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SOURCES OF THE ELE~lENTS lN THE SANDSTONE-TYPE URANiliM D:i$POSITS 

OF THE COLORADO PLATEAU 

By E. M~ Shoemaker .~ W. L. Newman, and A. T. IVliepch 

ABSTRACT 

Sandstone-type uranium deposits of the Colorado Plateau are 

epigenetic. Certain elements have been added locall~ to the sand­

stone host to form the deposits; the added fraction of each j;3leme;nt 

in the deposits is called extrinsic to distinguish it ffom the part 

present in the original unmineralized host. The principal extri,nsic 

components, in their approximate order of abundance, are vanadium, 

iron, magnesium, uranium, sulfur, arsenic, copper, lead, molybdenum, 

selenium, cobalt, and nickel. 

At least six possible sou,.rces for the extrinsic components of 

the uranium deposits may be considered reas9n9-bly likely: l) the 

sandstone beds enclosing the uranium deposits, 2) the marine ~mncos 

shale of Cretaceous age, 3) bentonitic shales of J~rassic and 

Triassic age, 4) petroliferous rocks of Penn~ylvanian age, 5) Pre­

cambrian crystalline rockq underlying the Colorado Plateau, and 

6) magmatic reservoirs of latest Cretaceous or Tertiar,y age. It the 

major source of some of the elements is external to ~he sandstone 

beds enclosing the deposits, it is likely that several sources have 

contributed to some if not most of the extrinsic components and 

that the importance of the various sources differs f~om one compo­

nent to the next. Precambrian crystalline rocks are consid~red the 

most likely major source of the extrinsic uranium in the deposits. 
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INTRODUCTION 

A broad-scale study of the distribution of elements in the 

rocks and ores of the Colorado Plateau, was initiated by the U. S. 

Geological Survey in 1951, as a part of a comprehensive invest~ga­

tion of the geology of the uranium deposits and cond~cted on beha~f 

of the Division of Raw Materials of the U S. Atomic Energy Commis­

sion. Results from semiquantitative spectrographic analyses and 

chemical analyses of approximately 800 samples of rocks and ores 

form the principal starting point for the discussion set fortn here. 

As study of the distribution of elements is stil~ in progress, the 

conclusions presented are to some degree preliminar-y; but completed, 

analysis of the data will not greatly alter the reasoning outlined 

in this paper. 

The pur·pose of this paper is to exan1ine the relevance of the 

results of the study of the distribution of elements to th~ special 

problem of the source or sources of the elements contained in 

unusual abundance in the sandstone-type uranium ores. No attemp~ 

will be made to review the already voluminous and rapidly expanctimg 

literature on the uranium deposits of the Colorado Plateau. The 

reader is referred to the recent review by McKelvey, Everhart, ~nd 

Garrels (1955) and to U. S. Geological Survey Professional Paper )00, 

compiled by L. R. Page, H. E. Stocking, and H. B. Smith (1956), 

entitled, "Contributions to the geology of uranium and thorium by the 

United States Geological Survey and Atomic Energy Commission for the 

United Nations International Conference on Peaceful Uses o! Atomic 

Energy, Geneva, Switzerland, 1955. 11 
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Two factors that bear on the source of the elements, which 

will not be discussed, are the structural relations of the urani~ 

deposits and the temperature of ~eposition of the ore minerals. 

The structural relations of the ores hav$ been reviewed by Shoemaker 

(1956C) in a separate report. Evidence on temperature of ore-minera~ 

deposition has been variously interpr~ted, and most of it is incon­

clusive. Probably the most significant data are the occu.rrenee of 

chalcocite-digenite intergrowths in certain ores (~heodore Botinelly, 

oral communication, 1956) and the very low iron content of the sphal"':" 

erite (Weeks, Coleman, and Thomps on, written communication, 1956) 

that is a rare constituent of tpe ores. Present consensus among 

mineralogists seems to be that the ore minerals were precipitated 

in the range 100° to 150° C., a range compatible with possible 

temperatures of the host rocks at the time and at the depth at which 

mineralization s eems to have occurred. 

The debt we owe to the analysts, on whose care and s~ill the 

success of t he study of the distribution of t he elements has depenc;led, 

is evident. Special acknowledgment is due to A. T. Myers and R. G. 

Havens of the U. S. Geological Survey, who are responsible for the 

majority of spectro~raphic determinations incorporated in the reports 

on which this discussion is based. 
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GEOLOGIC SETTING OF THE URANIUM DEPOSITS 

The Colorado Plateau is an oval. region of about 130_,000 square 

miles roughly centered on the cross formed by the boundaries of the 

four states, Arizona, Colorado, New 1Ylexico, and Utah (fig; •. 1). The 

limits of the Colorado Plateau have ·been defined op the basis of 

physiographic features (Fenneman, 1931), but it is characterized as 

well by distinctive structures and an assembla&e of sedimentary 

rocks notable for the high proportion of sandstone and of beds of 

continental origin. T~ctonically, the Colorado Pla.tea-q is an j,sland 

of gentle deformation in a sea of folding, thrusting, and b~Qck 

faulting, bounded on the north and east by the Rocky :Mountq.ins &nd 

on the west and south by the Basin and Range province. It is 

essentially a platform underlain by an upheaved block of tpe earth's 

crust that is moderately crenulated and warped and tilted t9 the 

northeast. A veneer of rocks of Paleozoic and Mesozoic age having 

an original average thickness of about 10,000 feet is spread upon 

the dominantly crystalline basement of this p=!-a.tforrn. Two thick 

deposits of sedimentary rocks of Tertiary age are also present in 

downwarps or basins on the northern and eastern sides of the Plateal).. 

Intrusive igneous rocks of probable Cretaceous age and of Tertiary 

age are widely scattered in laccoliths and diatremes in the central 

part of the Plateau, and the province is pearly encompassed by 

extensive fields of volcanics of Tertiary and Quaternary age that 

overlap its margins~ Uranium deposits have been found in many 

different sedimentary formations and also in igneous rocks, but 
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most of the known deposits are in sandstone beds of only a few of 

the formations (table 1). With regard to uranium deposits, the 

Colorado Plateau can probably be considered part of a large metallo-

genic province that :includes parts of the adjacent Rocky Mountains 

and Basin and Range provinces as well. 

PHYSICAL CHARACTERISTICS OF THE SANDSTONE-TYPE URANIUM DEPOSITS 
. I 

Most of the uranium deposits of the Colorado Plateau consist of 

sandstone and minor amounts of mudst one impregnated wit h and partly 

replaced by minerals of uranium, vanadium, and other heavy metals. 

