forming arches, such as 
Wilson arch beside U.3. 160 a mile south of La Sal 
Junction, and those in the Arches National Monument north 
of Mdab.1 The term "Slick Rim" was given it because of its 
shining surface when wet.

The outcrops are usually banded, white and orange 
red. The cliff surface is often pitted by series of small 
holes that follow the bedding. The nearest outcrop is 5 
miles west of the mapped area, where it forms a group of 
mesas. It also appears at the west side of the Rattlesnake 
open pit mine, about 4 miles northwest of the area. The 
A.E.C. reports a thickness of about 170 feet. I

I gee-Plate XII A
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Summerville Formation
This formation is the highest member of the San 

Rafael group; it is of Upper Jurassic age, resting con
formably on the Bntrada Sandstone. It consists of red 
siltstone and interbedded, light colored, fine grained, 
platy to slabby sandstone. It frequently forms a rounded 
capping on Bntrada. mesas, or a slope at the base of a 
cliff of Salt Wash Sandstone.

It is found three miles west of the area. Accord
ing to the A.E.C. it is 10 feet thick.

Morrison Formation
The Upper Jurassic Morrison formation unconformably 

overlies the Summerville. It contains two members; the 
lower Salt Wash Sandstone member and the upper Brushy Basin 
shale member. (See Plate XX)

The Salt Wash sandstone consists of 3 or 4- lenses 
of sandstone, alternating with mudstone. The sandstone is 
light red, brown or gray, fine to medium grained and well 
cemented. It is a major ore-bearer in Colorado, and con
tains several small mines in the vicinity of the Big Indian 
district. The mudstone is reddish brown and gray; adjacent 
to ore in the sandstone, it is green.

The member forms cliffs and steep slopes. It does 
not crop out in or near the map area. The pit of the



Rattlesnake mine, 4 miles northwest, exposes all but the 
bottom part; a few miles further northwest it appears on 
hills east of U.S. 160. According to the A.B.C. the thick
ness is about 325 feet. . .

The Salt Wash member was deposited by an aggrading 
system of braided streams as a broad alluvial fan, with 
the source area in northwest Arizona or adjacent California.^ 

The Brushy Basin member consists of vari-colored 
mudstones and siltstones, with an occasional small sand or 
conglomerate lens. Colors include reddish brown, gray, 
purple, green and yellow. The base is a persistent con
glomerate bed. Bentonitic clay, formed from volcanic tuff, 
is commonly present, and gives outcrops a puffy appearance.

The member typically forms brightly colored slopes 
below a cliff of Burro Canyon sandstone. Where unprotected 
from erosion, it forms rounded knobs. The top of the shale 
is visible at places east of Lisbon Valley fault. Drill
ing, further east, has shown a thickness of about 4-00 feet.
The Brushy Basin is famous for dinosaur remains.

Dakota Sandstone and.Burro Canyon Formation 
In Western Colorado, Stokes and Phoenix in 1948 

gave the name Burro Canyon formation to a series of vari
colored shales, gray and red cross—bedded sandstones, 1

1 Craig, L. C. and Dickey, D. D. op. cit. P. 102, 1956
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conglomerates and nodular limestones of Lower Cretaceous 
age.* In the Big Indian district no distinction can be 
made between this formation and the overlying Dakota 
Sandstone of Upper Cretaceous age.

The combined formations consist of a series of 
yellowish brown to light gray medium grained semi-friable 
sandstone and conglomerate, with some interbedded gray or 
red shale and mudstone. Some sandstone beds are silici- 
fied adjacent to faults. The formation forms steep slopes 
capped by cliffs. Many of the pebbles in the conglomer
ates are gastroliths, - smoothly polished gizzard stones 
from dinosaurs, - usually of white vein quartz.
(See Plate XIII A)

In the northeast part of the map area, Dakota-Burro 
Canyon beds form a low ridge and a small hill on the hang
ing wall side of Lisbon Valley fault. Sandstone and quart
zite beds crop out fairly well, while mudstone beds are 
covered. Drill cuttings show 205 feet of light colored, 
medium grained sandstone, - white, yellow, gray and olive, 
slightly arkosic; with a little maroon siltstone.
(See Plate I)

The formation carries copper ore adjacent to the
fault. 1

37

1 Mitchell, J. G., Charophytes as a Guide to 
Distinguishing Between Lower Cretaceous and Upper Jurassic 
Continental Sediments in the Subsurface I.A.P.G. Field 
Conference, 1956

/
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Maneos Shale
This formation, of Upper Cretaceous age, lies 

conformably above the Dakota sandstone. It is a dark gray 
marine siltstone, with some bentonitic beds and some 
carbonaceous material; weathering light gray. Remnants 
are visible, in a syncline, about 2 miles east of the 
mapped area. A large area is exposed in Grand County, 
about 60 miles north, where it is over 3,000 feet thick.1

Recent
Talus, some of it with blocks of Wingate sandstone 

20 feet across, covers slopes below cliffs. A dark brown 
sandy soil forms the floors of valleys. I

I kflt'ick, P. J., Some Notes on the Cretaceous 
Faunas of Eastern Utah and Western Colorado. I.A.P.G. 
Field Conference, P. 118,1956



STRUCTURES
Structures of the Region

The Paradox Basin area, in southeastern Utah and 
southwestern Colorado, on the Colorado Plateau, is some 
200 miles wide. While not at present a true structural 
basin, the area, bounded by a ring of uplifted blocks, is 
approximately the same as that of the Pennsylvanian 
Paradox salt basin, and it contains some features not com
mon elsewhere on the Plateau. The center of the "basin" 
is near the town of Monticello, Utah. See the Index map, 
Figure 1.

The area is bounded on the northeast by the 
Uncompahgre uplift and the San Juan uplift, on the south 
by the Defiance uplift, on the west by the Circle Cliffs 
uplift, and on the northwest by the San Rafael Swell. The 
Monument uplift, trending just east of north, is here in
cluded within the southwestern part of the basin. Steep 
monoclines mark edges of some of the uplifts, among these 
are the Reef monocline, the Waterpocket Fold and the Comb 
Ridge monocline.

Within the area are several laccolithic mountain 
groups, in which igneous intrusion, as stocks, dikes, 
sills and laccoliths, of diorite, syenite, etc. has domed 
up areas. Rear the rim of the basin are: the La Sals,
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the La Platas, the Utes, the Carrizos and the Henrys; the 
Ahajos are near the center, but are close to the Monument 
uplift.

