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FOREWORD 

This study, proposed by the Water and Power Board of the State of Utah and carried out in 
cooperation with the U. S. Bureau of Reclamation, covers all of San Juan County and the 
southern one-third of Grand County , Utah, and the western portions of Mesa, San Mi­
guel, Montrose and Dolores Counties, Colorado. 

Essentiall y a compilation of literature references on the area, the study is augmented by con­
siderable field checking, as well as original data from Utah Geological and Mineralogi ­
cal Survey files. 

Special Studies 24, Mineral Resources, San Iuan County, Utah, and Adj acent Areas , is di­
vided into two parts: 

Part I Petroleum, Potash, Groundwater and Miscellaneous Minerals 
Part II Uranium 

Hellmut H. Doelling, economic geologist, Uta h Geological and Mineralogical Survey, pre­
pared th e groundwater, miscellane ous minerals and uranium sections; Howard R. Ritzma, 
petrol eum geologist, Utah Geological and Mineralogical Survey, authored the petroleum 
and potash papers. 
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URANIUM AND OTHER METALS 
IN SEDIMENTARY HOST ROCKS, 

SAN JUAN PROJECT AREA, 
UT AH AND COLORADO 

by H ellmut H. Doelhng 1 

INTRODUCTION 

The San Juan proj ect area consists of San Juan County , 
Utah, a portion of Grand County , Utah , south of the 
Colorado and Dolores Rivers, and part of western Col­
orado, westof the Dolores River and north of Dove 
Creek. It includes a large part of the Col orado Plateau 
uranium region and its most productive districts , ex­
cept for the Grants area i n New Mexico (fig. 1). Many 
minerals containing e l ements of economic val ue are 
as sociated with sedimentary rocks exposed in the pro ­
ject area. These mineral s coat fracture surfaces, sand 
grains , and fossil vegetal material. They impregnate 
spaces between clastic grains and , in many localities , 
replace host rock or carbonaceous debris. Metallic 
constituents of these mineral s include vanad ium, ura ­
nium, radium, copper, lead, zinc, mol ybdenum, iron, 
chromium, nickel , cobalt, manganese, arsenic, sele­
nium, yttrium, and silver. Other enriched trace ele­
ments have been identified al so. Vanadium , uranium, 
copper , radium, and, perhaps , manganese have been 
extracted commercially. As price and technology ad­
vance, others may be recovered. 

The history of mining in the Col orado Plateau reflects 
fluctuations in the suppl y of and demand for radioac­
tive elements and vanadium. In 1895 , Roentgen dis­
covered and defined X rays emitted from a Crooke 's 
tube. In 189 6, Becquerel, a French physicist, ob­
served that certain natural ores gave off a form of en­
ergy, which, like X rays, were capabl e of exposing 
photographic materials. Three years later, the Curies 
isolated the radioactive element, radium. Long before 
these significant ach ievements , Colorado Plateau In­
dians used a yellow mineral , now known to be the ura­
nium mineral, carnotite, as a pigment. In 1881, a 
prospector in the Roc Creek area of Colorado's Para ­
dox district, bei ng unaware of carnotite ' s properties, 
sent some to Leadville, Col orado , for gold and silver 
assay. He was told, of course, that it contained nei ­
thermetal. Radioactive ore firstwas produced in 1898, 
when 10 tons of rich ore (20 percent U30 8 and 15 per­
cent V20 S) was mined at Roc Creek and shipped to 
France. At first, production was limited--radium was 
a curiosity, uranium had few uses, and the potential 
of vanad ium as a ferro-a lloy was not yet recognized. 
Th e demand for radium jumped once the worl d realized 
the role i t was to play in medicine and in the produc­
tion of luminous paints. The production of radium be­
gan to expand about 19 12 , and expansion persisted 
until 1923. At that time, the plateau's sed i mentary 

1 . Economic geolog ist, Utah Geolog ical and Miner­
a logical Survey . 

ores were mi ned primaril y for radium and secondarily 
for vanadium . Discovery of the Shinkolobwe, a large 
deposit of high -grade radium in the Belgian Congo, led 
to the closing of most mi nes in the Colorado Plateau. 
For the next 12 years a reces s ion plagued the industry. 
Rumors of war in 1935 opened mines long shut, and 
the ensuing "boom " l asted to the end of Worl d War II 
in 19 45 . Throughout this second "boom," vana di um 
remained the prime product, whil e uranium was used 
to produce special a lloys of steel , copper, and nickel, 
to color glass, glaze ceramics , and in scientific stu­
dies . Vanadium is used primarily as a steel, bra ss , 
and bronze alloy. In steels it frequently i s used in 
combinat ion with other ferro-allo yi ng e l ements ' " such 
as chromium , mol ybdenum, and tungsten. Vanadium 
toughens s t eel by making it more resistant to strain, 
shock, and fat igue . The element has its place in the 
electrical, chemical, ceramic, paint, dye, and print­
ing industries , as well. 

Birth of the Atomic Age during World War II created 
cr itical demand for uranium in w e aponry. For this rea­
son, the United States Government created the Atomic 
Energy Commiss ion in 1946 to stimulate, control and 
develop uranium mining activities, and to support and 
gu ide research in new uses for atomic energy. The 
Atomic Energ y Commiss ion established an ore-buying 
schedule in 194 8 , and so set into motion a new per­
iod of activity. Uranium became the more important 
and valuable of the two elements; vanadium assumed 
the role of by-product. Interest "in both uranium and 
vanadium has continued to the present, despite a mod­
ified recession. That recession began in 1958 and 
ended in 19 65 , when commercial use o f uranium as a 
power plant fuel suppl y became economicall y feasible . 

Copper probably was discovered in the plateau as ear­
l y as 1880, but exploration was not awakened in the 
White Canyon and Big Indian Wash areas until 1906, 
w hen the price of the metal inc rea sed . Since that 
time, several localities have produced intermittently. 
In past years, some of the ores- - notabl y those at 
White Canyon--were rejected from time to time, be­
cause of an objectionable accompanying substance, 
uranium. By 1948, when it became profitable to mine 
uranium, investigators eyed the feasibility of extract ­
ing its by-product, copper, which some ores contained 
in considerabl e quantity . In the l ate 19 50' s, a cop­
per concentrate was shipped to El Paso from the Texas­
Zinc uranium mill at Mexican Hat. Today, copper is 
extracted from uranium ores at the Moab mill, and is 
l eached from sandstone at several localities on the 
plateau. 
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Two localities in the San Juan project area, the Wil­
son Mesa area near Moab and the Muleshoe Wash 
near La Sal Junction, may have produced some man­
ganese. However, examination of the workings indi­
cates little or no ore has been shipped. 

URANIUM ECONOMICS-
PAST, PRESENT, AND FUTURE­
FOR THE SAN JUAN PROJECT AREA 

Portions of the San Juan proj ect a rea have produced 
ores intermittently since 1898, but only in the last 20 
years has emphasis been on uranium, rather than as­
sociated elements such as radium, vanadium, and cop­
per. A need for producing more uranium and develop­
ing domestic reserves resulted in the birth of the U. S. 
Atomic Energy Commission in 1946. Two years later, 
the AEC put its ore-buying policy into effect, later 
offering discovery and initial production bonuses, as 
incentives to stimulate exploration and production. 
Pro d u c t ion increased gradually, and several new 
finds--notably those in the Big Indian Wash areas-­
were recorded. Land acquisition and exploration ac­
tivity peaked in 1954 -55, and production reached its 
zenith four years later. Fed by the discovery of large 
deposits in New Mexico and Wyoming, the uranium 
industry, growing more rapidly than expected , soon 
outstripped the market. By 1957, the Government was 
obliged to s 1 ash ore purchases . On November 24, 
1958, the AEC published an announcement delineating 
limitations on uranium procurement. In essence, the 
AEC stipulated that thos e mines operating at the time 
could produce at their former mining rates, so long as 
the ore was of an amenable grade. (In this way, the 
market for this ore was guaranteed to 1963 and , for 
many mines, through 1966.) In addition, ore from new 
ore bodies could not be accepted, but could be sold 
to private enterprise. Th e AEC' s initial production 
bonus plan ended March 31, 1962, and, as a result, 
exploration was c urtailed and production declined. 
In 1962, the AEC extended its buying program through 
1970. It guaranteed a price of $ 8 per pound for U 308 
up to 1968 and no more than $ 6.70 thereafter. How­
ever, after 1968, the Government would purchase 
uranium from new properties. To 1962, the market was 
mainly military. There were indications that uranium 
would be of ever-increasing importance to the electric 
power industry--although such expansion was not be­
lieved to be imminent. 

Electrical utility companies gradually changed their 
collective mind about the use of nuclear fuels as nu­
clear power plants proved to be competitive under cer­
tain operating conditions. In 1960, there were three 
nuclear power plants in the United States capable of 
producing 72,000 kilowatts. Four years later, capac­
ity had risen to 2,000,000 kilowatts, but no new 
plants were ordered. Capacity jumped to 2 ,700,000 
kilowatts in 1965, and orders were in for plants c a p­
able of producing 5 million kilowatts. As a result, a 
reverse tre nd in the uranium industry began in late 
1965. Land acquisition and exploration activity edged 
upward, and are still on the way up (1968). More than 
half af the new power plants ordered by utilities in 

1966 were of the nuclear type, and no less than 27, 
capable of producing 22 million kilowatts, were spe­
cified. In addition, producers we r e allowed to fill 
contracts with approved foreign countries. 

Because of the phenomenal growth of the electrical 
industry, it is estimated the U. S. will consume 5 2 ° 
million kilowatts by 1980. It is predicted n u c 1 ear 
plants will produce between 80 and 110 million kilo­
watts of that amount. Of current concern is the ques­
tion of whether the domestic uranium industry can meet 
the requirements of nuclear fuel production. If tech­
nologica l advances continue and breeder reactors can 
be developed by th e mid-1970's, the amount of re­
quired U30 8 would drop 30 percent. Even so, it is 
estimated that the United States annually will require 
up to 28,000 tons of new U308 by 1980 . Domestic 
mines produced approximately 9,700 tons of U308 in 
1966. The market almost certainly will persist for the 
next 10 to 20 years; so the question of the uranium 
industry's ability to meet new demands becomes cri­
tical. 

The San Juan project area up to the present (19 68 ) 
has produced about 15 percent of the total domestic 
output of uranium. Prior to 1950, pro d u c t ion was 
small, but, with discovery and developm ent of new 
deposits, climbed to a peak in 19 59 . Annual tabula­
tions of uranium and vanadium production, in the pro­
ject area, for the years 1956 to 1965 follow (p. 12 
and 13) . 

From 1956 to 1965, the San Juan project area produced 
an average of 1,000,000 tons of ore annually, aver­
aging 0.34 percent U308 and 0.47 percent V205. 
Over this 10-year period, production am 0 un ted to 
34,000 tons of U308 and 48 ,000 tons of VZ05, as is 
shown graphically on Figure 2, p. 9. M 0 s t 0 f the 
production (over 58 percent) has come from the Lisbon­
Big Indian Wash ar ea of the Monticello district, Utah. 
If Lisbon production as shown in Figure 2 is deleted, 
the result is that depicted in Figure 3, p. 9. Bot h 
graphs show maximum production occurring in 1958-59, 
but annu a l change is not as great in the second graph. 
While showing a gradual tapering off, this more uni­
form graph probably indicates a base production that 
could be maintained for years , if the demand situation 
remains favorable. The Lisbon-Big Indian Wash area 
typifies bonanza-type ore bod i e s--large, easy-to­
mine, but short-lived. Bonanza-type ore bodies are 
the question marks in any anal ys is of the suppl y prob­
l em. Normally, they are not found during periods of 
minimum exploration activity , and this has been the 
situation since 19 58 . Discovery of such ore bodies 
in the San Juan project district could answer the ques­
tion of whether the area wil l continue to be the source 
of 15 percent of the United States' supply of ore in the 
future. A uranium ore production graph, indicating the 
10-year production for individual areas or districts , 
is shown on Figure 4, p. 14. 

Uranium activity in the San Juan proj ect area from 1952 
to 1966 i s shown in Figure 5 , p. 16. Accelera te d 
land acquisition activ ity, w hich immediately precedes 
or parallels maxi mum exploration, is shown as a bar 
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Figure 3. Uranium ore productio~, San Juan project area, Lisbon area is not included (source, U.S. 
Atomic Energy Commission, Grand Junction, Colo.). 
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Table 1. San Juan project area production, 1956 to 1965. 

Year Ore (tons) U30 8 (lbs.) Percent V20 5 (lbs.) Percent 

1 956: 
San Juan County 729,222 4,904,894 0.34 4,784,473 0.33 
Grand County 14,021 86,509 0.31 385,579 1. 38 
Colorado 120,218 763,403 0.32 3,858,758 1. 60 

Totals: 863,461 5,754,806 0.33 9,028,810 0.52 

1957: 
Sa n Jua n County 911,217 6,703,410 0.37 5,035,049 0.28 
Grand County 20,183 106,252 0.26 484,273 1. 20 
Colorado 150,751 875,583 0.29 4,312,049 1.43 

Total s: 1,082,151 7,685,245 0.36 9,831,371 0.45 

1 958 : 
San Juan County 1,081,741 7,987,378 0.37 4,646,560 0.21 
Grand County 25,720 169,179 0.33 652,809 1. 27 
Colorado 226,100 1,316,850 0.29 6,500,744 1.44 

Totals: 1,333,561 9,473,407 0.36 11,800,113 0.44 

1 959 : 
San Juan County 1,088,665 8,072,536 0.37 5,943,934 0.27 
Grand County 24,846 130,894 0.26 503,848 1. 01 
Colorado 253,217 1,409,776 0.28 7,422,114 1.47 

Totals: 1,366,728 9,613,206 0.35 13,869,896 0.51 

196O: 
San Juan County 903,072 5,694,529 0.32 1,847,931 0.10 
Grand County 25,673 132,705 0.26 600,101 1.17 
Colorado 266,928 1,416,406 0.27 8,275,393 1. 55 

Totals: 1,195,673 7,243,640 0.30 10,723,425 0.49 



1961 : 
San Juan County 916,064 5,347,000 0.29 1,841,460 0.10 
Grand County 16,599 96,501 0.29 454,164 1. 37 
Colorado 213,993 1,127,673 0.26 6,305,177 1. 47 

Totals: 1,146,656 6 ,571,174 0.29 8,600,801 0.38 

1962 : 
San Juan County 679,151 5,001,083 0.37 1,789,617 0.13 
Grand County 12,362 79,289 0.32 325,609 1. 32 
Colorado 200,978 1,038,448 0.26 5,854,498 1. 46 

Totals: 892,491 6,118,820 0.34 7,969,724 0.45 

1 963 : 
San Juan County 665,730 5,165,784 0.39 1,514, 486 0.11 
Grand County 5,199 34,069 0.33 129,315 1. 24 
Colorado 189,589 991,161 0.26 5,766,954 1. 52 

Totals: 860,518 6,191,014 0.36 7,410,755 0.43 

1964 : 
San Juan County 665,342 5,485,863 0.41 1,550,877 0.12 
Grand County 363 3,387 0.47 5,151 0.71 
Colorado 215,797 1,124,686 0.26 6,700,964 1. 55 

Totals: 881,502 6,613,936 0.38 8,256,992 0.47 

1 965 : 
San Juan County 308,680 1,830,607 0.30 1,461,959 0.24 
Grand County 5,148 41,719 0.31 79,283 0.77 
Colorado 214,009 1,102,932 0.26 6,980,230 1. 63 

Totals: 527,837 2,975,258 0.28 8,521,472 0.81 

GRAND TOTALS: 
San Juan County 7,948,884 56,193,084 0.36 30,416,346 0.19 
Grand County 150,114 880,504 0.29 3,620,132 1. 21 
Colorado 2,051,580 11,166,918 0.27 61,976,881 1. 51 

TOTALS, 1956 - 65: 10,150,578 68,240,506 0.34 96,013,359 0.47 

...... 
~ 
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AREA or DISTRICT 

Li sbon-
Big Indian Wash 

White, Fry, 

and Red Canyons 

51 i ck Rock 
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Deer FI at and 
Elk Ri dge 
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Cottonwood Wash 
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and Indian Creeks 
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Production in Millions of tons 

Figure 4. Uranium ore production by area, 1956 to 1965 (source, U.S. Atomic Energy Commission, 
Grand Junction, Colo.). 



graph superimposed on an ore production graph. Dur­
ing the uranium "boom" of the 1950's, maximum activ­
ity in land acquisition took place from 1954 to 1955. 
Over SO , 000 claims were filed in 1954, and they prob­
ably covered more San Juan County land than actually 
was available. Grand County recorded 15,305 c l aims 
in 1955, surpassing its 1954 mark by a few hundred; 
top production occurred four to five years later. The 
pre sen t "boom," which began in the latter part of 
1965, has not peaked, as yet. County records indi­
cate new claims during the first four months of 1967 
sur pas sed 19 66 total"s. Since exploration activity 
tends torespond to land acqui sition , it can be assum­
ed that exploration has been stepped up proportion­
ately. The new "boom" is somewhat different than the 
previous one. Since deeper ore must be located, ex­
ploratory activity is both m 0 r e expens ive and more 
cautious. Oil companies are entering the scene with 
strong financial backing and exploration experience, 
and mining companies are having to adapt their prac­
tices to the changing conditions. 

The U. S. Atomic Energy Commission has estimated 
the following ore reserves as of January 1, 1966: 

Percent 
Districts Tons of Ore U30 S 

Monticello and Moab 1,220,000 0.243 

Uravan Mineral Belt 2,654,000 0.277 
(Bull Canyon, Gateway, 
Gypsum Valley, Paradox 
Slick Rock, and Uravan 
districts) 

White Canyon and Monu- 322,000 0.2S0 
ment Valley Shiprock and 
Chuska 

Green River, Thompsons, San lS0,000 0.254 
Rafael, Henry Mountains 

4,376,000 

About 3 million tons of this reserve are in the proj ect 
area. At the 1965 mining rate, it would take about 
six years to extract this ore. A strong uranium mar­
ket has developed, assuring the future of the San Juan 
proj ect area, if it can produce. Base production from 
old areas probably will continue well beyond the six 
years, and, no doubt, will begin to grow in about two 
years as the current decline levels off. Exploration 
already has commenced, especially in the Lisbon area 
and its extensions, in parts of the Sage Plain, and 
other areas. Four to five years were required to reach 
maximum production during the last "boom." It is es ­
timated that the current rise will be somewhat slower 
in ascent, and that its ultimate height will depend on 
whether or not new bonanza-type ore bodies are found. 
The following then is an optimistic timetable of what 
may be expected, provided a few good-sized ore bodies 
are discovered and developed. 

1965: The long decline in production should end. 
Reserves s h 0 u I d increase due to the in­
creas ed exploration. 

1969-70: Certain areas will decline in importance, as 
others are developed. 

1970: Both production and res e r v e s should in ­
crease. One or two notable discoveries of 
ore should have been made. 

1972: Production should beg in significant expan­
sion. Reserves, w h i 1 e continuing an up­
ward trend, will not increase as rapidly as 
before. 

1975: The rapid growth in production should be­
gin to level off. 

1975-S0: Production should rise slightly, at first, 
then fall slowly as the industry settles into 
a more normal production rate --about one 
million tons annually. Production will come 
from deep mines, and m in i n g costs will 
gradually increase, c a u sin g an important 
rise in the price of the metal. 

After 
19S0: 

The proj ection for the years bey 0 n d 19S0 
is highly speculative, of course. The ura­
nium industry's future depends on whether 
man can continue to find that "les s than 1 
percent" of area underlain by this valuable 
mineralized roc k, and whether his tech­
nology will allow him to remove it econ­
omically in the face of competition and sub­
stitutes. 

Copper 

The need for copper continues to grow, and it is ex­
pected that copper production will increase slowly. 
Many uranium ores contain better than 1 percent cop­
per and, as new mines are developed for theIr uranium 
and vanadium content, the by-product copper produc­
tion is certain to rise. At present, the area produces 
over 300,000 pounds of copper annually. 

Manganese 

Manganese prospects in the project area are small and 
have not been developed for years. No manganese ore 
production can be looked for in the near future. 

Other Metals 10 Sedimentary Ores 

Other metals and certain rare metals listed on p. 9 , 
often are found concentrated in uranium ores. AI though 
none of these metals thus far has been extracted, the 
picture could change should the demand for a metal or 
group of metals increa se. 

15 
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Figure 5. Graph shows uranium activity from 1952 to 1966, claiming and production prior to 1956 have 
been extrapolated. (Production source, U .S. Atomic Energy Commission, Grand Junction, Colo.; 
claims source, San Juan and Grand County recorders, Moab and Monticello, Utah.) 

WATER USE IN URANIUM MINING, 
SAN JUAN PROJECT AREA 

An analysis of 4 ,317 uranium mines made by the U. S. 
Atomic Energy Commission (Jan. 1967 workshop, Grand 
Junction, Colorado) pointed up the fact that 10 de­
posits have contributed 35 percent of the ore, while 
over 3,600 mines have produced about 3 percent. Ap­
pare ntl y , over 95 percent of the mines are one- or two­
man operations. Larger mines may employ more than 
50 men, but most of them probably operate with fewer 
than 15. Water use at th e mines depends to a l arge 
degree on the size of the operation a nd the equipment 
used, but water use would not exceed several thou­
sand gallons per day, even in large operations. Wat er 
in the project area generally is obtained from nea rby 
wells for use in drilling, to all ay dust on roads a nd 
in mines, as a cool ant for some e quipm e nt, and for 
drinking. If some 400 mines were in operation during 
the peak of production , and approximate l y 5 percent 
of the se were using 2 ,500 gallons of water per day, 
then 50,000 gallons of water would be used per day. 
In 1965, there were perhaps 160 producin g mines, 
which--using the same method of calcula tion--prob­
abl y consumed a maximum of 20,000 gallons per day. 