To this kind of deposit th~ name sandstone-type uranium deposit has 

been applied. The ore bodies are generally of tabular form and are 

roughly parallel to the bedding in the sandstone host, but layers of 

ore do not coincide with the beds in detail, and locally the margins 

of ore bodies and of banding within the ore bodies cut sharply across 

the bedding. 

Because the distribution of ore minerals does not follow in 

detail the lamination of the sedimentary rocks in which the ore is 

contained, the emplacement of the ore minerals has been interpreted 

by nearl y all geologists to have been later than the deposition of 

the individual l aminae in whi ch the ore minerals are now found. This 

interpretation has been explicitly stated by Lindgren (1911, p. 568), 

Coffin, (1921, p. 159 and 176), and later by Fischer (1937, p. 943). 

The ore deposits are, therefore, conceived as composed of two 



11 

Table 1 .. --Volume of formations 3 proportion of sandstone, and number · 
of knbwn sandstone-type uranium deposits in the principal 
geologic units o.f the Colorado Plateau from the Cutler 
formation (Permian) to the Dakota sandstone (Cretaceous). 

System Geologic unit 

Dakota sandstone 
Cretac~ous Lower Cretaceous 

rocks 

Morrison formation 
Brushy Basin member 
Westwater Canyon 

member 
Recapture member 
Salt Wash member 

Jurassic Bluff sandstone 
Cow Springs sandstone 
Summerville formation 
Entrada sandstone 
Carmel formation 
Navajo sandstone 
Kayenta formation 

Triassic 
Winga~sandstone 
Chinl 4 formation 

Shinarump member 
Moenkopi .formation 

Permian Cutler formation 
I 

Volume 
?ubi.!/ 

mlles 

1,440 
800 

3,200 
1,000 

1,300 
2,500 

300 
2,500 
1,700 
3,800 
2,800 

11,000 
1,100 

3,000 
16,000 
1,000 

10,000 

6,000 

Percent Volume number 
sand- of sand- of 

stond/ stone· known 
cubic uranium ?} 
miles deposits2 

70 980 17 
20 180 9 

14 450 30 
60 600 20 

65 850 6 
58 1,450 1,900 3} 
98 290 . gy 
98 2,450 
55 940 7 
98 3,700 2bli 60 1,700 

100 11,000 2 
90 990 7 

100 3,000 7 
40 6,400 165 
90 900 423 
50 5,000 4 

70 4,300 49 

1/ Volume of formations within the limits of the Colorado Plateau (fig .. : 1) .. 
Calculated from isopach. ma.ps drawn on the basis of U..YlpU.blishe~: strati­
graphic sections on file with the Geological Survey and partly on the 
basis of data by McKee (1951). Percent sandstone is from an average of 
randomly selected published and unpublished stratigraphic sections .. 

~ Number of known deposits as of January 1955. Deposits tabulated 
from compilations used in preparation of maps showing distribution 
of uranimn depositions (Shoemaker and Luedke, unpublished data: 
Finch, 1955) .. 

2/ In construction of the scatter diagr~ shown in figure 4 a 
value of Oo5 h~s been arbitrarily assigned for the number of 
known depositso 

~ Exclusive of Shinarump membero 
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fundamental parts~ 1) a mass of sediment or rock formed prior to 

emplacement of the ore mi.nerals~ ~ and 2) minerals carrying the bulk 

of the ore el ements and other ~ssociated minerals introduced or 

formed in t he mass of sediment or rock that today constitutes the 

ore deposito The first part may be thought of as the indigenous or 

intrinsic part of the ore deposits, corresponding approximately in 

co~position t o the rocks t hat would have occupied the space of the 

ore deposits had mineralization -never occurred. The second part, 

introduced durin~ mineralization, may be tho\lght of as foreign or 

extrinsic to the individual rock masses that constitute the deposits. 

It is the latter or extrinsic part that is the subject of this paper. 

EXTRINSIC PART OF THE URANIUM DEPOSITS 

The extrinsic part of a typical sandstone-type uranium deposit 

consists of many el ements in addition to uranium and vanadium. The 

most. direct method of determining what elements are likely to be 

present in the extrinsic parts of uranium deposits is to compare the 

composition-of the deposits with the composition of the unmineralized 

host sandstone (table 2). Table 2 shows some of the elements that 

are believed to be present in the extrinsic part of sandstone-type 

uranium deposits in the Salt Wash member of the Morrison formation 

of Jurassic age ,., one of the principal ore-bearing sedimentary units, 

and the ratio of the average abundance of each element in the uranium 

deposits to its average abundance in unmineralized sandstone in the 

Salt Wash& The ratios are based on analyses of samples of ore from 
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Table 2o--Principal elements contained in the extrinsic part of 
sandstone-type uranium deposits in the S'?lt Wash member 
of the Morrison formation of Jurassic age, 

Element Abundance ratio1/ 

Uranium >1,000 

Vanadium 500 

Cobalt rv20 

Nickel ""-/ 20 

Arsenic "717 

Lead 

Yttrium 

Copper 7 

Selenium 

Molybdenum >3 

Iron 

Magnesium 3.0 

Sulfur Not estimateci 

1/ Ratio of estimated geometric mean concentration in uranium ores 
to estimated geometric mean concentration in unmineralized sand­
stones, based mainly on semiquantitative spectrographic deter­
minations. Because the log standard deviation of the concentra­
tion of each element in the samples of ore studied is similar to 
the log standard deviation of the concentration of the same ele­
ment in the unmineralized sandstones, this ratio is nearly iden­
tical with the ratio of the estimated arithmetic means (abundances). 



about 200 uranium deposits and on analyses of about 100 samples of 

unmineralized sandstone. The elements uranium, vanadium, cobalt, 

nickel, copper, arsenic, selenium, yttrium,, molybdenum, lead, iron, 

and magnesium are known to be significantly more abundant in the 

average ore from the Morrison than in average unmineralized sand­

stone in the Salt Wash. The abundance ratios range from about 3 in 

the ease of magnesium to more than 1, 000 in the case of uranium. 

A closely similar group of elements is present in the extrinsic part 

of sandstone-type uranium deposits in Triassic and other for.mat~ons 

on the Colorado Plateau. 

