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Kennedy, Vance Clifford 

Geochemical Studies of Mineral Deposits in the Lisbon 

Valley Area, San Juan County, Utah 

A geochemical study was made of uranium-vanadium, 

copper, and manganese deposits in the Lisbon Valley area of 

southeastern Utah during the period 1954 to 1957. The 

composition of the various types of ore was determined and 

the information was combined with mineralogic and geologic 

data to evaluate various hypotheses of ore genesis. 

Uranium-vanadium deposits occur as generally tabular 

bodies in or near sandstones of the Permian Cutler4forma-

tion, the Triassic Chinle formation, and the Salt Wash mem-

ber of the Jurassic Morrison formation. The Cutler ores 

contain uranium, vanadium, copper, barium and lesser--but 

still anomalous--concentrations of cerium, dysprosium, 

erbium, germanium, holmium, lanthanum, lead, niobium, neo-

dymium,silver, and yttrium. Copper concentrations are 

highest in Cutler ore near the Lisbon Valley fault. 
oicime 

Large deposits in basal Chinie,rean4itiinallie along 

the southwest flank of the Lisbon Valley anticline. These 

deposits consist mainly of uranium and vanadium but contain 

anomalous concentrations of arsenic, barium, beryllium, 

cadmium, cobalt, copper, iron, lead, molybdenum, nickel, 

some rare earths, selenium, strontium, thallium, zinc, and 

zirconium. The vanadium:uranium ratio is highest in the 



southeastern Chinle ores and decreases northwestward. This 

ratio also decreases down dip, possibly because of selec-

tive leaching of uranium. Arsenic, molybdenum, and yttrium 

are most concentrated in the southeastern deposits; cadmium 

and copper in the middle area, and strontium and beryllium 

in the northwestern deposits. 

The ore-associated elements in Chinle deposits show 

only a poor correlation with uranium, except for lead. 

The uranium:lead ratio is relatively consistent and aver-

ages approximately 33:1. Assuming that very little common 

or old radiogenic lead is present, the uranium:lead ratio 

indicates an apparent age of the ores of about 225 million 

years. Corrections for alteration of the ore might an 

age in the range indicated by some isotopic data, that to 

180-190 million years. 
il, 

Comparison of barren and mineralized"Salt WashA savd-

-ilimoill indicates that arsenic, barium, beryllium, calcium, 

cobalt, copper, lead, manganese, molybdenum, strontium, 

uranium, vanadium, yttrium, and zinc are enriched in one 

or more mineralized samples. The Rattlesnake deposit, 

which is cut by the Lisbon Valley fault, contains more sele-

nium than other Salt wash ores analyzed. In the south-

eastern part of the Lisbon Valley area copper minerals are 

more common in Salt Wash deposits within about a mile of 

the Lisbon Valley fault than they are elsewhere. Otherwise 

no eviaence of chemical zoning was noted. 



Copper minerals occur mainly in veins and bedded de-

posits near the Lisbon Valley fault zone, but are present 

in minor amounts in some uranium-vanadium deposits several 

miles from the fault. Copper-bearing veins also cut al-

tered diorite porphyry in the La Sal Mountains. The copper 

deposits vary somewhat in composition, but most contain 

arsenic, barium, molybdenum, selenium, and silver. 

Manganese oxides are present as vein fillings and dis-

7-crinated deposit ziong the Lisbon Valley fault. Compared 

to barren sandstones the manganese ores are enriched in 

arsenic, barium, cobalt, copper, molybdenum, selenium, 

L.ilver, strontium, vanadium, and zinc. 

The genesis of the uranium-vanadium ores is believed 

to be different from that of the copper and manganese ores. 

The latter are thought to have been deposited mainly from 

solutions circulating along and spreading outward from fault 

zones. Most copper ores are not older than the Cretaceous, 

and the Chinle uranium-vanadium deposits seem to be of 

Triassic or Early Jurassic age. Because connate waters 

squeezed from red beds during compaction must have passed 

through the sites of present uranium-vanadium deposits and 

because it seems possible that these fluids could have car-

ried the ore elements in solution, connate waters are be-

lieved to have constituted the ore fluid. 
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INTRODUCTION 

Uranium-vanadium deposits in the sedimentary rocks of 

the Colorado Plateau have been studied by numerous geolo-

gists over a period of many years in an effort to under-

stand their nature and genesis. Much of the earlier work 

consisted of geologic napping, but in recent years increas-

ing interest has been shown in the mineralogy and geo-

chemistry of these ores. This report is concerned primarily 

1;ith the results of an investigation of the geochemistry of 

ore deposits in the Lisbon Valley area of southeastern Utah, 

where some of the richest large uranium-vanadium ore bodies 

in the United States are found. 

The solution and later concentration of elements to 

form an ore deposit are basically chemical processes, and 

a knowledge of the chemical character of the ores is impor-

tant in determining the probable nature of the ore-bearing 

solutions. In the Lisbon Valley area this geochemical study 

was part of a general investigation which also included ex-

tensive geologic mapping and much mineralogic work. The 

results of the latter studies have already been published 

in part and have been used in this report. 

The major purpose of the geochemical study was to ob-

tain information which would be useful in determining the 



2 

origin of the uranium-vanadium ores. Analyses were made 

for about 30 elements on samples taken from uranium-

vanadium, copper, and manganese deposits as well as on 

samples collected from apparently unmineralized parts of 

the host rocks. The various types of ore were compared 

with barren rocks and with each other to demonstrate the 

chemical character of the mineralised rocks. In the final 

section of the report chemical data have been combined with 

available geologic and aineralogic information in a dis-

cussion of possible origins of the ore deposits. 

Geography 

The location of the Lia.bon Valley area is shown in 

figure 1. The northern boundary of the area is about 20 

miles southeast of koab, UtaL, and is reached by paveu high-

way over U.S. Routs 16:). Numerous mine roads and Jeep 

trails make the area relatively accessible. The climate is 

arid and the approximate annual temperature range is between 

0° and 100°F. The topography is generally cLaraeteriSed 

by acsas and gently rolling lowlands, except near faulted 

areas and on the flanks of the La Sal tountains. Pinon 

pines, one-seed junipers, and Utah junipers are sparsely 

distributed on the rocky slopes and on the mesa tops. Sags 

brush grows on the lowlands and also is found on the mesas. 

The rocks of the area are, in general, well exposed. 
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Previous work 

Some geochemical work was done in the Lisbon Valley 

area prior to the present study. Mill-pulp samples from 

several uranium-vanadium deposits were analyzed as part of 

a study by A. T. Miesch (1958, written communication). 

Many of his data are incorporated in this report. Newman 

(1957, p. 478-490) included the Lisbon Valley area in his 

study of the distribution of elements in sedimentary rocks 

of the Colorado Plateau. Shoemaker (1955, p. 77, 83) and 

Shoemaker, and others (1959, p. 52-53) have listed the ele-

ments which appear to be enriched in uranium-vanadium ores 

of the Colorado Platisu. Several samples of mineralized 
In 4-t 

rock froiChinle de sits in the Lisbon Valley area were4 

included in a study of the isotopic composition of some 

Colorado Plateau ores by Miller and Kulp (1958, p. 937-948). 

Holland, and others (1957, p. 546-569; 1958, p. 190-209) 

studied the distribution of leachable uranium in rocks and 

soils near ore. Jensen (1958, p. 602-603) determined the 

sulfur isotopes,and Coleman and Delevaux (1957, p. 516) 

determined the selenium content of several ore samples from 

the Mi Vida mine. Additional data concerning the chemical 

composition of the Chinle uranium-vanadium ores can be de-

duced from mineralogical studies of Gruner, and others 

(1954) and Gross (1956, p. 632-648). 
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GIOLOGIC SETTING 

Rocks exposed in the Lisbon Valley area range in age 

from Penn8ylvanian to Credaceous. Unconsolidatod and 

partially consolidated glacial, alluvial, colluvial, and 

eolian deposits of Quaternary age cover sone areas. Gener-

ally, the beds dip gently or are nearly horizontal. How-

ever, on the flanks of the is Sal Mountains, near the 

Lisboa Valley fault, and in the northernmost part of the 

area the beds dip steeply. The stratigraphic section in 

the Lisbon Valley area is shown in table 1 (in pocket). 

A generalized geologic nap of part of the Lisbon Val-

ley area showing the location of mines and geologic fea-

tures referred to in the text is shown as figure 2 din 

pocket). The faulted Lisbon Valley anticline is the most 
t 4, 

„'''1 "1prominent geologic feature in the area sajlfAChiale 

Ljeanium-vanadium deposits lie along the southwest flank of 

this structure. The uranium-vanadium deposits in the Salt 

Wash member of the Morrison formation occur both near and 

far fres the Lisbon Valley anticline. The main copper and 

magi's's° deposits are found in and near the Lisbon Valley 

fault zone. 

A diagrammatic cross section of the Lisbon Valley anti-

cline near the Mi Vida mine (figure 3) demonstrates the 
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relation of the Cbinle ore bodies to the geologic structure. 

Much of the uranium-vanadium ore lies in sandstone lenses 

at or near the base of the Chinle formation 'her* those 

sandstone lenses overlie truncated sandstones in the under-

lying Cutler formation. Smaller uranium-vanadium deposits 

occur in some sandstones in the upper part of the Cutler 

formation. 

9 
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METHOD OF STUDY 

The geochemical study of mineral deposits in the Lis-

bon Valley area was made to learn what elements were con-

centrated in the various types of ere and hew ore-associated 

elements were distributed both within individual ore bodies 

and throughout the mining district. 

In order to determine what elements were enriched in 

or near the mineral deposits it was first necessary to know 

the composition of unmineralized or "barren" rocks. In the 

case of the Chinle formation, three to five samples of 'itch 

of the important rock types found in the basal 20 feet were 

selected as probably barren on the basis of appearance and 

scintillometer readings. These samples were submitted for 

chemical and spectrographic analyses. Samples found to con-

tain less than 0.0010 percent uranium, or 0.002 percent or 

less equivalent uranium, were considered essentially barren 

if there was no visible evidence of mineralization by other 

elements. It seems quite possible that mineralizing solu-

tions affected much of the apparently barren Chinle rocks, 

thus accounting for the relatively few samples containing 

only 0.0001 to 0.0005 percent (1 to 5 parts per million) 

uranium. 
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Similarly, rock fragments from the Salt Wash member 

of the Morrison formation were collected and analyzed. 

Samples taken more than 100 feet from known ore and having 

an equivalent uranium value less than 0.003 percent were 

considered barren. 

After determining the chemical composition of barren 

rocks, mill pulps and hand samples of various types of 

uranium-vanadium ore were analyzed. (Mill pulps are re-

presentative portions of ore split from large ore shipments 

and are duplicates of samples analyzed to determine pay-

ment to the ore shipper). The composition of the ore was 

compared with that of barren rocks, and elements which ap-

peared to be concentrated in the ore were noted. 