Milling operations, which use more water, commonly 
accompany mining. At the present time (1968), there 
are no uranium mills in the San Juan project a rea. A 
mill on the north side of th e Colorado River near Moab, 
Utah, handles most of the ore mined in Utah. A sul­
furic acid plant at Mexican Hat, Utah, supplies acid 
to copper leaching operations in and around the pro­
j ect area, and a small copper mill and leaching opera­
tion produces concentrates in Fry Canyon, Utah. The 
amount of water used by these plants is a function of 
the amount of ore process ed and the method used. The 
mill at Moab consumes 3 to 3.5 tons of water for every 
ton of ore tested, but some mills have a 1:1 r a tio. 
Currently, the amount of ore treated each year is a bout 
340 ,000 tons. On this basis, the present rate of wa­
ter consumption would be about 800 ,000 gallons per 
day. Most of the water is derived from the Colorado 
River; a smaller amount comes from wells. The acid 
plant a t Mexican Hat uses San Juan River water at a 
rate of 5,000 ,000 gallons per month , or 167,000 gal­
lons per day. Copper leaching at Fry Canyon initially 
requires about 10,000 gallons of water and acid per 
day, but as the liquid is recycled onl y about 2,000 
additional gallons per day are needed. The operation 
obtains its water from Fry Spring, which norm all y flows 
at 4 to 5 gallons per minute. Total water used in the 



mining and milling of uranium and other sedimentary­
type ores amounts to less than 1,000,000 gallons per 
day. If the uranium activity increases as expected in 
the San Juan project area, water consumption probably 
will triple within five years. 

FACTORS IN THE FURTHER 
EXPANSION OF URANIUM IN 
THE SAN JUAN PROJECT AREA 

The search for uranium in the Colorado Plateau during 
the "boom" of the 1950's was so comprehensive and 
intensive that most surface and near-surface deposits 
probabl y have been discovered. Aside from prospect­
ing extensions of known ore bodies or systems, future 
search necessarily will be for hidden deposits. In 
spite of the wide distribution of uranium occurrences 
and the extent of formations known to be favorable, 
most of the ground is barren. For example, in the re­
l a tively highl y mineralized Uravan mineral belt in 
Colorado, less than 1 percent of the area is under­
lain by known deposits. For this reason, knowledge 
acquired to date must be used to select areas of high 
potential for intensive and expensive drill prospecting. 
The search for u ran i u m no doubt will be continued, 
when economic factors favor exploration. 

Massive financial s upport a nd incentives resulted in 
the vast amount of geologic work that has been done 
on all aspects of uranium occurrence. The proj ect 
area has been mapped topographically and geologically 
by the U. S. Geological Survey. Maps and numerous 
publications are available. This writer has synthe­
sized descriptions and interpretations from available 
data to supplement his own lim it e d investigatlOns. 

On the basis of th e knowledge and experience gained 
thus far, several significant generalizations with re­
spect to the proj ect area may be made. 

1. The occurrence of uranium and its associated 
e l ements is limited to sedimentary s trata rang­
ing in age from Permian to Cretaceous . 

2. Slightly more than 70 percent of the ore mined 
in the project area from 1956 to 1965 came 
from Triassic formations. Of this amount, 99 
percent was obtained from bas a 1 sandstone 
lenses in the Chinle Formation. 

3. The Jurassic Morrison Formation was credited 
with 28.6 percent of the area's total produc­
tion for the years 1956 to 1965. Of this, 70 
percent was taken from the Colorado portion 
of the proj ect area. Only 1.4 percent of pro­
duction was contributed by all other forma­
tions in the proj ect area, and the Permian Cut­
ler Formation probably accounted for most of 
this. 

4 . In the Moab, Monticello, White Canyon and 
Monument Valley districts (Johnson and Thor-

darson, 1966, p. H48-H49), the Chinle ac­
counts for 91 percent of production and 99 per­
cent of indicated and inferred reserves are 
attributed to the Chinle. Of the potential re­
serves in these districts, 50 to 90 percent are 
believed to lie in the Chinle. The remainder 
are thought to be in the Morrison. 

5. Almost all productive uranium deposits are ta­
bular in form and parallel the bedding of sand­
stone len s e s. Ore boundaries may be de­
scribed by the limits of the lens, but margins 
of ore may cut across bedding at any angle. 
Deposits may be from a few inches to 20 or 
more feet thick, several hundred feet wide, 
and approximately 1,000 feet long. Although 
a maj ority of deposits are small, most of the 
production has come from deposits of 10,000 
tons and some mines have produced 100,000 
tons (Johnson and Thordarson, 1966, p. H24). 
Some tabular bodies are so clustered that sev­
eral may be mined in a Single operation. 

6. Ore bodies usually occupy only a small por­
tion of a sandstone lens. In the Chinle, es­
peci ally, the y tend to inhabit the lowest part 
of the lens. Although most deposits in the 
Morrison lie at the base of favorable lenses, 
they may occur in the center or a long the sides . 

7. Sandstone lens es are interpreted a s flu vial 
fill of ancient stream channels. As socia ted 
mudstone beds that limit lenses are construed 
to be floodplain deposits. The most d istinc­
tive channels are those incised on an anCient 
e r 0 s ion surface a t the base of the Chinle. 
These occur mainly on the Moenkopi, but are 
found in other formations where the Moenkopi 
is absent. Channel systems have been rec­
ognized, particularly in the Elk Ridge-White 
Canyon area on the west side of the Monu­
ment upwarp and in the Monument Valley area. 
Paleotectonic warping of this surface is be­
lieved to have controlled the pOSitioning of 
channel systems . Channels may occur in any 
part of the Salt Wash Member a long the Mor­
rison. 

8 . Generally, the positioning or distribution of 
uranium depOSits a re not related to faults or 
fracture systems. However, a few uranium 
deposits and some occurrences of copper min­
erals without appreciabl e associated uranium 
a re found along faults. This is true of the 
Lisbon Valley fault and other collapsed salt 
anticlines bordering faults. Some secondary 
movement of uranium into fractures has oc ­
curred, but ordinarily it was not extensive 
enough to create workable deposits. 

9. Most of the ore mined in the pro j e c t area 
ranges in grade from 0.2 to 0.5 U 30 8 {John­
son and Thordarson, 1966, p. H24). Vanadium 
content of vanadium-uranium depOSits usually 
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is 1 to 2 percent V20 S ' Copper content of 
copper-uranium deposits, chief! yon the White 
Canyon slope of the Monument upwarp, is 1 
to 2 percent. Vanadium -uranium ratios are 
vari able, a lthough they may be distinctive for 
certain areas or formations. Most ore deposits 
have fairly well-defined limits; ore grade ma ­
terial extends to the edge of mineralization, 
I e a v i n g no marginal l ow-grade or subgrade 
material. So me low-grade or subgrade de­
posits do occur, particularly in the B r us h y 
Basin Member of the Morrison {Johnson and 
Thordarson, 1966, p. H49). 

10. Ore bodies may contain an oxidized zone, a 
primary zone, or both, but deeply buried de­
posits should consist entirely of primary min­
erals. In the primary zone, uranium minerals 
are uraninite or pitchblende and coffinite; va­
nadium minerals incorporate the oxide, mont­
roseite, and the silicates, roscoelite, vana­
dium-bearing hydrous m i c a, and vanadium­
bearing chlorite; the copper minerals are the 
sulfides, chalcopyrite, bornite, and chalco­
cite {Johnson and Thordarson, 1966, p. H2-
H22). Pyrite and marcasite and other sulfides 
may be present in all primary depo s its. In 
the oxidized zone of vanadium-uranium d e ­
posits, the common mineral s are carnotite and 
tyuyamunite. These mineral s are stabl e oxides, 
containing both vanadium and uranium. In the 
oxidized zone of uranium or uranium-copper 
deposits, a variety of minerals may form, in­
cluding oxides, carbonates, sulfates, phos­
phates, arsenates and silicates of both met­
als. Some of these are soluble, and both ura­
nium and copper are inclined to migrate. The 
mineral s tend to fill spaces between san d 
grains, and in richer concentrations, they re­
place carbonaceous material, sand grains, and 
the clays of included or marginal mudstone. 

11. A definitive theory as to th e origin of known 
de p 0 sit s often serves an important role in 
mineral exploration. Four factors enter into 
a study of the distribution of uranium deposits: 

--Source of uranium; 
--Transportation from source to 

position of deposition; 
--Emplacement of ore body; 
--Preservation of ore body. 

Several theories have been formulated as to the source 
of uranium in the Colorado Plateau province. Early 
geologists favored a syngenetic origin for plateau de­
posits; that is, they reasoned the uranium was depos­
sited a long with the sands, silts, and muds that now 
encase it. The earth's crust contains an average 0 f 
four parts per million uranium, something over 4 , 200 
tons per cubic mile of rock. Igneous rocks contain up 
up 38 parts per million uranium , equivalent to 40,000 
tons of uranium per cubic mile. So, according to this 
theory, land masses--igneous rocks, and, perhaps , 

Precambrian basement complexes made up of meta­
morphosed granites and other igneous rocks--consti­
tuted the source. The theory i s supported by the fact 
that the Uncompahgre Highland, which is composed of 
such rocks, has contributed sediments to the Colorado 
Plateau province since Pennsylvanian time. Further, 
detrital grains of the most important host rocks con­
tain small but significant percentages of f e Ids par, 
zircon, and other igneous rock-derived grains. Most 
geologists have discarded the syngenetic theory, be­
cause it has serious shortcomings. Uranium has been 
found associ ated with most post-Pennsylvanian for­
mations, but only three or four contain significant de ­
posits. Important Salt Wash Member deposits have 
their source in northern Arizona, and the basal sands 
of the Chinle pinch out to the north. The sedimentary 
features of the latter attest to a southeasterly rather 
than a northeasterly source. No heavy uranium-bear­
ing minerals, such as mona zite, samarskite, and bran­
nerite , are associated with the ores, and the plateau's 
primary ore minerals are almost unknown a s placer 
minerals. Although somewhat uncertain, isotopiC age 
determinations indicate the deposits are younger than 
the host rocks. In certain areas, uranium deposits 
are more concentrated in belts and zones, such as the 
Uravan mineral belt. This fact points to epigenetic 
rather than syngenetic sources. 

Epigenetic theories suggest solutions, charged with 
uranium, were carried from the source to the deposition 
point within the host. The two most important host 
units are overlain by mudstones containing bentonite 
of volcanic origin, which causes some geologists to 
infer that leaching of these former igneous materials 
provided uranium, which then was carried to the host 
by descending meteoric waters. This hypothesis has 
its failings also. Many areas beneath these mud­
stones are unmineralized, although 0 the r conditions 
favorable to u ran i u m precipitation exi s t within the 
host. In addition, the impermeability of these over­
lying beds makes leaching of igneous constituents im­
probable. 

Lateral secretion or widespread distribution by ground ­
water bearing uranium from igneous terrain also is un­
likely. Most ore - bearing strata are discontinuous, 
lenticular, and enclosed in impermeable mudstones. 
Lateral migration of charged waters over short dis­
tances could have been significant in ore localization, 
however. 

Inasmuch as many de posits are associated with "as ­
phaltites, " some workers suggest th e petroleum fluids 
carried the uranium to deposition site s . If this were 
the case, the uranium could have originated in petro­
leum source beds . However, awa y from uranium pro­
dUCing are a s , pe trol e um contains little radioactive 
material, and crude oils show a jump in radioactivity 
onl y in the vicinity of uranium deposits. 

In the light of present knowledge, hydrothermal sources 
best explain the sandstone-type uranium deposits of 



the Colorado Plateau, although man y questions re­
main unanswered" Facts suggesting hydrothermal ori­
gin are: 

--The zonal arrangement of favorable areas around 
laccoliths; 

--Primary ore minerals are similar to those in de­
po sit s positively identified as hydrothermal; 

--Copper and other metal deposits near or as so­
ciated with uranium ore have a definite asso­
c iation with faults, or are zonally arranged a­
round them; 

--While not conclus ive, isotopic data relate sand­
stone deposits to vein depos its in the same re­
gion . 

If this theory holds, the source of the uranium would 
be deep-seated and related to the late magmatic ac­
tivity associated with the emplacement of Colorado 
Plateau laccoliths" Points that do not seem to sup­
port the hydrothermal origin are : 

--The fact that most deposits do not appear to be 
rel ated to structure; faults cutting ore do not 
influence the grade or the nature of the ore ; 

--The fact that vanadium, often associated with 
plateau uranium deposits, is not important as 
a hydrothermal metal; 

--The fact that little alteration of country rock is 
displayed adj acent to uranium deposits. 

Nevertheless, a hydrothermal source seems most cred ­
ible; so movement of ore-bearing fluids to sites of de­
pOSition becomes important. Studies of the uranium 
content of groundwater in and around uranium deposits 
indicate it carries less than one part uranium per mil ­
lion (Phoenix, 1959, p. 64); it may be assumed orig­
inal ore- bearing fluids carri ed littl e more. Conse­
quently , large amounts of water would be needed to 
form deposits, and such features as the porosity and 
permeability of strata would be important to ore local­
ization. Colorado Plateau strata have been grouped 
into three categories with respect to transmissivity of 
water: 

1. Non-transm i ssive strata, including mudstone, 
claystone , limestone, and other impermeable 
rocks; 

2" Strata of uniform permeability, such as aeolian 
and marinek sandstones and siltstones; 

3. Strata of non-uniform permeability, s u c h as 
fluvial sands , silts , and muds (Jobin, 1956, 
p . 208). 

Ninety-nine percent of the uranium deposits of the San 
Juan project area are found in strata of the third type . 
Theoreticall y then, ore-bearing fluids were borne into 

sedim entary strata by internal pres sures created by 
some magmatic disturbance. The flu ids apparently 
rose along highly permeable or transmissive fracture 
and fault systems. BentonitiC c lays adjacent to such 
fractures probably expanded with wetting and plugged 
the upward migration of the fluid, shunting it laterally 
into the formations. Transmissive units just below the 
plug would be most favored, since internal pressures 
still would be operative adj acent to fractures. In re­
sponse to gravity, fluids leaving fractures would flow 
to the base of the aquifer they had entered, and the 
first good aquifer below the bentonitic plug would re­
ceive most of the ore-bearing fluid. Where internal 
pressures were less intense, fluids may have moved 
laterall y before being b locked by a maj or plug. In 
either case, if chemical and physical conditions fa­
vored precipitation of uranium within the aquifer, an 
ore body would develop . Chemical reactions also re­
quire time. Uranium would not have sufficient time to 
preCipitate, if fluids moved rapidly through a uniform 
aquifer of high transmis sivity. A uniform aquifer of 
low transmis sivity or a thin aquifer would not allow 
enough water to pass favorable areas for ore to local­
ize, and only small and insignificant deposits or shows 
of mineralization would be formed. Ide all y, then, 
thick, highly transmissive strata should be interbedded 
and intertongued with impermeable mudstones and clay­
stones . Such a situation would permit large quantities 
of uranium-bearing liquid to pass , but would cause it 
to slow along the contacts with the mudstones. Scat­
tered intrachannel mud galls and other trash, changes 
in the direction of channels, subtle variations in the 
dip or rocks, or any factor that would slow solutions , 
have an obvious role in uranium precipitation. Basal 
sandstones of the Chinle Formation and the Salt Wash 
Member of the Morrison Formation , which contain most 
of the uranium depOSits in the area , are both over­
lain by thick bentonitic members. The Largest Chinle 
deposits at Big Indian Wash are underlain by relatfvely 
permeable arkosic units rather than the uSl.\al "imper­
meable beds of the Moenkopi Formation. Conditions 
favoring precipitation apparently were met near the 
point where fluids slowed and perhaps ceased to rise . 
The deposits' size may be due to the fact that minimal 
lateral migration prevented fluids from spreading over 
a large area. All Big Indian Wash deposits are found 
within a specific contour interval; lateral migration 
may have been thwarted by a stagnant groundwater 
situation. 

The Uravan mineral belt, a semi-circular belt of con­
centrated uranium-vanadium deposits in the Salt Wash 
Member immediately east and extending into the San 
Juan proj ect area, was delineated first by R. P. Fischer 
and L. S. Hilpert, 1952. E. V. Reinhardt created a 
second semicircle around the La Sal Mountains draw­
ing into it areas of productivity not previousl y included 
in the old belt. He noted that the old belt is concentric 
around South Mountain; the new one, around Mt. Waas 
(North Mountain). In an earlier paper (1954, p . 56) , 
Reinhardt pointed out that each stock provided miner­
alizing solutions, and that the average distance fluids 
traveled before giving up most of their uranium con­
tent was a function of the size of the stock. Belts 
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farthest from the intrusion indicated a larger stock. 
However, he observed that strength of mineralization 
is independent of size. Mines, according to Reinhardt, 
are found in trends within belts that lie normal to them 
and radial to the mountains . Better deposits, the ap­
proximate direction of roll ore bodies, and a greater 
amount of bleaching in host rocks are all found along 
such trends. These trends are the incompetent sedi­
mentary strata reflections of basement structures (com­
plex fractures that lie radial to the laccoliths base­
ment), which allowed the mineralizing sol uti 0 n s to 
pass. 

If precipitation of uranium and the other ore metals is 
to occur within host units, certain physical and chem­
ical conditions must be met. Certain physical require­
ments already have been mentioned, such as the mud­
stone -sandstone interrelationships, presence of clay 
galls and other channel trash, sudden changes in the 
direction of cha nnel sandstones , and subtle variations 
in the dip of strata. All these factors allow time for 
the precipitation of uranium to occur; in solution , ura­
nium is present in a high valent state and must under­
go reduction to be emplaced. Most ore bodies are lo­
cated in areas in which there is abundant carbona­
ceous trash, such as dinosaur bone or the twigs, 
leave s , and logs of fossil vegetal matter. Partial de­
compos ition of this fossil material may have c reated 
pockets of hydrogen sulfide gas, which i s known to 
precipitate uranium and copper. M. L. Jensen , 1958, 
suggested anaerobiC bacteria mig ht be responsible for 
creating hydrogen sulfide whereverfos sil organic mat ­
ter and sulfate solutions are present. Some deposits 
contain more uranium than can be accounted for by the 
amount of carbon trash present. Migration of hydrogen 
sulfide from the point of origin might account for such 
occurrences. Oil field waters and salt structure wa­
ters carry sulfates and, if these solutions were car­
ried along with organiC material, the situation would 
be favorable for the generation of hydrogen sulfide. 
Stinking Spring, near Fisher Valley in Grand County, 
Utah, gets its name from the hydrogen sulfide gas it 
reI e a s e s. The proximity of favorable formations to 
salt anticlines or petroleum fields may be benefiCi a l , 
and, in fact, may explain why deposits are found in 
what were thought to be unfavorable formations a long 
faults in the Paradox fold and fault belt. 

Once the ore has been emplaced, con d it i on s must 
serve to preserve the deposit; a change in the chemi­
cal makeup of groundwater or excessive circulation 
may redis solve or flush out the uranium. Erosion also 
has e liminated many ore bodies. To recapitulate, the 
subsurface uranium geologist should consider: 

--Nearness to laccolithic intrusions or other pos­
sible sources; 

--Structures: synclines, anticlines , monoclines, 
subtle changes in d ip, location of faults and of 
salt structures; 

--Sedimentary charact eristics: sandstone-mud­
s ton e ratios, position of ore-bearing lenses 

within a favorable formation, facies changes, 
the interval 0 v e r which sandstone alternates 
with mudstone, channel trends, size of chan­
nels, and so forth; 

--Nearness to known ore bodies: "one huntsele­
phants in elephant country" (Jensen, 1955, p. 
235) ; 

--Unusual local geologic features associated with 
ore bodies near the drilling proj ect. In the case 
of roll ore bodies, for example, it is important 
to ascertain whether the drilling site is on one 
side of the ore body or the other (see J. W. King 
and S .. R. Austin, 1965); 

--Character of local ore bodies: average size, 
shape and type; average dis tance between ore 
bodies. 

By applying the following principles, the subsurface 
uranium geologist can evaluate specific portions of the 
proj ect area with respect to uranium mineralization: 

I. The basal sandstones of the Chinle Formation 
or of the Salt Wash Member of the Morrison 
Fotmation must be present. DepOSits in other 
units or in members of other formations nor­
mally are small and/or of low-grade, and con­
sequently would not justify subsurface pros­
pecting. For this reason, the Monument Up­
warp area should be excluded, except where 
remnants of the basal Chinle can be found (the 
Elk Ridge and Monument Vall ey areas). Inas­
much as the Moss Back Member, the upper­
most of the basal sandstones, pinches out a­
long a line extending from Gyp sum Valley, 
Colorado , to Moab , Utah, chances of finding 
ore in the Chinle northea st of that line are 
poor. 

2. Favorable formations consisting of m 0 s t I y 
sandstones and congl omerates 0 r of mostly 
mud stone or siltstone are not favorable. The 
few Morrison For mat ion exposures in the 
southwestern corner of San Juan County, Utah, 
are in this category , because the Salt Wash 
Member is close to its source and contains 
little mudstone. 

3. When thick bentonitic shales do not immedi­
ately overlie the favorable member, the area 
does not favor large o re bodies as in the v i ­
c inity of Bluff in southeastern San Juan 
County , Utah (excluding places where e rOS ion 
has removed the shale) . 