The northeastern part, between the Monument and 
Uncompahgre uplifts, contains a series of rather open 
folds, which strike northwest, parallel to the edge of the 
Uncompahgre uplift, and appear to have been formed by com
pressive forces acting between the two uplifted blocks.
In this area of folding, the anticlines have been intruded 
by cores of salt, forced up from the Paradox member of the 
Hermosa formation (Pennsylvanian); and they have been 
faulted along their crests. The Lisbon Valley anticline 
is the one lying furthest southwest in this group of Salt 
Anticlines.

The Lisbon Valley anticline, and its continuation 
in Colorado, the Dolores anticline, have a combined length 
of about 60 miles; the Dolores section is not faulted.
The anticline lies between the Disappointment syncline, 
two miles to the northeast, and the Hatch Point syncline, 
15 miles to the southwest.

The Lisbon Valley fault follows the axis of the 
anticline in Utah for some 20 miles; it makes a slight 
curve; in the northwest its strike is N. 50° W., in the 
southeast it is N. 40° W.; the dip is around 60° to the 
northeast. The hanging—wall block dips rather uniformly
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to the southeast, at about 8°. In the center there is a 
slight bulge or half dome, with dips of 10 degrees. Near 
the fault, the top of the Brushy Basin (Upper Jurassic)
outcrops; so does the lower part of the Dakota-Burro

'

Canyon (Lower Cretaceous). The foot-wall block shows pro
nounced doming, with the fault following, - in plan, the 
axis of an elongated dome; dips are as high as 20°.. Form
ations exposed near the fault range from the top of the 
Hermosa, (Pennsylvanian) to the Summerville, (Upper 
Jurassic).^

In the hanging-wall side, branch faults are steep, 
and parallel to the main fault; they drop small wedge 
blocks. In the foot-wall side, branch faults radiate from 
the main one; dips are both toward and away from the main 
fault. The foot-wall block was probably the active one, 
being pushed up by salt pressure.

The Big Indian district lies on the southwest 
flank of the Lisbon Valley anticline. The La Sal lacco- 
lithic mountains are 8 miles to the north; the domed area 
is 15 miles long, north to south, by 5 miles wide; strata 
are bent up as much as 50°. (See Plate XII B) 1

1 Photogeologic map of the Lisbon Valley Anticline 
and surrounding area, San Juan County, Utah; Preliminary 
Map No. 3, 1 in.=4,000 ft. U.S. A.E.C. 1955
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Local Structures 

General
The area mapped, - the northern part of the Big 

Indian district * is crossed near its eastern edge by the 
Lisbon Valley fault, whose strike coincides with the axis 
of the Lisbon Valley anticline. Three faults trend north
westerly from the main fault; at least one branch fault 
lies in the hanging-wall. Strata dip gently away from the 
Lisbon Valley fault; on the northeast side about 5° to the 
northeast; southwest of the fault, the dips are 8° to 9° 
in a direction S. 50° W.; the Cutler beds dip 2° to 3° 
steeper. Joints are prominent on the Wingate surface.
(See Plate I)

Faults
The Lisbon Valley fault varies in strike from N.

40° W. to N. 60° W.; it dips about 60° to the northeast.
The fault is covered by alluvium on the surface, but the 
fault scarp forms the main topographic feature of the area. 
Underground, the fault can be seen in the North Alice mine; 
here it has a 15 foot breccia and gouge zone. Movement on: 
the fault was mainly directly down the dip; with a strati
graphic throw of some 2,000 feet, from Chinle formation on 
one side to Burro Canyon formation on the other. (See 
Figures 5 and 6, also Plates XIX B and XXII)

Three minor faults trend northwesterly from the
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Lisbon Valley fault; they have been found underground, and 
can be traced in the Wingate sandstone on the surface.

The Quail fault has the greatest displacement. It 
cuts the fault scarp at 103,650 coordinate north; it strikes 
N. 40° W. for 3,500 feet, then N. 70° W. for at least 2,500 
feet. It has been exposed underground in the Far West and
Worth Alice mines, where its dip is 55°, N.E.; it has a

> ! ' ' *

gouge zone of about a half a foot; some coarse pink calcite 
occurs near it. The vertical displacement decreases north
westward; at the escarpment it is about 150 feet, near the 
Far West incline it is 55 feet, and near the North Alice 
incline, 30 feet. The horizontal movement has not been de
termined very definitely, but it appears to be about 500 
feet; the northeast block moved southeast. No grooving or 
drag material could be found. (See Plates II and XIX A)

The Far West fault cuts the escarpment about 300 
feet south of the Quail; it has an average strike of N. 60° 
W. It crosses the northern part of the Radon mine and the 
western part of the Far West; its dip is 60° to the south
west. The hanging-wall moved 5 feet down and 40 feet 
southeast. Some calcite and some celestite occur beside 
the fault.

The Cord fault crosses the scarp at coordinate 
100,800 N., it strikes N. 50° W. for 700 feet, then N.
70° W. for 4,000 feet where it appears to end against a
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joint. It crosses the northeast corner of the Cord mine; 
here it dips northeast at 55°» and shows grooving down the 
dip. The vertical displacement is 5 feet. Slickensided 
rock fragments, - sandstone and quartzite, found just east 
of the crest of the ridge east of the Lisbon Valley fault, 
indicate the presence of a fault to the east. According

■Ito Salo, geophysical work, - seismic, has shown there is 
a fault in that area. It probably dips steeply to the 
east, and joins the Lisbon Valley fault down dip, forming 
a small graben.

The presence of a fault is suspected under a north- 
east-trending valley which lies just west of the north end

' Oof the mapped area. Faulting, found by Hecla^ when drill
ing to the northeast, near the Lisbon Valley fault, pro
bably extends southwesterly.

In the Hot Rock drift of the Radon mine, - near 
coordinates 103,000 N., 93,900 E., a fault cuts the Cutler 
formation but not the Chinle. It strikes N. 50° W., dips 
60° to the southwest and shows vertical grooving, the 
hanging-wall having dropped seven feet.

' Joints
Joints have been well developed on the surface by 

erosion in the Wingate sandstone, particularly where they

~™I Salo, N. E., oral communication
2 Bell, Douglas, oral communication



cross gullies and small canyons. They are quite abundant. 
(See Plate XIII B)

Most of the joints strike northwesterly, between 
N. 55° W. and N. 75° W. The rest are mainly in a set be
tween N. 15° E. and N. 10° W.; the average direction in 
the northern part of the area being N. 10° E., and in the 
south N. 5° W. A few have other directions; in the north
east, one strikes N. 50° E., and in the southeast another 
is N. 50° E. Joint inclinations are all close to vertical.