The degree to which the various ore-associated elements 

were concentrated varied from one ore body to another. 

These changes in composition of ore appeared to be fairly 

systematic for some elements and of a random nature for 

others. An effort was made to relate these compositional 

changes to geologic structures. Also, scatter diagrams 

showing changes in concentration of an element with cLange 

in concentration of other elements were prepared in order to 

demonstrate the geochemical coherence between elements. 

Hand samples of copper and manganese ores from the 

Lisbon Valley area were analyzed by tlpectrographic and 

chemical methods. The manganese and copper deposits are 
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apparently related to the Lisbon Valley fault, so the trace 

element content of these ores warn compared with that of the 

uranium-vanadium ores to determine whether or not there were 

similarities. A significant chemical similarity between the 

uranium-vanadium ores and the manganese and copper ores would 

support the idea that all ores are related to the fault. 

A final section of the report has been Uevoi.ed to a dis-

cussion of probable limitations on the nature of tne ore-

bearing solution, some possible sources for the ore solution, 

and a feasible mechanism for ore deposition. This discussion 

is based upon data obtained both from the geochemical study 

and from the results of other work done in the Lisbon Valley 

area. 

Sampling methods 

Materials analyzed in this study included drill core, 

grab sampleb of mineralized or barren rock, and mill pulps 

representing 10 to 500 tons of ore. Grab samples weighing 

the range 200 to 2,000 grams were selected to represent 

various kinds of ore and different rock types. Most of the 
p4rfor roie 

barren rock samples from the lowerlCh!,nle formation were 

taken from drill cores. A scintillometer was used to check 

radioactivity of the core, and the core was then broken 

according to litbology and sampled. If an individual bed 

was less than about 6 inchesi thicl,, all of the core repro-

seating that bed was taken. Thicker beds were sampled by 

collecting several small rdeceb representing the unit. 

https://Uevoi.ed
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Drill core which was contaminated with drilling mud was 

scrubbed in tap water using a fiber brush. Almost all bar-

ren Salt Wash samples were prepared by compositing a series 

of small chips collected from the outcrop of a particular 

type of rock. 

Mill pulps were obtained either from the U. S. Atomic 

Energy Commission's Monticello plant (operated by the Ameri-

can Smelting and Refining Company) or from individual mine 

owners. The sampling process at the Monticello plant has 

been described by the Colorado School of Mines Research 

Foundation (1954, p. 46-49). '16hen a shipment of ore is 

made to a mill, the mill prepares a representative sample 

of the ore by alternately crushing the ore and splitting . , 

the crushed rock until a 1,000 to 2,000 gram split is ob-

tained. Part of this sample pulp is kept by the mill, part 

is sent to the shipper, and part goes to the assayer. Grind-

ing is usually done using cast-iron disks with the result 

that some contamination from grinding plates is inevitable. 

The average amount of iron introduced has been estimated by 

Shoemaker and others (1959, p. 27) as 0.1 percent by weight. 

They point out that if the composition of the tramp iron is 

similar to that analyzed by Myers and Barnett (1953, table 

2) the amount of spectrographically detectable minor ele-

ments introduced with the iron are probably below or near 

the spectrographic limit of sensitivity. 

All of the barren rocks and many of the grab samples 

of ore were ground using ceramic plates. It is believed 
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that contamination due to grinding of these samples was in-

significant. (Barnett and others, 1955, p. 121-124). 

Analytical methods 

Spectrographic, chemical, radiochemical, and radiome-

tric methods of analysis were used in this study. In gen-

eral, chemical methods were used only when the anticipated 

concentration of particular element was less than the normal 

sensitivity of the spectrographic method. 

aloptrogrvhic.--Most of the data presented in this re-

port were obtained by semiquantitative spectrographic analy-

ses. Sixty elements are detectable with one exposure by 

the method used. However, only about 30 elements were com-
e 

monly detected in the samples obtained in this study. The 

method of reporting the spectrographic analyses is explained 

in table 2 and the normal sensitivity of the method for 

various elements is shown in table 3. 

According to A. T. Myers (written communication, 1957) 

"Experimental work has shown that approximately 60 percent 

of the reported results fall within the proper portion of 

an order of magnitude." 

Chemicals—Analyses were made for antimony, arsenic, 

calcium, copper, molybdenum, selenium, uranium, and zinc 

using standard quantitative methods in most cases. Rapid 

semiquantitative tests were used, however, on a few samples. 

Radiochemical and radiosetric.--The measurements of 

equivalent uranium and the analyses for the daughter products 
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Table 2.--Method of re ort semi uant s ctro_ra •c aria sea 

Concentrations Theoretical ranee (percent) 
reported by laboratory From - TO -

Theoretical 
midpoint (percent) 

XX. 10.0 100.0 

X.+ 4.6 10.0 6.8 

X. 2.2 4.6 3.2 

1.0 2.2 1.5 

.46 1.0 .68 

.22 .46 .32 

.X- .10 .22 .15 

.0X+ .046 .10 .068 

.0X .022 .046 .032 

.0X- .01 .022 .015 

.0046 .01 .o068 

.00X .0022 .0046 .9032 

.00X- .001 .0022 .0015 

.000X+ .00046 .001 .00068 

.000X .00022 .00046 .00032 

.000X- .0001 .00022 .00015 

Symbols used in reporting analytical data: 

Tr., trace, near threshold of spectrographic method (below limit of 
detectability) 

0, looked for, but not detected by spectrographic methods 

-0-, looked for but not detected; spectrographic sensitivity much 
lees than normal because of sample dilution prior to analysis 

not looked for 
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Table 3.--Approximate detection limits for the elements by the semi-

quantitative spectrographic procedure used for this study 

(After a table prepared by the U.S. Geological Survey, August 1956) 

Element Percent Element Percent Element Percent 

Si 0.002 Dy 0.005 RID 10.0 

Al .001 Er .005 Re .005 

Fe .0008 Eu .05 Rh .005 

Mg .0005 Ga .0002 Ru .01 

Ca .005 Gd .005 Sb .01 

Na .05 Ge .001 Sc .0005 

K .7 Hf .01 Sn .001 

Ti .0002 Hg 1.0 Sr .0002 

P .2 Ho .01 Sn .01 ,' 

Mn .0002 In .001 Ta .02 

Ag .0001 Ir .01 Tb .1 

As .1 La .002 Te .1 

Au .002 Li .02 Th .02 

B .002 Lu .01 Tl .01 

Ba .0002 Mo .0005 Tm .01 

Be .0001 :;1) .001 U .05 

Bi .001 Nd .01 V .001 

Cd .005 NI .0003 W .01 

Ce .02 Os .01 Y .001 

Co .0005 Pb .001 Yb .0005 

Cr .0001 Pd .0003 Zn .02 

Cs 2. Pr .05 Zr .001 

Cu .0001 Pt .003 
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of uranium were made under the supervision of John N. 

Rosholt in the Denver Trace Elements Laboratory of the 

U, S. Geological Survey. C. G. Angelo, G. S. Erickson, 

Sylvia Furman, and D. L. Shafer made the radiometric analy-

ses. The precision and accuracy of the methods used are 

given in tables 4 and 5. 

Table 4.--Precision of Measurements of Percent 
Equivalent Uraniuml 

Range of eU (Percent) Precision (Percent) 

0.001 - 0.010 ±0.001 
.011 - .030 .002 
.031 - .050 .003 
.051 - .070 .004 
.071 - .090 .005 
.091 - .020 .01 q1
.21 - .50 .02 
.51 - .90 .03 
.91 - 1.0 .04 
1.0 - 1.2 .05 
1.2 .1 

1. Data supplied by J. N. Rosholt, U. 8. Geological Survey. 

Table 5.--Accuracy of Radiochemical Analyses1 

aadiochemical Analyses Exclusive 

of Rn222 Analyses of An222 

Range of con- Accuracy Range of con- Accuracy 
centration (Percent of centration (Per-
(Percent) Amount Present) (Percent) cent) 

0.005 - 0.1 ±8 0.01 - 0.10 ±0.01 
.1 - 1. 6 .11 - 0.51 .03 
1 -20 4 .51 - 1.0 .06 
20 -75 2 1.1 .10 

1. Data supplied by J. N. Rosholt, U. S. Geological Survey 



 

CHEMISTRY OP THE URAEIUM-VANADIUM-HEARING FORMATIONS 

CUtler formation 

About a dozen small uranium-vanadium deposits are 

known in the Cutler formation of the Lisbon Valley area. 

These deposits are tabular in general form, but in detail 

have very irregular boundaries. They occur in lenses of 

arkosic sandstone within tue upper few hundred feet below 

the Cutler-Cninle contact. G. W. Weir and W. P. Puffett 

(1960, p. 141-142) state that, "These deposits are little-

developed and have yielded only about 1,000 tons of low- 0 

grade ore, but several have estimated reserves of thousands 

of tons of ore averaging sore than 0.1 percent U308 and 0.2 

percent V205." 

The uranium-vanadium deposits are oxidized and contain 

as the chief ore minerals, carnotite, becquerelite, and 

vanadium hydrosica (Weir and Puffett, op. cit.). Dix (1954) 

described the mineralogy of the ores of the Cutler forma-

tion in Big Indian Wash. He found the ore to be of two 

types; one type consists of carnotite and becquerelite dis-

seminated in arkosic sandstone, and the other type consists 

of concretions up to four inches in diameter containing 

barite, celestite, calcite, and uranium, vanadium, and 

copper minerals. 
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Little visible carbonaceous material is present in 

the ore. The hest rock is mottled in shades of purplish 

red and reddish broom, and in the immediate vicinity of WO 

minoralr, the rock is commonly very light in color, smegest.. 

ing removal of ferric iron. 

No barren Cutler rocks were analyzed in this study, 

but five barren samples of the Cutler formation from various 

places on the Colorado Plateau were analyzed for Newman, 

Shoemaker, and Miesch (196,3, written communication). The 

median composition and the range in composition of their 

samples are given in table 6 (in pocket) along with that of 

mineralized Cutler rocks sad that of barite from a vein 

Omitting Cutler rocks soar Wood's Manch. 
0 

Ilements whose concentration in one or more mineralized 

samples is nor* than twice that in any of the barren samples 

include Ag, Ea, Cu, Dy, Ge, La, Nb, 11, Pb, Zr, U, V, and 

Y. The elements Ce, Er, and Ho arc probably anomalous also, 

but the sensitivity of the analytical method did not permit 

detection of these elements in the barren rocXs. Barium 

mad strontium were abnormally concentrated only in the 

barite specimen. 