4. Most favor able areas a re near salt anticlines, 
particularly tho s e structures th at have not 
collapsed. Because of the ext e nsive fractur­
ing and faulting found in collapsed anticlines , 
it is conc e ivabl e that much of the h ydrogen 
sulfide escaped before ore-bearing fluids en­
tered the system . Of course, much would de-
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pend on whether or not the salt structure had 
collapsed at the time of mineralization. Some 
significant ore bodies, however , w 0 u 1 d be 
expected to lie a long the flanks of such anti­
clines. Uncollapsed salt structures, espe­
cially those ass 0 cia t ed with a few l arger 
faults , are ideal for s izabl e ore bodies. Spec ­
ificall y then, the possibility of new ore is 
good in the v icinity of the Lisbon anticline, 
the Lis bon Valley fault and its extensions 
northwest and southeast, the Pine Ridge, the 
Dolores, and the B 0 u 1 d e r Knoll anticlines. 
While mineralization may not have taken place 
on the crests of all antic lines, f 1 a n k sand 
even th e adjoining synclinal areas may have 
been favored, because, away from faults, liq­
uids flow with gravity and changes of dip oc ­
cur near synclines. Faults associated with 
uncollapsed anticlines should be considered 
extremely favorable. Large 0 redeposits at 
Big Indian Wash occur along a specific struc­
tura l contour interval, perhaps caused by a 
stagnant groundwater situation . 

5. Areas in the Uravan mineral belt (Fischer and 
Hilpert), the Mount Waas (N 0 r t h Mountain) 
belt (Reinhardt) , and a similar belt around the 
Abajo Mountains (see fig. 6, p. 21) should 
be favorable, particularl y portions of the Salt 
Wash Member of the Morri son Formation. Ore 
in the basal sandstones of the Chinle Forma­
tion shows littl e relationship to laccolithic 
centers, and it is difficult t o pinpoint the 
source of these deposits. Unprospected tracts 
be tw e e n and around known ore deposits in 
zonal belts of the Salt Wash and in that part 
of the Sage Plain between Dry Valley and Mon­
tezuma Canyon are promising . 

6. Unprospected extensions of known channels 
in the basal member of the Chinle Formation, 
especially those of proper dimensions , could 
prove fruitful . Large areas under deep cover 
i n the White Canyon, Red Canyon, and Elk 
Rid g e areas have proved favorable. These 
channel extensions would be even more at­
tractive if accompanied by subtle changes in 
dip or sudden changes in channel direction. 

Johnson and Thordarson (1966, p. H47) note theoc ­
currence of low-grade deposits in the Brushy Basin 
Member of the Morrison Formation, and suggest a po­
tential for more low-grade material may exist. 

The foregoing is meant to suppl y some parameters for 
further uranium expl oration within t he San Juan pro­
j ect area. De t ail s and illustrations are presented 
throughout the text, and in the many references cited . 
Though situations considered favorable are outlined 
and underscored, none of the aforementioned theories 
have been proved . For this rea son, no hypothesis 
should be neglected; productive deposits may be found 
in areas now considered unfavorable. 

GENERAL GEOLOGY OF 
THE URANIUM DEPOSITS, 
SAN JUAN PROJECT AREA 
Slightly less than 70 percent of the uranium deposits 
of the United States ar e loca t ed in the Colorado Pla­
teau, in Utah, Colorado , Arizona , and New Mexico 
(fig. 1). The plateau, a crudel y circular to oval phy­
siographic province, is underlain by sedimenta ry rocks 
and surrounded by large areas of extrusive rocks. Rock 
layers with in its confines are warped , in various 
degrees , by numerous upwarps, bas ins, anticlines , 
synclines , monoc lines , and domal intrusions. The San 
Juan proj ect a rea, near the center of th e pl a t eau , in­
cludes all of San Juan County and portions of Grand 
County , Utah, and Mesa , Montrose, San Miguel, and 
Dol ores Counties , Colorado. The proj ect area not only 
includes uranium di stricts and areas that account for 
75 percent (or more) of Utah ' s total production, but 
extensive portions of Colorado's uranium producing 
d i strict s and areas, as well . 

Stratigraphy 

Uranium deposits generally are localized in sedimen ­
tary rocks . Almost all exposed formations contain at 
l east traces of uranium mineralization, but only three 
have been Significantl y productive, the Jurassic Mor­
rison , the Triass ic Chinl e, a nd the Permian C utI er 
Formation. A fourth, t he Triassic Moenkopi Formation, 
has produced uranium, but onl y from strata adj acent 
to its contact with the overlying Chinl e . 

Sedimentary strata of the San Juan proj ect area range 
in age from Pennsylvanian to Quaternary, but post­
C ret ace 0 us unconsolidated or partly consolidated 
sediments are not known to be mineralized . A brief 
description and account of mineralization in each for ­
mation follows; discussion of the three most productive 
formations has been expanded appropriately . 

Hermosa Formation 

The Pennsylvanian Hermosa Formation , the oldest stra­
tigraphic unit in the proj ect area , is exposed in the 
cores of several salt anticlines, both in the Paradox 
Fold and Fault Belt (fig. 7) and in the southern portion 
of the Monument upwarp. The exposed Hermosa can 
be subdivided into two members. The older of these 
consists of salt, gypsum and anhydrite, interbedded 
with black and brown shal e, minor dense gray lime­
stone, and rare sandstone beds. Thickness va r i e s 
considerabl y from pl ace to pl ace , reportedly ranging 
from a to II, 000 feet. Thicknes s in t he proj ect area, 
however, varies from 436 to 1,800 feet, averaging 
1, 000 feet in most places. Variances are attributed, 
in part , to salt flowage. The upper Hermosa is a gray 
to gray-blue cherty, fos siliferous limestone with inter­
beds of gray, black, and red sandy shales and green­
ish-gray sandstones. In canyon walls, the unit weath­
ers into steep staircase-like topography. Only one 
mine in the Hermosa, an operation in the Gypsum Val-
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ley district of Colorado, has been productive. Thin 
lenticular limestone beds with shale partings consti ­
tute the host rock . Ore i s l ocalized in closely spaced 
fractures wit h i n the limestone, an indication that 
groundwater may have carried uranium downward from 
the overlying Salt Wash Member of th e Morrison For­
mation . Some copper mineralization in the Hermosa 
has been found adjacent to faults in the Lisbon- Big 
Indian Wash area , and abundant radon gas has been 
detected from a well drilled into its lower Paradox 
Member , south of Elk Ridge. 

Rico Formation 

The Rico Formation, transitional between the Marine 
Hermosa bel ow and the continental Cutl er Formation 
members above , is ma inl y of Pennsyl vanian age in 
the Four Corners pl atform area . The unit straddl es the 
Pennsylvanian- Perm i an tim e line in the Elk Ridge­
White Canyon areas. The Rico consists of alternat i ng 
gray , marine fossiliferous limestone, and reddish and 
purplish mudstone , siltstone , and sandstone, which 
make it appear to have red and gray s t r i pes with a 
weathered step-like topography. I n areas closest to 
the Uncompahgre uplift, c i a s tic s predominate and 
sands are arkos ic. In those areas most distant from 
the uplift , limestones predominate and sandstone of 
extremel y fine-grain grades into sil t stone. The Rico, 
which ranges in thickness from 300 t o 700 feet, thins 
to the southwes t , and is absent local! y in the vicinity 
of salt anticlines . Exposures occur in the upper and 
lower Monument upwarp areas, and, perhaps, are scat ­
tered as small outcrops near the La Sal dome and salt 
anticlines in the Paradox fold and fault belt. 

The upper part of the Rico Format i on is mineralized 
along faults and fractures of the upper Monument up­
warp area and in the immediately ad j acent Par ado x 
fold and fault belt areas . U ran i u m may have been 
transferred to the Rico by groundwater from overly ing 
formations . 

Cutler Formation 

Except in the area east of the Monument upwa rp' s 
ea stern boundary , where the Cutl er Formation consists 
of brown , red , or purple arkose, arkos ic sandstone, 
siltstone , and mudstone, with sporadic thin beds o f 
cherty unfoss iliferous limestone , the Permian Cutler 
Formation can be subdivided into several members and 
facies. The facies , compri s ing highl y lenticular sand­
stone and arkose beds suggestive o f a fluv ia l origin , 
have been ca ll ed "the Bogus Tongue Member." The 
Bogus Tongue ra nge s in t hicknes s from 1, 000 to 3,000 
or more feet; its thickest portion is near the Uncom­
pahgre uplift. It thins and is mi ss i ng locally in the 
vic inity of the piercement type salt anticlines . Mem­
ber s a re easily definable west of the Bogus Tongue . 

In the western part of th e San Juan proj ect area , the 
Hal ga ito Tongue--not everywher e present- -reaches a 
maximum thickness of 465 feet . Lowest of the Cutl er 

members, the HalgaitoTongue pinches out south of the 
White Canyon mining area , but is exposed onl y south 
of the pinchout zone. It consists of red to brown silty 
and shaly sandstone , shale, and thin, dense , gray, 
unfossiliferous limestone bed s. Vertebrat e remains 
have been found in irregular beds of clay- pell et con­
gl omerate . The Halgaito Tongue weathers to a steep­
benched slope . 

The Cedar Mesa Sandstone Member lies above the 
Halgaito Tongue . The unit , which ranges in thickness 
from 275 to 1,250 feet , th i ns graduall y to the west 
and more abruptly to the east and north from its thick­
est section south 0 f Elk Ridge in the lower Monu­
ment upwarp area. It is a th ick-bedded to massive , 
cross-bedded , light-colored, fine-grained, calcareous 
sandstone , with sporadic interbeds 0 f dense , blu e ­
gray limestone and red and brown shal e. Usually, it 
is a cliff- former and, as it weathers , produces plat­
forms, arches , natural bridges , and "biscuits." It is 
best exposed in the cliffs of Cedar Mesa and along 
White Canyon. 

Another red bed unit, the Organ Rock Tongue, consists 
of red-brown mudstone and micaceous siltstone and 
sandstone . The sandier lower portion of the unit con­
tains plant fossils , and weathers into spheroidal, no­
dular, and fluted forms. Ranging in thicknes s from 130 
to 870 feet, the unit th ickens to the northeast and 
southeast , and thins to the northwest. 

The DeC hell y Sandstone Member overl i es the 0 r g an 
Roc k Tongue in the southern part of the area . The 
White Rim Sandstone Member is located in the White 
Canyon mining area . Both units consist of massive, 
cross-bedded , tan or gray sandstone . The DeChelly, 
which is exposed onl y in the southern part of the Monu­
ment upwarp , ranges up to 400 feet in thickness. It 
is compri sed of conglomeratic lenses of clay galls, 
lime pellets , and s hal e fragments . The White Rim , 
exposed only in the v ic i nity of the Whit e Canyon min­
ing area , a ppears as a thin , white s tri pe up to 20 feet 
thick . 

The Cutl e r Formationcontains impressive uranium and 
copper deposits, which h a v e bee n productive in a 
number of areas. In the Bogus Tongue Member, arko­
sic lenses and adjoin ing rocks conta in copper- uranium 
and some vanadium mineral s . Such lenses occur in a 
north- south t rending bel t , extending northward from 
Indian Creek mining area to t he lower Cane Creek and 
Interriver areas. Some ore parallels the faults that 
c ut thi s formation. The Bog u s Tongue ha s been pro­
ductive, in a small way, in the Big India n Wash area , 
where it l ies d irectly beneath th e Triass ic Ch i nl e For­
mation. Most of the o r e occurs in arkos ic l enses in 
the upper part of the Cutl er . Weak mineralization is 
present in some places where th e Cut 1 e r is cut by 
faults adjacent to the salt anticlines of the Paradox 
fol d and fault bel t. 

Western members of the Cutler Formation generall y are 
barren in the Sa n Juan proj ect area, a lthough immedi ­
ately south of th e Utah-Arizona state line significant 
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uranium-vanadium mineralization 0 c cur s in the De­
Chelly Sandstone Me m b e r at the Monument No. 2 
mine . This mine is one of the best producers of the 
Colorado Plateau area. Here, the Triassic Moenkopi 
Formation is mis sing (as it is at Big Indian Wash) , and 
the lower Chinle Formation channel sandstones rest 
directly on the DeChelly. The DeChelly is mineraliz ­
ed along this contact to a depth of eight feet. 

Moenkopi Formation 

The Triassic Moenkopi Formation is exposed around 
the periphery of the Monument upwarp, and in parts of 
the Paradox fold and fault belt. In most places, the 
Moenkopi can be subdivided into the lower Hoskinnini 
Member (not always present) and an upper member. 
Some older reports refer to the Hoskinnini as a member 
of the Cutler Formation. The Hoskinnini Member is a 
red-brown, nodular-weath ering, sandy mudstone that 
ranges up to 120 fe et in thickness. The upper Moen­
kopi ranges from 60 to 940 feet in thickness . It local-
1 y is absent near the salt anticlines, and thinnest 
in the southern part of the San Juan proj ect area. It 
consists of evenly bedded brown to red-brown mud­
stone and siltstone, interbedded with ripple-marked 
brown to gray sandstone, sporadic limestone lenses , 
and clay gall conglomerate. Mineralization in the 
Moenkopi always is found near the top of the forma­
tion in tho s e sandstone or conglomerate lenses in 
contact with basal sandstones of the overlying Chinle 
Formation. One mine in the Elk Ridge area i s in a 
sandstone lens 40 feet below this contact, and, at the 
Rainy Day mine west of the proj ect area in Circle 
Cliffs, the larger part of the ore body was found im­
mediatel y below the contact. Other isolated occur­
rences of mineralization have been found along faults 
near the pierced salt anticlines. Production from the 
Moenkopi has been minor and mainly associa t ed with 
Chi n 1 e ore bodies, except for the two occurrences 
mentioned above. 

Chinle Formation 

Slightly more than 70 percent of the ore mined in the 
San Juan project area from 1956 to 1965 came from 
Triassic formations. It is estimated that at least 99 
percent of this amount was obtained from basal sand ­
stone units in the Chinle Formation. In a useful clas­
sification of the Chinle Formation, with respect to ura­
nium, Stewart (1957) designated the members in as ­
cending order as (1) S h ina rum p, (2) Monitor Butte , 
(3) Mos s Back, (4) Petrified Forest , (5) Owl Rock, and 
(6) Church Rock. The lower three members each con­
tain notable uranium deposits, but as the upper three 
do not , they are treated as the upper Chinle in this 
report. 

The Shinarump Member is a gray to yellow, medium­
to coarse- grained to conglomeratic, cross-bedded and 
l enticular sandstone, interbedded with greenish-gray 
mudstone and siltstone. Silicified and carbonaceous 
wood and channel slump debris are particularly strik-

ing features. Individual beds and lenses vary greatly 
in thickness, and the entire member, discontinuous 
over much of the area, ranges up to 210 feet thick. 
Characteristically, the Shinarump fills channels cut 
into the underlying Moe n k 0 p i Formation. The two 
c han n e 1 systems in the San Juan proj ect area , the 
northern Elk Ridge-White Canyon system and the south­
ern Monument system, coalesce near Red Canyon in 
the western part of the area. The Shinarump is ab­
sent in the area between the two systems and north 
of the White Canyon district (fig. 8). It thickens and 
becomes continuous further west. 

The Monitor Butte Member generally overlies the Shin­
arump Member. Where the Shinarump is absent, how­
ever, it fills channels a nd, in places, blankets the 
Moenkopi Formation. The north edge of the Monitor 
Butte is located a short distance north of the Shina­
rump pinchout. The Monitor Butte, which may be as 
much as 250 feet thick, i s a gray to greenish-gray 
claystone and clayey sandstone containing sporadic 
sands tone lenses. The Monitor Butte is part of the 
"lower mudstone unit" in the Elk Ridge area and at 
White Canyon is called the "mudstone-sandstone" 
unit. 

The Mos s Back Member occurs as a northwest-trending 
lens that measures 50 miles across fro m the Clay 
Hill s south of Red Canyon to the north s ide of the 
Interriver area. Towards its northern edge,. the Mos s 
Back becomes discontinuous, and north of the Monitor 
Butte pinchout, re sts directly on the Moenkopi Forma­
tion, and fills channels cut in the Moenkopi or other 
unde rlying units. The Moss Back is a pale-orange, 
light-brown togray, cross-stratified, fine- tomedium­
grained sandstone containing a few lenses and thin 
beds of siltstone , mudstone, and conglomerate . The 
sandstones contain in many places abundant carbona­
ceous or s ilic eous fossil wood and channel debris . It 
weathers to a relatively resistant ledge, and forms the 
caprock of many buttes and mesas. It atta ins its max­
imum thickness, 200 feet, in the southern part of the 
area. 

Except in a few small a reas near the salt anticlines, 
the upper Chinle, which consists of the Petrified For­
est, Owl Rock, and Church Rock Members, is con­
tinuous throughout the area. The t o t a 1 thickness , 
ranging from 200 to 1,133 feet, is greatest to the 
south. The upper Chinl e , composed mainly of varie­
gated mudstone and thin sandstone beds, also contains 
limes tone beds , limestone conglomerate, 1 ens e s of 
quartz grit, and siltstone. Many of the mudstone beds 
are calcareous and many are bentonitic. Foss il rem a ins 
of fresh water invertebrat es , silicified and carbona­
ceous wood, a nd reptilian bones and teeth are fairly 
common. In most places, the upper Chinle weathers 
to a concave slope, which may be benched , where 
more resistant, thin sandstone beds and l enses occur. 

With reference to the Chinle as a whole , nearly a ll the 
uranium depos its, except Big Indian Wash, are in the 
bot tom of sandstone l enses, occurring in whatever 
member is in con t act with the underlying Moenkopi 



Formation. The richest ore is found at the bottom of 
the channels in the deepest scours. As a consequence, 
the Shinarump is ore-bearing in the southern part of 
the area, and the MOs s Back Member, ore - bearing in 
the northern part. Most of the ore deposits in the 
Monument Valley and White Canyon districts are in 
the Shinarump. The Monitor Butte Member's few de­
posits are in the Elk Ridge and White Canyon areas, 
while a few are known to lie in the Orange Cliffs area 
across the Colorado River in Garfield County . The 
Moss Back is the productive member in th e Big Indian 
Wash, Indian Creek, lower Cane Canyon, and Inter­
river areas . The upper Chinle is mineralized in a few 
places, but essentially is unproductive. Deposits at 
Big Indian Wash (which account for 79 percent of Chinle 
production) are in the Moss Back Member, where it 
lies directly on the Cutler Formation. Production from 
the Shinarump Member accounts for 20 percent of the 
Chinl e total. The remaining 1 percent includes pro­
duction from other parts of the Moss Back, and a bit 
from the upper Chinle and the Wingate Formations. 

Additional depOSits in the Chinl e Formation may lie in 
the areas shown in Figure 8. In these places, basal 
sandstone units become discontinuous and are c on­
fined to channels. The unusually l arge depOSits at 
Big Indian Wash appear, wherever the basal Chinle 
sandstones rest directly on the Cutl er. East of a di­
viding line, extending from Monument Valley north­
ward to M 0 a b , the Chinle Formation's uranium de­
posits conta in vanadium minerals; west of this line, 
they hold mainly copper minerals. 

In the White Canyon district , the uranium ore embodies 
up to 1 percent copper; data on the total copper re­
covered are not availabl e. The vanadium content of the 
Chinle Formation's ores is about 0.47 percent at Big 
Indian Wash , 0.39 percent at Monument Valley, 0 .1 4 
percent in mining areas west of Moab , 0 . 06 percent 
at Elk Ridge and Deer Flat, a nd 0.27 percent at White 
Canyon . 

Wingate Sandstone 

The uppermost Trias sic formation in the San Juan pro ­
ject area is probably the cliff-forming Wingate For­
mation. Its normal thickness of 225 to 375 feet is 
reasonably constant over the area, except where it 
was involved in steep folding, or in the v ic inity of the 
salt anticlines. Its exposures parallel thos e of the 
Chinle everywhere, as a sort of monument set upon it. 
The formation is a pale, reddish-brown, buff, or orange, 
fin e- to medium-grained eolian sandstone, charac­
terized by vertical jOints and plentiful dark-staining 
by desert varnish. Owing to uneven cementation in 
so me places, the weathered surface of the c liff is 
pock-marked, giving it a Swiss cheese appearance. 
Ura nium mineralization in the Wingate has been noted 
in the salt anticline area , but it is seldom considered 
a potential host. I solated instances of mineralization 
exist in the Paradox district and in the Gypsum Valley 
district of Colorado along faults related to salt anti ­
cline deformation. Nevertheless, total production has 
been insignificant. 

Kayenta Formation 

The middle unit of the Glen Canyon Group is the Kay­
enta Formation, aSSigned either to the Triassic or the 
Juras sic. It represents a fluvial interva l, in contrast 
to the eolian lithology of the Wingate below, or the 
N a v a j 0 above. The Kayenta consists of irregularly 
bedded, lenticular sandstone, with subordinate shale 
and conglomerate. The common color grades from red 
to mar 0 0 n, but white, light-gray, buff, or lavender 
sandstone beds do occur. Fresh water mollusks have 
been discovered in limy sandstone beds near the top. 
The Kayenta Formation ranges from 40 to 320 feet in 
thickness, and is absent in Paradox and Gypsum Val­
leys. Thinnest sections occur in the southeast part 
of the area. Uranium mineralization is present in the 
Kayenta in Lisbon Valley and at Roc Creek in the Para­
dox district. As with the Wingate Formation, these 
occurrences are related to faults aSSOCiated with salt 
anticlines. The potential for deposits of importance 
in the Kayenta is small. 