Some elements contained in the extrinsic part of the uranium 

ores are present in much greater average amounts than other elements 

in the extrinsic part, and the order of abundance of the various 

extrinsic constituents is, therefore, different from the order of 



15 

abundance ratios for each constituent given in table 2. Tne approxi-

mate order of abundance of the principal extrinsic constituents of 

ores in the Salt Wash member of the Morrison formation is as follows: 

vanadium, iron, magnesium, uranium, sulfur, arsenic, copper, lead·, 

molybdenum., selenium, cobalt, and nickel • . 

It is important to note that all elemepts believed to be present 

in the extrinsic part of sandstone-type uranium deposits are also 

present in the host sandstones. Thus no element is likely to be 

contained entirely in the extrinsic part of a sandstone-type uranium 

deposit. Even the elements uranium and vanadium that are contained 

very largely in the extrinsic part, are also present in small amounts 

in the sedimentar.y detritus contained in the deposits. All elements 

shown in table 2 are partly indigenous or intrinsic in the sedimen-

tary host and partly extrinsic. The intrinsic or "background" frac-

tion of uranium and vanadium is very small in average ore from the 

Morrison formation, but the intrinsic fraction of an element such 

as copper is appreciable. More than half of the magnesium and iron 

in average ore from the Morrison is believed to be an indigenous 

part of the sedimentary material in the deposits. 

The sandstones of the Salt Wash member of the Morrison formation 

have an arithmetic mean content of about 20 ppm (parts per million) 
/ 

vanadium and about 1 ppm uranium. A cylinder of average ~neralized 

sandstone from the Salt Wash 50 feet high and 2,000 feet in diameter 

contains enough uranium and vanadium to form a 5,000-ton ore body 

with an average grade of Oo30 percent uranium and 4.5 percent vanadium. 
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The amount of other metals contained in such a cylinder of sandstone 

is greatly in excess of that required to form a 5,000-ton ore body 

with the average composition of the ore from the Morrison. Because 

the ore deposits are only a very small fraction of the total amount 

of sandstone in the Salt Wash, the amount of uranium and vanadium in 

the unmineralized sandstone of the Salt Wash •member vastly exceeds 

the amount of uranium and vanadium contained in the ores. If, for 

example, 100,000,000 tons of material containing 0.30 percent uranitUn 

were uniformly mixed with the volume of sandstone .present in the Salt 

· Wash on the Colorado Plateau, the avE;lrage uranium content of the sand­

stones would be raised less than 0.02 ppm. This small difference 

could not be demonstrated with acceptable confidence by any practi­

cable system of sampling. 

From the point of view of availability, it is possible that 

the extrinsic fraction of all elements ·known to be present in the 

extrinsic part of the sandstone-type uranium deposits could have 

been derived from the unmineralized sandstones enclosing the deposits. 

There is an indigenous supply of all elements in unmineralized sand-

of the Morrison formation that is more than adequate to fur­

the amountE: of the various metals contained in ore from the 

Morrison~ 

HOST SANDSTONES AS POSSIBLE SOURCES OF EXTRINSIC CONSTITUENTS 

The possibility that the unmineralized sandstones we;r>e the 

source of the e]~rinsic constituents in the ores from the Morrison 

formation is suggested to some extent by the observed distribution 
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of vanadium and copper in samples of unmineralized sandstones from 

the Salt Wash member (figs. 2 and 3). The principal areas in which 

the unmineralized sandstones contain more-than-average vanadium 

include a region of closely· ·Spaced uranium deposits in Colorado, 

referred to as the Uravan mineral belt by Fischer and Hilpert (1952), 

and at least a part of a region of closely· -spaced uranium deposits 

in northeastern Arizona near the Four Corners (fig. 2). This distri­

bution mi ght be interpreted as indicating that ore deposits are most 

numerous where the initial supply of intrinsic vanadium was highest. 

Alternatively, the areas of high vanadium might also be interpreted 

as broad halos of very weakly mineralized sandstone surrounding the 

districts with numerous ore deposits. It is not known, in other words, 

which i s cause and which is effect. 

Simi larly, t he distribution of copper in unmineralized sand­

stone of the Salt Wash member seems to be related in a general way 

t o the di stribution of copper in ura~ium ore9 from the Salt Wash. 

In an area on the Utah~Colorado border in which the unmineralized 

sandston.es contain more-than-average amounts of copper, the uranium 

·deposits in the Salt Wash contain more-than .... average copper (cf. figs. 

3 and 7). Again~ it is n.ot known which is cau.se and which is effect. 

If the enclosing sandstones are the source of some of the metals 

contained in the uranium deposits, part of these metals might have 

been derived from heavy detrital ~nerals in the sandstones. Shawe 

(1956) finds that, in the southern part of the Uravan mineral belt 

in Colorado, the opaque heavy minerals, chiefly oxides of iron and 
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titaniums have _been destroyed or altered in altered sandstone adja­

cent to uraniurr1 depositso Analysis of heavy minerals from the sand­

stones .· of the Salt Wash member shows that the heavy minerals have 

a high content of many, but not all, of the elements found in the 

extrinsic part of .the uranium deposits e Placer titanium deposits 

composed of unusual concentrations of heavy minerals occur in sand~ 

stones of Late Cretaceous age in the Colorado Plateau and Rocky 

Mountains and are not only markedly uraniferous but also have a 

content of some other heavy metals comparable to the sandstone-type 

uranium deposits (Murpny and Houston~ 1955; Allen, 1956; Chenoweth, 

1956) ,0 

There is .9 on the other hand, no correlation betvveen the abun­

dance of ore elements in the unmineralized sandstones of the various 

formations on the Colorado Plateau and the frequency of occurrence 

of uranium deposits in the sandstoneso Figure 4 is a scatter diagram 

showing the relation between the estimated abundance of vanadium 

and the number of known ore deposits per 1,000 cubic miles of sand­

stone in all of the principal sandstone~bearing formations for which 

we have analytical datao The various formations are scattered 

essentially at random on the diagramo The sandstones of some for~­

mations, like the Moenkopi formation of Triassic age» have a rela-­

tively high average content of vanadium but very few known uranium­

vanadium ore deposits ,. The sandstones in the Salt Wash member of 

the Morrison formation of Jurassic age, which contain the largest 

number of known uranium-bvanadium deposits, have an average vanadium 
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content close to the median of other sandstones on the Colorado 

Plateau& The abundance of vanadium in sandstones of tne Shinarump 

member of the Chinle formation of Triassic age is relatively high 

compared with other Colorado Plateau sandstones, as is shown on the 

diagram, yet the average vanadium content of uranium ores from the 

Shinarump is considerably lower than the average vanadium content 

of uranium ores in the Salt Wash. 