The various mineral deposits in the Cutler formation 

of the Lisbon Valley area range from almost pure barite with 

little copper, through a deposit high in copper with moder-

ate barium and slight uranium, to uranium-vanadium deposits 

containing some copper aid barium. 
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Chinle formation 

Unmineralized rocks 

A study of unmineralised Chin's rocks was made so that 

a comparison could be made between barren and mineralized 

material. All barren ChiUle samples were taken from the 

lower 20 feet of the formation because this is the part of 

the formation which contains most of the uranium► wvanadium 

ore. Study of representative specimens under the binocular 

microscope indicated that low4T IChinle*ria could be con-

sidered a mixture of two distinct rock types. 

One type is composed of those rocks in which most of 

the grains are silicate minerals. The fine-grained members 

of this type contain clay, micas, and silt-sized quartz 

with some feldspar. The coarse-grained members are composed 

mainly of quartz and feldspar, with lesser amounts of round-

ed limy rock fragments. Commonly the fine-grained quartzose 

rocks are low in lime, whereas, the coarse-grained members 

have considerable calcite cement. 

The second rock type (which, for the purposes of this 

report, will be referred to as calcarenite) consists mainly 

of rounded fragments of fine-grained rock which contain 

from 50 percent to more than 90 percent calcium carbonate. 

In the high-lime examples the residue insoluble in hydroch-

loric acid is mainly quartz ranging in size from fine sand 

to silt. The rock fragments themselves range from about 

0.25 mm to 3 cm in diameter. The finer-grained calcarenites 
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are, in some imistameee, well sorted, but the coarse-grained 

calcaremites are almost invariably poorly sorted. 
of /4,fi 

Few rocks in the lowebin1e of the Big Indian Wash 

area are "pure" calcurenites or "pure" quartzose sandstones. 

Mixtures of the two types are common. However, no calcare-

nites finer than fine sand were seen, and the very coarse-

grained sandstones and conglomerates tended to be fairly 

pure quartzose sandstones or fairly pure calcarenites. 

Medium- to coarse-grained sandstones could be found with 

almost any proportion of calcarenite to quartzose material. 

Because much of the ore in the Chinle is associated 

with quartzose sandstones, emphasis in this report is placed 

on the chemical composition of the quartzose rocks. 

Quartzose rocks.--Quartzose rocks collected from th,, 
,poro 4c 44 

basal/ Chinle formation were checked with a scintillometer 

and, if radioactivity did not appear abnormal, they were 

subjected to spectrographic and fluorimetric analysis. A 

total of 51 "barren" samples were analyzed, but not all 

were found to contain background concentrations of uranium. 

The samples are grouped below according to their uranium 

content. 
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Uranium Content 
(ppm) 

Number of 
Quartzose Samples 

Number of 1Calcarenite Samples

0 - 4 17 1 
5 - 9 11 4 
10 -19 6 3 
20 -29 2 2 
30 -39 2 0 
40 -49 0 0 

>50 3 0 

1. If the rock contained more than 50 percent CaC033 by 
chemical analysis, it was considered a calcarenYte. 

Quartzose rocks containing less than 10 ppm (parts per 

million) uranium were considered barren unless there were 

other reasons for considering them to be mineralized. Six 

of the "barren" samples were collected from an apparently 

unmineralized part of the ore sandstone in the Continental 

Uranium No. 1 mine. Although four of these samples con-

tained less than 4 ppm uranium and all had less than 10 ppm 

uranium, the vanadium, lead, and copper concentrations were 

slightly higher than that of rocks far from ore. Therefore, 

these six samples were not considered completely barren. One 

"quartzose" sample contained almost 50 percent CaCO and was3 

not considered a typical quartzose specimen. Thus only 21 

samples could be considered as typical barren quartzose 

rocks. 

Rocks containing more than 10 ppm uranium were not re-

stricted to any particular lithologic type, and the barren 

rocks chosen are not believed to be biased as a result of 



 

discarding from consideration those having more than 10 

ppm uranium. The composition of the 21 barren samples is 

given in table 7. 

Holland and others (1957, p. 564) found that 91 percent 
fr4c pArt *I *4. c _ 

of the lower A Ctinle iiiltstemen)($8 samples) in the vicinity 
t4" 

of the- mistake La Sal mine contained less than 5 ppm 

leachable uranium, 85 percent of the fine sandstones (83 

samples) contained less than 5 ppm, and 75 percent of the 

conglomerates (36 samples) contained less than S ppm. The 

coarse sandstones contained more uranium, for only 37 per-

cent of the 27 (maples analysed contained loss than 5 ppm 

leachable uranium. The leaching technique used by Holland, 

axd others (1957) removed only about 50 percent of the urani-

um present in samples containing leas than 10 ppm uranium; 

tence the percentage of samples containing lass than 5 ppm 

leachable uranium corresponds to about the percentage of 

samplez containing less than 10 ppm total uranium. These 
of- Ate 

data indicate that barren lower Cbinle(rockiiin the Big 

Indian Wash contain less than 10 ppm total uranium. The 

coarse sandstones are probably more permeable than the other 

rocks studied by Rolland's group and presumably served as 

channels for uranium ore solutions. Such rocks would be 

expected to contain unusual amounts of uranium. In the 

barren quartzose rocks studied by the author, no obvious 

correlation between uranium and grain size or uranium and 

other elements was noted. 

The average concentration of uranium in sandstones WAS 
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reported as d pps by bollard and Kulp (1954, p. 203). The 

uranium cantent of 21 barren quartsose samples from the 

Lisbon Valley area averages 4.5 ppm uranium and the median 

value vas 4 ppm. This indicates that, if sampling of lower ramAs 

Chia* rooks-was representative in the present study, the 

uranium content is about twice -Lie average of normal sand-

stones. This may be due either to lov-grade mineralization 

or to above-normal concentrations of uranium in the original 

sediments. The widespread occurrence of visible uranium 
xi Ae. 

minerals iu the basal Chinlel;:ockac)of the Lisbon Valley 

area suggests that ore solutions may have raised the general 

background concentration of uranium slightly. 

when the concentrations of various elements were plotr 

ted against median grain size of rock samples (as estimated, 

using a binocular microscope and reference samples of graded 

sand and silt), many elements showed an inverse correlation, 

a few elements correlated directly, sad a few elements 

shoved no relation to grain size. Elements showing an in-

verse correlation with grain size included aluminum, boron, 

chromium, cobalt, copper, gallium, iron, magnesium, nickel, 

potassium, scandium, sodium, titanium, vanadium, ytterbium, 

yttrium, zirconium and, to some extent, arsemic, niobium, 

and lanthanum. Calcium and manganese tended to increase 

in concentration with increasing grain size, and barium, 

lead, and strontium showed no obvious correlation. 

The relation between grain size and concentration of 
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aluminum and titanium is shown in figures 4 and 5. Ele-

ments which correlate inversely with median grain size show 

a positive correlation with each other. Examples of this 

are presented in figures 6 and 7. Calcium correlates posi-

tively with manganese as seen in figure 8. Lead, barium, 

and strontium, however, showed no obvious correlation with 

each other when plotted om scatter diagrams. 

The tendency for many elements to increase with de-

creasing grain size is attributed to the fact that the sand-

stones are composed mainly of quartz and feldspar, whereas 

siltstones and mudstones have a much greater percentage of 

clay and various accessory minerals, which contain a wider 

variety of elements than do the major minerals of the san#-

stones. Calcium carbonate is commonly present as a cement 

or as detrital fragments in the sandstones. The mudstones 

have relatively little carbonate cement and the siltstones 

only moderate amounts. Thus, the concentration of calcium 

is highest in the sandstones. Manganese can substitute for 

calcium in the carbonate lattice and apparently does so in 

the Chinle rocks, as indicated by the calcium-manganese 

correlation. 

Calcarenites.--Many of the rock samples collected for 

this study contained carbonate detritus, but only five were 

composed of more than 50 percent calcium carbonate and had 

9 ppm or less uranium. Comparison of the composition of eal-

carenites with that of quartzose rocks containing similar 
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the basal 20 feet of the Chinle formation. 



28 

- - - ,-

•24 ,---00- --, + 

--- ----4 __- , 

.X ----41,----4.• 40--14---t---*-

F 
.2 
• .X-
CI 
+3
-,-.1
E-4 0 

4-, .--- - -,  
Z 
w 
u• . 0X+ . -- - 40.------ . . 

.... .---- , --, 

4-- 

 

I 1• 

. ox I . 0 00 1 , 

A 

MUC.- SA 1 - v F ,NE FINE MEDIUM COARSE V. COARSE CON-
S TME STrjNE SANDSTONE SANDSTONE GLOMERATE 

`A_gure 5. Diagram showing the relation ')etween median grain size and 
concentration cf titanium for barren quartzose rocks from 
the basal. 20 Peet of the Uhi'hle formation. 



29 





31 

• 

 

o•• 

 

 

 

••** • 

♦ • 

ercent Calcium 

Figure 8.. Relation between calcium and manganese concentrate 
barren quartzose rocks fro7r the basal 20 feet of 
formation. 



 

32 

percentages of aluminum and titanium, indicated that the 

calcarenites could be considered as normal quartzose rocks 

which had been greatly diluted with calcite containing small 

amounts of manganese and possibly a little molybdenum. 

Description of ore deposits 

The uranium-vanadium deposits in the Chinlo formation 

are broad, irregular lenses whose thickness is commonly less 

than 20 feet but may range as high as 35 feet (G. W. weir 

and W. P. Puffett, 1960, p. 143). They are as much as a 

few hundred feet wide and several thousand feet long. Most 

of the ore is just above the angular unconformity between 

the Cutler and Chinle formations but, in places, it extends 

for a few inches to a few feet into the Ctitler. In general, 

sandstone is the host rock for the ore. However, sone mud-

stones and limestone-pebble conglomerates are mineralized 

where they are near sandstone. 

The deposits are mostly unoxidized and the chief ore 

minerals are uraninite, coffinite and montroseite (Weir and 

Puffett, op. cit.; Gross, 1956, p. 639). Analyses of urani-

nite and coffinite from the Mi Vida mine suggest that these 

minerals are not completely reduced, for a uraninite speci-

men contained 29.15 percent UO3 and coffinite 41.67 percent. 

UO3 (Gross, op. cit.). Other minerals are pyrite, moly-

bdenite, galena, barite, chalcopyrite, native copper, "V+4 

oxide," corvusite, vanadium clay, and calcite. Small quan-

tities of greenockite, metatyuyamunite, celestite, azurite, 
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and malachite are also present. 

The host rocks contain carbonaceous matter, some of 

wbArh As highly mineralized. Mudstones associated with the 

ore-bearing strata are characteristically a gray-green color 

sad, in places, contain euhedral pyrite crystals. These 

features, plus the presence of ore elements in a reduced 

state, emphasize the reducing environment of the host rocks. 