Navajo Sandstone 

The e olian Navaj 0 Sandstone of Juras sic age is best 
known from its exposures in the great cliffs of Zion 
National Park, Utah. In the San Juan proj ect area , it 
has a similar appearance, but is much thinner. It thins 
and then disappears to the east. Its thickness ranges 
from 0 feet northeast of the San Miguel River in Colo­
rado to 1 , 100 feet in the western part of the White 
Canyon slope near Navajo Mounta in. Exposures are 
abundant everywhere, except in the Monument upwarp 
area and in the salt anticline area in Colorado, where 
it was not deposited. The Navajo is a mas sive, eros s­
bed d ed , yellowish-gray to pa le-orange sandstone, 
containing sporadic l enses of gray , fresh-water lime­
stone. It weathers into steep cliffs, modified by al ­
coves, niches, and narrow fracture-inspired canyons. 
Near the top, we a the r i n g creates rounded domes , 
mounds, and other irregular shapes . It is an excellent 
aquifer and many springs issue from it, but it has no 
potential for uranium o!:e. One occurrence of copper­
uranium mineralization has been reported along frac ­
tures paralleling basic dikes near the Red Mesa Trad­
ing Pos t. The Post, clos e to the Arizona border , is 
approximately 15 miles east of Comb Ridge, Utah. 

Carmel Formation 

The Jurassic Carmel Formation overlies the N a v a j 0 

Sandstone as a thin , reddish scab . It i s considered 
to be a nearshore littoral deposit , consisting of red 
and white, earthy, lumpy, unevenl y bedded sandstone, 
red mudstone, and lenses of gray limestone. In plac es , 
the bedding is contorted , and shows local unconfor­
mities. The form a tion thins eastward , and wa s not 
deposited in parts of Gypsum and Paradox Valley. In 
the project area, it is absent near the Utah-Colorado 
border. It is as much as 230 feet thick near Cata­
ract Canyon on the Col orado River. The only exampl e 
of mineralization of the Carmel in the San Juan pro-
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j ect area is in Gypsum Valley, where the Carmel and 
Entrada are not separated. It is not considered to be 
important as a host rock. Small, low-grade deposits 
have been reported from near the top of the Carmel, 
northwest of the project a rea (near Saucer Basin, 30 
miles south of Green River, Utah). 

Entrada Sandstone 

Except for an area near Navajo Mountain, outcrops of 
the Entrada Sandstone a re restricted to that part of the 
area east of the Monument upwarp. Thickness ranges 
between 66 and 400 feet. The formation thins to the 
east, and was not deposited on parts of Gypsum and 
Parad ox Valleys. In Colorado , it forms the "Slick 
Rim" cliffs, which consist of orange-red to tan, fine­
to medium-grained sandstone. In southern Grand 
County and northern San Juan County, an upper white , 
cross-bedded, fine-grained sandstone member is known 
as "the Moab Tongue." To the west, the Entrada be­
comes more silty and earthy, and orange-red color s 
tend to predominate. Most uranium minerals a re asso­
ciated with faults in the Paradox and Gypsum Valley 
areas . Copper minerals may be found a t the Tuffy cop­
per mine in the Abaj 0 area of the Monticello district. 
Uranium production from the Entrada Formation has 
been, and is expected to be, unexceptional. 

Summerville Formation 

The Summerville Formation of Jurassic age is partly 
a red to brown-colored siltstone and partly a calcar­
eous claystone unit that has sporadic l ayers of red­
dish-brown sandstone. Thin veinlets of gypsum are 
common. It either weathers to red, clay-covered s lopes 
or ribbed, vertical cliffs. Thicknes s of the formation 
varies from 25 to 208 feet. The Summerville remains 
thin near Moab and southern Grand County, thickens 
in the central and southern part of San Juan County, 
and is absent in parts of the Paradox and Gypsum Val­
leys. Uranium minerals have not been reported from 
this section of the San Juan proj ect area. 

Bluff Sandstone 

The Bluff Sandstone, Jurassic in age, is restricted to 
the southeastern part of San Juan County. It extends 
only as far north as the Blanding and Cottonwood min­
ing areas. An eolian sandstone that forms cliffs and 
platforms, it may be white to gray-brown, massive, 
thick-bedded, or cross-bedded. The best exposures 
lie on either side of the San Juan River, near the town 
of Bluff, Utah. The thickness fluctuates from a feath­
er edge to 350 feet, as the Salt Was h Member of the 
Morrison that lies above it thins. Despite the inter­
fingering of these two, the stratigraphic level that 
normally contains uranium deposits is only slightly 
mineralized in the Salt Wash of the Bluff-Butler Wash 
area. As a consequence, significant production cannot 
be expected from the Bluff. 

Junction Creek Sandstone 

The Junction Creek Sandstone, Juras sic in age, occurs 
only in the southern part of the Slick Rock district of 
Colorado. Probabl y, it can be correlated with parts 
of the Summerville and Bluff Sandstone Formations. 
The 20- to ISO-foot thick unit is a light-buff, fin e ­
grained sandstone, with eolian t ype cross-bedding. It 
is not known to be mineralized. 

Morrison Formation 

With a record of 28. 6 percent of the total production 
of the San Juan proj ect area, th e Morrison Formation 
of Jurassic age is second to the Chinle Formation in 
economic importanc e . Over 70 percent of the Morrison 
production has come from the Colorado portion of the 
proj ect area. Outcrops of the Morrison Formation lie 
almost entirel y in the eastern portion of the area (fig. 
6). Several favorable zones or belts, discus sed ear­
lier (p. 17-23), superimposed on parts of these out­
crops, are shown in Figure 6 . 

Over most of the proj ect area, the Morrison Formation 
is composed of the lower Salt Wash Sandstone Member 
and th e Brushy Basin Shale Member. In the south­
eastern part of San Juan County, however, these two 
members are separated by the Recapture Creek and the 
Westwater Canyon Members. Of these four, the Salt 
Wash has been the most productive. The Morrison is 
a grayish-orange, light-brown to w hite lenticular sand­
stone, locally conglomeratic, interbedded with green­
ish-gray and grayish-red sh a le and siltstone. Sand­
stone lenses, alternating with shale, produce a step­
like topography on the weathered surface . Sandstone 
lenses, thicker than 40 feet, are more apt to contain 
u ran i u m depOSits of commercial size than smaller 
lenses. Lenses 120 feet thick are known in the area . 
Total thickness of the Salt Wash may differ from 250 
to 550 fee t. Although several horizons of the Salt 
Wash contain commercial ore, the most productive ore 
bodies occur near the top of the member in the Colo­
rado portion and the immediately adjoining Utah por­
tions. In other are as , the productive lens appears 
near the base or middle of the member. Thickness may 
vary as much within a short distance as it does region­
a ll y. The source area for the Salt Wash is in Arizona, 
close to the place the Colorado River I e a v e s Utah. 
Northeast of this point, the member thins to the north. 

Like the Salt Wash, the Recapture Shale Me m b e r, 
which immediately overlies it, consists of interstrati­
fied sandstone and mudstone. The pinkish-gray to 
light-brown san d s ton e is fine- to medium-grained, 
cross-stratified, and notably friable. The mudstone 
beds display variable shades of red coloration. Lo­
cally, they are calcareous, gyp s if e r 0 us, or both. 
Since the source area is near the site of Gallup, New 
MexiCO, the member thins northward. Thickness in 
the project area ranges from 0 to 300 feet. Although 
the Recapture pinches out and intertongues with the 
Salt Wash in the vicinity of Blanding, it is not known 
further north. The Recapture is non-productive. 



The Westwater Sandstone Member is yellowish-gray 
to light-brown, fine- to medium-grained, dominantly 
a cross-stratified sandstone. In many places, silty, 
greenish -gray 0 r reddish interbedded claystone ap­
pears. The sandstone of the Westwater is resistant 
and cliff-forming. This con t r as t s sharply with the 
softer, more friable Recapture below . The source area, 
as is the Recapture's, is to the south. It intertongues 
with the overlying Brushy Basin Member. The maximum 
thickness is 300 feet. The Westwater is not produc­
tive in the San Juan proj ect area. 

Shale beds of the Brushy Basin Shale Member are most­
l y bentonitic. They are variegated, but red and pur­
plish colors dominate. Thin limestone, conglomerate, 
or sandstone lenses are interbedded. The Brushy Ba ­
Sin weathers to rounded slopes. Thickness ranges from 
220 to over 700 feet; the thickest sections are in the 
Slick Rock district of Colorado and the thinnest are in 
the southwest cor n e r of the proj ect area. In many 
places, sandstone and conglomerate lenses near the 
base of the Brushy Basin are mineralized, and some 
lenses at other levels contain ore. 

The Salt Wash i s the productive ore h 0 r i z 0 n of the 
Gateway, Paradox, Slick Roc k, Gypsum Valley, and 
Moab districts, and of the Montezuma Canyon, Cot­
tonwood, Abajo, and Dry Valley areas of the Monticello 
district. The Brushy Basin is mineralized in the Para­
dox and Slick Rock districts, and Montezuma Canyon 
and Dry Valley areas. A broad area, occupying the 
north half of the proj ect area in the Salt Wash, has 
been established as favorable by C r a i g and others 
(1951, p. 58) on the basis of lithofacies (fig. 6). The 
Salt Wash is more favorable for uranium occurrence 
where : 

--The total member exceeds 240 feet in thick-
ness; 

--The stream channel deposits comprise 40 to 55 
percent of the thickness of the member; 

--The total thickness of the stream channel de­
posits is 90 to 200 feet; 

--The s t rea m channel depos its are reasonably 
continuous. 

Ore deposits in the Morrison Formation are of the vana­
dium-uranium type. The ratio between these two ele­
ments changes from mine to mine and from district to 
district. The vanadium -uranium ratios for each pro­
duc ing area in the Morrison are tabulated below (based 
on 195 6 to 1965 production figures): 

Abajo area, Monticello 
district . • • . • 

Cottonwood area, 
Monticello district 

Gypsum Valley district, 
Colorado .••. 

Dry Valley area, 
Monticello district 

10: 1 

10: 1 

8:1 

7.5: 1 

Slick Rock district, 
Colorado •. 

Paradox district, Colorado 
and Utah .• 

Moab district 
Gateway district , Colorado 

and Utah ...•.• 
Big Indian Wash-Lisbon, 

Monticello . . . 
Montezuma Canyon, Monticello 

district. . • . . . . . • • 

7:1 

5.6: 1 
4:1 

2.3:1 

2.3: 1 

1. 3:1 

Unlike the Chinle Formation, the Morrison contains 
very little copper, except in the Slick Rock district. 
Even there, the ores have averaged only 0.07 percent 
copper. 

Burro Canyon Formation 

The Burro Canyon Formation of Cretaceous age forms 
the rim of the Sage Plain area east of the Abajo Moun­
tains, and its area of outcrop extends into Colorado. 
It is a sequence of conglomerate sandstone, shale, and 
thin lenses of limestone. The light-gray to light-brown 
sandstone beds are poorly sorted, lenticular, irregular 
in thicknes s and form, and cross - stratified. In some 
areas, the lower contact interfingers with the Brushy 
Basin, elsewhere it is unconformable with it. Uranium 
minerals are known to occur in the Burro Canyon For­
mation ina c l aim northwest 0 f Naturita, Colorado, 
east of the proj ect area. Some uranium-vanadium­
copper mineralization has been found adjacent to faults 
in the Lisbon Valley area. The Dakota-Burro Canyon 
Formation in the Abajo Mountains is the host rock for 
copper mineralization at the Copper Queen mine. N ev­
ertheless, the mineral potential for the Burro Canyon 
Formation is anything but considerable. 

Dakota Sandstone 

The Dakota Sandstone of Cretaceous age is an irregu­
larly bedded, coarse-grained, gray to yellowish-brown 
conglomeratic sandstone, with interbedded light-gray 
sandy shale. Locally, it contains carbonaceous shale 
and coal. The thickness ranges to a maximum of 200 
feet; the formation is thinner in the northern and west­
ern parts of the area. No important Dakota deposits 
of uranium have been found in the proj ect are a , al­
though ore has been mined from at least two localities 
in New Mexico. Copper minerals occur in the Dakota, 
in Lisbon Valley , and on the flanks of the Abaj 0 Moun­
tains. Annual production of copper from the Dakota is 
slightly more than 10,000 pounds annually. 

Mancos Shale 

The Cretaceous Mancos Shale, the youngest wide­
spread sedimentary consolidated unit in the San Juan 
proj ect area , consists of dark -gray marine shales, in­
terrupted at in t e rv a 1 s by yellowish-gray sandstone 
layers. No ura nium mineralization in this form ation 
has been report ed in the proj ect a rea . 
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Relationship of Stratigraphy 
to Uranium Deposits 

Although there are occurrences of uranium minerals in 
most of the formations of the San Juan proJ ect area, 
only the Chinle and Morrison are widely and signifi­
cantly mineralized. T y pic all y, the host rocks are 
sandstone lenses formed in channels of fluviatile ori­
gin, associated with mudstones that were floodplain 
deposits. Both Chinle and Morrison deposits are over­
lain by impermeable, bentonitic mudstone layers. 

Geologic Structure and Its Relation 
to Uranium Deposits 

As tectonic or deformation structures have profound 
effects in controlling the deposition and distribution 
of mineral deposits, many geologists have attempted 
to relate uranium deposits in the Colorado Plateau to 
structural features--faults, folds and igneous intru­
sions. The concensus is that all but a tiny fraction 
are related directl y to the configuration of favorable 
sedimentary units. Only a few, notably the copper­
bearing deposits, have a direct and obvious relation 
to faults and folds, or to igneous intrusions. The re­
lations to structures, therefore, are subtle, intimately 
related to the timing of tectonic activity that influen­
ced formation and location of favorable host rocks, and 
the conditions that existed, when mineralization took 
place. The structure of the Colorado Plateau has been 
considered in numerous publications. A brief summary 
of structure in the project area is included in this pa­
per with the aid of Figures 7 and 9. 

M a j 0 r tectonic features are the northward-trending 
Monument upwarp, or uplift, with the Blanding Basin 
to the east and the White Canyon slope to the west, 
and the northwestward-trending Paradox fold and fault 
belt in the northern part of the area between the Un­
compahgre uplift to the northeast and the Monument 
upwarp. The La Sal and Abajo domes, which are pierced 
by igneous intrusions, are formed in the Paradox fold 
and fault belt and the northwest corner of the Blanding 
Basin, respectively. However, while there are many 
open folds there are reI at i vel y few faults. Folds, 
faults and complex fracture systems mark the Paradox 
belt in the southern part of the area . Because the 
Paradox belt is underlain by salt beds that slope away 
from the Uncompahgre uplift, it is believed movement 
within the salt has been a major factor in folding and 
faulting of overlying formations. As some Mesozoic 
formations in the Paradox belt we r e not deposited 
over salt anticlines, these movements apparently have 
been taking place throughout post-Pennsylvanian time, 
and have influenced the configuration of sedimentary 
deposition, which in turn affected the location of ura­
nium deposits. Other movements, continuing to the 
present time, have exposed parts of uranium-bearing 
formations to erosion, and so have controlled the pat­
tern of outcrops in which uranium deposits have been 
found. 

With respect to the deposition of uranium, the matter 
of timing in the development of tectonic features is 
particularly significant. If the evidence of lead-ura­
nium ratios (Stieff, Stem and Milkey, 1953, p. 15) is 
correct--and the time of uranium deposition or redis­
tribution is latest Cretaceous or early Tertiary Oohn­
son and Thordarson, 1966, p. H36)--then the sedi­
mentary structures and the tectonics that influenced 
their ' configuration antedate the deposition of uranium, 
and most of the folds, faults and f r act u r e systems 
post-date them. This would account for the general 
lack of association with faults. As some of the cop­
per deposits have a distributive relation to faults Oohn­
son and Thordarson, 1966, p. H36-H37), theymayhave 
been deposited later than the uranium. Groundwater 
may have redeposited uranium and other elements, and 
could be responsible for minor occurrences of such 
minerals in faults and fractures. 

The Monument upwarp and the White Canyon slope 
areas reflect the influence of tectoniC activity prior 
to deposition of the Chinle Formation. The Moenkopi 
and even older formations were variably disturbed and 
eroded and channels were cut in these formations. A 
topographic high was centered in what is now the 
middle portion of the lower Monument upwarp. Streams 
were forced to flow around the margins of this high or 
through its structural sags. Streams on the southwest 
margin of this high formed the Monument channel sys­
tem, and Joined the northern channel system near Red 
Canyon. Distribution of other channels may have been 
influenced by the warping of the pre-Chinle erosion 
s urface. 

CHARACTERISTICS OF PRINCIPLE 
HOST ROCKS AND ASSOCIATED 
URANIUM DEPOSITS 
Significant characteristics of the Cutler, Chinle and 
Morrison Formations, which have a bearing on the oc­
currence of uranium are summarized below. The three 
formations contain more than 99 percent of the ore so 
far discovered in the San Juan proj ect area. These 
units appear to offer the best hope for the future of the 
uranium mining industry in this area. 

Deposition Environment of Host 

Cutler Formation 
Fluvial 

Chinle Formation 
Fluvial 

Morrison Formation 
Fluvial 

Location of Deposits within the Host 

Cutler Formation 
Mostly in discontinuous arkosic lenses, interbed­
ded with mudstone, at any stratigraphic level, but 
commonly the upper part of the formation is favored. 
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Chinle Formation 
In the basal sandstone of whichever member (Shin­
arump, Monitor Butte, or Moss Back) immediately 
overlies the Moenkopi Formation. 

Morrison Formation 
La r gel y in the Salt Wash Sandstone Member, in 
sandstone lenses at any stratigraphic level, but 
mostly in the upper part of the member. 

Nature of the Overlying Unit 

Cutler Formation 
Dominantly siltstone and mudstone of the generally 
impermeable Moenkopi Formation. 

Chinle Formation 
The host sandstone lenses or beds are overlain by 
the upper Chinle, dominantly a variegated, imper­
meable mudstone, containing much bentonite. 

Morrison Formation 
The Salt Wash is overlain by the Brushy Basin Shale 
Member in areas of exploitable de p 0 sit s. The 
Brushy Basin is dominantly a variegated mudstone, 
containing abundant bentonite. 

Nature of the Underlying Units 

Cutl er Formation 
Alternating limestone, san d s ton e, and muds tone 
beds of the Rico Formation. 

Chinle Formation 
Mudstone and siltstone beds of the Moenkopi For­
mation. 

Morrison Formation 
Mudstone and siltstone beds of the Summerville 
Formation. 

Thickness of Host Lenses 

Cutler Formation 
Ore bodies occur in thin, as well as thick (up to 
28 feet), arkose lenses. Most of the thin, miner­
alized lenses are topped by thick, min era 1 i zed 
lenses. 

Chinle Formation 
Except in Big Indian Wash area, ore deposits are 
confined to channel sandstone lenses, especially 
those 300 to 1, 000 feet wide and over 40 feet thick. 

Morrison Formation 
The l argest ore deposits are in thick sandstone len­
ses (over 40 feet). When several lenses are clus­
tered, most of the ore will be found in a s ingl e l ens. 

Textural Characteristics of the Host Lens 

Cutler Formation 
Coarse- grained, porous, cross-stratified, lenti­
cular. 

Chinle Formation 
Fine- to coarse-grained, but medium- to coarse­
grained lenses predominate. Some 1 ens e s with 
poor to fair sorting of conglomerate, cross-strati­
fication and varying porosity a 1 s 0 are pres ent. 

Morrison Formation 
Fin e - to medium-grained, cross-stratified and 
lenticular, with varying porosity. 

Composition of Host 

Cutler Formation 
Arkose, with pebbles of granite, orthoclase, quart­
zite, gneiSS, and greenstone. 

Chinle F ,rmation 
Sandstor,e, consisting dominantly of quartz grains, 
with mica, feldspar, zircon, and other minerals. In 
some places, sandstone bed~ are arkosic. 

Morrison Formation 
Sandstone, predominately quartz grains (86 per­
cent). Feldspar (7 percent) , chert (7 percent) and 
minor amounts of other minerals also are present. 

Cementation and Inters titial Material of Host 

Cutler Formation 
Calcite content generally is high (7 - 12 percent). 
Almost no carbonaceous material is associated with 
the arkose. 

Chinle Formation 
Cement is mainly secondary quartz, with some cal­
cite. Th e ores commonly contain abundant inter­
stitial clay and locall y abundant carbonaceous ma­
terial. 

Morrison Formation 
Cement consists of calcite and secondary silica. 
Interstitial clay and some interstitial carbonaceous 
material a 1 so are present locally in association 
with ore minerals. 

Mudstone-Sandstone Relationships 

Cutler Formation 
In some depOS its, pebbles of red mudstone within 
the arkose are replaced, in part, by uranium min­
eral s. Some mineralization has penetrated adjOin­
ing mudstone beds adjacent to the arkose lenses. 

Chinle Formation 
Many sandstone beds contain channel trash, thin 
mud s ton e l enses and mudstone. Loci of facies 
change from sandstone to mudstone within short 
distances, are considered favorable for uranium 
deposits. The optimum sandstone-mudstone ratio 
should be 1:1. Usually, at least one side of an 
ore body is t erminated by mudstone. 

Morrison Formation 
Thick, ore-bearing, sandstone lenses are bordered 
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by mudstone units, and contain thin lenses of mud­
stone and clay gall trash along their margins. Ore 
generally is located where closely spaced sand­
stone and mudstone alternate. Areas favorable for 
ore contain 40-55 percent sandstone with respect 
to mudstone. 

Color Alteration 

Cutler Formation 
Although arkosic lenses in the C utler are both red­
dish and light-colored, ore exists only in the light­
colored variety. 

Chinle Formation 
Mudstone in the underlying Moenkopi and within 
the basal sandstones usuall y is bleached in the 
vicinity of l arge ore deposits. Red colors are re­
placed by shades of yellow , green, cream, or light­
gray. 

Morrison Formation 
Sandstone in favorable areas generally is white to 
brown, but never exhibits strong reddish colors. 
Mudstone, normally purplish or reddish, is green­
ish-gray to lig ht-gray in the vicinity of ore. 