The estimated arithmetic mean content of some of the elements 

in unmineralized sandstone in the Salt Wash can be compared wit~ 

estfmated means in average sandstone published by Rankama and Sahama 

(1950) in table 3. Most of the means in sandstone in the Salt Wash 

are surprisingly close to the means given ·by Rankama and Sahama. 

The close matches of uranium and vanadium are probably fortuitous. 

It is clear, ·however, that the sandstones in the Salt ~iash are not 

unusual~ rich in most of the elements that make up the extrinsic 

fraction of the ores, and, in particular, that the uranium and 

vanadium content of sandstones in the Salt Wash is not abnormal. 

This is true regardless of whether the uranium deposits are included 

in proportion to their weight in the estimated averages. ~he occur­

rence of uranium-vanadium ore deposits in the sandstone in the Salt 

Wash cannot be ascribed to an unusual content of the ore metals in 

the bulk sandstones. 
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Table 3 .. --Estimated average concentration of elements in sandstone 
of the Salt Wasl( member of the Morrison formation and 
in 11 average 11 sandstone.. (Concentration given in arith­
metic mean parts per million.) 

Element Sandstone of±Jhe .Average 2/ 
Salt Wash 1 sandstone 

Si >100,000 367' 500 
Al 15,000 25,300 
Fe 3,000 9,900 
Mg 4,000 7,100 
Ca 70,000 39,500 
Na 2,000 3,300 
K .-'"\/ 4.9 000 11,000 
Ti 600 960 
Zr 150 Not given 
Mn 400 Trace 
Ba 600 170 
Sr 70 <26 3) 
Cu 20 34 
Cr 9 68 - 200 
v 18 20 
Co ~1 0 
Ni /'.,/-1 2 - 8 
Ag /'V o. 5 0.44' 
y /'./3 1.6 
B 10 9 - 31 
Yb /\./Oo 5 f.±/ Not given 
u 1.2 1.2 

1/ Estimates based mainly on semiquantitative spectrographic analy­
ses of 96 samples of sandstone. 

g/ Rankama, Kalervo, and Sahama, Th. G., 1950, Geochemistry: . Univ. 
of Chicago Press, table 5.52, p. 226. 

1/ Clarke, F. w·o, 1924, Data of Geochemistry: U. S. Geol. Survey 
Bullo 770, p. 509 (Cu recalculated from CuO). 

~ Estimate based on 'fluorimetric analyses of 23 samples of sand­
stone~ 
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EVIDENCE FOR EXTERNAL SOURCES OF THE EXTRINSIC CONSTITUENTS 
I 

Let us consi der the possibility or likelihood that the extrin~ 

sic constituents of the sandstone-type uranium deposits have been 

derived in part from sources external to the sandstones in which 

the ores occur~ One of the more important lines of evidence bearing 

on the origin of the sandstone-type uranium ores is provided by 

efforts of St ieff, Stern, and Milkey (1953) to date the period of 

mineralization by means of lead~uranium ratios. Their work indi-

cates that mineralization occurred long after the accumulation of 

the principal host strata, and that mineralization occurred, more-

over~ at about the same time in formations of both Triassic and 

Jurassic age. 

The processes of mineralization almost certainly involved cir-

culation of solutions, and circulation of solutions long after the 

accumulation of the sandstones probably req~ired the entry and dis-

charge of water or other solvents from the mineralized beds. The 

occurrence of uranium deposits in many different formations suggests, 

by itself, that mineralizing solutions may have crossed formational 

boundaries, and rare deposits of uranium and associated metals along 

faults and pipe-like ' collapse features (Shoemaker, 1956A; Keys and 

White 3 1956) shows that the metals have definitely been transported 

across beds at least locallye 

Perhaps the most su~gestive evidence that some extrinsic con-

stituents of the sandstone-type uranium deposits have been derived 

from sources external to the enclosing sandstones is the regional 

pattern of distribution of certain elements in uranium ores in 

f-. 

. · .... - ,• 
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different formations (figs. 5~ 6, and 7). Figure 5 illustrates the 

distribution of nickel in ores from both the Morrison formation and 

sandstones of Triassic age in the central part of the Colorado 

Plateau. The actual content of nickel varies somewhat erratic:;ally 

from deposit to deposit, but it can be seen from the figure that 

the content of nickel in the uranium ores tends to increase from 

southeast to northwest. Uranium deposits in the Morrison formation 

and rocks of Triassic age are interspersed in the area shown, and 

the regional variation of nickel seems to be independent of the 

stratigraphic position of the ores. A similar pattern was found 

for cobalt and a somewhat similar distribution was obtained for 

molybdenum. 

A different pattern was observed in the case of the distribution 

of lead in the sandstone~type uranium ores (fig. 6); but again the 

distribution seems to be largely independent of the stratigraphic 

position of the ores o Most of the deposits containing higher-than~~' · 

average concentrations of lead occur within a region of salt anti-
~ 

i 

clineso A second area in which the deposits tend to have higher-

th~~~~verage amounts of lead occurs between the Henry and Abajo 

Mountains of Utaho Zinc, silver, and copper have similar patterns 

of distribution (fig. 7). The distribution of copper is different J 

I ---'' ' , 

from that of lead, zinc, and iilver, however, in one important res~ct. 

The copper content tends to be high in the salt-anticline area and 

in the area between the Henr,y and Abajo Mountains as in the case of 

the other three metals, but in the area between the mountains the 
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copper content of the uranium ores is much higher than in ores any­

where else in the central part of the . Colorado Plateau. The deposits 

with exceptionally high copper content are all in one sedimentary 

unit, the Shinarump member of the Chinle formation. 

With the exception of copper and vanadium, the extrinsic con­

stituents of uranium deposits in the central Colorado Plateau thus 

seem to have a regional distribution that is independent of strati­

graphic position of the ores. Essentially the same suite of elements 

is present in the ex~rinsic part of the ores found in both sandstones 

of Triassic age and the l'lorrison formation of Jurassic age, and the 

range of abundance of the extrinsic constituents is about the same. 