Comparison of unaineralized and mineralized rocks 

One of the main purposes of this study was to deter-

Mime what elements were added during uranium-vanadium miner-

alisation. This has been done for Chinle rocks by comparing 

the composition of 21 barren sompies with the composition
A tAi-

of mill pulps from 13 AChinle 'ore deposits, and of 12 hand 

samples of ore containing one percent or more uranium or 

vanadium. The composition of mill pulps and hand samples 

is given in tables 8 and 9. 

One method of comparison consists of preparing histo-

grams of the concentrations of various elements in barren 

rocks and superimpo;iing upon them histograms for mill pulps 

and hand sampleli-i, thus demonstrating any differences. Such 

a comparison has been made in figure 9. In order for the 

comparison to be valid the lithology of the barren and 

mineralized material should be similar. Some indication 

of the lithology can be obtained by noting the aluminum, 

titanium, and magnesium content of barren and mineralized 

rocks in figure 9. The concentrations of these elements 
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reflect changes in lithology and they are thought to be un-

affected by mineralisation. It is believed that the two 

groups of samples are similar enough that a comparison will 

be meaningful. 

Data in figure 9 indicate that arsenic, beryllium co-

balt, copper, lead, molybdenum, ytterbium, yttrium, and pro-

bably barium, lanthammm, nickel and zirconium were concen-

trated, at least locally, in the uranium-vanadium ores. 

Several elements present in the ores were not shown in 

figure 9 either because they could be detected with the 

methods used in only a fey or none of the barren samples or 

because not all samples were analyzed for a particular !leis 

sent. These elements were cadmium, cerium, dysprosium, 

erbium, gadolinium, neodymium, selenium, samarium, thallium, 

and zinc. Cadmium was detected spectrographically only in 

mill pulps, and greenockite (Cd8) was seen in one specimen 

of high-grade uranium ore. Yttrium and several rare earths 

were found in some ore samples in concentrations which are 

relatively large compared to the concentrations reported by 

Minami (1935) for average shales (see table 10). The con-

nentrations of most of the rare earths in barren Chinle rocks 

are below the sensitivity of the spectrographic method used, 

so direct comparison of the rare-earth content of barren and 

mineralized Chinle rocks is not possible. Data shown in 

table 10 suggest, however, that the cerium earths may be 

somewhat less concentrated in ore than the yttrium earths. 

Selenium and zinc concentrations in some ore are as much as 
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fifteen times that found in barren rocks. Thallium vas re-

ported in only two ore samples, but its concentrations was 

approximately 100 times that reported by Shaw (1952, p. 143). 

Table 10.--Comparison of the Yttrium and Rare Earth Con-
tent of Shales and High Grade Uranium Samples 

itleeest 
A. Percent in 

Shales (After 
Minami, 1935) 

B. Maximum Percent 
in Nigh Grade 
Uranium Samples 

Approximate 
B"zo 

La 
CO 

.00216 

.00566 
.01+ 
.1-

30 
25 Cerium 

Id .00278 .0X 10 Earths 
Si .00075 .0X- 20 

Gd .00073 .0X 45 
Dy .000513 .01 60 Yttrium 
Er 
Yb 

.000283 

.000303 
.0X 
.0X 

110 
110 Earths 

Y .00357 .2 90 

Another method of determining the elements La the 

uranium ores which are present in concentration stave or 

below normal for barren rocks is to prepare scatter diagrams 

showing the relation between two elements both in ore and 

in barren rocks. This can be best explained using figure 

1U as an example. In the figure, aluminum is plotted 

against copper in both barren and mineralized rocks. A 

definite correlation exists between the two elemeuts in 

barren rocks, but the mineralized samples generally contain 

more copper for a given aluminum content than do the barren 

rooks. The aluminum-copper correlation in barren rocks is 

believed due to the higher content of both elements in fine-

grained rocks. To the writer's knowledge there is no 
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evidence indicating large scale addition or removal of 

aluminum during mineralisation of Chinle rocks, and hence 

aluminum concentrations are thought to have remised es-

sentially unchanged by the mineralizing solutions. Be-

cause the copper concentrations are higher in mineralised 

rocks than would be expected from its correlation with 

aluminum, the conclusion is reached that copper was intro-

duced during mineralisation. 

In figure 11, titanium is plotted against calcium. It 

is evident that calcium concentrations tend to decrease with 

increasing titanium content in barren rocks. Titanium con-

centrations are believed to be essentially unaffected by 

mineralization because the titanium-aluminum correlation s. 

(see figure 12)0 is the same for both barren and mineralized 

rocks. Therefore, because the calcium: titanium ratio is 

less in mineralized samples than in barren rocks, it appears 

that calcium may have been removed from the mineralized 

samples or, possibly, the mineralising solutions preferenti-

ally selected rocks unusally low in calcium. 

Similar scatter diagrams were prepared for may of the 

elements determined in both barren and mineralized samples. 

The results agree well with those obtained using the histo-

grams. 

Figure 13 shows the correlation of magnesium and alu-

minum in barren and mineralized rocks. The fact that the 

correlations elbows no significant change between barren and 
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mineralized samples strongly suggests that little or no 

do/omitization accompanied the mineralization. 

gtrontium is the only element which has been definitely 

introduced into ono or more ore bodies and yet does not 

stand out as an anomalous element when interpreting the 

chemical data using either histograms or scatter diagrams. 

This is because the wide variation in strontium content of 

barren samples permits the percentage of strontium to be 

relatively great without appearing abnormal. Newsier, 

celestite is found impregnating uraniump.beariss sandstone 

and as vein-filling material is the 'ado* mine, sad large 

tonnages of ore from the same mine contain well above aver-

age amounts of strontium. 

Changes in composition of quartzes* Chiale rocks during 

mineralization are summarised in table 11 (in pocket). It 

should be noted that for each element the mazimsa percent 

observed is compared with the estimated median percent in 

similar rocks. This was done because a median percent in 

mineralized rocks could not be estimated for many of the 

rarer elements and because the writer wished to emphasise 

the tendency of some of the ore-associated elements to form 

fairly high local concentrations even though the average 

concentration of that element in the whole ore body was sot 

significantly above background. The ratios utown should 

not be used to indicate the degree of concentration of an 

element in an ore body as a whole. 
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In many instances the percent of an element in "simi-

lar barren rocks" (table 11) was estimated from a knowledge 

of the aluminum and titanium, content and the correlation 

between these elements and the element being studied. 

Correlation among ore-associated elements 

Despite the general increase in concentration of many 

elements in going from barren to mineralized rocks, the 

correlation between most ore-associated elements within tug 

ore bodies is not high. The elements which have been in-

troduced in greatest amount during mineralization are 

uranium, vanadium, molybdenum, barium, lead, and, in certain 

ores, strontium and copper. Of these, uranium can be iden-

tified with a Geiger counter, molybdenum compounds common* 

oxidize to form bluish ilsemanite, and copper compounds 

oxidize to form malachite. If originally black ore is 

slightly oxidized, but shows little or no radioactivity and 

has no bluish coloration, it is probably omposed meetly of 

vanadium minerals. These diagnostic features are of value 

in studying the distribution of elements underground. 

In the southeastern mines where molybdenum minerals 

were common, both vanadium and molybdenum minerals were 

found in relatively low-lime areas ,whereas high-grade 

uranium ore vas commonly associated with calcite and car-

bonaceous matter. Certain parts of the mines showed un-

usual concentrations of uranium, vanadium, or molybdenum, 

but enrichment of one element did not necessarily indicate 
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similar enrichment of the others. In the Big Buck mine 

where copper minerals were common, the chalcopyrite and 

related malachite did not appear to be associated with in-

creased concentrations of other minerals. Barite was found 

in mineralized and barren logs near ore and occasionally 

as a cement in sandstone, but its general relation to other 

elements could not be detected visually. Galena was seen 

only in or near areas high in uranium. Strontium minerals 

were found along a fault in the Radon mine and as a cement 

in a few sandstone samples, but no consistent association 

with other minerals was detected. 

Chemical analyses of hand samples of ore indicate 

that concentrations of lead, zirconium,and several of they, 

rare earths are relatively high in samples containing much 

uranium. However, very high grade uranium specimens do not 

always contain anomalous concentrations of the rare earths 

and zirconium. (See table 34 in pocket for analyses of 

54 uranium-bearing samples tabulated in order of increasing 

uranium content). 

Analyses were made of hand samples showing unusually 

great concentrations of one or more of the elements, copper, 

molybdenum, uranium, and vanadium to determine whether other 

elements were preferentially enriched in these samples. The 

analytical data are given in table 12 (in pocket). None of 

the ore-associated elements show good correlation with moly-

bdenum, but silver appears to be enriched in high-copper 

samples. Arsenic, cobalt, several rare earths, zirconium 
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and possibly selenium tend to be highest in concentration 

in high-uranium samples, but only load appears to show a 

consistent positive correlation with uranium. 

Correlation of lead and uranium.--The well-defined 

positive correlation of lead and uranium is shown in figure 

14. The lead and uranium analyses were obtained by various 

methods and the accuracy of the analyses varies somewhat. 

In samples containing low concentrations of uranium and lead, 

the correlation between uranium and lead is poor, probably 

because radiogenic lead constitutes only a small fraction 

of the total lead. As the uranium concentration increases, 

so does the lead content, and the correlation becomes more 

pronounced. The average uranium:lead ratio is about 334, 

but there is variation in this ratio due both to the semi-

quantitative nature of some of the analyses and to actual 

changes in the ratio. Extrapolation of the lead-uranium 

line to zero uranium indicated about 20 ppm lead not rela-

ted to the uranium. 

Lead concentrations in apparently barren Chinle rocks 

ranged from less than 0.000X+ percent to perhaps 0.00X+ 

peresst with an average of about 0.002 percent (20 ppm). 

Tice, the uranium content of a sample would have to exceed 

*boot 0.15 percent before the total lead 0.002 percent 

0.15background lead + • 0.0045 percent radiogenic lead 

would exceed the range normally found in barren rocks. 

Not only was there a consistent increase in lead in 
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all hign-grade uranium samples. but no samples containing 

greatly abnormal concentrations of lead were obtained which 

were not collected within a few inches of rich uranium ore. 

This close relation between lead and uranium must be con-

sidered in any hypotheeis of ore genesis. It shoaid be 

nosed tuat approximately the Baum uranium:lead ratio is 

characteristic of samples ranging in size from small hand 

samples to a million or more pounds (as represented by mill 

pulps). The uranium-lead association is not without ex-

ception, however, for L. R. Stieff (oral communication, 

1i1159) stated tbat a sample of galena was obtained from a 
/4 Mt 

biretta drift la oae of theophinle 0411466
l 

diochemIcal analyses were made by John N. Rosholt 

on ore samples collected by the writer from the Mi Vida 

mine. From the data obtained itsholt calculated the con-

tent of various radlos,ctive isotopes. The available in-

formation is presi;ated is table 13. The content of radio 

active isotopes is expressed in termE of percent equivalent. 