Relationship of (Ire to Host Unit 

Cutler Formation 
Ore minerals occur as concretions and dissemina­
tions in arkose and along bedding planes in the 
adjoining mudstone. Most of the minerals are con­
centrated in the upper parts of the arkose lenses, 
and are spottily distributed. 

Chinle Formation 
Ore minerals fill pore spaces, replace interstitial 
cIa y , cementing materials, .organic matter, and, 
more rarely, sand grains. Most ore bodies lie a­
long the lower margins of channel s, especially in 
the deepest scours. The abnormally large Big In­
dian Wash deposits lie in the lowest part of the 
Moss Back Member, regardless of lows and highs 
at the base of the Member. 

Morrison Formation 
Ore minerals fill pore spaces, and replace inter­
stitial clay, cementing materials, and organiC mat­
ter. Ore deposits occur along the margins, the bot­
tom or the middle of thick sandstone lenses; most 
are along the bottom. 

Structural Relationships 

Cutler Formation 
So me depOSits in arkosic lenses are adjacent to 
faults, but most exhibit no relation to obvious de­
formation structures. At Big Indian Wash, ore lies 
beneath an unconformity, separating the Cutler from 
the Chinle. Some bodies appear to be related to 
minor structural noses or terraces. 

Chinle Formation 
Channel positions cut in the Moenkopi appear to 
have been decided by the tectonic warping of the 
erosion surface beneath the Chinle. Large deposits 
at Big Indian Wash trend parallel to the Lis bon 
anticline. 

Morrison Formation 
The pOSitions of ore bodies are not related to faults 
or other deformation structures. There may be a 
spatial relationship to intrusive igneous centers. 

Size and Shape of Ore Bodies 

Cutler Formation 
Most deposits are small, occurring as blebs, pods, 
and irregularly shaped bodies. The ore is spotty 
and of low-grade. Larger bodies are crudely tab­
ular, several feet thick, a few hundred feet wide, 
and hundreds of feet long. 

Chinle Formation 
Maximum size of ore bodies is over 20 feet thick, 
by several hundred feet wide, by over I, 000 feet 
long. These are aligned parallel to sedimentary 
trends, and most are roughly tabular and oval in 
plan. Where the channel configuration is irregular, 
ore body shapes also are irregular and larger. 

Morrison Formation 
Ore bodies are aligned parall el to sed i men tar y 
trends; most are roughl y tabular and oval in plan. 
W her e contact between sandstone and mudstone 
is irregular, ore bodies tend to have irregular shapes. 
In some, mineralization cuts across sedimentary 
features. Ore bodies commonly are up to 9 feet in 
thicknes s, up to SO feet in width , and up to 200 
feet in length. Long , sinuous bodies may be 5 feet 
thick, 15 feet wide, and up to 300 feet in l ength . 
Large ore bodies are exceptional. 

Mineralogy 

Cutler Formation 
Mainly copper-uranium mineralization, but vana­
dium also is present. Minerals include carnotite, 
becquerelite and copper sulfides. 

Chinle Formation 
Copper-uranium mineralization occurs in the west­
ern part of the San Juan proj ect area , and uranium­
vanadium mineralization in the eastern part. Pri­
mary ore minerals are found in deeper mines, a nd 
oxidized ore minerals in shallow mines. Primary 
minerals include uraninite and copper sulfides in 
copper-uranium type. Abundant secondary uranium 
mineral s are metatorbernite, metaautunite, meta­
zeunerite, and uranophane. In oxidized deposits, 
vanadiferous primary minerals inc 1 u de uraninite, 
coffinite, and montroseite. Tyuyamunite and cor­
vusite are prominent. 
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Figure 10. Map showing uranium-vanadium mines and structural contours on top of Entrada Sand­
stone in the West Gateway district (after Eicher and Miller, 1964). 
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Morrison Fonnation 
Morrison ores are primarily the uranium-vanadium 
type, consisting of uraninite and montroseite in 
primary deposits, and carnotite, tyuyamunite , vana­
dium clays or mica, and corvusite in the oxidized 
zone. 

In addition, channels containing 0 r e bodies in the 
Chinle Formation a 1 so embrace weakly mineralized 
j asperoid or other varieties of silica. Localities where 
abrupt changes are noted in the sedimentary trends of 
the Morrison or Chinle are favorable for the occur­
rence of valuable uranium de p 0 sit s. Exceptionally 
large deposits have been located in those places where 
the Chinle rests directly on rock that is more per­
meable than the Moenkopi Formation (the Cutler For­
mation at Big Indian Wash and the DeChelly Sandstone 
in the Monument No. 2 mine in Arizona) . 

URANIUM DISTRICTS AND AREAS, 
SAN JUAN PROJECT AREA 

Gateway District 

One part of the Gateway district is in Grand County, 
Utah, the other in Mesa County, Colorado, in the north­
ern portion of the San Juan proj ect area (fig. 10). The 
United States Atomic Energy Commission includes in 
the Gateway district some areas east of the Dolores 
River, which are outside of the area under discussion. 
Polar Mesa and Beaver Mesa are economically impor­
tant areas in the western part of the district. Al ­
though the Dewey Bridge area belongs to the Thompsons 
di strict of central Grand County, Utah, the author in­
cludes it, because its deposits are similar to those 
of the Gateway (see plate 1 for data relative to ura­
nium districts and areas, San Juan proj ect area). 

The Chinle Fonnation is present, but contains no im­
portant ore bodies; the Salt Wash Member of the Mor­
rison Formation provides host rock for most of the ore 
in the Gateway district. The Salt Wash is approxi­
mately 300 feet thick, and ore occurs in theupperpor­
tion of the unit, particularly in a horizon known local­
ly as the "Payoff" sand about 270 feet above the En­
trada- Summerville contact. 

The "Payoff " sand horizon is from 10 to 80 feet thick, 
and contains all of the largest ore bodies in the dis­
trict. Although unimportant mineralization occurs 50 
feet above and below it, the thickest portion of the 
"Payoff" sand lens (that part over 25 feet) is most fa­
vorable. The lens consists of a light-gray or light­
brown, fine- to medium-grained sandstone, with thin 
splits, seams and pebbles of green mudstone as well 
as 1 ens e s and matte-like bodies of fossil logs and 
carbonized vegetal matter normally associated wit h 
the ore. 

Structurally, most of the Gateway is part of the south­
west limb of the Sagers Wash syncline (fig. 10). Dips 
generallyrange from 20 to 40 northeast, although dips 

of 70 occur. The northwest-trending synclinal axis 
cuts across the northern third of Be a v e r Me sa. A 
structural low, superimposed on this southwest limb 
of the syncline, includes the major uranium-vanadium 
producing area known in the Gateway. This 1- to 1. S­
mile wide low is bounded on the sou the a s t by a 
g en tl e monocline and on the northwest by a fault. 

Ore bodies range in size from 100 to 5,700 tons, but 
closely spaced deposits may merge, and, as a conse­
quence, 10,000 tons may be extracted from one mine. 
Deposits are generally tabular; otherwise, they are 
irregularly shaped. Some bodies, locally referred to 
as "rolls," are present where tabular bodies merge or 
thicken. Ore bodies have long axes that trend gen­
erally north to northeast. Both oxidized and unoxidized 
ores are present, but the unoxidized or partly oxidized 
bodies are most significant. Oxidized deposits usually 
are found where overburden is minimal. Unoxidized 
minerals from the western Gateway district include 
uraninite, coffinite, montroseite, lumsdenite and do­
loresite. Oxidized ores contain carnotite, tyuyamu­
nite, and corvusite. Pyrite is also abundant in ores 
and in carbon trash. 

Less than 1 percent of the district I s surface is under­
lain by uranium deposits and less than 10 percent is 
considered favorable ground. The Uravan mineral belt 
cuts across Polar Mesa and Beaver Mesa and coin­
cides with most of the better deposits. Guides to ore 
in the Salt Wash Sandstone are as follows: 

1. Sandstone 1 ens e s 25 feet thick or more are 
favorable. 

2. Mudstone in contact with ore-bearing sand­
stone is gray-green. 

3. Ore-bearing sandstone contains thin, discon­
tinuous green mudstone lenses and abundant 
masses of fragmentary carbonaceous material. 

4. Light-gray or light-brown sandstone is more 
favorable than that of red or brownish color. 

Minor mineralization has been found in the basal Chinle 
and in the basal sandstones of the Brushy Basin Mem ­
ber of the Morrison Formation. Not enough work has 
been done to permit proper evaluation. 

In mined ore, vanadium-uranium ratios range from 3: 1 
to 7: 1, an average ratio of 4: 1. Ore averages from 
0.25 percent to 0.35 percent U308 and from 0.85 per­
cent to 1.85 percent V205. From 1956 to 1965, the 
average was 0.30 percent U308 and 1.04 percent 
V205. During that 10-year period, the district pro­
duced more than 900,000 tons of ore, containing over 
2,800 ton s of U30S' and over 1,000 tons of V205. 
Production figures are listed on the following page. 
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PRODUCTION 1956 to 1965: 

Tons (ore) U308 (lbs.) V20 5 (lbs.) 

1956 51,403 348,865 1,395,365 
1957 95,208 540,982 2,156,578 
1958 119,902 726,896 2,805,431 
1959 116,980 700,449 2,622,860 
1960 118,639 698,584 2,869,125 
1961 95,822 573,744 2,221,333 
1962 91,569 522,428 1,928,415 
1963 84,092 494,706 1,842,954 
1964 80,736 490,760 1,741,033 
1965 91,278 547,556 2,144,507 

Total 945,629 5,664,970 21,727,601 

Moab District 

Although there has been production from mines in the 
Permian Cutler Formation and the Triassic Chinle, most 
of the ore of the Moab district (figs. 11 and 12) has 
come from the Salt Wash Member of the Jurassic Mor­
rison Formation. The Salt Wash is the host rock for 
uranium-vanadium deposits at Wilson Mesa, Brumley 
Ridge, upper Cane Canyon and Browns Hole south­
east of Moab and west of the La Sal Mountains (fig . 
12). In many places, the Salt Wash sandstone out­
crops are broken by faults into irregularly shaped, dis­
continuous areas. The northernmost deposits at Wil­
son Mesa are in Grand County; deposits farthest south 
are in San Juan County, and adj oin the northern part 
of the Lisbon (Big Indian Wash) a rea of the Monticello 
district near La Sal Junction. 

The ore occurs 100 to 180 feet above the base of the 
Salt Wash Member, which is from 250 to 300 feet 
thick. Most de po sit s are in the upper part of the 
member in one or two horizons. As in other areas, 
thickest sandstone lenses contain the largest deposits. 
At upper Cane Canyon, the most productive of the four 
Salt Wash areas, ore occurs in two sandstone lens'e s, 
which are separated by 25 feet of shale to the south, 
but merge to the north. Maximum thickness of the up­
per lens is 30 feet, of the lower lens, 45 feet. Host 
units consist of light-gray to light-brown, fine- to me­
dium-grained sandstone, with interbedded green mud­
stone lenses. The sandstone is cross-bedded and 
contains c I a y galls, mudstone partings, carbonized 
vegetal matter, and aggregates of granule conglomer­
ate. The ore is associated mainly with thick masses 
of carbonized vegetal matter. 

Beds in the productive areas are faulted a nd folded, 
dip a s much as 350 , and are excessively fractured 
locally. The Spanish Valley salt anticline separates 
the Brumley Ridge area from the upper Cane Canyon 
a rea, and gentle synclines occur near Browns Hole 
and Wilson Mesa. Brumley Ridge and upper Cane Can­
yon areas are highly faulted. Although the area is 

disturbed, ore deposits do not appear to be related to 
structure. The deposits are 3 to 12 miles from the 
laccolithic centers. Several theories of ore emplace­
ment mention the La Sal Mountain igneous activity as 
a pos sible source of uranium-bearing fluids. 

The relatively small and sparsely distributed ore bodies 
are lenticular in shape and normally have much greater 
length than width; they are as much as 5 feet thick and 
200 feet long. Some are coalesced or have merged to 
form larger bodies. Trends of ore bodies at upper Cane 
Canyon are northeast. 

Ore metals are uranium and vanadium and prinCipal 
minerals are carnotite and vanoxite. More recently, 
unoxidized ore probably has been mined from increas­
ing depth. Leaching of primary ores has v en e ere d 
many fractures with tyuyamunite and some of the rarer 
uranium minerals. The complex iron mineral, cela­
donite, often is found close to the ore. 

Little has been published on the Moab district be­
cause production has been small, but ore guides at­
tributed to other Salt Wash areas probably would fit 
here, i. e. thick sandstone lenses, brown and gray, 
instead of reddish sandstones, green mudstone, car­
bonized vegetal matter, and so forth. Extension of 
known deposits suggests others of significance may 
be found in the Browns Hole-West Coyote Creek area. 

The vanadium-uranium ratio generall y runs from 4: 1 to 
7:1; the average for the 1956 to 1965 producing period 
was 5.3:1. Ore has averaged 0.28 percent U

3
0

8 
and 

1.51 percent V20 5 for the same period. The most pro­
ductive area has been upper Cane Creek. Wilson Mesa 
and Brumley Ridge were operated only intermittently 
from 1956 to 1965. During this 10-year period, a little 
less than 40,000 tons of ore was produced, yielding 
more than over 100 tons of U308 and a little less than 
600 tons of V205. There has been a steady decline 
since 1956. 

PRODUCTION 1956 to 1965: 

Tons (ore) U30 8 (lbs.) V20 5 (lbs.) 

1956 9,467 54,419 277,650 
1957 9,454 50 , 700 281,553 
1958 5,574 31,572 175,482 
1959 2,445 16,955 87,408 
1960 1,932 13,218 59,798 
1961 3,202 17,186 89 ,746 
1962 2,576 14,438 82,297 
1963 1,880 10,587 63,884 
1964 1,309 6,745 36,791 
1965 1,419 7,224 31,464 

Total 39,258 223,044 1,186,073 

35 



W 
0\ 

EXPLANATION 

MONTICELLO 
MONTEZUMA 

L 
• 
8 

Shows District (Large Letters) 

Shows Area (Smaller Letters) 

Uranium District Boundary 
(Producing Area Only) 

Uranium Occurrence 

Copper Occurrence 

<.x.:i ~.~f~" t • 

. VS,>·.:r_~<x,· 1'< 

~ C lC .t" 
Iiil!!'JMI!.'\i ....... -.... .,. :)1. '~-~.la1 ... -.. -..... 

I 

• ~ 

G A ,~ F 

" f· 
r, 

'';:' .• _~r-l~-L,· 
"\i I' .-

~~._t~:{,,;:~~~ 

':i I 

,r. A ", 

.~ N ::" . c. ,~t ' 
r'" ",, ____ 1 

C"(;,iG(~' .,. 

E. MER 
~:,-

v J -', ,ZN;" 

If t: '( IN 

r-" 

_.~,?",:,""" •• • ••• L,_ 3s.(xHx.n'11 

'~~ 
<:,~~ 

; '-:& . UTA\, r t •• .- : "'-7/ ~~.' " l 'COLORADO , " I . ' .J ... __ ..... _ ..... -"" ... -5y .. OOOO '" 

ARIZONA , 7' <::::::.' NEW MEXICO 
~.·"00·'~·> J¥ 

(.':l"':::"l.'~ -."!";'W 

Figure 1 I. Uranium districts and areas in the San Juan project area. 



~ 
~ 

0 2 3 4 
I I I I 

Miles 

• Uranium - Vanadium mine 

~ Salt Wash Member outcrop 

~ Igneous rocks 

~ Faults 

200 foot contour interval at base of 
Dokota Sandstone 

R 22 E R/'.4 E 

Figure 12. Map showing uranium-vanadium production sites in the Morrison Formation, Moab district 
(after Williams, 1964). 

T 
25 
S 

T 
26 
S 

s 

T 
26 
S 

r 
29 
S 

37 



38 

R. 18 E. R.19E. 

• Uranium or copper-uranium occurrence or anomaly 

W\)J Chinle Fm. outcrop 

_ --::::::::-: Faults 

200- Foot contour interval 
base of Dakota S5. 

Occurrences not in Chin Ie are in 
Permian Rico or Cutler Fms. 

o 2 3 4 5 
« , I 

Miles 

R. 20 E. R. 21 E. 

T 

27 
S 

s 

T 
29 

S 

T 
30 
S 

T 
31 
S 

Figure 13. Uranium, copper-uranium, or anomalous occurrences in the Interriver area, Green River 
districts; lower Cane Canyon, Moab district; Indian Creek, Monticello district (after Wil­
liams, 1964). 



Interriver, Lower Cane Canyon, 
Indian Creek Areas - Green River, 

Moab, Monticello Districts, Utah 

Interriver, lower Cane Canyon, and Indian Creek areas 
are immediately south of the Grand and San Juan County 
line southwest of Moab (fig s. 11 and 13). The three 
are a s are in adjoining parts of three districts: the 
Interriver area is a part of the Green River district 
west of the Colorado River, and lower Cane Canyon 
lies in the Moab district. Except for Indian Creek, 
much of the area is now in Canyonlands National Park 
or adjoins it. 

Of the three producing horizons, the first two contri­
bute onl y about 6~ percent to the total production. The 
Permian Rico Formation is mineralized near its upper 
portion, along faults in the lower Cane Canyon area, 
and along the closely jointed crest of theGibson anti­
cline. In the latter occurrence, tyuyamunite is dis­
seminated in a host bed of petroliferous, sandy lime­
stone. Only a minor amount of ore has been produced 
from the Rico, which is about 500 to 575 feet thick. 

Lying above the Rico is the Bogus Tongue Member of 
the Cutler Formation. The Bogus Tongue is also of 
Permian age, and makes up the entire Cutler section 
in this area. The member is approximately 675 feet 
thick, and consists of red, purple, and white, arkosic 
sandstone and red mudstone and siltstone. The arkose 
lenses, thought to be fluvial in origin, contain most 
of the mineralization. Both purplish and light-gray or 
white arkose lenses occur, but only the light-colored, 
non-red variety is mineralized. Dix (1953) has out­
lined five types of mineralization: 

1. Copper-uranium concretions within the arkose. 

2. Cop per and uranium minerals disseminated 
within the arkose. 

3. Mineralization at the contact bet wee n the 
ark 0 s e and the underlying red mudstone or 
siltstone. 

4. Copper and uranium minerals on the bedding 
planes of mudstone or siltstone, which under­
lie the arkose. 

5. Copper and uranium minerals in thin lenses of 
arkose, contained within mudstone or silt­
stone ben eat h the main arkose (similar to 
no. 1). 

Types I, 2, and 5 are the most favorable for ore pro­
duction. Type 3 is widespread, but in the past, has 
been uneconomical because of the thinness of the ore 
horizon. Type 4 has a spotty mineralization in thick 
zones, and in one area, was estimated to yield an aver­
age 0.09 percent U30 a content within a 3D-foot zone. 
Concretions in type 1 contain sooty chalcocite, cup­
rite, and sec 0 n dar y uranium minerals, as well as 
sparse native copper. Several concretions collected 

near Hart s Draw assayed 1.42 percent U30a and 
31.96 percent copper (Dix, 1953). Otherm1nerals 
associated with the depos1ts include troegerite, urano­
phane, zeunerite, brochantite, and cyanotrichite. SU­
ver (1.52 oz./ton) is fairly high in type 2. Most of 
the ore is high in lime, averaging approximately 12 
percent. In Dix's report, analyses of many channel 
and grab samples from the Indian Creek, Lockhart Can­
yon, and lower Cane Creek areas indicate an average 
of 0.36 percent U30a, 0.16 percent V205, 12.2 per­
cent CaC03, and D. 8 percent Cu (this figure excludes 
one grab sample containing 32 percent copper) . 

Little is known about the size of the de p 0 sit s, but 
judging from production records they are small. Ore 
occurs in many stratigraphic horizons within the Bogus 
Tongue; some deposits are 10 feet above the Rico con­
tact, and others, 172 feet below the top of the unit. 
Some of the deposits are on minor structural noses or 
terraces. 

Deposits in the Cutler al so occur along faults, no­
tably in the lower Cane Creek area, where the host 
rock is bleached and shows weak argillic alteration. 
The minerals are carbonates, clay minerals, vanadium­
bearing clays, cop per sulfides, uraninite, galena, 
pyrite, and secondary minerals such as andersonite. 
liebigite, and sharpite. 

The last group of deposits is in the Moss Back Mem­
ber of the Chinle Formation, and is the most important 
economically. The deposits normally are as sociated 
with carbonaceous vegetal matter at the bottoms and 
sides of channels cut into the underl ying Moenkopi 
Formation. The channel s are filled with massive or 
thick-bedded sandstones, which contain intercalations 
of mudstone, siltstone, conglomerate, and other chan­
nel debris. The deposits seem to be localized where 
the thickness of the channel fluctuates over a short 
horizontal distance. The Moss Back ranges in thick­
ness from D to 115 feet, although 25 feet is the most 
common thickness outside of the channels. In this 
unit, fossil debris generally is silicified away from 
c han n e Is, but is carbonized in the channel s. The 
Moss Back pinches out to the north, which places the 
areas in a zone of inferred favorable ground (Johnson, 
1959). A few Moss Back depos its are associated with 
faulting along salt anticlines. 

Ore minerals include uraninite, bornite, pyrite, chal­
copyrite, chalcocite, covellite, malachite, azurite, 
limonite, schroeckingerite, and zipeite. Galena and 
sphalerite have been found in a few places. In the 
Indian Creek area, the vanadium and copper content 
are low, but barium and cobalt high . The ore also 
contains 2 to 3 percent iron, and some of it has up to 
1 ounce of silver per ton. 