With the exception of one area, joints were very 
poorly defined underground; they were seen only in Chinle 
sandstone. In the northeast part of the district, one 
northwest set can be seen in the eastern workings of the 
Far West mine and another set crosses drifts in the south
eastern part of the Forth Alice mine. It may be that the 
proximity to the surface, - 200 feet compared to a usual 
500 to 600 feet, was a factor in the opening of the joints. 
Elsewhere in the mines, a few poorly developed joints were 
found mostly trending northwest. A joint in the south 
Incline of the Far West mine, near 9 south, could represent 
one found on the surface in that area. (See Plates I and II)

The Northwest direction of jointing is prominent 
throughout the district. It parallels the direction of 
regional folding, and that of the major faults. The second 
set, which strikes east of north in the north, and west of
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north in the south, has an arcuate pattern, perhaps con
centric about a local doming of salt in the core of the 
anticline.

Interpretation of Structures
The minor structures found in the northern part of 

the Big Indian district can be identified as parts of
' ■ ■ ■ ■ •  ' ■ . ' , ' ... i
larger structures typical of the region.

The Lisbon Valley anticline is one of a series of 
folds paralleling the southwest edge of the Uncompahgre 
uplift, and apparently formed by compression between the 
Uncompahgre uplift in the northeast and the Monument up
lift to the southwest.

The Lisbon Valley fault is due to upward forces 
exerted by salt, which had invaded the core of the anti
cline. The fault marks the eastern edge of a block pushed 
up by the salt. The northwest-trending joints are parallel 
to the axis of the anticline, and dip toward it; apparently 
they formed along the flanks of the anticline as tension 
breaks during folding.

The joints which vary their trend from east of 
north, in the north, to west of north, in the south, 
apparently are concentric fractures about a later, local, 
dome. This doming was effected through the tilting and 
uplifting of blocks, - at least at the level of the pre
sent surface, rather than through a bending of the beds.
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The center of this uplifting was near the Big Indian 
copper mine, which is located on the northeast side of the 
Lisbon Valley fault, 6,000 feet southeast of the North 
Alice mine. It probably has a salt core, which would thus 
be 5 miles northwest of the older plug. Other anticlines, 
with better exposed cores, such as Sinbad Valley, in 
Colorado, are known to have several individual plugs of 
salt.1 '

The three faults which trend northwest across the 
area may merely be branches of the Lisbon Valley fault, 
but it seems more likely that they are radial breaks 
formed by the above-postulated salt plug. Joints which in 
the southern part of the area strike east of north may be 
other radial breaks. The northwest zone of faulting 
thought to lie west of the north end of the area, may be a 
concentric break, bounding the fault blocks on the north
west .

The fault in the Hot Rock drift of the Radon mine, 
limited to the Cutler, may be a radial break belonging to 
the pre-Chinle doming centering further to the southeast, 
below the present main dome. Faulting here suggests the

~ I Shoemaker, E. M., Structural Features of the
Central Colorado Plateau and their Relation to Uranium 
Deposits, pp. 155-168, Contributions to the Geology of 
Uranium and Thorium by U.S.G.S. „and A.E.C., for United 
Nations International Conference on Peaceful Uses of Atomic Energy, Geneva, U.S.G.S. Professional Paper 500
P- 158,.1955



possibility of some pre-Chinle movement on the main 
Lisbon Valley fault.

Fault Blocks
Three blocks, a northeast one, a central one and 

a southwest one, are bounded by: the three northwest
trending faults, the Lisbon Valley fault, and the north
east trending fault northwest of the area mapped. The 
southwestern block appears to be hinged along a joint, - 
or series of joints, in the west. (See Figure 6)

The movement of the northeast block is considered 
to have been down, and southeast, with tilting down to the 
southeast. The central block moved up, and was forced to 
move northwesterly by the slope of the Lisbon Valley 
fault. The southwestern block, hinged in the west, moved 
down slightly.
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GEOLOGIC HISTORY
The following tabulation of events is based on a

study of the stratigraphy, structure and ore deposits of 
the area; and on reference to maps and articles dealing 
with the geology and geologic history of the region.
Pre-Cambrian:

No rocks exposed.
Cambrian through Mississippian:

No rocks exposed.
Pennsylvanian:

Sinking of the area, as a fore-deep adjacent 
to the Uncompahgre uplift, to the east. Rising of a shelf; 
followed by deposition of evaporites in the basin.
Fermian-Pennsylvanian:

Advancing and retreating of the sea; 
resulting in deposition of limestone, alternating with red 
sandstone, siltstone and mudstone from the Uncompahgre 
area. Doming over salt intrusion at the close.
Triassic, Lower:

No deposition on domed area; or: deposi
tion of red sands and shales, followed by doming, and re
moval by erosion.
Triassic, Upper:

Deposition of green sandstone and silt- 
stone by streams from the uplifted Uncompahgre area; 
followed by red siltstone from highly weathered surfaces 
of the Uncompahgre; finally deposition of eolian sand 
from the northwest.

4-9
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Jurassic, Lower:

Reworking of windblown sands, and deposi
tion by local streams; followed by deposition of further 
eolian sands.
Jurassic, Middle:

Deposition of a thin series of red shales.
Jurassic, Upper: ■

. Deposition of eolian and fluvial sandstone,
overlain by a thin series of red shales; gray sand and silt 
next deposited, by streams from the west, followed by vari
colored shales.
Cretaceous:

Deposition of gray and yellow sandstone and 
shale, by streams from the west; followed by sinking of 
the land and invasion by the sea (from the east?) with 
deposition of a thick series of gray shales. (The overly
ing coal-bearing Cretaceous sandstone, also Tertiary sedi
ments, have been removed by erosion). Folding, with anti
clines localized over earlier salt domes, occurred at the 
end.
Tertiary:

Renewed uplift of old, post-Cutler, dome; uplift 
of footwall side of Lisbon Valley fault; and fracturing 
and block faulting about a center near the Big Indian 
Copper mine. Bleaching of, and removal of calcareous ce
ment from, certain sandstone beds by reducing, acid solu
tions moving up the faults and some of the joints. Deposi
tion of disseminated pyrite, followed by copper, uranium 
and vanadium, in, or adjacent to, some of the bleached 
sandstone. Also, during early Tertiary: igneous intru
sion and doming of the La Sal mountains.
Recent:

Regional uplift, canyon cutting, deposition of 
talus and alluvium.