Uosholt (1957, p. 1) defines "percent equivalent" as "the 

Percent amount of primary parent, under the assumption of 

radioactive equilibrium, required to support the amount 

of daughter actually prcLent in the sample. This amount 

of parent may or may not be present in the mample." Thus 

in sauiple number 256461 (table 13) there is 16.6 percent 

231 Lnequivalent Pt. and 17.5 percent equivalent of m,230 but 

only 12.4 p,:rceut of the pnront uranium in the sample. 

230zither the Pa231 and Th were carried into the sampling 
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site and deposited or, more likely, a part of the uranium 

210has been lost. Similarly, some radon, radium, and 

have been lost. 

itosholt's analyses also indicate (1959, written con-

munication) that samples 256463 to 256465 (table 13) may 

contain uranium which was leached from high-grade ore and 

redeposited. Evidence for this is the excess of uranium 

over daughter products in these samples. 

Distribution of ore-associated elements in the 

mining district 

Because of the more or less linear arrangement of ore 

bodies on the southwest flank of the Lisbon Valley anti-
0 

cline, it is convenient to consider chemical changes in ore 

from southeast to northwest in the Big Indian mining dis-

trict (see figure 2). At the southeast end of the district 

the Continental No. 1 ore body approaches, but does not 

contact, a branch of the Lisbon Valley fault. After fol-

lowing an arcuate trend away from the fault, the line of 

ore bodies again approaches the fault at the northwest end 

of the district. 

The weighted average composition of mill pulps analy-

zed in this study is summarized in table 8 and the vanadium: 

uranium ratios in ore produced from► various mines prior to 

January 1, 1958 are shown in table 14. 

Examination of tables 8 and 14 reveals that some ore-

associated elements show pronounced trends in concentration 
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01 e fr;,rmec/)oki 
Table 14.--Vanadium:uranium ratios ilLphiriie4preS/produced prior 

to January 1, 1258 

Information from records of U. S. Atomic Energy Commission 

Name of mine Vanadium:uranium ratio 

Continental No. 1 1.2 

Divide Incline 1.1 

Serviceberry 1.4 

Little Beaver .21 

Big Buck 1.4 

Mi Vida .94 

Ike .24 II 

San Juan .09 

La Sal .05 

Cord .o4 

Radon .04 

Far West .06 

North Alice .16 
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within the mining district whereas others do not. Pecause 

of the semiquantit6tive nature of much of the data, con-

siderable cautiol, aunt be used in interpretation. However, 

the figures presented in table S represent (except for the 

Servicoberry mine) averages of several semiquantitative 

analyses and, hence, are more reliable than single analyses. 

Elements which are relatively high in concentration 

at the southeast end of the district and are lower toward 

the northwest include arsenic, molybdenum, vanadium, yttrium 

and possibly cerium, lanthanum, and zinc. Elements which 

are highest in concentration in ores near the middle of the 

district are cadmium and copper. Strontium and probably 

beryllium have been added in greatest amount to ores in l'he 

northwestern part of the mining district. 

An estimate of the amount of barium added to or removed 

from mineralized rock must be based upon a knowledge of 

the average original barium content of the rocks. The aver-

age barium concentration of 27 barren lowerAupkinle rocks 

was 0.X percent. However, most barren samples contained 

0.0X to 0.0X+ percent barium, whereas three of the samples 

contained 0.X+, X.-, and X. percent barium, respectively. 

These high-barium samples raise the arithmetic mean well 

above the median value. There has been solution and redo-

Position of barium in Chinle rocks, and the barren samples 

probably include rocks which wore leached and others which 

were enriched in barium. The fact that the calculated aver-

age of 0.24 percent barium is well above the range (0.01-
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0.06 percent) for common sandstones and shales (Krauskopf, 

1955, p. 416) and that just three samples almost completely 

control the calculated average indicates that the number 

of samples was insufficieet for determining the average 
014-14e 

barium content of the lower Chinle rocks. For the purposes 
----T 

of this study, then, the median value, 0.03 percent barium, 

vas considered representative of the barren rocks. On this 

basis barium has been added to all Chinle ores, but the 

greatest concentrations are in ores from the Divide Incline 

and Cord sines. 

Nickel and selenium are slightly enriched in ore, but 

no pattern of distribution was detected. 

Distribution of elements near ore 

The distribution of elements near ore was studied in 

three places: (1) in drill core above ore in sec. 2, T. 

30 S., R. 24 E., about one-half mile northwest of the Mi 

Vida mine, (2) in slightly to moderately mineralized sam-

ples above high-grade ore in the Mi Vida mine, and (3) in 

"barren" sandstone wi,hin 25 feet of ore in the Continental 

Nn. 1 mina. 

'Rocks above uranium-vanadium ore in sec. 2 are of nor-

aal composition except for the content of molybdenum, 

uranium, and possibly zinc and calcium. The analyses of 

rock samples are summarized in table 15. Molybdenum was 

detected in all rocks in the zone extending from ore to a 

point about 9 feet above the ore. By comparison, only 3 
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out of 21 barren Chinle samples contained detectable moly-

bdenum. Uranium concentrations exceeded 10 ppm from the 

ore upward to the point where molybdenum was no longer de-

tectable. Above that point the concentration of uranium 

was less than 10 ppm ir_ every sample. Thus, it appears 

that a "halo" of molybdenum and uranium is present for a 

distance of about 9 feet above ore. 

The progressive decrease in zinc concentration from 

sample 243906 to sample 243902 (see table 15) suggests that 

zinc may be slightly enriched in the rocks close to ore. 

The increase in concentration over background is relatively 

small, however, and could conceivably be fortuitous. 

The concentration of calcium in rock for a distance ° 

of about 2 loot above ore is lower than that in any of 21 

barren samplos and may iudicate removal of calcium Mar 

ore. Fine to very fine grained sandstone from 0.7 to 1.6 

feet above ore showed no effervescence in acid and wail 

notable for its high percentage of euhedral quartz grains 

resulting from overgrowths on original detrital grains. 

In mineralized rocLs overlying high-grade ore in the 

ki Vida mine, the uranium content did not show a consistent 

decrease with increasing distance from the high-grade ore 

(see table 16 in pocket). Vandium content was generally 

greater in the higher grade uranium samples, but the urani-

um:vanadium ratio ranged from 19:1 in the highest grade 

uranium sample to 0.2:1 in lower grade samples. Lead va-

ried almost in proportion to the uranium content in the 
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higher grade uranium samples. Calcium, manganese, and 

strontium concentrations are lower in the moderately min-

eralized rocks than in any of 21 barren samples, suggesting 

either that there may have been some leaching of these 

elements or that the ore solutions selectively mineralized 

low-lime areas. The highest grade uranium ore, however, 

contained abundant calcite. 

Molybdenum has apparently been added to the mineralized 

rocks in small amounts, but shows no correlation ith 

uranium or vanadium. 

Although rare earths were found somewhat concentrated 

in many high-uranium samples, this was not true for the 

richer ore from the Mi Vida deposit. Instead, cerium, e 

lanthanum, neodymium, and yttrium were slightly concen-

trated in samples 256467 and 256468 which contained only 

0.14 and 0.48 percent uranium respectively. 

Rock samples were collected in the Continental Uranium 

No. 1 sine from an apparently ussineralized part of the ore 

sandstone. Mineable ore was present within 25 feet hori-

zontally on three sides of the sampling site. The ore sand-

stone, where sampled, was very friable and displayed no 

visible evidence of mineralization. Chemical and spectro-

graphic analyses as shown in table 17 (in pocket) indicated 

that the uranium concentrations were normal but that the 

content of arsenic, cobalt, copper, iron, molybdenum, nickel, 

vanadium, and possibly lead was greater than that of litho-

logically similar barren rocks. The concentration of calcium, 



57 
gyp. 59 follows) 

manganese, and strontium in some specimens was less than 

that of comparable barren rocks. 

In all three groups of samples described above, moly-

bdenum was found slightly enriched in rocks close to urani-

um ore and the calcium content was generally less than in 

comparable barren rocks. Some manganese and strontium may 

also have been removed. Apparently the rocks have been 

affected for at least 10 feet above ore in the section 2 

drill core. In the Continental Uranium No. 1 mine trace 

amounts of several ore-associated elements, but no urani-

um, have been introduced into sandstones at least 15 to 

25 feet form ore. 

Composition of unmineralized and mineralized 

carbonaceous material 

Uranium minerals are commonly found concentrated in 

or near carbonaceous trash. Examples of this are the high-

grade ores found replacing some fossil logs. Because of 

the unusual affinity of uranium for :some carbonaceous 

material, barren, slightly mineralized, and well minerali-

zed samples were collected and analyzed to determine the 

chemical differences associated with varied degrees of 

mineralization. Some carbonaceous material in contact 

with high-grade uranium ore, but not appreciably minerali-

zed, was also analyzed. 

In table 18, analyses are presented of three barren 
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carbonaceous samples collected fur from kno,un ore, one 

sample taken from in contact with slightly mineralized 

rock, and one sample from in contact with high-grade ore. 

Mineral and rock fragments were removed from the crushed 

samples by separation in an acetone-bromoform mixture of 

specific gravity 1.7. 

Mamkama and Bahama (1950, p. 331) reported that the 

tollowilg elements are concentrated in coal ashes relative 

to 1.00010 Mks: Li, Be, Sr, Ba, B, Sc, Y, rare earth 

metals, 11r, If, Irt Co, Ni, Mo, Rh, Pd, Pt, Cu, Zn, Ga, 

Ge, As, (Se?), £g, tad, In, Sn, Sb, 1, Au, Ti, Pb, sad 

sometimes Mn. The sobss of barren carbomaosoms material 

analyzed in this study wore enriched in U, 3a, V, co, Xi; 

ko, Cu, Zn, Ge, Pb, MI, and possibly Sr, and Ag relative 

to barren Chicle rsOks. Carbonaceous material near 

slightly mineralized rock contained about four times as 

much uranium as carbonaceous samples far from ore. Other-

wise no significant differences were noted between the 

samples. The ash of a carbonized log in contact with high-

grade ore contained lower concentrations of most of the 

major elements and higher concentrations of most minor 

elements than did the carbonaceous material collected far 

from ore. Part of this difference is due to the lower 

Percentage of mineral matter in the sample collected near 

high-grade ore. However, if the samples are compared on 

an air-dried basis, the carbonaceous material near high-
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grade ore contains higher concentrations of boron, niobium, 

scandium, and uranium than that of carbonaceous material 

far from ore. 