Hinrichs (1956) noted some features common to all de­
posits in both Permian or Triassic hosts: 

--C 0 p p er mineralization and high lime content 
characterize the ores; 
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--With respect to vanadium-uranium ratios, the 
depos its can be subdivided into two categories: 
deposits with a 1:4 ratio, the bedded type in 
the Cutler and Chinle Formations, not associ­
ated with faulting in areas of low dip; deposits 
with a 2: 1 ratio in the Rico, Cutler, and Chinle, 
which occur along faults, notably on the Cane 
Cr eek anticline; 

--The increase in vanadium a Ion g the faulted 
deposits is ascribed to a Paradox Formation 
source, since ash from oils produced from the 
Cane Creek anticline contain up to 5 percent 
vanadium. 

Production figures for the three a reas indicate a vana­
dium -uranium ratio of 1: 2 , a U 308 content of 0 . 29 per­
cent, and a V205 content of 0.15 percent. During the 
195 6 to 1965 production period, a little over 51,000 
tons of ore was produced, for a yield of 119 tons of 
uranium concentrate and 60 tons of vanadium concen­
tra te. Of the 41,000 tons of ore, 36,000 tons or 84 
percent has come from the Indian Creek area, 9 per­
cent from lower Cane Canyon, and 7 percent from the 
Interriver a rea. Permian formations contributed only 
7 percent of the ore. Production from the Salt Wash 
Member of the Morrison Formation near Indian Creek 
added 2.5 percent. The remainder has come from the 
Moss Back Member of the Chinl e Formation . Produc­
tion has been intermittent and has declined steadily 
in a ll three areas since 1955. 

PRODUCTION 1956 to 1965: 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Total 

Tons (ore) 

22,223 
6,690 
2,228 
3,938 

963 
631 
949 

1,381 
1,757 

302 

41,062 

U308 (lbs.) 

144,630 
37,799 
11,781 
19,830 
4,402 
3,102 
2,927 
4,336 
8,261 
1,147 

238,216 

V205 (lbs.) 

52,113.72 
18,421 

6,873 
3,765 

16,068 
5,295 

18 ,317 

120,852.72 

Big Indian Wash or Lisbon Valley 
Area - Monticello District, Utah 

With a production of 5,936,345 tons of ore (fig. 4), or 
58 percent of the total for the project area , the Lis­
bon-Big Indian Wash area of the Monticello district 
has been, and continues to be, the outstanding area in 
the Colorado Plateau. It is located near the Utah­
Colorado state line a bout 10 to 15 miles south of the 
La Sal Mountains in San Juan County (figs. 11 and 
14). Although most formations exposed in the area 
(Pennsylvanian-Cretaceous) have been mineralized to 

some degree, four formations account for almost all 
ore production, and of these, the Chinle Formation is 
responsible for 95 percent. The Chinle's major de­
posits occur along the southwest flank of the Lisbon 
Valley salt anticline. 

The formation is 340 to 48 0 feet thick, and most ofthe 
ore has been found in the lowermost fluvial sandstone 
member, the Moss Back, an arkosic sandstone, fairly 
to poorly sorted, in which grain size ranges from silt 
to small pebbles. Interbedded and intercalated with 
the sandstone beds are lenses of mudstone, siltstone, 
limestone pebble conglomerate, and mudstone pebble 
conglomerate. Cement is calcareous. Although car­
bonized vegetal matter is widespread, it is too meager 
to hav e localized the large ore bodies. In many places, 
concretions and stringers of reddish, slightly radioac­
tive chert have replaced sandstone, but there a ppears 
to be no relationship between the presence of chert 
and rock of ore grade. The Moss Back rests uncon­
formably upon the Permian Cutler Formation because 
the Triassic Moenkopi Formation, normally in that 
position, was eroded before the Moss Back was depos­
ited. Rather than being in channels cut into the Cut­
ler, ore is associated with paleo-highs a s well as 
paleo-lows. 

Faulting has not influenced the grade of uranium ore, 
but th e ore bodies are elongated parallel to the south 
limb of the Lisbon Valley anticline, and lie between 
the 6 ,200 and 6 , 700-foot contour line at th e ba se of 
the Chinle Formation. All deposits are on the south­
west flank of the anticline, which dips 60 to 80 to 
the southwest as do the ore bodies. Scattered down­
dip drilling has not located Significantly mineralized 
ground, but has picked up r emnants of the Moenkopi 
Formation. 

Ore bodies in the Moss Back usually have a maximum 
thickness of over 20 feet (some reports indicate as 
much as 60 feet). Average thickness probably is about 
8 feet. The bodies are several hundreds of feet wide, 
well over 1,000 feet long and some have yielded more 
than 1,000,000 tons of high-grade ore. Several mines 
have been developed on a single large ore body. Ores 
are richest where the sandstones are most heteroge­
neous, where mudstone pebbles or carbon trash are 
concentrated. The bodies are generally tabular, al­
though somewhat irregular in detail. Host rocks are 
slightly altered; red rocks have bleached to gray or 
green. In places, mineralization has spread as much 
as 2 feet into the underlying Cutler. Boundaries are 
sharp between ore and barren rock. The gray-green 
Moss Back Member is up to 100 feet thick, but most 
of the ore is found in the bottom 20 feet, and is thick­
est where the enclosing sandstone unit is the thick­
est. 

For the most part, 0 r e mineral s are unoxidized and 
consist of uraninite, coffinite, and montros eite. Lo­
cally, fine-grained galena, pyrite, molybdenite, a nd 
jordesite accompany the uranium minerals. Cop p er 
minerals such as chalcopyrite, copper carbonates , and 
native copper occur sparsely in a few deposits. The 
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vanadium content of the ore varies from mine to mine, 
but, like molybdenum, decreases regionally in a north­
west direction. However, in the northwestern part of 
the area , workers have noted an increase in strontium 
as celestite mineralization in the R ado n mine. In 
p I ace s , ores are enriched with lead, zinc, molyb­
denum, and cadmium. 

Economica ily, the second most important unit is the 
Morrison Formation of Jurassic age . Two producing 
horizons in the Morrison account for a little over 5 
percent of the total production of the district. The 
l argest mine in the Morrison Formation, the Rattle­
snake, is in this a rea. Many of the formation I s small­
er mines and prospects are located in the southeastern 
part of the Lisbon Valley area. 

The Morrison consists of two members, the lower 325-
foot thick Salt Wash and the upper 4 50 -foot thick Brushy 
Basin Member. Sparsel y scattered ore bodies in the 
Salt Wash are confined to the uppermost, thick, con­
tinuous sandstone lens, which is commonly over 45 
feet thick. The lens is interbedded with those of mud­
stone, siltstone, fine conglomerate , and carbonized 
vegetal debris. Brushy Basin ore occurs in dark brown­
ish-gray p ebb 1 e conglomerate and coarse-grained 
sandstone lenses 50 feet above the Salt Wash contact. 
Carbonaceous debris is widespread in the Brushy Ba­
sin Member. 

Most deposits in bot h members are small, yielding 
only a little more than I, 000 tons, a lthough the Rat­
tlesnake mine has produced over 100,000 tons. The 
majority of ore bodies are thinly tabular, up to a few 
feet thick, tens of feet wide, and as much as 200 feet 
long. On the average, deposits in the Brushy Basin 
Membermay be somewhat larger than those in the Salt 
Wash. Carnotite, tyuyamunite, and vanadium m i c a 
are the major minerals. The vanadium-uranium ratios 
range up to 15: 1, but average 2.3: 1. Trace amounts 
of copper also are present, but are not in sufficient 
quantities to permit recovery. 

The Permian Cutler Formation has accounted for the 
remaining uranium production of the Lisbon Valley diS­
trict. The unit I s depos its have been developed to a 
small extent, a lthough several inve stigators have es­
timated a considerable r eserve. The ore is in the up­
per portion of the unit, l ess than 100 feet below the 
Moss Back contact , and is localized in fluvial sand­
stones or arkoses that are medium- to coarse-grained 
a nd generally light-brown i n color. Red or pur pIe 
sandstones are mostly barren. Larger bodies are crude­
ly tabular, several feet thick, a few hundred feet wide 
and hundreds of feet long. Most occurrences a re bl ebs, 
pods, and irregularly shaped bodies, spotty in di stri ­
butionand of low-grade. Minerals are usuall y oxides, 
mainl y carnotite, becquerelite, a nd vanadium h ydro­
mica. Some copper carbonates also are present. Car­
bonaceous trash usuall y is absent. 

Copper , with or without significant as sociated vana­
dium or uranium, has been recovered from the Big In­
dian a nd Pioneer mines in the Dakota and Burro Ca n­
yon Formations. The units, both of Cretaceous age, 
are adj acent to the Lisbon Valley fault. Though the 
copper minerals are not in the fault zone, the ir dis­
tribution along the fault trace suggests fault control 
for initial deposition. The host rock is chiefly a poor­
ly sorted medium- to coarse-grained sandstone con­
taining carbonaceous material and, more rarely, pyro­
bitumens. At the Big Indian copper mine, two 10- to 
IS-foot host horizons are separated by 30 feet of barren 
green and gray shales. The copper minerals are mala­
chite, brochantite, chalcocite, dig e nit e, covellite, 
chalcopyrite and locally tenorite, cuprite, and native 
copper. 0 r e minerals coat sand grains , fill micro­
scopic fractures and interstices of sand grains, and 
replace organic matter. In rich concentrations, ore 
minerals may corrode sand grains . Barite and pyrite 
are locally abundant. 

Mineralized bodies are roughly tabular to lenticular, 
but vary in respect to both plan shape and copper con­
tent. Larger deposits exceed I, 000 feet in length, may 
be 100 feet wide, and up to 10 feet thick. As in the 
uranium-vanadium deposits, the host rocks are vir ­
tuall y unaltered. 
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Other units containing minor amounts of copper miner­
als include the Pennsylvanian Hermosa Formation, the 
Jurassic Kayenta Formation, and the Cretaceous Burro 
Canyon Formation. The Burro Canyon occurrence also 
has associated uranium and vanadium, but malachite, 
azurite, and volborthite are the common minerals. 

Some manganese mineralization is present along the 
northward extension of the Lisbon Valley fa u 1 t, es­
pecially in the JurassiC Carmel Formation and Navajo 
Sandstone. Most deposits are small and undeveloped. 

From 1956 to 1965, a little less than 6,000,000 tons 
of ore was mined from the Big In d ian Wash-Lisbon 
Valley area. This tonnage yielded over 23,000 tons 
of U30 8 andover 9,000 tons of V20 5 • Ore grade aver­
ages 0.39 percent for uranium and 0. 15 percent for 
van a diu m. Of the total production over 5,600,000 
tons, or almost 22,000 tons of U308 and about 6 ,500 
tons of V20 5 , have been obtained from depOSits in the 
Chinle Formation. The Chinle was discovered by 
Charles Steen in July 1952. Uranium ore grade has 
been consistent and averages 0.39 percent, with vari­
able vanadium content averaging 0. 12 percent. 

The Morrison Formation produced a little more than 
300,000 tons of ore, containing over 1,100 tons U308 
and 2,600 V205' Average ore grade for uranium is 
0.36 percent and 1.66 percent for vanadium. During 
the same 10-year period, only 780 tons of ore, which 
yielded 3,682 pounds of U30 8 , or aD. 24 percent ore 
grade, was attributed to the Permian Cutler Formation. 
Vanadium content was not recorded. 

PRODUCTION 1956 to 1965: 

Tons (ore) U30 8 (Ibs.) V205 (lbs .) 

195 6 515,441 3,734,746 3,378,259 
1957 726,287 5,720,654 3,610,849 
1958 827,960 6,713,117 3,427,670 
1959 854,635 6,923 ,410 4,927,308 
1960 698,284 4,631,957 1,138,637 
19 61 690,264 4,233,081 660,272 
1962 465,084 4,027,187 532,204 
1963 484,608 4,397,138 249,349 
19 64 501,453 4 ,700,020 179,410 
1965 172,329 1,187,512 134,615 

Total 5,936,345 46 ,2 68 ,822 18,283,573 

To 19 60, a few dozen copper depOSits in the Lisbon 
Valley area had a combined production of more than 
150,000 tons of ore, most of which came from the two 
largest mines (Big Indian and Blackbird). These mines 
have been operated intermittently since before 1913, 
especially during World Wars I and II. Average ore 
grade is 1.4 percent. 

Abajo and Cottonwood Areas-
Monticello District, Utah 

Most of the mines of the Abajo area are on the north 
side and somewhat to the west of the major peaks of 
the Abajo Mountains, but the Cottonwood area is 13 
to 15 miles to the south (figs. 11, 16 and 17). To the 
west is the Elk Ridge area of the White Canyon district, 
which produces uranium from the basal sandstone mem­
bers of the Chinle Formation. Only JurassiC host units 
are considered, even though some of the eastern Chinle 
mines of the Elk Ridge area are included with theAbajo 
area in the collection of production statistics in this 
discussion. There are scattered mines and prospects 
compriSing the Bluff-Butler Wash area of the Monti­
cello district south of the Cottonwood area. 

Jurassic and Cretaceous rocks flank the Abajo Moun­
tains, although Triassic units are exposed in some of 
the deeper canyons and west of the Comb Ridge Mono­
cline. The Salt Wash Member of the Morrison Forma­
tion contains economically important vanadium-ura­
nium mineralization in the Abaj 0 and Cottonwood areas. 
In the Abajo area, the JuraSSic Entrada Sandstone and 
the Cretaceous Dakota-Burro Canyon Formations (un­
divided) contain copper occurrences. 

There are two members of the Morrison Formation in 
the Abajo area and at least four members in the Cot­
tonwood area--Salt Wash Sandstone, Recapture Creek, 
Westwater Canyon, and Brushy Basin. Only two of 
the last named, the Salt Wash and Brushy BaSin, are 
present in the Abajo area. The Bluff Sandstone (con­
sidered by some workers a basal Morrison member, but 
by most, an individual formation) underlies the Sal t 
Wash in the Cottonwood area, instead of the usual 
Jurassic Summerville Formation. The Bluff pinches out 
just north of the Cottonwood area and thickens to the 
south. As it thickens, the Sal t Wash thins. These 
units interfinger sou t h of the Cottonwood area. In 
places, the Bluff is mineralized at the stratigraphic 
level of uranium depOSits in the Salt Wash of the Bluff­
Butler Wash area to the south. 

The Salt Wash Member is 210 feet to 245 feet thick in 
the Cottonwood area and 250 to 550 feet thick in the 
Ab a j 0 area . It is a buff, light-gray, light-red, or 
white, fine- to medium-grained sandstone, interca­
l ated with mu:lstone, siltstone, limy sandstone l enses 
and stringers of pebbles . The mudstones were red, 
brown, gray, gray-green, or variegated, but ordinarily 
they are altered to grays or greens in the vicinity of 
the deposits. Sandstone lenses are as much as 25 
feet thick, and when two or three of these thick beds 
are superimposed, they form a major sandstone unit. 
In most places, uranium ore is found 100 to 200 feet 
above the base of the Salt Wash, but in the Cotton­
wood it occurs in the third major sandstone bed above 
the base . 

The Recapture Creek Member is partly in continuity 
with and partly above the Salt Wash stratigraphically. 
The lithologic description is similar to that of the Salt 
Wash, which makes it difficult for workers to differ-
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Figure 17. Vanadium-uranium occurrences in the Cottonwood area, Monticello district (after 
Pitman, 1958). 

entiate between the two units in the field. The mud­
stone I s more brownish coloration and the pinkish-gray 
tints in the more friable sandstone help distinguish 
them. The northern edge of the Recapture reaches the 
Cottonwood area. 

The Westwater Canyon Member is a coarse-grained, 
light- to greenish-gray, medium-bedded to massive 
sandstone, interbedded with red and green mudstone 
layers. The unit is less resistant than either the Salt 
Wash or the R e cap t u r e Creek and is more strongly 
jointed than either. The northern edge of the West­
water Canyon falls between the Abajo Mountains and 
the Cottonwood mining area. The Brushy Basin Shale 
Member at the top of the Morrison sequence is present 

in both areas. Only the Salt Wash Member is miner­
alized, but pinchout zones are considered favorable 
for uranium emplacement. 

Cop per minerals without Significant association of 
uranium and vanadium occur in the JurassiC Entrada 
Sandstone and in the Dakota-Burro Canyon Formation 
(undiv ided) of the Abajo area . The Entrada Sandstone 
is a pale-orange, massive, cross-bedded, very fine­
to medium - grained sandstone, 165 to 170 feet thick. 
Copper minerals occur 30 feet above the Entrada I s base 
east of Shay Mountain. The Dakota-Burro Canyon For­
mation (undivided) is 80 to 125 feet thick, and con­
sists of brown , massive, cross-bedded conglomerates 
and sandstones. Copper minerals are in sediments 
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high on the side of a laccolithic peak. Mineralization 
in the Entrada deposit follows jOints or is disseminated 
along crossbeds, and in the Dakota-Burro Canyon is 
concentrated in a fracture zone in beds that dip 53 0

• 

Vanadium-uranium de p 0 sit s in the Salt Wash show 
little, if any, relation to structure. Beds dip gently 
(less than 70 ), and minor faults near such depositions 
have not been mineralized. The Cottonwood deposits 
are on the east flank of the Monument Upwarp and are 
concentrated where dips change from an average 30 to 
70, to an average of 00 to 20 • 

In the Abajo areal there are two types of ore bodies, 
oval bodies averaging 3 feet by 10 feet by 15 feet and 
tabular bodies averaging 3 feet by 40 feet by 200 feet. 
In places, oval bodies are clustered and tabular bodies 
are rare. Richest ore is found in the center of the ore 
body; grade gradually diminishes outward. The zone 
bet wee n unmineralized rock and ore grade material 
ranges in thickness from 1 inch to 3 feet. Vertical 
contacts generally are sharp rather than gradational. 
Most ore bodies are near the bases of the major sand­
stones, others may lie anywhere within them. The Cot ­
tonwood deposits are roughl y tabular, averaging 2 feet 
by 50 feet by 100 feet, although ore bodies up to 5 feet 
by 140 feet by 280 feet have been found. These bodies 
are scattered within the major ore-bearing sandstone 
and may occur on two levels. The axial trend of ore 
bodies is northeast to east, paralleling sedimentary 
trends of the Salt Wash. 

In both areas, ore is concentrated where permeable 
sandstone beds a re interbedded with intrachannel trash, 
espeCially carbonaceous matter and mudstone lenses. 
Ore minerals replace macerated vegetal matter and 
cement and fill the interstices between sand grains. 
Almost a ll AbaJ 0 depOSits are oxidized, and contain 
minerals of the carnotite-vanadium hydromica t y p e. 
Tyuyamunite and limonite coat fractures near the de­
posits. Similar oxidized depOSits occur in the Cot­
tonwood area , but they are unoxidized below the water 
tableland consist chiefly of uraninite and montroseite 
with corvusite, pascoite, metarossite , and pyrite. 
Average lime content is 6 percent. 

In the Tuffy copper deposit, an ore zone up to 2 feet 
in thickness contains nodules of a black, fine-grained 
copper mineral coated with azurite and malachite. At 
the Copper Queen, azurite and malachite are the chief 
minerals associated with small quantities of pyrite, 
chalcopyrite, chalcocite, bornite, co ve Il it e, and 
chrysocolla. The minerals coat bed d e d and cros s­
bedded planes in sandstone and fill fractures. 

Vanadium -uranium ratio s in both areas average 10: 1 , 
but ratios recorded by individual mines range from 4: 1 
to 20: 1. Uranium concentrations are relatively low, 
averaging O. 14 percent in the Abaj 0 area and 0.16 per­
cent at Cottonwood. Vanadium content averages near 
1.5 percent in both. Production from 1956 to 19 65 to­
talled more than 75,000 tons of ore, a yield of ov er 

120 tons of U308 and nearly 1,200 tons of V205. 
Ninety percent of the ore was taken from the C otton­
wood mining area. Copper prodUction has been inSig­
nificant and spasmodic. 

PRODUCTION 1956 to 1965: 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Total 

Ore (tons) U30 8 (lbs.) V20 5 (lbs.) 

9,605 32,893 283,316 
7,659 28,021 286,731 
3,829 14,116 138,931 

530 2,295 19,782 
1,081 3,489 33,420 
4,624 16,620 160,831 

12,314 37,246 387,992 
10,758 31,573 302,362 
11,967 34,127 328,184 
14,382 42,653 415,568 

76,749 243,033 2,357,117 

Dry Valley and Montezuma Canyon 
Areas - Monticello District, Utah 

The Dry Vall e y area of the Monticello district lies 
north of M 0 n tic e ll 0 and adj acent to the Big Indian 
Wash-Lisbon Valley area (figs. 11 and 14). Montezuma 
Canyon is a deeply incised drainage system south of 
Monticello (fig. 18). Uranium - vanadium mineraliza­
tion in both areas is confined almost entirel y to the 
Salt Wash Member of the Morrison Formation. 

The Salt Wash is a light-colored, massive, cross-bed­
ded, lenticular sandstone, interbedded with reddish 
siltstone and mudstone lenses. It is 200 to 450 feet 
thick in Montezuma Canyon and 350 to 520 feet thick 
along the cliffs of Dry Valley . The largest and richest 
deposits are in thick sandstone 1 ens e s, the upper­
most lens at Dry Valley and lenses associated with 
abundant carbonaceous vegetal trash near the middle 
of the unit in Montezuma Canyon. The Salt Wash thins 
toward the south, until it disappears in the southern 
part of the Montezuma Canyon area. Strata are almost 
horizontal, dipping less than 2 0 in a southerly direc­
tion. A series of east-west trending faults, with dis ­
placements up to 180 feet, cross the northern part of 
Montezuma Canyon, but distribution of mineralization 
bears no genetic relation to them. 