ORE DEPOSITS 
General

In the northern part of the Big Indian district 
uranium ore occurs at the base of the Chinle formation 
(Upper Triassic); some ore is found in the top of the 
underlying Cutler formation (Permian). The ore mineral 
is pitchblende; it occurs, associated with pyrite, re
placing sand grains and calcareous cement.

Several ore deposits underly the area mapped.
The main ore zone, which extends from the Cord mine to 
the North Alice, is 4,800 feet long, by 600 to 1,000 feet 
wide. The zone crosses without much discontinuity two 
small faults; but there is one gap of some 200 feet, - 
in the southern part of the Radon mine, and there are . 
several smaller gaps. West of the main zone, and separ
ated from it by a small fault, an prebody on Hecla and 
Hidden Splendor properties is 600 feet by 300 feet. East, 
beyond a large fault, there is another orebody, 1,000 feet 
by 200 feet, on Hidden Splendor and Homestake ground. Fur
ther east, Hidden Splendor has an area of small pods,
400 feet by 200 feet. Still further east Homestake and 
Hidden Splendor share a larger pod, 700 by.$00 feet. At 
the north end of the North Alice mine, there is an orebody 
roughly 400 by 500 feet. In the south end of the Cord
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mine, an irregular ore body was found, some 300 feet 
across. The thickness of ore ranges from less than a half 
a foot to a maximum of around eight feet. The thickest 
known ore is in the Cord mine. The thin ore can be mined 
because there is usually a little uranium contained in the 
material immediately above or below the ore. ,(See Plate II)

The ore occurs in braided Chinle stream deposits 
where they lie above a paleo outcrop of Cutler arkose.
One Cutler arkose horizon underlies most of the ore-bodies. 
The northeast ore is associated with a second, lower, 
arkose bed. The sediments strike about N. 25° W.; the 
Chinle beds dip about 8 degrees to the southwest and the 
Cutler beds about 11°, - the angle of unconformity being 
two to three degrees.

Where favorable Chinle sandstone is missing, the 
lower part of the siltstones may carry ore; or else the 
top few inches of the Cutler sandstone.

Chinle sandstone host rock is either the fairly 
coarse sand occupying scours cut down into the Cutler, and 
containing usually some pebbles and some mudstone; or else 
the cleaner and finer grained "sheet” sandstone, which may 
extend over several scours. Usually the two horizons are 
separated by from a few inches to a foot of green silt- 
stone, but sometimes the contact is gradational. In gener
al the down-dip parts of the ore zone have ore in the



53
sheet sand, while the scour sand is barren; and the up dip 
ore is in the scours. There is usually a gradation zone, 
where both are partly mineralized. (See Plates XVI B and 
X V III)

In the northeast area, the ore-bearing sand is 
usually four or five feet above the Cutler, separated from 
it by siltstone, within which there may be a thin lenti
cular sand bed.

The Cutler arkose is typically reddish-brown, and 
well cemented by coarse calcite crystals. In general, 
where overlain by ore, in the Chinle, the top two to three 
feet of the Cutler sand has been bleached and has had its 
cementing material removed, leaving it gray-mottled to buff 
and very friable. The Chinle scour sand probably was 
affected by the same solutions that bleached the Cutler, 
but the change is not marked because it was originally 
grayish in color and poorly cemented. Where unaffected by 
either the bleaching or ore-bearing solutions, the sheet 
sand is typically a light gray or light purplish gray in 
color, well cemented by fine-grained clacite; the affect 
of the bleaching solution was merely to remove the calcar
eous cement. However, where it is ore-bearing this horizon 
is quite pink, due to hematite contained in its coarse cal
cite cement. It would appear that in these areas the 
bleaching waters merely re—worked the calcite, and added
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hematite, or else that the calcite and iron were brought 
in by other solutiotis, which preceded or accompanied the 
ore. The bleaching is more intense near faults; apparent
ly they were conduits fOr the solutions involved. There 
is some bleached Cutler outside of the ore boundaries; 
apparently the ore-bearing solutions did not follow exact
ly the path of the bleaching solutions, or else conditions 
were not right for ore deposition. (See Plates III and IV 
through XI)

The Big Indian copper mine lies a half a mile east 
of the southeastern corner of the mapped area. It contains 
nodular azurite (after chalcocite?) in fractured Dakota 
Burro Canyon sandstone and quartzite, in the hanging-wall 
of the Lisbon Valley fault. Minor amounts of copper are 
common adjacent to the fault in this part of the anticline. 
In the North Alice incline, there is some green copper 
"stain” in the first foot of the hanging-wall of the fault. 
Copper mining has been sporadic since about 1903.1

Mining
In July of 1952, C. A. Steen drilled down-dip from 

the Big Buck mine, which had a small uranium orebody in 
the Cutler, and discovered the fabulous Mi Vida deposit in

I Dahl, H. M. and Lekas, M. A., The Geology and 
Uranium Deposits of the Lisbon Valley Anticline, San Juan 
County, Utah; Geology and Economic Deposits of East _ 
Central Utah, Intermt. Assoc. Pet. Geol. , P. 161, 1956



the Chinle formation. During the following period of ex
ploration, Merritt K. Ruddock's Almar Minerals Corporation 
discovered ore near the present Far West shaft, late in 
1954. During the following two years the Far West, Radon 
and Cord shafts were sunk, and the North Alice incline 
driven. The only property in the area on which mining has 
not yet started is the South Almar group belonging to 
Hidden Splendor, between the Radon and Cord mines. Most 
of the ore is sent to the Uranium Reduction Company's mill 
at Moab; some ore goes to Vitro, at Salt Lake City, and 
some to the mill at Monticello, which is operated by ‘ 
National Lead for the Atomic Energy Commission. Shipments 
to Moab from the northern part of the district (including 
the Ike-Nixon, Columbia and La Sal mines) average 0.40# 
U3O8. 0.05% V2O5 and 14% Ca CO3.1 -

Homestake Mining Company's North Alice mine, at 
the north end of the district, is still being developed, 
by driving slusher drifts in ore, on a grid pattern, and 
scraping to raises or to loading chutes. Stoping has been 
started on a panel and pillar method. Ore cars are hoisted 
by cable up the inclined adit to the surface. Ore is load
ed into trucks from a stockpile. A battery-powered truck 
is being tried out underground, as an alternative to 
scraping.