The carbonized log near high-grade ore referred to 

above was found in a well mineralized part of the Big Buck 

mine. A sample of the log was separated into seven frac-

tions, using an acetone-bromoform mixture and a Frantz 

magnetic separator. The compositions of each fraction 

and that of the adjacent high-grade ore are given in table 

19. 

The elements which are concentrated in the organic 

fraction of the log can be distinguished from those held 

in the mineral fraction by their tendency to increase with 

decreasing ash content of the light fractions. Elements 

whose concentrations are higher in the ash of the organic 

fractions than in normal Chinle sediments are uranium, 

vanadium, arsenic, boron, barium, chromium, copper, moly-

bdenum, niobium, scandium, yttrium, ytterbium, zinc, and 

zirconium. The analyses were made on air-dried fractions 

rather than on ash and the dilution of mineral matter by 

much organic materirl probably resulted in the failure 

to detect elements which might have been detected by di-

rect analysis of ash. 

The eU/U (percent equivalent uranium/uranium) ratio 

changes markedly in going from the light organic fractions 

t the boom inorganic fractions. This is interpreted as 
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indicating that uranium is held in the organic matter but 

that radioactive daughter products have migrated away from 

the uranium. The tendency for percent equivalent uranium 

to increase with increasing barium content suggests that 

radium as well as barium might have been precipitated as 

the sulfate. An isotopic analysis was made of sample 

56-751 (0.021 percent U) by John N. Itosholt with the fol-

lowing results. 

Isotope Percent equivalent 

t31Pa 0.027 

230Th .014 

Ra226 .26 

Rn222 .20 

Pb210 .21 

Apparently, radium is held in one or more of the heavy 

minerals, and has been there long enough for approximate 

radioactive equilibrium to be achieved. Alternatively, the 

shortage of parent isotopes might be interpreted as indi-

1 0
cating leaching of uranium, Pa23 and Th23 , but this seems 

less probable. 

A series of mineralized carbssacems samples was col-

lected in the Continental No. I mine to determine bow the 

composition of samples changed with increasing uranium con-

tent. Analy:les of the air-dried samples are given in table 

23. It should be noted that sample► 245969 and 245979 were 

diluted prior to analysis with the result that sensitivities 
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for many of the trace elements were greatly reduced below 

that for the other samples in the set. 

None of the elements determined showed obvious cor-

relation with uranium in samples containing 0.066 percent 

or less uranium. In the three high-uranium samples only 

lead showed a relatively constant ratio to uranium. There 

is an obvious difference, however, between the average con-

centration of several elements in the slightly mineralized 

samples and in the well mineralized samples. Vanadium, 

arsenic, copper,manganese, lead, scandium, selenium, yttri-

um, zirconium, and possibly cobalt, molybdenum, nickel, 

thallium, ytterbium, and zinc are more concentrated in the 

high uranium samples. 
peter .0( -/ -4e 

Analysis of carbonaceous samples from the basalA Chinle 

of the Lisbon Valley area shows that they are enriched in 

many of the elements commonly found concentrated in coal 

ash. Many of these same elements are also those which are 

anomalously high in uranium-vanadium ores. This tendency 

for coaly material to contain abnormal concentrations of 

many elements and the normal variation in composition of 

carbonaceous matter combine to obscure chemical changes 

due to proximity of mineralized rock. 

The concentration of uranium shows the greatest per-

centage change in comparing barren carbonaceous matter far 

from ore and "barren" carbonaceous matter near ore. Thus 

in the search for a "halo" around uranium deposits, which 
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might be of use in prospecting, uranium analysis of the 

organic matter frespinlecimuldstoimssight be helpful as 

an indicator of the passage of ore-bearing solutions. 

;7;y-tf,A.:-/)ohof f‘c 
Organic carbon ilvFhinlem pfella 

Composite mill pulp samples from 12 Chinle ore bodies 

were analyzed for content of organic carbon. The data are 

shown in table 21. 

Garrels and Power (1959, p. 154-164) determined the 

reducing capacity of fresh spruce and lignite and calcula-

ted the amount of reducing material needed for deposition 

of some reduced minerals from solution. Their data were 

used in estimating the amount of organic carbon necessary 

to cause deposition of pyrite and the various uranium and 

vanadium minerals found in the Mi Vida ores. The assumption 

was made tftat all uranium had been reduced from the 04 to 
43the U+4 state, the vanadium reduced from V+5 to V , the 

+3iron from Fe to Fe+2. , and the sulfur from 8+4; to S. 

The Mi Vida ores contained approximately 1.6 percent iron, 

all of which was assumed to be present in the ferrous state--

one-half of it in combination with sulfur to form pyrite 

or marcasite. On this basis the organic carbon require-

ments would have been as follows: 
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Table 21. --Organic carbon content of phinle in the Lisbon Valley 

area 

(Analyst: Wayne Mountjoy) 

Tone of Organic carbon 
Field Laboratory ore in mill pulp com-
No. No. sampled poeites (percent) 

K-7/19/57-61 58786 Continental. No. 1 567 0.34 

K-7/19/57-52 58796 Divide Incline 287 0.26 

K-7/19/57-S3 58806 Big Buck 1,693 0.05 

K-7/19/57-64 58816 Mi Vida 1,190 0.05 

K-7/19/57-65 5882S Little Beaver 907 0.08 

K-7/19/57-86 58835 Ike 1,622 0.14 

K-7/19/57-87 5884s La Sal 859 0.05 

K-7/19/57-68 58856 Cal Uranium 519 0.07 

K-7/19/57-69 58866 Cord 1,283 0.07 

K-7/19/57-610 5887S Radon 1,167 0.15 

K-7/19/57,611 58896 Far West 1,360 0.13 

K-7/19/57-S12 58886 North Alice 592 0.10 

Total 12,046 Average - 0.12 
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Composition of ore analyzed Organic carbon required 
(In percent) (In percent) 

0.35 U 0.009 
.42 V .046 
1.5 Fe .075 
.86 8 (estimated) .59 

.72 

There is now only 0.05 percent organic carbon in the Mi 

Vida ore. If organic material is credited with being the 
rie 

ultimate source of reducing capacity in the basaChinle 

4•=10olf at loant 0.77 percent of organic carbon must have 

been deposited with the sediments originally. If the as-

sumptions made above are valid, about three-fourths of the 

organic matter was utilized in reducing sulfur from sulfur 

to sulfide. 

Some sulfur may have been present in a reduced state 

in organic material when it was deposited. If such sulfur 

veers taken into account, less organic carbon would be re-

quired. However, even if the carbonaceous matter contained 

5 percent sulfur at the time of deposition this sulfur 

vould constitute only a small proportion of the sulfide 

now present. 

Salt vfash member of the Morrison formation 

Unmineralized rocks 

The determination of the elements present in anomalous 
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concentrations in the Salt Wash uranium deposits was made 

in much the same way as for the Chinle ore bodies. How-

ever, the background, or control, samples were collected 

differently from those chose* for the Chimle study. A 

series of samples was collected from the outcrop of the 

"ore sand" at varying distances from the Black Bottom mine 

(sec. 19, T. 31 S., R. 25 E.) and from the walls of an in-

clined shaft at the Profit mine (sec. 30, T. 31 S., R. 25 

E.). Is addition, two samples were taken from an outcrop 
of ,Ac 

of barren Salt Wash sandstone in southern Lisbon Valley. 

The sixteen samples for which the equivalent uranium value 

was 0.002 percent or less and which were collected more 

than 100 feet from any known mineralized rock were con-

sidered to be representative of barren Salt Wash sandstone 

in the Lisbon Valley area. Because some of the barren 

samples were collected from the surface of the ore sand-

stone, whereas all well-mineralised samples were collected 

beneath the surface, there may be differences which are due 

to weathering and not to mineralization. The effects of 

weathering on barren Salt' Wash rocks were not determined, 

but the fact that many elements in the barren samples 

correlated well with aluminum concentrations, regardless 

of whether or not they were outcrop samples, suggests that 

weathering effects were not great. 

Fourteen of the sixteen background samples were col-

lected within less than 1,000 feet of known ore bodies. 
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There is a possibility, therefore, that the samples are 

not completely barren. Miesch and Connor (1956, p. 128-

146) found that concentrations of vanadium, lead, and 

possibly uranium, copper, and zinc are slightly higher 

than normal for distances of several hundred feet away 
Of Atrt- V 

from ore in Salt Wash 4andstonetilof the Henry Mountains 

mining district. Available analytical data, however, in-

dicate that if such "halos" exist around ore in the Lisbon 

Valley area, they are of very low intensity. 

The composition of barren Salt Wash rocks is shown in 

figure 15 along with the composition of mineralized rocks. 

Scatter diagrams showing the relation of composition 

of Salt Wash rocks to grain size and aluminum content 'I 

were prepared as for Chinle rocks. In general, the aluminum 

content shows an inverse correlation with grain size,and 

the elements B, Cr, Co, Ga, Fe, Pb, Mg, Ni, K, Na, Sr, Ti, 

V, and Y show a moderate to well-defined positive corre-

lation with aluminum. Be, Cu, Sc, Zn, and Zr show a less 

well-defined positive correlation with aluminum. Calcium 

and manganese tend to correlate inversely with aluminum, 

but barium shows no detectable relation to aluminum content. 

Composition of mineral fractions.--Two samples of 

stream sediment derived mainly from weathering of barren 

Salt Wash rocks were sieved and the various size fractions 

further separated on the basis of density and magnetic 

susceptibility differences. Grain counts were made on 12 



of the 42 subsamples. Although a little contamination was 

present due to windblown sand and silt, the study gives 

some insight concerning the chemistry and mineralogy of 

the Salt Wash rocks. 

The weight percept of the various mineral separates 

is given in tables 22a sad 22b. The distribution of vari-

ous elements in the separates is shown in table 23, and 

the mineral compositions of 12 of the mineral separates 

are given in table 24. 

Many of the grains in the larger particle sizes are 

multimineralic with the result that a high proportion of 

the heavy minerals are attached to light particles and 

appear in the light fraction. Therefore, very small a-

mounts of heavy minerals were removed from the coarse frac-

tions. iu the smaller particle sizes, more of the grains 

are monomineralic, and the heavy minerals are more easily 

separated from the light ones. The modal size of the light 

minerals in both samples is in the range 0.125-0.25 am and 

the modal size of the heavy minerals is in the range 0.062-

0.125 mm. 