Within a given formation the abundance of individual extrinsic con­

stituents in the ores varies by a factor of 100 to 1,000. Where ores 

are p~esent in more than one formation within a relatively small dis­

trict (for example, between the Abajo and La Sal Mountains, figs. 5, 

6!) and 7), on the other hand, the composition of the extrinsic part 

of the ores in different formations tends to be similar. These rela­

tions suggest that some factor or factors external to the individual 

formations but common to both have influenced the composition of the 

ores.,. One of these factors may have been the source of the extrin­

sic constituentso 

It is not necessary to beli~ve that all the extrinsic consti­

tuents of the sa.ndstone~type uranium ores had t .he same sourc~. If 

source is a major factor in governing the regional distribution 

of extrinsic constituents in the ores, it is entirely possiQle, if 

. "t" ,·. 
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not likely~ that the source of the nickel--cobalt-molybdenum group of 

elements, for example, was different from the source of the copper-

lead--~zinc~silver group of elements o There are, furthermore, good 

reasons to believe that the source of each element is actual~ mani-

fold or multiple. Whatever the source of the mineralizing solutions, 

they prob~bly reacted to some degree and exchanged elements with all 

·the rocks they traversed from the original source of the solutions 

to the site of deposition of the ore. If the main source of some 

of the elements is external to the sandstone beds enclosing the 

deposits, it is likely that several sources have contributed to some 

if not most of the extrinsic constituents, ~nd that the importance 

of the various sources differs from one element to the next. The 

evidence for each element should be judged independently. Copper 

and vanadium~ for example, might be judged to come mainly from the 

sandstones, but this would not necessarily indicate the principal 

source of the uranium or other extrinsic constituents. 

The most likely external sources of extrinsic constituents in 

the uranium deposits can be classed into two groups: 1) supergene 
,, 

sources, . or sources that overlie the ore-bearing beds and from which 

the metals would have been transported by downward migration of ore-

) forming solutions, and 2) hypogene sources, or sources that underlie 

the ore~bearing beds and from which the metals would have been 

transported by upward migration of ore-forming solutions~ 
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POSSIBLE SUPERGENE SOURCES OF EXTRINSIC CONSTITUENTS 

As possible supergene sources of the extrinsic constituents of 

the uranium ores the ~Ian cos shale (Cretaceous), or the marine waters 

in which the Mancos shale was deposited, and bentonitic or tuffa­

ceous shales of both the Brushy Basin member of the Morrison forma­

tion (Jurassic) and the Chinle formation (Triassic) have been sug­

gested (Gruner, 1954_, Ko~berlin, 1938; Proctor, 1953, p. 138-142). 

Deposition of the J.Vlancos shale took place c,luring the first large 

invasion of the sea over the greater part .of the Colorado Plateau 

after a long history of dominantly contineptal sedimentation. The 

extent to which this marine iBvasion influenced the composition and 

circulation of ground water in the underlying con~inenta~ beds is 

not knowno (See Kelley 1955, p. 101-102.) The capacity of sea 

water to supply the known extrinsic constituents of the Colorado 

Plateau sandstone-type uranium deposits seems to be demonstrated by 

the relatively high concentrations of nearly all these elements in 

marine phosphorites (HcKelvey, Swanson, atJ.d Sheldon, 1953). Bentonite 

beds are rather common in the Hancos shale, and it is also possible 

that t he volcanic ash now transformed to bentonite constitutes a 

potential source of some of the extrinsic constituents. The Mancos 

shale is moderately seleniferous and supports a variety .of selenium­

bearing plants (Trelease and Beath, 1949, p. 73). The upper part of 

the Hancps of the central part of the Colorado Plateau is equivalent 

to the Sharon Springs member of the Pierre shale of the Great Plains 

region (Cobban and Reeside, 1952, chart lOb), a unit that has some 

lithologic similarities to parts of the Hancos and which has been 

found to be markedly uraniferous in places (Tourtelot, 1956). 
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The evidence against the Mancos shale or M.ancos sea as a so11-rce 

of the elements in the uranium deposits is largely non-chemical. 

The principal objection wpuld seem to be that the main ore-bearing 

beds are everywhere $eparated stratigraphically from the Mancos by 

widespread thick units of shale of low permeability, whereas 

Cretaceous sandstone beds that directly underlie the Mancos shale 

are generally not mineralized. If the Mancos shale is the source of 

some of the extrinsic constituents of the uranium deposits, it is 

strange that the immediately underlying sandstones ot Cretaceous age 

and sandstone strata within the Mancos, which are lithologically 

similar in many respects to the ore-bearing beds of Jurassic and 

Triassic age, are not more widely mineralized. 

Stratigraphically nearer sources of t~e extrinsic elements are 
! 

sugge~ted by the work of Waters and Granger (1953) who pointed out 
., 

that the Brushy Basin member of the Morrison formation, which in 

most places immediately overlies the ore-bearing Salt Wash member, 

and the lo¥er part of the Chinle formation, which imn1ediately over-

lies the ore-bearing Shinarump member, are both rich in fine-grained 

· volc·anic detritus now altered to bentonite, The hypothesi$ of down-

ward leaching of metals from tuffs, though rejected by Waters and 

Granger (1953:), has been applied by Denson and Gill (1956) to account 

for the uraniferous ligl'}it.e ~eposits of eastern Montana and the 

Dakotas, and by Love (1952) to the uranium deposits at Pumpkin Buttes, 

Wyoming. The rocks of the Morrison fo~ation have been found to be 

abnormally rich in selenium by Trelease and Beath (1949), p. 69-70), 

who (po 94) postulated volcanic detritus as the source of the selenium. 
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Studies by D. Ao Phoenix (written communication, 1955) of. sand­

stone lenses in the base o~ the Brushy Basin member of the Morrison 

formation suggest that locally the distribution of uranium deposits 

in sandstones of the underlying Salt Wash member may be related to 

the occurrence of basal sandstone and conglomerate lenses in the 

B.rushy Basine A possible control of the uranium deposits by over­

lying rocks may be indicated. Very recently a uranium deposit has 

been discovered in a 1-foot thick carbonaceous siltstone bed in a 

bentonitic sequence in the middle of the Brushy Basin member in the 

Green River desert area of Utah. According to H. S. Johnson (oral 

communication) this bed can be traced about 3,000 feet along the 

outcrop and is markedly uraniferous throughout its extent. This 

deposit might represent an original synge~etic concentration of 

uraniumo In add~tion to uranium, the mineralized bed contains more 

molybdenum and cerium-group rare earths than ordinary siltstone 

.of the £.1orrison formation. 

Just as in the case of the Mancos shale, however, sandstone 

beds within the tuffaceous shale of the Morrison and Chinle forma-. 

tions might be expected to contain the highest proportion of uranium 

deposits, if the tuffaceous shales were the source of the extrinsic 

constituents, but such sandstone beds are only rarely mineralized. 