55
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Production is at the rate of .6,000 tons a month, at 0.20%
UjOs-1

The Par West mine of the Hidden Splendor Mining 
Company is south of the North Alice. It is being mined by 
the panel and pillar method, with scrapers loading by means 
of ramps into diesel trucks. The trucks require wide haul
age drifts, 12', which are driven in the ore; during the 
driving of the drifts, electric loaders are used to load 
the trucks. The wide drifts require support, - by means 
of roof-bolts and sections of war-surplus landing mats.
This type of back support is common in the area; wooden 
head boards may be used in place of mats. Hoisting is 
through a two-compartment shaft, just over 500 feet deep, 
with counterweight, into bins on the headframe. Ore pro
duction averages 12,000 tons a month, at: 0.26% UjOq ,
0.02% V205 and 10% Ca CO3.1 2

The Radon mine, owned.by Radorock Resources Inc., 
and operated by the Hecla Mining Company, is south of the 
Far West. The mining method used is the long-wall re
treat, with full caving, using recoverable steel props 
(made in Germany). The ore is scraped into cars and trans
ferred through raises to a haulage level. Hoisting is 
through a three-compartment shaft, 690 feet deep, to bins

1 J a c o b s e n ,  Edward; o r a l  c o m m u n ic a t io n
2 Pugh, Raymond; oral communication
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on the head frame.. A service incline, with a hoist and 
turntables, allows cars to be moved between levels in the 
ore horizon. Ore production is at the rate of 6,000 tons 
a month, averaging 0.70% U$08.̂

The Cord mine * owned and operated by Jen* Inc., is 
separated from the Radon by the South Almar group. Stoping 
is done by the long-wall method, with wooden props and full 
caving. Ore is scraped to raises, which lead to a haulage 
drift. Cars are dumped into slusher pockets at the shaft, 
because of the tendency of the ore to.pack; slusher pockets 
are used in the district instead of gravity-feed pockets. 
The three-compartment shaft is 650 feet deep; ore is 
crushed and stock-piled. Ore production is at the rate of
10.000 tons a month, with 0.55%

The value of ore is based on the A.E.C.1s Circulars 
5 and 6. The tabulation below gives a few typical figures, 
before payment of initial production bonus (on the first
10.000 lbs. of U^Og) and before payment of a haulage allow
ance of six cents per wet ton mile. VgO^ is paid for at
51 cents per pound. CaCO^ is penalized at the rate of SI.
for the first 6%, and S»50 for each additional 1%.

^U^Og Price per Ton
0.200.500.50
0.70

$16.00
25-50
44.50
64.50 1 2

1 Lindstrom, Philip; oral communication
2 Moore, Lyman; oral communication
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Cutler Ore

The Cutler arkose bed which underlies the ore zone 
is in places ore-hearing. Where Chinle sand is missing, 
ore may occur in the top foot or two of the Cutler.

The fresh Cutler arkose is dark reddish brown, 
medium grained, and well cemented. A thin section shows 
sub-angular grains of feldspar, and sub-angular to semi- 
rounded grains of quartz, ranging in size from 0.1 mm to 
0.4 mm. The feldspars make up 35% of the rock, about half 
the grains are microcline, and the rest probably are ortho- 
clase. They show little alteration to sericite or kaolin. 
Quartz grains make up 23% of the rock, some grains show 
flat sides, where they have been split. There are a few 
biotite grains, about 0.4 mm long. The remaining material 
is calcite, in crystals up to 10 mm; it encloses the other 
grains without corroding or replacing them. A fine dust 
of hematite is scattered through the calcite, and coats 
some of the sand grains. (See Plate IX) - ;

Slight alteration results in a gray, partly fri
able, rock with small residual red spots and streaks, or 
with orange brown streaks or mottlings. A thin section 
shows that calcite has been embayed and removed in rela
tively large areas. (See Plate X) .

More intense alteration results in a buff to very 
pale orange, very friable, non-calcareous rock.
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Uranium-bearing Cutler arkose has the buff or gray 

color of the bleached rock, with the addition of a light 
pink hue from hematite contained in its calcite cement. It 
is only slightly friable, even less so than was the origi
nal dark red rock. The calcite has crystals as large as 
1 mm. A thin section shows that the new calcite fills 
cracks in the feldspars, - cracks which developed during 
or following the removal of the earlier cement. The feld
spar grains are about 10% altered to sericite and kaolin; 
their borders are quite ragged. Some chlorite was seen, - 
after biotite? A few dark grains, probably pitchblende, 
are scattered through the slide, in the calcite. Hematite 
is less uniformly distributed, - it has the appearance of 
being residual, as if some iron had survived the bleaching 
in the reduced, ferrous form and had been re-oxidized 
during ore deposition. (See Plate XI)

In several areas in the mines, Cutler arkose is 
the ore horizon. In the northwestern part of the Far West 
mine, one area is quite extensive; it is 200 feet wide in 
3 N. and 4 It. drifts, narrowing down in 2 IT. and 5 N. The 
upper two feet of the bed is ore, running about 0.30% U^Og. 
The top of the arkose in this area is in places hummocky, 
with one-foot highs alternating with lows. In the Radon 
mine, there is an area of Cutler ore in 6280 N. drift, 
near survey station B7« In the southern part of the Cord
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mine similar ore has a width of 50 feet in 2 S. drift, 
just north of 5 E. drift. In these areas there is usually 
some uranium in sandy parts of the overlying siltstone.
(See Plate III)

Chinle Scour Ore
The lowest material in the Chinle formation is the 

rather coarse and nonhomogeneous sand that fills channels 
and scours cut into the surface of the Cutler. In places 
it resembles megascopically the gray or the orange gray 
Cutler, but it can be distinguished by the presence of jas
per fragments, and in low spots in the troughs, pebbles 
and mud. No unbleached equivalent has been found in the 
mines. Presumably it would be grayish, with a little cal
careous cement. Pebbles the size of an egg have been 
found, but most of them are less than marble size. Most 
are of quartz, a lot of it smoky (due to radioactivity?) 
Angular and splintery jasper fragments can usually be 
found; the largest being cubes, 3 inches on a side.
Where the overlying sheet sand is barren, uranium may 
occur in the scour material. It appears as scattered 
grains and nodules, associated with pyrite. The pyrite 
may have been deposited on a carbon center and later part
ly replaced by pitchblende. A polished section and a thin 
section of nodular pyrite-pitchblende show quartz and 
pyrite both being replaced by pitchblende. No feldspars
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are visible; any present were perhaps replaced earlier by 
pyrite. (See Plate VIII) ,