Although the weight of the light fractions is far more 

than that of the heavy fractions, the concentration of cer-

tain trace elements is so great in some heavy mineral frac-

tions that more than half of the total quantity of an ele-

ment in a particular size range may be in the heavy frac-

tion. This is true for chromium in the 0.062-0.125 mm 

https://0.125-0.25
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Table 22a.--Weight percent of sample K2-5 in each mineral separate-' 

Particle size Percent in Percent in heavy fractions 
(nor) light fractions Magnetic Slightly magnetic Non-magnetic 

0.5 - 1 8.63 0.0014 0.0029 0.026 
0.25 - 0.5 27.3 .0018 .0c47 ' .041 
0.125 - 0.25 39.2 .010 .0088 .042 
0.062 - 0.125 16.0 .029 .010 .035 
0.043 - 0.062 5.10 .012 .0038 .020 

0.043 3.58 

Table 22b.--Weight percent of sample K?-5 in each mineral separate!" 

Particle size Percent in Percent in heavy fractions 
(fin) light fractions Magnetic Slightly magnetic Non-magnetic 

0.5 - 1 15.8 0.0004 0.0008 0.0044 
0.25 - 0.5 23.7 .0021 .0028 .0067 
0.125 - 0.25 35.1 .017 .011 .014 0 
0.062 - 0.125 16.5 .074 .024 .033 
0.043 - 0.062 4.45 .032 .0079 .039 

0.43 4.19 

1/ Light grains were those which floated in bromoform of 2.35 specific 
gravity. Heavy grains sank in the bromoform. 

Magnetic separations were made using a Frantz isodynamic separator. 
The magnetic fractions were those removed at a curreni of 0.5 
ampere, a side rotation of 15 degrees, and a longitudinal slope 
of 20 degrees. The slightly magnetic fraction consisted of those 
grains which were not removed in the mavnetic fraction but which 
could be withdrawn at a current of 1 ampere, a side rotation of 
5 degrees, and a longitudinal slope of 20 degrees. The nonmagnetic 
fraction was the material remainiu6 after the magnetic and slightly 
magnetic material was removed. 
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Table 23.--Distribution of elements in various mineral fractions of stream 
sediments derived main]y from Salt Washeakieterle 

Laft4c. 
(Spectrographic analyst! R. G Havens) 

Aluminum 
Specific Gravity greater than 2.35 

Size range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 x. ,x. X.- ,X.- X.- ,X. X.- ) 
0.25 -0.5 x. ,x. X.- ,x.- x.- ,x. x.- .x+ 
0.125-0.25 x. ,x. X. ,X.- X. ,X.+ X.- , X.-
0.062-0.125 X. ,X. X. ,X.- X.+ ,X.+ X.- ,X. 
0.04J-0.062 x. ,x. X.- „X.- X. X. X.- X. 

0.00 x. ,x. 

Barium 
Specific Gravity greater than 2.75 

Size range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 .0X+ ,.OX .X- ,.X X. ,.X+ xx. Y • 
XX*0.25 -0.5 .0X+ ,.0X .x- ,.x X. „X- ,XX0 

0.125-0.25 .0X+ ,.0X .X- ,.0X* X., ,.x XX! ,XX. 

0.062-0.125 .0X+ ,.OX+ .0X ,.0X- .X+ ,.0X+ X.+ X. 

0.043-0.062 .0X+ ,.0X .0X- ,.0X- .X- 1.0X+ X. , .X+ 

0.043 .0X+ ,.0X 

Boron 
Specific Graviti Treater than 2.85 

Size range Specific Gravity night1y 
in mm. lesS than 2.65 agnetic tie NonmagpeticMagnetic 

0.5 -1.0 .00X- ,.00X -0- ,.0X- -0- ,-0- O P 0 

0.25 -0.5 .00X ,.00X .0X- ,-0- .0x ,.0X- O ,o 

0.125-0.25 .00X ,.00X- .0X+ ,.0X- .X ,.X $ Tr0 

r'.062-0.125 .00X ,.00X .0X+ ,.0X .X+ ,.X+ .00X- , Tr 
C.00-0.062 .00X-t ,.00X+ -0- -0- .0X+ t.X- -0- -) '"0"' 

0.043 .00X+ J .00X+ 

Begllium 
Specific Gravity greater than 2.-85 

Cize range Specific Gravity Sligntly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 0 ,o .000X-,-0- -0- , -0- 0 , 0 
0.25 0 ,0 .000X-,-0- .000X-, Tr 0 
0.125-0.25 0 ,o -0- ,.000X- Tr , -0- 0 ,0 
0.062-0.125 0 ,o -0- ,.000X- .000X ,-0- Tr , -0-
n.043-0.062 0 ,o -0- ,.000X .000x-i-0- -C- , -0-

0.043 0 .000X-

https://0.125-0.25
https://0.125-0.25
https://0.125-0.25
https://0.125-0.25


 

 
   

714 

Table '3.-.Distribution of elements in various mineral fractions of stream 
sediments derived mainV fram Salt Wash smade4ema--Continued 

e 11. t-
Calcium 
Speci:i_ .3raviiyeroa4,er than 2.85 

Size Range Specific Gravity Magnetic Slightly 
in mm. less than 2.85 Ma retic Norma netic 

0.5 -1.0 x. 
o.25-0.5 x 
0.125-0.25 A.V 

0.062-0.125 x. 
0.01.43-0.062 x. 

0.043 x.+ 

Cerium 
Specific Gravity v'eater than 2.85 

Size Ran re Specific Gravity Magnetic Slightly 
mm • less than 2.85 Na netic I Nonmacrnetic 

0.5 -1.0 
0.25 -0.5 

0 
0 

0 
0 

-0- , -0-
.5X- , -0-

-0- , -0-
.0X , -0-

0 
0 

0 
, 0 

0.125-0.25 
0.062-0.125 

. -C-
-0-

3 -O-
-0-

.0Xf, .0K, 

.0X+, .0Xt 
0 , 0 
-0- , -0# 

0•043-0.062 0 .X- , .X- -0- , -0-
0.00 0 0 

Chromium 
Specific Gravity greater thar 2.-15 

q.
#1-2e Range Specific Gravity Slightly 
in mm les;i than 2.85 Magnetic Mapetic Nmmagnetic 

Q..5 -1.0 .ov , .00X .j)0X+ , .0X .00X , .00X+ .00X-,.00X-
;.5 .00X- , .DOX .'C x{* , .OX .00X4 , .0X .00X-,.00X-

0.12c-0.25 .00X- , .00X .X , .0X+ .0X+ , .0X+ .00X-,.00X 
0.062-0.125 .00X- , .00X- .X+ , .X .0X+ , .X .00X ,.00X+ 
n.343-0.362 .00X , .COX .X , .X+ .0X- .X- .00X ,.00X 

0.043 .00X+ , .00X+ 

Cobalt 
Specific Graviti v.eater than 2.85 

Size Rang, Specific Gravity Slightly 
in mn• less than 2.85 Magnetic Magnetic NcninaLretic 

9.5 -1.0 .')00X+ , .00X- .)OX+ , .00X* .00X , .00X1 0 , o 
".25 -o.5 Tr , .000K .00X+ , .00X .00X , .00X 0 , 0 
0.'25-0.25 Tr , .000X • , .00X .00X , .00X-
0.062-0.125 Tr , .000X .00X+ , .00X+ .00X-, .00X -o- , -0-
0. 43-0.o62 .000X , .000X .00X+ , .00X* .00X-, .00X- -0- -o-

0.043 .000X+ .000X+ 

https://0.'25-0.25
https://0.12c-0.25
https://0.125-0.25
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Table 23. --Distribution of elements In various mineral fractions of stream 
sediments derived mainly from Salt,Wash samastomo--Continued 

Size Range Specific Gravity 
in mm. less than 2.85 

0.5 -1.0 .00X , .00X+ 
0.25 -0.5 .00X- , .00X 
0.125-0.25 .00X- , .00X-
0.062-0.125 .00X- , .00X 
0.043-0.062 .00x+ •00X 

0.043 .0X- , .0X-

Size Range Specific Gravity 
in ram. less than 2.85 

0.5 -1.0 0 
0.25 -0.5 0 

0.125...0.25 0 

0.062-0.125 0 
0.043-0.062 0 

0.043 0 

0 

, 0 

0 

0 
, 

0 

Size Range Specific Gravity 
in mm. less than 2.85 

0.5 -1.0 0 
0.25 -0.5 0 
0.125-0.25 0 
0.062-0.125 0 
0.043-0.062 0 
0.043 0 _ 

Size Range 
in mm. 

0.5 -1.0 
0.25- 0.5 
0.125-0.25 
0.062-0.125 
•0 .043-0.062 

0.043 

,0 
,0 
,0 
,0 
/0 
,0 

Specific Gravity 
less than 2.85 

.000X , .000X 
Tr , Tr 
Tr , .000X-
Tr , .000X-
Tr , .000X-

.000X 1 .000X 

-J444,4+14- 4-ks. pooc,e
Copper 
Specific Gravitylreater than 2-95-

Slightly 
Magnetic Magnetic Nonmagnetic 

.OX , .00X+ .0X- , .0X- .00X- , .00X 

.00X+ , .00X+ .00X+, .0X- .00X- , .00X 

.0X- , .00X+ .OX- , .00X+ .00X- , .00X 

.0X- , .00X+ .OX- , .00X .0X- , .0X-

.00X+ , .00x+ .ox- 1. .00X+ .0X , .0X 

Erbium 
Specific Gravity greater than 2.85-

Slightly 
Magnetic Magnetic Nonmagnetic 

-0- , -0-
-0- , -0-

-0-
-0- , 

, -0- O 
O 

,0 
,0 

-0- , -0- -0- , 0 ,o 
-0- , -0- .00X, Tr .00X+, .00X+ 
-0- , -0- .00X+,.00X+ .00X+, .00X+ 

Gadolinium 
Specific Gravity greater than 2.85 

Magnetic 

-0- , -0-
-0- , -0-
-0- , -0-
-0- , 
-0-

Gallium 

Sl
M

ightly 
agnetic Nonmagnetic 

-0-
-0-
-0-
Tr

.00X+„ .00X+ 

, -0-
, -0-
, -0-
, -0-

8 
0 
8 
Tr 
Tr , 

,0 
,0 
,0 

, .00X+ 
Tr 

Specific Gravity greater than 2.77 
Sligly 

Magnetic Magnetic Nonmagnetic 

-0- , -0-
-0- , -0-
-0- , -0-
-0- , -0-
-0- , -0-

-0-
-0-

-0-
-"&" 

*0"' 

, -0-
, -0-

-0-

O 
O 
0 
-0-
Tr 

,0 
,0 
,0 
, -0-

.000X-

https://0.125-0.25
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Table 23.--Distribution of elements in various mineral fractions of stream 
sediments derived mainly from Salt-liash-sapdatQue--Continued 

.t&it. (.
::afnium 
Specific 7Travity Erealer than 2.85 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Macmetic Nonnagnetic 

c.5 -1.0 0 -0- , .OXt. -0- , -0- 0 ,0 
0.25 -0.5 -0- , .0X- -0- , .0X- 0 ,0 
0.125-6.25 0 ,0 -0- , -0- Tr , -0- .0X-, .uX-
0.0E2-0.125 0 ,o -0- , -0- .0X- , .0X .0X+, .0X+ 
0.043-0.062 0 ,0 -0- , -0- ,.0X .0X+, .0X+ 

0.043 a 

Iron 
Specific Gravity greater than 2.85 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Ma4in e tic Nonmagnetic 

0.5 -1.0 x.- , .x+ XX. ,XX. X.4 ,X.+ 
0.25 -0.5 .x+ ., .x+ XX. , X.+ X.+ .X.4 
n.125-0.25 .x+ , .X+ XX. X.+ 
0.062-0.125 .X+ , .X+ XX. .XX. X.+ ,XX. 
0.043-0.062 .X+ ,X. XX. ,XX. X. ,X.+ 

0.043 x.- ,x. 