At Dry Valley, ore bodies average 3 feet by 30 feet by 
200 feet and are clustered in producing areas. In two, 
perha ps three, such areas, the ore tre nds in a norther! y 
d irection. Ore bodies, both tabular and roll type, oc­
cur a t any stratigraphic level within the host lens, but 
generally hug the bottom or sides. 

At Montezuma Canyon , ore bodies may be at any pOSi­
tion within the thick host lenses; small ore bod i e s 
also inhabit thin sandstone beds. Of the deposits that 
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have produced 70 percent of the ore and retain 75 per­
cent of the reserves, 35 percent are in a sandstone 
lens 150 feet thick and 13,000 feet long in the central 
part of the area. 

The zonal arrangement of the Montezuma Canyon de­
posits is a striking f eat u r e described by Huff and 
Lesure (1962, p. 226-237) and ascribed by them to 
diffusion. The ore zone, about 2 feet thick, an irreg­
ularly shaped ellipsoidal shell that encases a brown 
core of porous sandstone and carbonaceous material, 
is surrounded by gray sandstone tightly cemented by 
calcite. The zone tends to par a 11 e 1 bedding, but 
crosses it at the margins of the ellipses. The ore 
zone's ellipsoid shell is 20 to 40 feet in length, 10 to 
20 feet in width and 4 to 10 feet in thickness. Miner­
als of the ore z 0 n e are roscoelite, carnotite, meta­
tyuyamunite, simplotite, metaros site and other ura­
nium-vanadium minerals, all of which point to oxida­
tion of earlier ore minerals. The core and the gray 
zone are barren. 

The Brushy Basin Member, a varicolored mudstone with 
intercalated sandstone and conglomerate lenses, is 
mineralized in the southeastern part of the Montezuma 
Canyon area. It is the uppermost member of the Mor­
rison in Montezuma Canyon, and ranges in thickness 
from 250 to 430 feet. A thin wedge of Westwater Can­
yon Member, 1 BO feet at its thickest point, separates 
the Brushy Basin from the Salt Wash. Ore minerals 
o c cur in claystone and concretionary mudstone 150 
feet from the top of the member and 20 feet below a 
conglomerate lens. 

Ore minerals in all deposits are characteristic of the 
ox ide zone. Carnotite, tyuyamunite, and vanadium 
clays occur at Dry Valley, and simplotite, metaros site, 
carnotite, metatyuyamunite and some roscoelite occur 
in Montezuma Canyon. The ratio of vanadium ro ura­
nium in Montezuma Canyon is usually low, 1.3:l. 
Geochemists h a v e suggested that vanadium content 
decreases westward in the Colorado Plateau, except 
in vanadium" islands, " such as the one surrounding the 
Henry Mountains in Garfield County. However, vana­
dium-uranium ratios fro m neighboring deposits are 
much higher, 10: 1 at Abajo and Cottonwood and 7.5: 1 
at Dry Valley. In most areas, vanadium mineral con­
centrations do not coincide exactly with those of ura­
nium; conditions favoring vanadium preCipitation per­
haps were not as pronounced at Montezuma Canyon, 
which is characterized by its peculiar ellipsoidal ore 
zones. 

Production at Dry Valley from 1956 to 1965 totalled 
slightly more than 105,000 tons of ore, an average of 
o .1B percent U30B and 1.35 percent V205, or 70 per­
cent of the total given in the table below. This ore 
yielded 1 B 5 tons of uranium concentrate and over 1 ,400 
tons of vanadium concentrate. Montezuma Can yon 
produced over 37,000 tons of ore that gave a yield of 
over 91 tons of U30 B and almost 117 tons of V20 5; ore 

grade averaged 0.24 percent for uranium and 0.31 per­
cent for van ad i u m. Ore tonnage totals fluctuated 
greatl y from year to year during the 10 -year period, but 
have not fallen sharply in recent years. 

PRODUCTION 1956 to 1965: 

Ore (tons) U30 8 (lbs.) V20 5 (Ibs.) 

1956 10,674 46,636 214,828 
1957 7,223 26,416 183,775 
1958 20,053 82,340 404,461 
1959 21,743 89,966 476,246 
1960 8,532 35,739 230,978 
1961 18,041 56,403 407,650 
1962 20,968 76,338 453,020 
1963 16,648 51,807 317,298 
1964 16,504 61,869 416,559 
1965 12,657 .4.3,916 301,014 

Total 153,043 571,430 3,405,829 

Paradox District - Montrose and 
Mesa Counties, Colorado and 

San Juan County, Utah 
The Paradox mining district encompasses much of Mont­
rose County, Colorado, the south end of Mesa County, 
Colorado, west of the Dolores River and an adjacent 
part of San Juan County, Utah, in the vicinity of La 
Sal Creek, where some of the more productive deposits 
occur (figs. 11 and 19). This district was the site of 
the earliest uranium mining, and, in fact, produced 
the ore sent to the Curies in France in 1898. 

Although several formations in the Paradox district are 
mineralized, at least 98 percent of the ore has come 
from the Morrison Formation. This unit consists of 
two members, the 250- to 400-foot thick Salt Wash 
and the 250- to SOD-foot thick Brushy Basin. The Salt 
Was h is composed of white to gray, light-buff and 
rusty-red, fin e- to medium-grained, cross-bedded, 
mas sive, lenticular sandstone interbedded with red, 
green, or light-gray shale and mudstone and sporadi­
cally distributed lenses of dense-gray limestone. The 
Salt Wash contains three to eight major sandstone 
ledges, each ranging from 20 to 150 feet in thickness, 
and separated by clay and shale layers. The result is 
a cliff and slope topography. The uppermost thick, 
continuous sandstone lens is commonly the most highly 
mineralized of the sequence. 

The Brushy Basin Member is a variegated claystone 
containing scattered lenses and beds of conglomeratic 
sandstone, sandstone, and sandy limestone. Much 
of the claystone is bentonitic, pos sibly indicating vol­
canic ash falls during deposition. The ore occurs in 
two horizons, the first in lenses of conglomerate near 
the base of the member and the second in sandstone 
lenses near the top. These Brushy Basin deposits are 
abundant near Wray Mesa south of the La Sal Creek 
area. 
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Occurrences of copper minerals are associated with 
faults related to anticlinal structure in some Paleozoic 
units, the Triassic Moenkopi and Wingate Formations, 
and in the Jurassic Kayenta and Entrada Formations. 
Only rarely are uranium and vanadium ores associated 
with the copper minerals. 

The distribution of deposits in the Morrison shows no 
direct relation to tectonic structure, in spite of the 
fact the Paradox district is marked by collapsed salt 
anticlines, attendant fault systems, and gentle inter­
vening synclines and anticlines. The Morrison's most 
productive deposits are near La Sal Creek where the 
axis of a syncline passes through the area, but ore 
bodies are parallel to the sedimentary features rather 
than to tectonic structures. 

The largest Salt Wash ore deposits are near the edges 
of the thick ore-bearing sandstone where a transition 
to sandy mudstone takes place, or in the lowermost 
scours and on the flanks or noses of ridges that pro­
ject into paleostream channels. The situation is even 
more favorable where slump features, such as mud­
stone galls and fragments, breccia , carbonaceous· veg­
etal trash, and thin mudstone lenses occur in sand­
stone channels. Ore bodies also have been found in 
thin sandstone layers above and below the ore-bear­
ing lens, but generally these are small. 

Most ore is found in small pods containing from 10 to 
500 tons, although as much as 100,000 tons of ore 
have been taken from a single cluster of de p 0 sit s. 
Very few clustered areas, however, contain that much 
ore, and an average of 3,000 tons is a more realistic 
figure. Individual pods commonly are joined by weakly 
mineralized sandstone. Locally, de p 0 sit s attain a 
thickness up to 30 feet, but 2- to 9-foot thicknesses 
are far more common. Ore occurs as tabular bedded 
deposits or as rolls. Bedded deposits are like pan­
cakes in plan and roll bodies are up to 600 feet long 
and aIm 0 s t equidimensional in their hourglass or 
crescent- shaped cross sections. Hard, barren sand­
stone pods, tightly cemented with calcite. may sur­
round or border portions of deposits or form irregular 
halos 5 to 15 feet away. 

In mines that do not penetrate far behind the outcrop, 
ores are oxidized, appear gray or yellowish-gray, and 
are dry. Minerals are carnotite, tyuyamunite, corvu­
site, brightly colored vanadates, and vanadium hydro­
mica or clay. In deeper and larger mines, unoxidized 
ore is reached that commonly is black and wet. It 
consists of uraninite, coffinite , montroseite, and van­
adium hydromica or cIa y. The minerals impregnate 
sandstone and mudstone, replacing carbon, calcite , 
silica, and clay in rich deposits. Some places, the 
mudstone is enriched sufficiently to be mined as ore. 
Locall y, deposits are enhanced by copper, lead, zinc, 
and selenium. 

In several rock formations, copper minerals occur as 
disseminations in sandstone adjacent to faults asso-

cia ted with salt anticlines. The largest deposits are 
found near faults that are perpendicular to the axes of 
anticlinal structures. Most deposits are near Sinbad 
Valley and Roc Creek salt structures. A few also boast 
an acceptable uranium and vanadium content. 

During the 1956 to 1965 production period, uranium ore 
averaged 0.28 percent U30 8 and 1.56 percent V205' 
Vanadium-uranium ratios for individual mines range 
from 4: 1 to 14: I, but the average for the district is 
5.6: 1. More than 45 percent of the 266,000 tons of 
ore produced during the 10-year period came from the 
Utah portion of the La Sal Creek area. The entire La 
Sal Creek area produced over 70 percent of the Para­
dox district ore. Ores from Utah's La Sal Creek area 
also are richer in vanadium, averaging 1.82 percent 
against 1.36 percent for the rest of the district. How­
ever, uranium content is about the same in both por­
tions. Ores mined from 1956 to 1965 yielded 746 tons 
of uranium concentrate and 4,168 tons of vanadium 
concentrate. 

PRODUCTION 1956 to 1965: 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Total 

Ore (tons) U30 8 (lbs.) V20 5 (lbs. ) 

24,194 159,119 954,946 
22,980 147,001 866,981 
25,262 
21,494 
21,789 
32,693 
23,508 
25,947 
39,086 
29,490 

266,443 

163,667 779,786 
131,471 744,425 
124,864 776,064 
173,934 981,547 
136,774 663,668 
139,823 819,118 
182 ,1 58 1,010,562 
133,953 769,692 

1,492,764 8,366,789 

Western Gypsum Valley 
District - Montrose and San 

Miguel Counties, Colorado 

The Gypsum Valley district lies in Montrose and San 
Miguel Counties, Colorado (figs. 11 and 19),and in­
cludes ground on both sides of the Dolores River. This 
summary deals only with the portion west of the river. 

Uranium-vanadium deposits occur in the Hermosa For­
mation of Pennsylvanian age, the Wingate Formation 
of Trias sic age, and the Carmel- Entrada Formations 
(undivided), and the Salt Wash and Brushy Basin Mem­
bers of the Morrison Formation of Jurassic age. How­
ever, the Salt Wash deposits are most important eco­
nomically. The me m be r consists of a sequence of 
light-colored, lenticular, cross-bedded san d s ton e 
beds that alternate with green, gray, red, or purple 
mudstone and claystone. In Gypsum Valley, where it 
many times rests directly on the Pennsylvanian salt, 
it is about 350 feet thick . 
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The structure is dominated by the collapsed northwest­
trending salt anticline, and is bordered by a host of 
peripheral faults. S t rat a have collapsed inward in 
some areas, assuming a variety of attitudes; at some 
mines, strata dip as steeply as 40 0 • 

Most deposits lie in the uppermost continuous, thick 
sandstone lens of the Salt Wash Member. The lens 
ranges in thickness from 30 to 90 feet, but averages 
about 60 feet. Three to seven ore layers or rolls are 
distributed vertically throughout. For the most part, 
upper ore layers are too thin or too low-grade to mine; 
the richest ore bodies are confined to the lens' lower 
20 feet. Roll ore bodies are as much as 12 feet thick; 
blanket-like bodies average 2. 5 feet. Pebbles, thin 
seams and stringers of claystone, and abundant car­
bonaceous trash are associated with ore bodies. More­
over ore is localized where the Salt Wash thins over 
the salt anticline and where it contacts the underlying 
salt. 

Ore minerals are carnotite and vanadium micas and 
some occurrences of copper minerals have been noted. 
Ore minerals along with limonite, calcite, and silica 
form overgrowths on sand grains. Little ore has been 
taken from the western part of Gypsum Valley, and, 
probably because of the small size of ore bodies, this 
small production waned toward the end of the 1956 to 
1965 period. Vanadium-uranium ratios have averaged 
8:1 and ore content, 0.24 percent U30 8 and 1.91 per­
cent V20 5 . From 1956 to 1965, not quite 30,000 tons 
of ore were mined, from which 72 tons of uranium con­
centrate and 563 tons of vanadium concentrate were 
recovered. 

PRODUCTION 1956 to 1965: 

Ore (tons) 

1956 9,468 
1957 5,638 
1958 3,694 
1959 2,094 
1960 1,506 
1961 1,258 
1962 1,009 
1963 1,536 
1964 1,678 
1965 1,576 

Total 29,457 

U30 8 (lbs.) V20 5 (lbs.) 

44,336 331,012 
29,798 239,540 
19,465 136,754 
12,281 96,835 

7,738 60,255 
5,542 44,106 
5,491 37,596 
5,554 54,733 
6,2 60 61,995 
7,747 64,921 

144 ,212 1,127,747 

Slick Rock District - San 
Miguel County, Colorado 

The Slick Rock uranium and vanadium district is mostly 
in San Miguel County, Colorado, but includes a few 
mines in adjoining Dolores County (figs. 11 and 20). 
About 75 percent of the district lies west of the Dolores 
River and the statistical information that follows refers 
to that portion only. 

As in other Colorado districts (Gateway, Paradox, and 
Gypsum Valley), the Salt Wash Member of the Mor­
rison Formation is the m 0 s t valuable ore-producing 
horizon. The basal part of the overlying Brushy Basin 
Member of the Morrison is mineralized as is the basal 
portion of the Chinle Formation in a few places. The 
Salt Wash Member's thickness varies noticeably over 
short distances, ranging from 28 to 450 feet. The Salt 
Wash weathers to a ledge and slope topography; ledges 
are formed by sandstone lenses, which are white to 
gray, light-buff, and rusty-red, fine- to me diu m -
grained, cross-bedded, lenticular, and massive. In­
dividual lenses may be as much as 125 feet thick and 
may be continuous for a mile or two. Thin lenses and 
pebbles of reddish mudstone and pockets of carbona­
ceous material are abundant in local sandstone lenses. 
Slopes, carved on thin sandstone lenses, have almost 
the same characteristics as thicker lenses--reddish 
shale and mudstone and locally a few thin lenses of 
dense-gray limestone. Contact wit h the overlying 
Brushy Basin Member is grada tional and generally is 
located at the base of the lowermost conglomerate lens 
of the sequence. 

The Brushy Basin Member also v aries appreCiably in 
thickness, ranging from 300 to 700 feet. It is a vari­
colored bentonitic mudstone and shale interbedded with 
a few conglomeratic sandstone, conglomerate, sand ­
stone, and limestone lense s . A few lowermost con­
glomeratic lenses near the contact with the Salt Wash 
Member are mineralized. 

The Slick Rock district contains parts of three maj or 
structural elements I the Disappointment syncline, the 
Dolores fault zone, and the Dolores anticline. The 
axes of all three trend northwest, and all are believ ed 
to have been formed as the result of subterranean salt 
flowage on the southwest flank of the Uncompahgre 
up I if t. Principal producing areas are concentrated 
southwest and northeast 0 f the Dolores fault zone, 
which lies betwee n the synclinal and anticlinal axes. 
Deposits seem to occur where a slight change in domi­
nant fault direction takes place. In the northwestern 
par t of the district, faults trend a bout N. 80 0 W. , 
whereas in the southeastern part they trend N. 50 0 W. 
Displacements rarely exceed 100 feet. These faults 
appear to be related to conc entrations of copper and 
lea d in the ore, but there seems to be no direct rela­
tionship between the faults and the concentrations of 
uranium and vanadium. The favorable Uravan mineral 
belt includes the Slick Rock district at its southern 
end. 

Most uranium-vanadium ore bodies in the Salt Wash 
Member are in the uppermost thick, continuous lens 
of sandstone. How ev er, in some parts of the southern 
and eastern portions of the district, middle sandstone 
lenses contain important ore bodies. Moreover , work­
ers have located ore bodies a bove and below the main 
prodUCing horizon. Ore normall y is associated with 
abundant carbonaceous debris, pebbles and slump fea­
tures along the bottom and sides of sandstone lenses, 
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but may occur in association with the central parts of 
a lens. Tabular ore bodies roughly parallel sedimen­
tary structures, especially bedding. In places, where 
sandstones contain considerable debris and other ir­
reg u 1 a r i tie s, they tend to have an uneven outline. 
Where rock is homogeneous, ore bodies tend to be oval 
in plan and somewhat lenticular in cross sec t ion. 
These tabular bodies average 3 feet in thickness, but 
may be as much as 20 feet thick and more than 200 
feet in length. Roll ore bodies are elongate, sinuous, 
and vary considerably in thicknes s and width along 
their l engths. Maximum dimensions are 5 feet by 15 
feet by 300 feet. Most roll-type bodies are near the 
impermeable boundaries at the edges of elongate per­
meable sandstone 1 ens e s. Whereas tabular bodies 
contain from a few to several tens of thousands of tons 
of ore, roll ore bodies are limited to a few thousand 
tons. 

Large deposits are found most often in the thick parts 
(40 feet or more) of sandstone lenses; few deposits 
occur in sandstone l enses less than 20 feet thick. Re­
latively coarse-grained sandston e that is yellowish­
brown and speckled with limonite stain is more favor­
able than reddish-brown, fine-grained san d s ton e. 
Mudstone in the vicinity of ore bodies has been alter­
ed from reddish colors to gray. Consequently, if gray­
a ltered mudstone lies beneath a thick sandstone lens, 
chances are good that ore will be found in the lens. 

Ore minerals impregnate and, more r are 1 y, replace 
sandstone. Most near-surface deposits lie within the 
zone of oxidation, but some deeper mines reach un­
oxidized ore. Chief minerals are carnotite, a mica­
ceous vanadium min era 1, tyuyamunite, montroseite, 
corvusite, and uraninite. Minute grains of the sulfides 
of iron, copper, and lead are preserved in the unoxi­
dized ore. The uranium-vanadium de p 0 sit s in the 
Morrison Formation of the Slick Rock district are un­
usual in that they contain an appreciable amount of 
copper and lead. Some ore holds as much as 0.3 per­
cent copper, 0.018 percent lead, 0.0014 percent co­
balt, 0.0008 percent nickel, 0 . 022 percent zinc, 0.021 
percent arseniC, 0.0044 percent molybdenum, and 
0.0001 percent antimony. As shown in Figure 21, cop­
per and lead centered on the Dolores fault zone are 
arranged in crude zones. 

All the same, the mines are operated solely for their 
uranium and vanadium content, even though they have 
produced radium and many claims are patented. Prior 
to 1955, ore averaged 0.22 percent U30 8 , 1.7 percent 
V20 5 , and 0.07 percent copper, but from 1956 to 1965 
average content was 0.25 percent U 308 a nd 1.8 per­
cent V205' The vanadium-uranium ratio ranges from 
1:1 to 20:1, with differences being noted from mine to 
mine. The vanadium -uranium ratio for the dis t ric t 
averages 7: 1. Over 1,000,000 tons of ore were pro­
duced from 1956 to 1965, n etting over 2,600 tons of 
uranium concentrate and almost 19,000 tons of vana­
dium concentrate. 

PRODUCTION 1956 to 1965: 

195 6 
1957 
1958 
1959 
1960 
1961 
1962 
19 63 
1964 
1965 

Total 

Ore (tons) U30 8 (lbs .) V2 0 5 (lbs. ) 

57,712 360,753 2,031,739 
58,881 331,562 2,063,609 

106,733 601,438 3,748,933 
138,122 708,281 4,788,664 
155,385 749,218 5,521,439 
113,450 540 ,10 9 4,007 , 614 
103,9 62 488,741 3,829,147 

95,843 456,631 3,683,642 
111,913 534,403 4,437,061 
114,118 520,153 4,596,669 

1,056,119 5,291,289 37,708,517 

Deer Flat and Elk Ridge Areas­
White Canyon District, Utah 

The Deer Flat and Elk Ridge areas of the White Canyon 
di strict of central San Juan County, Utah , lie some 20 
miles west of Blanding (figs. 11 and 22). Elk Ridge, 
an erosion remnant of Triassic rocks, towers above the 
broad surface of the Monument Uplift. Its mines are 
at altitudes ranging from 6,500 to 8,500 feet. The 
Deer Flat area is at the west end of Elk Ridge. 

Ore has been produced from three stratigraphic hori­
zons' the Moss Back Member of the Chinl e Formation, 
and the lower mudstone units of the Chinle and the 
Moenkopi Formations. Indications of mineralization 
have been noted near the contact of the Rico and Cutler 
Formations and abundant radon has been observed in 
samples of mud from an oil well drilled south of Elk 
Ridge that penetrated the Paradox Member of the Her­
mosa Formation of Pennsylvanian age. The most pro­
ductive horizons are those in the Chi n 1 e Formation, 
particularly those of the lower mudstone unit. That 
lower unit, which i s up to 160 feet thick, thins and 
pinches out in the northern part of the Elk Ridge area. 
It rests unconformably upon the Moenkopi Formation, 
fills shallow channels, and is unconformably overlain 
by the Mos s Back Member. The lower mudstone can 
be subdivided into two units--a lower unit up to 60 
feet thick of discontinuous, cross-bedded, medium­
to coarse-grained and conglomeratic sandstone lenses, 
and an upper unit of blue and gray, predominantly mas­
sive mudstone. Some writers have referred to the basal 
sandstone lenses as the Shinarump Member and the 
mudstone part as the Monitor But t e Member. How­
ever, the lenses often are found to be at slightly dif­
ferent stratigraphic levels within the mudstone. 