The scours form important ore-bodies. In general 
the ore overlying the up-dip side of the main Cutler arkose 
bed occurs in scours. This may be because the up-dip part 
is more deeply cut by the channels, which broaden to the 
west. Some of the ore is very good; a channel crossed by 
7 N. drift in the Far West had 2% ore. Trees are very 
scarce. One in 8 S. drift at the Far West carries uranium 
in the outer part only, the rest is silicified. The chan
nel directions are westerly, trees are alined that way and 
grain size seems to diminish in that direction. Probably 
much of the material came from the Uncompahgre highland; 
the stream bottoms contain some cobbles of Cutler sand
stone broken off by the undercutting of some banks, Some 
of the sand grains were apparently originally part of the 
Cutler. A scour in 6 AS. drift, at the Far West, is 50 
feet across, and has spotty U^Oq values of 6%.
(See Plates II and XVI B)

Chinle Sheet Ore
Overlying the scour or channel deposits is a quite 

persistent bed of finer grained sandstone. This is the 
main ore horizon in the Radon and Far West mines. In the 
Cord mine the upper sand is thicker than usual, or the 
scours are extra broad, — probably the ore occurs in both,
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where they grade into one another.

The original sandstone is light gray to light pur
plish gray, medium fine grained, and well cemented by fine 
grained white calcite. A thin section shows: quartz, 4-0%,
moderately well rounded, 0.4- mm in diameter; feldspar, 
(orthoclase?), 10%, angular to moderately rounded, 0.5 mm 
diamter; limestone pebbles, 15%, well rounded, 0.3 mm; 
calcareous cement, 35%. (See Plate IV)

"Bleached" sand was not recognized, or was not dis
tinguished from the scour sand.

Where ore-bearing, the sand is well cemented by 
coarse (10 mm) calcite and is a bright pinkish red color. 
The color has led to its popular term: "arkose11. ' Thin
sections show: quartz, 50%, well rounded, partly corroded
by.calcite, 0.2 to 0.5 mm; feldspar, - plagioclase, 20%, 
rectangular-rounded to triangular, - replaced partly by 
calcite; calcite cement, 27%, full of hematite, in clus
ters; pyrite and pitchblende, 2%. Pitchblende and pyrite 
replace quartz on borders and in veins. One reason for 
the preference of pitchblende for the Chinle rather than 
the Cutler appears to be the greater amount of quartz.
(See Plates V, VI and VII)

Values in the sheet sand range from 0.5% U^Og to 
1%. It is very constant in grade.
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The sands when pinching out typically inter-finger 

with siltstone until there is less than an inch of fine 
grained, pink material.

Chinle Siltstone Ore
In the northern and southern ends of the area, 

where the Chinle sands have thinned out, ore occurs mainly 
in the siltstone. Values are as great as 0.20% U^Oq over 
the "best one foot; particularly if there are a. few scatter
ed quartz grains. The adjoining few feet of siltstone 
usually carry low values. (See Plate II)

• - Jasper
A bright red jasper is commonly seen in the Chinle. 

Apparently it formed in place on the old erosion surface 
in sheets, such as the one in the North Alice mine that is 
2.3 feet long by five inches thick. The material must have 
been broken up soon after formation, - perhaps by frost 
action. Chunks and splintery pieces are found in scour 
material, sheet sand and siltstone, always close to the 
contact. (See Plates V and XVI A)

Other Mines
Other uranium mines in the district were visited 

at various times; they have shed some light on the general 
occurrence of uranium ore.
..... The La Sal mine of Homestake Mining Company, and
its continuation in the Columbia mine is the first developed
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orebody to the south. The ore is found mainly near the 
northern edge of a large channel sand deposit. The pitch
blende is distributed irregularly as blebs and pods. A 
Cutler arkose (probably the same one as seen further north) 
underlies the ore.

The Ike-Nixon mine has the highest grade ore in 
the district. It occurs in a fine, porous sand that shows 
dark, irregular wavy structures that might be petroleum re
sidues. Perhaps hydrocarbons acted as precipitants here 
and elsewhere in the district; ore hear margins is pink 
and calcareous. .1

The Mi Vida mine, further south, has ore spread 
throughout a thick sand channel trending northwest; the 
Cutler sand is white toward the east; while the main ore 
is porous, isolated pods to the northwest have a pink cal
careous cement.^

To the north, the Rattlesnake mine is in the 
Morrison formation (Jurassic), in an area between two 
branches of the Lisbon Valley fault. The ore is erratical
ly distributed in a northeast-flowing channel in the next 
to lowest sand of the Salt Wash. The vanadium content in
creases to the east, - away from what was apparently the 
main ore conduit, and upwards.^ (See Plate XX) 1 2

1  B a r r e t t ,  T. J.; o r a l  c o m m u n ic a t io n2 Brady, Maurice; oral communication
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Date of Ore

A lead-uranium age determination conducted by the 
U.S.G.S. gave an average age by the Fb 206/U method of 71

' Imillion years, placing it probably in the early Tertiary.
Zoning

Zoning about a center is apparent from a study of 
the distribution patterns of mineralization in the district. 

The Wingate sandstone is uniformly bleached and
friable where exposed in the northern part of the district,

« - - " ... .

and as far south as the vicinity of the Mi Vida mine. At 
the Mi Vida the Wingate is a light red; a half mile south
west of the Mi Vida orebody, it becomes red, along a front 
trending roughly northwest-southeast. Thus, bleaching of 
this massive sandstone appears to have occurred directly 
outwards from the Lisbon Valley fault itself, perhaps from 
a center located near the Big Indian copper mine.