A further objection to the shales as sources would be the great~r 

difficulty in accounting for the regional patterns of element dis­

tribution (figs. 5, 6, and 7), which seem to be independent of the 

stratigraphic position of the deposits, if the extrinsic elements 



34 

in the deposits of each of the two main producing groups of beds 

were derived from two independent units of tuffaceous shale. It 

should also be notep. that normal felsic volcanic material that is 

enriched in uranium (Adams, 1954; Larsen and others, 1956), and 

probably also in molybdenum and lead, and therefore a likely source [ 

of these three elements, tends to be impoverished in vanadium, t 
I 

nickel, and cobalt, which are generally concentrated in mafic vol-

canic rocks (Nockolds and Allen, 1953 and 1954). Thus the volcanic 

detritus is not a particularly likely source cf the entire suite of 

extrinsic elements unless both mafic and felsic volcanics are 

represented in the tuffs. With the one notable exception, unusual 

quantities of most of the elements that are typi-cally extrinsic in 

the uranium ores are not known to be present in the bent·onitic 

sequences of the Morrison and Chinle. Further data on this point, 

however, are desirable. 

·EVIDENCE FOR UPWARD MIGRATION OF URANIUM ORE-FORMING SOLUTIONS 

An alternative explanation for the localization of most of the 

sandstone-=;type. uranium deposits beneath thick sect;Lo~s of bentonitic 

shales would be that the bentonitic shales formed relatively imper-

meable barriers for the upward migration of the ore-forming solutions. 

In tbis connection, it is important to note that in the main area 

of uranium production from the Salt Wash member of the Morrison for-

mation the bentonitic shale members of the older Chinle formation 

are ve~ thin or absent (fig. 8)o Thus the Salt Wasn is most inten-

sively mineralized where the Chinle formation, which underlies the 

Salt Wash at depth, would present the least barrier to rising solutions. 
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Further evidence for the upward migration of uranium ore-forming 

solutions is provided by the relation between the uranium deposits 

and copper deposits in the vicinity of the Uravan mineral belt. Most 

of the copper deposits in this area lie in an arcuate zone or belt 

between the Uravap mineral belt and the La Sal Mountains of Utah 

(figo 9)o Both simple vein depos~ts along faults and disseminated 

copper deposits occur in this copper belt. It has been suggested 

that the copper deposits are unrelated to the uranium depos~ts by 

Fischer (1936, p. 572 and 598), who believed the vein copper deposits 

t o be of hydrothermal origin. However, with the exception of vana­

dium, the copper deposits contain essentially the same suite of 

extrinsic elements as the uranium deposits in the Morrison formation 

in th~ nearby Uravan mineral belt (table 4). Some~ but not all, of 

the copper deposits contain extrinsic uranium. Among deposits north 

of Paradox Valley (fig. 9), no sharp dividing line can be drawn on 

the basis of metal content between slightly uraniferous copper 

deposits on the one hand and cupriferous uranium-vanadium deposits 

on the othero Both types of deposits have similar relations to 

faults and a similar distribution with respect to intrusive salt 

masses (Shoemaker, 1956a). Finally, the isotopic composition of a 

sample of lead extracted from galena from one of the vein copper 

deposits near Paradox Valley is similar to abnormal galeqa leads 

obtained from the sandstone-type uranium deposits (Lorin R. Stieff, 

written communication). 
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Table 4 ., --Fluorimetric and semiquantitative spectrographic analyses 
of selected vein and fault-controlled copper deposits 

Element 

u 

v 

Co 

Ni 

As 

Pb 

Cu 

Mo 

in the Wingate sandst one of Triassic age near the Uravan 
mineral belt, Colorado (in percent). 

Cliff Copper Pyramid Average uranium 
D-weller Rivet group?) ore from the Salt 
mine ,1/ mine 1) Wash member of the 

Morrison formation 

c::O" 001 2./ 0.,004 3 .... / Oa007 2./ OaX 

<OaOOl <0.001 o.oox x.o 

o .. ooox <0 .. 0005 OeOX o.oox 

o.ooox o.,ooox o.oox o.oox 

<0., 1 x. v o.ox Ae 

o.ox o.,ox- o.ox o.,oox 

X. XX. -XX. o.oox 

o.ox o .. ox o.ox o.oox 

1} Spectrographic analysis by P., J. Dunton, U.S. Geo~ogical Survey. 

y Spectrographic analysis by R. G. Havens, U. S. Geological Survey. 

J) Fluurimetric analysis by R. DuFour ~ J. Wahlberg, J. Meadows, 
r.nd W., :Montj oy, U. S . Geological Survey. 

In the vein copper deposits, most of which are localized in 

the mas sive Wingate sandstone of Triassic age, there seems to be a 

distinct tendency for the ore to occur near the base of the sandstone 

just above fine~grained sandst ones and mudstqnes of the underlying 

Chinle formationo This relat ion suggests that the mineralizing 

solutions rose along the faults cutting the Chinle and deposited the 

ore where they flrst came in contact with the openly fractured 
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Wingate sandstone~ which is the preferred host of the vein copper 

deposits.. As shown by the compositi.on of the vein deposits (table 

4) these solutions evidently carried most of the elements that make 

up the extrinsic part of the sandstone-type uranium deposits, includ~ 

ing uraniurno 

Most of the copper deposits are in beds of Tria~sic or older 

age!) Twhereas most of the uranium deposits in the Uravan mineral 

belt are in the uppermost sandstone stratum of the Salt Wash member 

of the Morrison formation of Jurassic age. In the area between the 

zone of copper deposits and the Uravan mineral belt there are a 

number of sandstone-type uranium deposits containing significant 

amounts of -coppero ~lost of these deposits are in the lower sand­

stones of tbe Salt Washo These relations suggest a regional and 

also a crude vertical overlapping zonation of copper and uranium. 

If this is not merely a ,fortuitous arrangement of mineral deposits~ 

it suggests that the mineralizing solutions or copper- and uranium­

beari~g emanations may have migrated vertically and possibly also 

eastward in the vicinity of the Uravan mineral belt, depositing most 

of the copper first and most of the uranium later. 