The Moss Back Member of the Chinle Formation is a 
massive sandstone 55 to 150 feet thick, which in hand 
specimen is indistinguishable from the sandstone of 
the lower mudstone unit. In the northern part of the 
Elk Ridge area, it blankets the Moenkopi and the low­
er mudstone and fill s channel s cut in both. The onl y 
ore-bearing portion of the Moss Back lies in the north­
ern part of the Elk Ridge area. 
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The Monument uplift and its as sociated structural fea ­
tures have had an obvious effect on the Deer Flat and 
Elk Ridge areas. The upwarp is somewhat asymmetri­
cal with the steeper limb on the east side of the Elk 
Ridge anticlinal axi s. Dips are gentle on both sides 
of the axis, rarely exceeding 50, except at the Comb 
Ridge monocline where dips up to 30 0 have been re ­
corded. Shallow anticlinal, synclinal, and monoclinal 
flexures superimposed on the upwarp bow the strata by 
a few degrees. Some of the flexures are parallel; others 
transverse to main structural trends. Several faults 
and grabens cut through strata in the Elk Ridge area, 
and while displacements 0 f over 100 feet are rare, 
some are several times that am 0 u n t. Although ore 
bodies are scattered over large areas on either flank 
and near the axis of the Monument upwarp, their dis­
tribution doe s not appear to be as sociated directly 
with the faults or the uplift. However, Deer Flat de­
posits seem to be related to shallow monoclinal flex­
ures. The only structural element that has had any 
effect on ore localization is the sag in the Moenkopi 
Formation, formed prior to Chinle deposition, that con­
fined the basal sandstone lenses of the lower mud ­
stone unit. The westward flowing stream that occupied 
the sag cut a series of channelsli across the cen­
tral portions of the Elk Ridge and Deer Flat areas. This 
channel system is 3 to 6 miles wide, but individual 
channels measure 15 to 25 feet in depth and a few feet 
to 1,000 feet in width. Ore has been found only where 
a sandstone lens is in con t act with the underlying 
Moe n k 0 p i Formation. This holds true even when a 
sandstone lens is a short distance above the mud­
stone. 

The Moss Back Member contains ore only in the north­
ern part of the area, where it is in direct contact with 
the Moenkopi. Deposits are roughly tabular or len­
ticular bodies containing from a few tons to more than 
15,000 tons of ore. The bodies often are capped by an 
impermeable mudstone or shale layer in the sandstone. 
Most productive ore bodies--300 to 500 feet long, 50 
to 150 feet wide and 2 to 10 feet thick--are in thecen­
ter. Commonly, the deposit thins from its center out­
ward in all directions. In every instance, ore is asso­
ciated with abundant carbonaceous matter, such a s 
logs (rare), twigs, leaves, and tiny fragments. Min­
eralization generally is confined to the basal sand­
stone lens, although in places it extends from a few 
inches to a few feet into the Moenkopi. In one mine, 
ore is found 40 feet below the contact in a sandstone 
and conglomeratic sandstone lens in the Moenkopi. 
Radioactivity increases slightly near this contact, re­
gardless of whether mudstone or sandstone impinges 
on the Moenkopi Formation. 

Ore deposits are made up of fine-grained minerals, 
difficult to identify in the field. Sandstones may be 
darkened by asphaltite-like material, carbonaceous 
matter, or primary uranium minerals; so a counter is 
the best aid in determining the presence of ore in the 
field. Most deposits are unoxidized, are of the ura-

1. The so-called Elk Ridge-White Canyon c han n e I 
system . 

nium-copper type, and contain uraninite as the chief 
mineral. Much of the asphaltite-like material is ura­
niferous and makes up a considerable percentage of 
the ore in some mines. Locally, chalcopyrite, born­
ite, domeykite, tennantite, and pyrite are abundant 
and galena and sphalerite are present in trace quanti­
ties. Contrary to the characteristics of most deposits 
in the Morrison Formation and many in the Moss Back, 
vanadium only occurs in trace amounts and is repre­
sented by a few secondary minerals. Secondary min­
erals occur in fractures, a Ion g outcrops, and along 
the walls of mines. These include andersonite, zip­
peite, coffinite, uranophane, metaautunite, schroec­
kingerite, u ran 0 tho 11 i t e, tyuyamunite, malachite, 
azurite, chalcanthite, chalcocite, cuprosklodowskite, 
metazeunerite, ilsemannite, jar 0 sit e, erythrite, li­
monite, hematite, and bieberite. Ore minerals occupy 
the interstices between sand grains and, in places, 
replace carbonaceous matter, calcite and silica ce­
ment, and sand grains. Insofar as mineralogic changes 
are concerned, alteration of rock adj acent to ore bodies 
is inSignificant. However, the Moenkopi Formation 
is often bleached under ore bodies and along fractures. 

Ore grade varies considerably within an ore body. In 
mining most high-grade ore is mixed with low-grade 
and sub-ore grade material, in order to provide a uni­
form, or nearly uniform, acceptable grade. Ore grade 
for both Deer Flat and Elk Ridge is approximately 0.26 
percent U30 8 and 0.06 percent V205. From 1956 to 
1965, the mines produced 455,000 tons of ore, which 
yielded 1,200 tons of uranium concentrate and almost 
27 tons of V20 5 . The Deer Flat area produced 45 per­
of the total ore. 

PRODUCTION 1956 to 1965: 

1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 

Total 

Ore (tons) U308 (lbs.) V205 (Ibs.) 

50,070 262,452.69 450.00 
27,461 141,152.80 1,696 . 48 
58,259 284,139.49 12,493.12 
36,577 180,012.12 1,497.00 
56,842 308,967.91 
47,966 248,403.91 
34,745 171,611.71 439.16 
35,243 168,943.67 13,422.65 
59,214 342,028.00 11,984.51 
49,268 290,685.36 11,198.87 

455,645 2,398,397.66 53,181.79 

White Canyon, Red Canyon, 
and Fry Canyon Areas­

White Canyon District, Utah 

TheWhite Canyon, Red Canyon and Fry Canyon areas, 
which form the western portion of the White Canyon 
district, are in the remote west-central part of San 
Juan County near the Colorado River (fig s. 11 and 23). 
Drainage of Fry Canyon and White Canyon, to which 
Fry Canyon is tributary, flows northwestward to the 
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Colorado River. Red Canyon is about 9 or 10 miles 
south of White Canyon and parallels it. The Shina­
rump Member, the ore-bearing unit of the Chinle For­
mation, forms cliffs at the edges of mesas and buttes 
bordering all three canyons. 

Although some of the adjacent units are mineralized, 
essentially all the ore of the western White Canyon 
district has come from the Shinarump Member. The 
Shinarump, the basal unit of the Chinle, rests uncon­
formably upon the Moenkopi Formation. Channels and 
other irregularities on the Moenkopi paleosurface are 
fill e d by Shinarump sediments --fl uvial interbedded 
sandstone, conglomerate, and mudstone. At the Happy 
J a c k mine, the district's largest, the Shinarump is 
divided into three subunits. The lower subunit con­
sists of sandstone lenses interbedded with roughly 10 
to 30 percent mudstone or siltstone in the form of thin 
lenses, partings, clay galls, and reworked Moenkopi 
sediments. This lower subunit occurs only as channel 
fill and so is discontinuous in the area. The middle 
subunit, essentially a structureless gray or red mud­
stone, also is confined to the channels. The upper 
subunit, a massive sandstone, ext e nd s beyond the 
channel systems. Although not present everywhere, 
the entire Shinarump ranges up to 80 feet in thickness 
and is thickest in the most favorable uranium areas. 
The t hi c k n e s s of the three subunits varies greatly 
throughout the area, but at the Happy Jack mine they 
are 5 feet, 12 feet, and 28 feet thick in ascending 
order. The lower subunit is the most productive; the 
middle and upper parts of the Shinarump contain spo­
radic occurrences of ore. The sandstone lenses of the 
Shinarump are primarily light in color--pale-orange, 
grayish-yellow, white, or gray. They are poorly sorted 
with extremely fine-grained to v e r y coarse-grained 
and conglomeratic textures. The sandstone is feld­
spathic, but dominantly quartzose, and portions of it 
contain interstitial clay and abundant carbonaceous 
matter. 

Overlying the Shinarump is a gray or gray-blue mud­
stone-sandstone unit, 12 a to 250 feet thick '. that con­
sists of impure mudstone and interbedded sandstone 
lenses. This unit has been correlated in part with the 
Monitor Butte Member of the Chinle Formation. The 
Moss Back Member of the Chinle Formation, a mas­
sive, resistant, sandstone ledge, lies above the mud­
stone-sandstone unit. Not everywhere present, the 
Moss Back ranges up to 200 feet in thickness. While 
these units in the western part of the White Canyon 
district contain little ore, they have been productive 
elsewhere. 

The Shinarump and succeeding units were deposited by 
westward and northwestward flowing Triassic rivers 
and s t rea m s. These cut and filled channels on the 
Moenkopi's surface and laid down floodplain debris on 
interchannel areas. The Elk Ridge-White Canyon chan­
nel system, which provided the most important host 
rocks, enters the western White Canyon area at Deer 

Flat. There, the channel system is 3 to 6 miles wide, 
but it diverges into an alluvial fan to the west where 
the system widens to 18 miles. In the western White 
Canyon district, individual channel s were not cut as 
deeply as other Shinarump channeled areas, because 
widely-spaced stream s spread over a broader area. 
That swamp conditions prevailed between streams at 
the wide western end of the channel system is evi­
denced by the presence of several co a 1 beds. The 
Monument channel system stretches northwesterly from 
the Monument Valley district and probably joins the 
Elk Ridge-White Canyon system at the southwest corner 
of the fan. Deposits of the Monument channel sys­
tem are blanket-like and hold little u ran i u m in the 
White Canyon area. The channels of the western White 
Canyon district range in width from 30 to 1, 000 feet 
and in depth from 2 to 50 feet. Some large ore bodies 
occur where channels intersect or change direction. 

The western White Canyon district lies on the western 
flank of the Monument upwarp (Elk Ridge anticline), 
where the s t r ike is northwesterly, and dips gently 
to the southwest. Only a few faults and grabens (pos­
sibly attributable to subterranean sal t deformation) 
trend east-west at the north end of the district. An­
other group of faults at the south and west end of the 
area are related to the Henry Mountains uplift. Strong 
vertical fracturing is common in all formations, and 
some faults and fracture surfaces are bleached and 
coated with silica, limonite, and calcite. None of 
these structures, however, seems to have influenced 
the localization of ore, but some ore occurrences are 
associated with gentle changes in dip. Such structural 
terraces have been associated with the Happy Jack 
mine and a few other large ore bodies. Young (1964, 
p. 851) noted a broad structural high east (and perhaps 
south) of the White Canyon district that confined the 
channel systems to paleotopographic or paleo structural 
lows at its edges. Johnson and Thordarson (1959, p. 
123) suggest a Triassic structural sag held the Elk 
Ridge-White Canyon channel system in its present 
pOSition. These streams terminated in a fan near Deer 
Flat and debouched sediments over a large part of the 
western White Canyon district. These pal eo structural 
elements appear to have had a direct bearing on ura­
nium emplacement. 

Ore bodies are of the copper-uranium, low-lime type; 
vanadium is present in small quantities only. Most 
deposits are on the bottom, sides, or the scours of 
channels, espeCially those of irregular configuration 
that change direction or inters ect other channel s. Most 
of the ore occurs where individual sandstone lenses 
pinch out against mudstone and where sandstone rests 
upon mudstone of the lower Shinarump. Ore grade is 
related directly to the amount of carbonaceous mater­
ial present. Such matter generally is a composition 
of twigs, leaves, fragments, and, more rarely, thin 
coal seams,and carbonized logs. 

While ore bodies up to 10 feet thick have been found 
in the western White Canyon district, most average 



3.5 feet. Deposits range from 50 to 1,000 feet in 
length and from 10 to 500 feet in width. Gradation 
between ore and subgrade or barren rock generally is 
sharp and little low-grade, sub-ore exists. Ore grade, 
as well as the ratio between copper and uranium varies 
markedly within an ore body and from one ore body to 
another. Ore mineral s in the interstices between de­
trital sandstone grains replace carbonaceous matter, 
calcite and silica cement. In rich ore bodies, they 
replace quartz and feldspar grains. For the most part, 
ores are unoxidized, except where the overburden is 
s hallow. Uraninite is th e primary ore mineral and 
uranophane, metatorbernite, phosphuranylite, met a ­
zeunerite, and a zippeite-like mineral are common. 
Less common are uranopilite, johannite, meta autunite , 
cuprosklodowskite, and becquerelite. Primary sul­
fides such as pyrite, chalcopyrite, sphalerite, galena, 
and bornite are plentiful locally. These primary min­
erals are the source of a host of secondary minerals, 
a few of which include native copper, malachite, ant­
lerite, ilsemannite, jordesite, erythrite, native sulfur, 
and barite. Ore bodies are roughly tabular and e llip­
tical in plan. In general, the greater the heterogeneity 
of rock and channel configuration , the more irregular 
the shape of the ore body. 

The western White Can yon district, comprising the 
White Canyon, Red Canyon and Fry Canyon areas, is 
second only to the Lisbon Valley district in uranium 
production in Utah. Over 1,000,000 tons of ore pro­
duced from 1956 to 1965 yielded 2,629 tons of U30 8 , 
but only 29 tons of V20 5 . The W hit e Canyon area 
produced 55 percent, Red Canyon 40 percent, and Fry 
Canyon 5 percent of the total amount . Copper, which 
constitutes 1 percent of White Canyon uranium ores , 
has been recovered, but production figures are not avail­
able . Ore grade has averaged 0.25 percent uranium. 

PRODUCTION 1956 to 1965: 

Ore (tons) U30 8 (lbs.) V20 5 (lbs.) 

1956 95 , 220 519,373.51 10.93 
1957 97 , 862 522,001.93 7,766.42 
1958 148,701 759,777.89 44 , 446 .84 
1959 154,181 758,553.62 54.00 
1960 123,627 626,110.98 2,019.00 
1961 131,423 662,995.23 
1962 127,985 595,187.01 4,242.00 
1963 97,729 410,711.58 
1964 53 , 637 237,261.51 
1965 36,351 163,922.76 112.55 

Total 1,066,716 5,255,896.02 58,651.74 

Monument Valley District, Utah 

Part of th e Monument Valley ura nium district in Utah 
is in the N a v a j 0 Indian Res ervation adj acent to the 
Arizona line (figs. 11 a nd 24). This discussion is 

limited to the Utah portion of the district, although 
references will be made to the Monument No. 2 mine, 
which is in Arizona. The Monument Valley district is 
divided into three areas--the Comb Ridge area to the 
east, the 01 jet 0 Mesa area in the center, and the 
Copper Creek area to the west. Ore-bearing forma­
tions crop out at the margins of steep-sided mesas and 
buttes. 

The prinCipal ore-producing unit is the Shinarump Mem­
ber of the Chinle Formation, which lies unconformably 
upon the Moenkopi Formation in the Utah part of the 
district. At the Monument No. 2 mine, however, the 
pre-Shinarump erosion surface has cut into the De­
C hell y Sandstone Member of the Cutler Formation. 
In most places, uranium mineralization has penetrated 
rocks beneath the Shinarump only a few inches, but in 
some instances it has intruded as much as 7 feet. The 
Moenkopi Formation consists mainly of reddish-brown 
and chocolate-brown, thin, sandy shale beds , and some 
fine-grained sandstone lenses, bleached a drab green­
ish-gray adjacent to the contact. Many investigators 
believe the thickness of this bleached zone indicates 
the presence of uranium mineralization in the Shina­
rump Member, or at least makes the possibility more 
favorable. 

Shinarump sediments fill channels cut into the Moen­
kopi Formation and cover the sediments of this sub­
j acent unit in most places. However, in a few places, 
upper Chinle beds rest directly upon the Moenkopi. 
The Shinarump is absent north of Monument Valle y in 
the Clay Hills area and along Comb Ridge. It consists 
mainly of light-colored, cross-bedded, medium- to 
coarse-grained sandstone with sporadic lenses of con­
glomerate and mudstone. Channels are 40 to 2,000 
feet wide, from 20 to 200 feet deep, and trend N. 60 0 W. 
Although uranium may be localized in any channel, 
those 300 to 1,000 feet wide are most favorable. Ore 
bodies generally are found in the deepest parts and 
scours of such channels. 

Most of the Utah portion of the district is on the west 
flank of the Monument upwarp, but a few deposits have 
been found along Comb Ridge to the east. The asym­
metrical Monument upwarp plunges south in the vicin­
ity of Monument Valley. Strata dip gently, except in 
the vicinity of Comb Ridge. Three sets of north-south 
trending fold axes , a few faults, and a few igneous 
dikes occur in the Olj eto Mesa and Cop per Creek 
areas. Vertical fracturing is widespread, but no struc­
tures appear to have affected the localization of ore. 

Ore bodies either are partly or whollyoxidized. West­
ern deposits, notably from the Copper Creek a rea, are 
of the copper-uranium type and eastern depos it s of 
Comb Ridge and parts of Olj eto Mesa of the uranium­
vanadium type. Vanadium content ten d s to drop as 
copper content increases. Except for that at the Mon-
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Figure 24. Uranium occurrences, ancient channels and Shinarump outcrops in the Monument Valley dis­
trict, San Juan County, Utah (after Baker, 1935, and Lewis and Trimble, 1959), 



ument No.2 mine, ore bodies are small and generally 
up to 10 feet thick, 20 feet wide and 200 feet long. 
Long axes of the deposits parallel sedimentary chan­
nels. Where vanadium is an important ore constituent, 
ore bodies are zoned; rich vanadium lies below a nd 
down-dip from rich uranium ore. Most ore bodies pinch 
out sharpl y against channel wall s. Some mineral s, re­
distributed by groundwater, occur in the first few inches 
of the Moenkopi. At the Monument No . 2 mine, where 
the relatively porous and permeable DeChelly Sand­
stone lies directly under the Shinarump Member, an 
unusually large ore body was formed. Presumably the 
porous unit below allowed groundwater to carry uranium 
as much as 8 feet into the DeChellySandstone. Weak­
ly mineralized ground connects clusters of ore bodies. 
Ore grade varies considerably from one ore body to an­
other and even within the same body. In some areas, 
ore grade declines gradually, but in most the bound­
ary between ore g r a d e material and barren rock is 
sharp. The most abundant mineral is tyuyamunite, but 
uranophane, autunite, torbernite, and in the deeper 
portions of mines, uraninite are present. Copper 
min era 1 s include malachite, azurite, chalcanthite, 
chalcocite, chalcopyrite, and bornite. Vanadium min­
erals include corvusite, navaJoite, and calciovolborth­
ite. Ore min era 1 s are disseminat ed along bedding 
planes in sandstone and replace carbonaceous mate­
rial to form tabular to lenticul ar bodies. Interesting 
ore guides relative to Monument Valley channels have 
been developed. Jasperoid pebbles occur in all urani­
ferous channels, but fluoresce only when uranium is 
present. Silica, in the form of opal or chalcedony, is 
fluorescent near uranium deposits, and does not fluo­
resce when uranium is absent. 

From 1956 to 1965, the Utah portion of the Monument 
Valley district produced 45,000 tons of uranium ore. 
About 120 tons of uranium concentrate and 175 tons of 
vanadium concentrate were obtained. Ore grade of 
0.27 percent U30 8 and 0.39 percent V20 5 • The east 
to west vanadium diminution negates any meaningful 
vanadium-uranium ratio on a mine-to-mine basis, but 
the district's ratio is 1.5: 1. Copper is extracted from 
mines in thewesternpart of the district, but production 
figures are not available. 

PRODUCTION 1956 to 1965: 

Ore (tons) U30 8 (lbs.) V20 5 (lbs.) 

1956 6,086 38,452.36 64,749.14 
1957 12,193 83,857.42 96,244.30 
1958 5,728 25,945.87 107,424.91 
1959 6,969 31,335.99 37,628.00 
1960 2,508 11,011.47 
1961 3,606 16,571.46 12,690.00 
1962 5,529 25,552.26 22,739.13 
1963 760 3,967.66 282.98 
1964 545 1,473.15 2,981.00 
1965 1,130 3,522.33 6,943 .00 

Total 45,054 241,689.97 351,682.46 
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the Utah Geological Society, and the Intermountain Association of Petroleum Geologists. This library 
was made possible in 1951 by a grant from the University of Utah Research Fund and by the dona­
tion of collections from various oil companies operating in Utah. 

The objective is to collect, catalog, and systematically file geologically significant specimens for 
library reference, comparison, and research, particularly cuttings from all important wells driven in 
Utah, and from strategic wells in adjacent states, the formations, faunas, and structures of which have 
a direct bearing on the possibility of finding oil, gas, salines or other economically or geologically 
significant deposits in this state. For catalogs, facilities, hours, and service fees, contact the office of 
the Utah Geological and Mineralogical Survey. 

THE SURVEY'S BASIC PHILOSOPHY is that of the U. S. Geological Survey, i.e., our 
employees shall have no interest in Utah lands. For permanent employees this restriction is lifted after 
a 2-year absence; for consultants employed on special problems, there is a similar time period which 
can be modified only after publication of the data or after the data have been acted upon. For con­
sultants, there are no restrictions beyond the field of the problem, except where they are working on 
a broad area of the state and, here, as for all employees, we rely on their inherent integrity. 

DIRECTORS: 

William P. Hewitt, 1961-
Arthur L. Crawford, 1949.1961 
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