Bleaching of Cutler arkose, and removal of cement, 
adjacent to the Chinle contact has spread from several 
faults and fractures. In the Far West and North Alice 
mines, the sand is bleached up dip from the Quail fault 
as far as the erosional pinch-out, and down dip nearly to 
the Far West fault. The lower Cutler bed, which is ex
posed further east, adjacent to the Lisbon Valley fault

--------1 Stieff, L. R., Stern, T. W. and Milkey, R. G.;
A Preliminary Determination of the Age of Some Uranium 
Ores of the Colorado Plateaus by the Lead-Uranium Method, 
U.S.G.S. Circular 271, 19 PP* 1955
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itself, is uniformly bleached at the paleo outcrop.
Bleaching in the Radon mine appears to be related to a 
northeast fracture, and in the Cord mine to the fault 
which crosses that property.^ A joint, or minor fault, 
is.suspected to lie beneath the alluvium in the center of 
Big Indian Valley. If so, it would help to account for 
the presence of the valley. Bleaching in the Cutler 
arkose in the Mi Vida mine dies out westerly, and so could 
be related to this joint. Thus, bleaching, and removal of 
calcareous cement, occurs zonally about faults and joints 
belonging to a system whose center is near the copper mine.^ 

Uranium ore is richer near fractures of this same 
system. In the 7 area of the Far West mine, ore occur
ring in scours is highest in grade near the fault, and de
creases up dip away from it. In the same mine the best : ■ ' ■ ■ ■ - : . : . 
ore in A and B south drifts, - also in the adjacent Radon
workings, occurs near a northeast joint. This joint, ex
posed on the surface, has not been seen underground; how
ever Sunday 12 drill hole, which was collared beside the 
joint, showed exceptionally good mineralization for 40 
feet below the top of the Cutler. In the Cord mine the 
best ore lies northeast of the shaft, and so is below the 
outcrop of a northeast joint. Thus, uranium ore is 1 2

1 See Plate III
2 See Figure 5
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related to the same center, near the copper mine.

Zoning of metals is also apparent, about the same 
center as in the other cases. Copper mineralization in 
the hanging-wall of the Lisbon Valley fault is most in
tense at the Big Indian mine, and fades out, along the 
fault, to the northwest and southeast. Vanadium is negli
gible in the mines of the northern part of the district; 
in the Ike-Nixon there is enough vanadium to offset the 
lime penalty, and in the southern end of the Mi Vida it is 
quite high. It is apparent, therefore, that mineralization 
in the district centers about a point near the Big Indian 
mine •

On a regional scale, the presence of zoning is in
dicated. Near the junction of the Green and Colorado 
rivers, uranium occurs in the Cutler formation, - Permian. 
In the Big Indian district, about 60 miles east, it is in 
the Chinle formation, - Triassic. In the Uravan belt, 40 
miles further east, it is in the Morrison formation, - 
Jurassic. The Uravan ore is much higher in vanadium than 
is that of the Big Indian. Further east, at Flacerville, 
vanadium ore occurs in the Entrada sandstone.

Trace Amounts of Metals
Spectrographic analyses of ore and rock specimens 

from the Far West mine show the following metals in amounts 
less than 0.03%: boron, chromium, cobalt, copper,
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molybdenum, nickel, silver, tin, zinc. Lead and manganese 
are in the 0.03% to 0.30% range, with lead reaching the 
0.30% to 3% range in ore carrying 6% U^Og.

Ore Emplacement and Source
Uranium ore in the Big Indian district occurs, in 

favorable beds, adjacent to faults and joints, which belong 
to a system of radial and concentric fractures. The center 
of this system of fractures is approximately at the Big 
Indian copper mine. (As mentioned above, while joints 
have been etched by weathering on the surface, in the 
Wingate sandstone, they are, with some exceptions, poorly 
defined underground.) The ore occurs in areas where the 
ore-bearing horizon and adjacent horizons have been bleach
ed; resulting in the removal of the calcareous cement and 
of the red hematitic color. (Sandstones higher in the 
section, - such as the Wingate, which now lies at the sur
face , and perhaps others, since removed by erosion, - were 
also bleached, as mentioned above.)

The bleaching was apparently effected by fluids 
which moved up into this part of the Earth's crust in the 
vicinity of the copper mine, and spread out laterally along 
faults and joints in the thick arkose beds near the top of 
the Cutler formation. The fluid spread out further, along 
the Cutler-Chinle contact, from these fractures. The 
bleaching medium was acidic, since calcite was removed;
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it was also reducing, - in its affect on hematite. It may 
have contained a sulphur acid or acid-acting salt, such as 
sulphuric acid or ferrous sulphate; this is suggested by 
the presence of nodular limonite, after pyrite - in 
Wingate sandstone. (See Plates IV and VII)

That the bleaching was pre-ore is shown by the 
fact that the ore, which occurs in the zone of bleaching, 
contains calcite and hematite. Garrels, and,Richter suggest 
COg (gas) as a bleaching agent.1

The ore-bearing solutions must have followed es
sentially the same routes as the bleaching fluids, moving 
readily through the rocks made porous by bleaching. Ore is 
nearly everywhere underlain by one to several feet of . 
bleached Cutler arkose; in a few small areas, such as near 
the center of the.Radon mine, the Cutler is unbleached.
There are larger areas of bleached Cutler with no overly
ing ore, such as near 6 North drift in the Far West mine. 
(See Plate III)

Pyrite was deposited early, in sparse amounts, as 
an interstitial filling and replacing sand grains. Pitch
blende came later, as an interstitial filling; and re
placing both.pyrite and quartz. It was deposited in

I Garrels, E. M., and Richter, D. H.; Is Carbon 
Dioxide an Ore-Forming Fluid Under Shallow-Earth Conditions? 
Economic Geology, Vol. 5Q, No. 5, August, 1955» H  pages

Unlv, of Arison# Library
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favorable locations, such as beneath Chinle siltstone; 
where sand was lacking, it coated quartz grains scattered 
through siltstone. Calcite, colored pink by hematite, 
apparently was deposited along with the pitchblende, as 
a coarse cement. The removal of quartz suggests that some 
uranium silicate, coffinite, may have been formed.
(See Plates VI and VIII)

The ore-bearing solution must have contained a 
carbonate, since calcite was deposited; and there must 
have been an oxidizing reaction, to produce hematite, - 
from iron which survived the bleaching in a ferrous com- 
pound. McKelvey, Everhart and GarreIs suggest that the 
uranyl ion may be carried in solution as a carbonate, - 
j(U>602)(G05)5j "4 or [(U+602)(C05)2(H20)2]"* 2. They also 
suggest that ferrous iron might be a precipitant, forming 
hematite as follows: 3H20+2 Fe+2+ (U+^02)+2— Fe20^+
U+402+ 6H+.2

~I McKelvey, V. E., Everhart, D. L., and Garrels, 
R. M.; Origin of Uranium Deposits. Economic Geology, 
Fiftieth Anniversary Volume, 1955» 62 pages, page 469•2 Op. cit., Page 4-yl
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A Uranium Province?