A further point of evidence on the upward migration of solu­

tions is provided by the distribution of gypsum in sandstones in 

the Salt Wash in eastern Paradox Valley within the Uravan mine~al 

belt. Near the center of eastern Paradox Va~ley, the Salt Wash rests 

with sedimentary contact on the intrusive evaporite core of the 

Paradox Valley salt anticline. The upper part of the salt intrusion 
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is capped by a thick mass of gypStJ!fi . The sandstones of the Salt 

WashJJ where the Salt Wash rests directly on the gypsum cap, contain 

abundant gypsum i n the form of veinlets and as an interstitial 

cement o Away from the salt core .? the gypsum content of the sand-

stones de creases rapidly (Donald P& Elston and Theodore Botinelly, 

written communication)o Two elements, bismuth and indium, which 

are closely associat ed with the gypsum, have been detected in 

sandstones of the Salt Wash in and on the edge of Paradox Valley, 

but these two elements have not been detected in any of our other 

samples of sandstone from the Colorado Plateau. The inference seems 

good that the source of the gyps~ and the two elements, bismuth and 

indium, is t he underlying salt intrusion and that the gypsum has been 
i 

transported into the sandstone by upward migrating solutions. 

POSSIBLE HYPOGENE SOURCES OF EXTRINSIC CONSTITUENTS 

Among t /he possible hypogene sources of the extr~nsic constit-

uents of the uranium oresv the one that is suggested by the regional 

distribution of the elements in the uranium deposits is the series 

of salt;; gyp,sum3 petroliferous shale.., and sandstone beds of the 

Paradox member of the Hermosa formation of Pennsylvanian age forming 

the cores of the salt anticlineso Copper, lead, silver, and zinc 

each tend to be high i n the uranium ores in an area that is partially 

coincident with t he region of the salt structures. The significance 

of this relation is not known, -but the occurrence of copper, lead, 

and zinc sulfides, as well as iron and manganese sulfides and several 
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arsenic minerals in the cap rock of some Texas and Louisiana salt 

domes (Hanna and Wolf j 1934; Barnes, 1933), supports the belief 

that some of each of these elements in the sandstone-type uranium 

deposits could have been derived from the evaporites of Pennsylvanian 

age or from rocks interbedded with the evaporites. Study of gamma­

ray logs of about a dozen deep holes drilled in. the intrusive cores of 

the salt anticlines reveals that the salt has uniformly ver.y low 

rad~oacti vity, except where potash salts are present, but the beds 

interstratified with the salt, chiefly black carbonaceous or 

petroliferous shales, commonly show more-than-normal radioactivity. 

Away from the intrusive masses the black shales can be correlated 

over wide areas by radioactivity logs (Wengerd and Strickland, 1954, 

p., 2186)0 Uranium concentrated in the black shales may very likely 

be the principal parent of helium in gas produced from the Hermosa 

formation in southeastern Utah (Anderson and Hinson, 1951, p. 120-121). 

The possibility that part of the uranium and some of the other 

extrinsic elements in the uraniun1 ores may have come from petrolif­

erous shale interbedded with the evaporites is further substantiated 

by the studies of Erickson, Myers, and Horr (1954), who found that 

the suite ·of elements contained in detectable quantities in crude 

oils and asphalts from various parts of the United States includes 

nearly all the extrinsic constituents detectable spectrographically 

in the sandstone- type uranium deposits of the Colorado Plateau. 

Hydrocarbons that have been found in both large and small quantities 

i n some of the uranium deposits (Hess, 1922; Kerr and Kelly, 1956) 
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may very l ikely have been derived in part from petroliferous shale 

beds i n the Pennsylvanian systemo If the ore-forming solutions 

came in part f r om belovv the ore~bearing formations it seems highly 

probable that at l east a very small part of the extrinsic elements 

in t he uranium deposits that contain hydrocarbons was introduced 

from the s ame source as the hydrocarbons& The Pennsylvanian system, 
~ 

on the other hand, can hardly be recommended as a source of elements 

in the southwestern part of the Colorado Plateau where evaporites 

and petroliferous beds are not present in the Pennsylvanian system 

or rocks of Pennsylvanian age are entirely missing. 

Possible sources of uranium below the Pennsylvanian Hermosa 

formation are also suggested by the distribution of helium-bearing 

gases on the Colorado Plateau (fige 10)., The concentrations of 

heli um in some of the natural gases from the Colorado Plateau are 

among the highest in the United States (Anderson and Hinson, 1951). 

Some of the gases high in helium occur in the Morrison and Chinle 

formations , the principal hosts of the uranium deposits, but others 

occur at considerable depth in limestone and dolomite limestone beds 

of Mississippian or Devonian age., Pronounced gawna-ray anomalies 

have also been observed on well logs of this stratigraphic interval, 

one estimated for the writers by Carl M., Bunker of the Geological 

Survey to represent approximately OeOl percent equivalent uranium. 

These might be syngenetic. occurrences of uranium or epigenetic deposits 

of uranium or other radioactive elements. 

Several broad lines of evidence suggest a possible genetic 

relationship between the sandstone-type uranium deposits and the 

laccolithic intrusions of the central part of the Colorado Plateau. 
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The laccoliths are in clusters that underlie small isolated mountain 

groups scattered through the same region in which most of the pro­

ductive uranium deposits are found (figso 5, v69 and 7). The age of 

the laccoliths is not we1l established~ but some evidence based on 

the occurrence of coarse igneous detritus in beds of latest Creta­

ceous age on the east side of the Colorado Plateau suggests that 

some of the laccoliths of the central Colorado Plateau are of latest 

Cretaceous age (Eckel , 1949, Po 42,; Shoemaker, 1954, p. 63; Kelley, 

1955, p~ 56)e At least some igneous activity on the east side of 

the Colorado Plateau in latest Cretaceous time is indicated, and 

the lead~uranium age determinations of the sandstone-type uranium 

ores indicate a comparable age for most of the uranium deposits. 

There is a broad spatial association of the uranium deposits with 

the lac coliths and a pOS$ible correspondence in age. The close 

associ ation between igneous intrusions and uranium deposits in the 

Front Range of Colorado (Phair, 1952; Sims and Tooker, 1956), with 

which some of the Colorado Plateau uranium deposits are approxi­

mately contemporaneous (Stieff and Stern, 1952, p. 708), lends some 

weight to the suggestion of a genetic relation between the uranium 

deposits and igneous activity on the Colorado Plateau. Some aurif.­

~·; ·erous vein deposits in the laccolithic complex of the La Plata 

1v1ountainsin southwestern Colorado contain noteworthy amounts of 

vanadium (Eckel , 1949, Po 61) 9 and some are radioactive. 