The position of the Big Indian district, as a 
short belt of Chinle deposits, inside the longer arc of 
the Uravan Mineral Belt of Morrison deposits, suggests 
the possibility of a uranium province, with a regular 
pattern of districts.

If the curve of the Uravan Mineral Belt is ex
tended to the northwest and west it passes through the 
Yellow Cat district, and reaches the San Rafael district, 
west of Green River. If this curve is continued southerly, 
it reaches the Henry Mountains district. Thus three 
quarters of a rough circle can be drawn, connecting the 
chief Morrison ore districts of the Paradox Basin region.
The center of the circle lies approximately at the junc
tion of the Green and Colorado rivers. Just outside of 
the circle lies a ring of uplifted blocks, - Circle Cliffs, 
San Rafael, Uncompahgre, Monument and perhaps Defiance - 
all tilted outward from the center. The Monument uplift 
enters the circle, and is oriented radially. (See Figure 1)

Thus the junction of the rivers appears as the 
center of a regional uplift, in which the region was lift
ed up in blocks, dipping outward from the center; and in 
which the central core remained relatively undisturbed.
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This central area, however, was locally uplifted by lacco- 
lithic mountains, and by salt plugs.

Uranium mineralization, spreading outward and up
ward from the center of uplift, therefore, reached favor
able conditions for deposition in the Chinle formation in 
such districts as the Big Indian and White Canyon; and fur
ther out, in the Morrison formation, - higher stratigraph- 
ically - in the Uravan Mineral Belt, San Rafael district, 
etc.



FUTURE OF THE AREA
Exploration within the limits of bleached Wingate 

sandstone has a good chance of finding more ore, particu
larly above the eastern Cutler arkose horizon south of the 
Far West mine workings; also associated with a possibly 
favorable arkose bed west of the main ore belt. There 
should be ore east of the Lisbon Valley fault; in Chinle 
channels adjacent to the fault, also further east, where 
underlain by Cutler arkose cut by faults or joints of the 
radial-concentric system.

The presently known ore is scheduled to be mined 
out in the near future; some of the deposits by 1962, when 
the current A.E.C. ore purchasing program terminates, and 
the rest by 1966, when the extended program is to run out.
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PLATE IV

A Chirile sheet sand; fresh. Ordinary light. 
Limestone pebbles in center 47x

B Same as above Polarized light
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PLATE IV



A Chinle sheet sand; ore. Ordinary light.
Jasper fragment black, left of center; veined 
by calcite. 47x

PLATE V

B Same as above Polarized light 4-?x
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PLATE V



PLATE VI

Chinle sheet sand; ore Polarized light 
Quartz grains being replaced by pitchblende 
(black) 4?x

Chinle sheet sand; ore Polarized light 
Quartz (Q) partly replaced by calcite (C) 
47x
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PLATE VI



PLATE VII

Chinle sheet sand; ore Polarized light. 
Three calcite crystals (different tones) 
meet at center.

Detail of same section 
Two calcite crystals

Polarized light 
10?x
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PLATE VII



PLATE VIII

High-grade nodule. Reflected light. Quartz 
grains (dark). Pitchblende (gray) and pyrite 
(white) in matrix. 4?x

Same nodule. Polarized light. Shows angular 
remains of quartz grains. 4?x
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PLATE VIII



PLATE IX

Red Cutler sandstone. Ordinary light. Shows 
hematite dust. 4-7x

Same as above. Polarized light. Shows feld
spar (F) and quartz (Q) grains, with calcite 
(C) cement 47x
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PLATE IX



PLATE X

Gray (partly bleached) Cutler sandstone. 
Ordinary light. 4-7%

Same as above. Polarized light. Shows 
of calcite 47x
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PLATE X



PLATE XI

A Cutler sandstone ore. Ordinary light. 4?x

B Same as above. Polarized light. Shows calcite 
veining quartz and feldspars. 4-7x
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PLATE XI
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A Wilson Arch. Entrada sandstone

FLATS XII

B La Sal Mountains, looking north
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PLATE XII



PLATE XIII

A Dakota-Burro Canyon formation, - tree covered

B Wingate Surface, looking north from Far West 
shaft. La Sal mountains through gap at right
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PLATE XIII



PLATE XIV

Ear West Shaft, looking northwest

Radon Shaft, looking northwest. Wingate 
sandstone surface. Far West shaft left 
center. La Sal mountains right skyline
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PLATE XIV



PLATE XV

Portal, North Alice incline, in Brushy Basin 
shale. V/ingate sandstone capping cliff, - 
Lisbon Valley Fault Scarp



PLATE XV



A Jasper, in siltstone. Pick rests on Cutler 
sandstone. North Alice mine

PLATE XVI

I

B Small scour, "blocks of Cutler sandstone near 
bottom. Chinle-Cutler contact is just above 
pick. Far West mine
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PLATE XVII

A Erosional pinchout of Cutler sandstone,
approximately 1.5 feet above head of pick. 
Cutler siltstone below, Chinle sandstone above 
Looking north. North incline, near 9 S.,
Far West mine.

B Cutler sandstone, showing cross-bedding. 
Looking north. North Alice mine.
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PLATE XVIII

Chinle ore, 2 horizons. Figures are
Sheet ore at top, - .40. Scour ore in middle.
Top of Cutler sandstone % foot above pick.
7 N. area, Far West mine
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PLATE XIX

Major fault, Far West mine. Cutler shales 
and sandstone on left. Chinle ore in scour 
sand on right. Looking north. North incline 
"between 6 N. & 7 N.

Lisbon Valley Fault. Chinle sandstone, - low 
grade, and qiltstone on left. Red shale in 
fault zone on right. North Alice mine. 
Looking north
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PLATE XX

Dakota-Burro Canyon sandstone at top. 
Brushy Basin shales to middle. Salt Wash 
sandstone helow middle. Looking north. 
Rattlesnake pit.

Carnotite ore in Salt Wash sandstone 
Rattlesnake Pit.



PLATE XX



PLATE XXI

A Chinle Measured Section

B Cutler Measured Section





PLATE XXII

View of Escarpment, looking northwest. Quail 
fault cuts Wingate cliff just left of center. 
Lisbon Valley fault cuts lower slope of hill 
to right; hill is capped by Dakota-Burro 
Canyon sandstone.



PLATE XXII