Geochemical studies in the Ute Mountains of southwestern 

Colorado conducted in connection with our distribution-of-elements 

investigation have shown that the suite of minor elements transported 
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during deuteric and later alteration of the igneous rocks includes 

nearly all the extrinsic ele1nents found in small uranium deposits 

al ong faults adjacent to the mountains. Solutions probably connected 

with igneous activity in the laccolit hic mountains are, therefore, 

potential sources of some of the extrinsic elements of the uranium 

depositso 

The dist ribution of copper and uranium deposits on the east 

side of the La Sal Mountains of Utah (fig. 9) can be interpreted to 

indicate that the apparent rough zonal relation is focused around 

the La Sal igneous center . Copper deposits and pyritic veins, some 

carrying a small amount of gold , occur in parts of the La Sal igneous 

complex. A few of these deposits contain a small amount of intro­

duced uraniumo Similar zonal rela.tions have not been found around 

the other laccolithic mountains , with ~he possible exception of the 

Ute Mountains, however, and neither the general distribution of ura­

nium deposits nor the distribution of extrinsic elements in the 

uranium deposits can at the present time be shown to be definitely 

related to the distribution of the laccolithic intrusions. 

Despite the broad association between the uranium deposits and 

the laccolithic intrusions , the sum of evidence does not seem to 

indicate any direct re~ation between the most of the sandstone-type 

uranium deposits and the exposed laccolithic rocks. Judging from 

the estimates ~iven by Hunt (1954, p. 144) for the Henry Mountains, 

the total volume of igneous mat erial t ha t can be inferred to be 

intruded in each l accolithic mountain group is only a few tens of 
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cubic miles at the mosto The sedimentary rocks enclosing the lacco-

liths only rarely are visibly metamorphosed more than a few inches 

from the igneous contacts, which suggests that no great amount of 

solution was given off from the intrusions. Had the mineralizing 

solutions been derived from the known intrusions, the solutions, in 

order t o reach the sites of many of the deposits, would have had to 

travel tens of miles along the beds across whatever regional struc-

tures may have been formed at the time of mineralization. If the 

uranium deposits are related to.- the magma·s that fo. ~med the laccoliths, /) 

they are probably more directly related to some broad and perhaps 

deeply buried reservoir or reservoirs of which the laccoliths are 

-only relatively small offshoots. It is also possible that the lac-

coliths merely influenced the pressure and temperature of solutions 

already present in the sedimentary rocks (Donald G. Wyant, written 

corrrrnunication, 1953)., 

Probably the most suggestive evidence on the source of any 

single element is afforded by the studies of Stieff and Stern (1954; 

1956) on the isotopic composition of galena and other lead-mineral 

leads from the Colorado Plateauo These studies indicate that the 

sandstone-type uranium deposits contain at least two generations of 

radiogenic lead: original (or old) radiogenic lead deposited with 

the uranium, and radiogenic lead formed after deposition by the 

decay of the uraniumo The original radiogenic lead formed in an 

environment with an unusually high abundance of uranium; it has an 

estimated age of about 800 million years, which places its ultimate 
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source in Precambrian rocks (1. R. Stieff and T. W. Stern, V'Jritten 1 
com~unication )~ Be cause some lead minerals have been found to 

contain a high proportion of this old r adiogenic lead (1. R. Stieff 

and To Wo Stern, written communication), it seems likely that the 

old radiogenic lead has been transported directly from its 

Precambrian source to the site of the sandst one-type uranium deposits 

without going through any intermediate steps, such as a sedimentary 

cycle, in which a large proportion of common lead would tend to be 

mixed either mechanically or chemically I'Vith the old radiogenic lead. 

In addition , leads extracted from galena from vein deposits in 

Tert iary volcanic rocks in the San Juan Mountains, just east of the 

Colorado Plateau (fig. 1), contain a small but significant amount 

of apparently the same old radiogenic lead. An immediate source in 

Precambrian rocks of the old radiogenic lead and presumably at 

least part of the uranium with which it is associated in the 

sandstone-type uranium deposits thus seems to be indicated. This 

evidence does not necessarily indicate anything about the source · of 

the remainder of the lead (common lead), which constitutes the major 

part of tqe lead in most of the sandstone-type uranium deposits, or 

of the other extrinsic elements; but, if the c'onclusions of Stieff 

and Stern are correct, part of some of the other extrinsic elements 

may possibly have had the same source as the old radiogenic lead and 

the uranium from which it probably was derived. 



48 

SUM}ffiRY AND CONCLUSIONS 

By way of summary 3 the following hypothesis of the origin of 

most of the sandstone=type uranium deposits on the Colorado Plateau 

is proposed o Heated solutions ·' either derived from a magma reservoir 

or reservoirs present under the Colorado Plateau',:in latest Cret~fceons 

time or driven off from solid rocks during a regional increase in the 

thermal gradient associated with magmatic activi~y, rose through the 

crust along many separate channelways. These solutions probably 

reacted chemically and thermally with the rocks through which they 

passed, exchanging elements and cooling as they migrated toward the 

surface, On reaching th,e permeable beds :l,.n the sec;:lirnentary layer of 

Paleozoic and Mesozoic age that covers most of the Colorado Plateau,, 

the solutions spread widely and probably, mingled with fluids already 

present i n the sedimentary layero Some materials of hypogene origin 

may even pave reached the surface and been discharged. 

I f this picture is in the main or in part correct, in particular, 

if the mineralizing solutions crossed formational boundaries, the 

various metals in the extrinsic part of sandstone-type uranium ores 

probably have diverse sources, and so~e, if not most, of the indi­

vidual metals probably have multiple sources. Uranium, for example, 

has probably been derived mainly from the Precambrian basement, and 

a small fraction may have been derived from rock$ of Pennsylvanian 

age, Copper may have been derived partly from magmatic or Precam­

brian sources, partly from salt intrusions, and partly from the sand­

stones that enclose the uranium deposits. Vanadium could perhaps be 

an element that was derived mainly from the sandstones enclosing the 

\ 
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uranium depositso Part of the selenium in the uranium deposits in 

t he Morrison formation may have come from seleniferous bentonites 

adjacent t o the ore~bearing sandstone beds or .from volcanic detritus 

in the ore-bearing sandstones themselves. 

Finally, it should be emphasized that all the uranium deposits 

on the Colorado Plateau are almost certainly not of the same origin. 

Some uranium deposits, such as at Marysvale, Utqh (Walker and 

Osterwald , 1956)~ and in the Hopi Buttes of Arizona (Shoemaker, 1956B), 

are directly related to igneous rocks. Some deposits in sandsto~e beds 

of Tertiary age (Grut t and Whalen, 1955, p. 127-128), and in coals 

of Cretaceous age (Vi~e, 1956) may well have been derived by the 

leaching of uranium from tuffaceous sediments. And some uranium 

deposits, such as the radioactive titaniferous sand~tones, are truly 

syngenetic . 
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