Lanthanum 
Slecific Gravity greater than 2.85 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 0 ,0 .00X, -0- .00X , -0- 0 ,0 
0.25 -0.5 0 ,0 .00X*,.00X .0X , .0X- 0 , .00X+ 
0.125-o.25 0 ,0 .00X ,.00X .0X+ , .0X .00X+, .0X-
0.062-o.125 0 ,0 .00X 1 .00X .0X+ , .0X+ .00X+, .00X+ 
0.043-0.062 0D .00X ,.00X .XT .X- -0- , -0-

0.043 600X .1. 0X 

Lead 
Specific Gravity greater than 2.85 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonma netic 

0.5 -1.0 Tr , Tr .0X+ , .00X+ .0X , .00X+ ,0 
0.25 -o.5 0 , 0 .0X+ , .0X- .0x- , .ox- .00X-, .0X+ 
0.125-0.25 0 ,0 .0X , .0X- .0x- , .0X- 0 , .0X-
0.062-o.125 Tr , 0 .0X- , .0X- , .JX- .00X , .00X 
0.043-0.062 .00X-, .00X- .0X- ; .0X- .00X+, .0X- .00X+, .00X 

0.0143 .00X-2 .00X-

https://0.125-0.25
https://0.125-o.25
https://n.125-0.25
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Table 23.--Distribution of elements in various mineral fractions of stream 
sediments-derived mainly from Salt. Wash sat tone--Continued 

A • 

JAW57:1411., 
Magnesium 

, 

S,i(-ific Gr vity greater an 2.P:5 . 
Size '',.ange .ccl!:c Jr:Jvity Slightly 

is mm. less than - ',,LT,netic i NonmagneticE.5: Ma netic 

0.5 X.- .X- .Xr , .X+ X.- , .Xt 1 .X ) .X-
.K+ .A , .Xt , .X .A. , .X- .X , .X 

1.125-c.2c: .X4 , .X- .1.4 , .Xr X.- .X.- i .X- , .X-
.362-0.125 .X' , .X--
).0113-0.062 .X+ __:.X.- .X+_2__ .X, X.- ,X.- 1 .X .X., 

0.043 

.......-
Specific Grz,vi'v gmater than 2.S5 

Size .-Zange Soecif'ic 21mvityl 
in mm. :.e ar trcIn :.)',5 Mi Magnetic Nonmagnetic 

0.5 .0K , .OXI t .X- ,X.+ 
.2r - .1X , .0X .X- ,X 
0.12H0.25 .0X , .0X .X , .X+ 
0.062-0.125 .0X , .X . .X .0X4 

.0X , .0X X X .0K+ 

0.0143 .(X-

Molybaenum 
Specific Gravity greater than 2.85 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Yac-netic 1 Magnetic Nonmagnetic

• 
n.5 -1.0 0 ..)X-, -0-1 .00X , -0- 0 ,0 
0.25 --;.5 0 .Ox-, -0- .C.OX , -0- 0 ,0 
0.125-0.25 0 ,0 .00X, -0- .00X-, -0- 0 ,0 
0.062-u.125 0 -0-, -0- , -o-

r..01'3-0.062 0 -0- , -0-
0.43 0 ,0 

Neodymium 
Specific Gravity greater than 2.i1'5 

S.ze Range Specific jraviti Slightly 
in mm. less than 2.[J5 Magnetic Magnetic Nonmagnetic 

r+ 
-l.0 0 )0 -0- , -0- -0- , -0- 0 ,0 

.25 -0.5 0 ,0 .00X,, -0- .0X- , .00X+ , Tr 
0.125-0.25 0 ,0 .00X+, Tr .0X , .0X 0 , .0X-
0.062-.125 0 ,0 .()X- , .0X- .0X+ , .0X+ -0- , -0-
0.043-0.62 0 0 ., X- , -0- .X- .X- -0- , -0-_..z._ 
-___ 0.043_ 0 02._. 

https://0.043-0.62
https://0.125-0.25
https://0.125-0.25
https://0.12H0.25
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Table 23.--Distribution of elements in various mineral fractions of stream 
sediments derived mainly fromi Salt/tiash eandetefte--Continued 

.5444.:1-61A-r- Al ct44Nickel 
Thavity creater than 2.05 

Size iange 3pecific Gravity 
in mm. Tess than 2.E'3 Macmetic Ma netic N-)amaoetic 

-1.0 .00X- , .00X . , .00X- .,)00X+,.000X0.5 
2J.25 -0.5 .000X+ , .0001+ . 00 X - .000X+, 0 
0.125-0.25 .000X+ , .000X* , .00X .00X , . 00X .000X ,.000X 
.062-0,1251 .000/+ , .000X+ .00X , .001 -0- , -0-
0.0L3-,).02 .300X* z .000X+ .00X+ , ..00X .00X-, .00X -0- , -0-

0.01..13 I 0 ,.00X-

Niobium 
Specific Gravity greater than 2.85 

Size Ranee Specific Gravity, Slightly 
in mm. less than 2.35 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 ,o .000X+ , .001+ -0- , .00X 0 ,0 
-0.5 0 ,o .00X- , .00X- .00X-, .00X 0 ,0 

0.125-0.25 ,o .00X , .001 .00X+, .00X rr , .00X-
0.062-0.125 ,0 .00X+. , .00X+ .00X+, .0X- -0- ) f-0-
.043-0.062 .00X+ ,.00X+ .0X- ,.0X- -0- , -0-

C .0'43 LT. 

Potassium 
S ecific Gravit reater than 2.55 

,) ize . q.ange SI-,ecific Gravity Slightly 
in mm. less than 2.35 Mane tic Magnetic Nonni netic 

u.5 -1.0 x. ,x. , -o- x.- -0- X.- 19X+ 

-0.5 x.- ,x. x. ,x. x. ,X. X. c,X1 

0.125-0.2 x.- ,x. LOD ,x. x. ,x. X.- ,X0-
0.062-0.125 x. ,x. x.- ,x.- x.- ,X.- .X+ , .X+ 

0.o43-0.062 x. <X, - X+ x. ,X. X.-
o.0)43 x. ix. 

Scandium 
Specific Gravity greater than 2:B5 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 .000X+ , .0001 .000X+ , .00X- .000X -0- 0 ,0 
0.25 -0.5 .000X , .000X+ .00X- , .000X+.000X+, .00X- 0 )0 
0.125-0.25 .000X ,0 .00X , .00X !.00X- , .00X- 0 , .000X+ 
0.062-0.125 .000X ,0 .00X , .001 1.00X+ , .00X+ .00X, .00X+ 
0.043-0.062 .000X+ , .000X+ .00X , .00X 1.00X ,.00X+ .00X, .00X+ 

o.0143 .000X+ ,.000X* 

https://0.125-0.25
https://0.125-0.25
https://0.0L3-,).02
https://0.125-0.25
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Table 23.--Distribution of elements in various mineral fractians of stream 
sediments derived mainly from Salt Wish .,seadretysine--Continued 

OT PC4itiffait4 

C.41: z. C. in 

• 
1 Se:ifi 

,XX. ,XX. X. k'. , --- IX. ,X(. 
XX. ,KX.2:: -C.:4 1XX. U. • ,X(. ,.. ,XX. 

XX. A. .. Pl. .(:. U. ,X(. 
XX. 'X. •(. d..,.. .X7. XX. ,XX. 
XX. 1XX. 1 XX.___,“. X/. 2Xk. _ 

<4431XX. LIX-

C, • ec ira::;i t'. -roa;ja;-117"3.R7! 777- . 

'iravity 
than --L2.L; MaEnetiz Nonmarmeti 

.1) ,•X ,-0-
C= • .x "x 

9.-v-
1.,DX.* 

0.:.)14)-6.(7)62 .X- -0-
< .x+ 

Strontium 
Speci.fic ':Jravity greater than 2.85 

Size 'range 
— in mm. 

Specific tiravityl 
less than 2.85 , Magnetic 

Slightly 
Magnetic Nonmakinetic 

D.!; -L.() 
r%2c -0. .00X+ 

.0X- ,.x 

.UX-
.JX* ,.OX 
•X- ,.0X4 

.x+ ,.x+ 

.X+ ,.X+ 
0.12L)-0.2!:, 
(J.062-0.125 

.00Xf 

.0X-
.00X+ ,.00X* 
.00K* 

.x- ,.ox+ 

.0X+ ,.0X 
.X- ,.x-
.X- ,.0X+ 

0.C43-7,.062 .0X- .0X .00X .0X „CA- .0X+,.0X-

C;.043 .0X L.OX-

Tin 
Specific Gravity greater than 2.85 

Size Range 
in mm. 

Specific Gravity: 
less than 2.65 Ma netic 

Slightly 
Ma netic Nonma•netic 

0.5 -1.0 ,0 .0X, ,-0- .OX ,-0- 0 ,0 
0.25 -0.5 
0.125-0.25 

0 0 
° 

-0-
-0-

,-0-
,-0-

-0- ,-0-
-0- ,-0-

.00X, .OX+ 
0 , .0X 

0.062-0.125 0 -0- 9-0- -0- ,-0- .00X, -0-
0.043-0.062 0 -1-- -0--0- -0- ,-0- .00X+,-0-

< 0.043 

https://roa;ja;-117"3.R7
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Table 23. --Distribution of elements in various mineral fractions of stream 
sediments derived mainly from Salt Wash 43anotekone--Continued 

X11`7 cwt C t of 4,4, /4+1 t yott 

Titanium 
S:.:eci:ic 71-rafity greater than T.77 

Siz :tinge SI:ecirc iira7ity Slightly -I 
in mm. leF,s than 2.r:,F 1 Y:alie ic Ma;netic Nonmagnetic 

0.5 -1.0 .X- , .X- i 
.A 
-

, .X .X- , .X+ .0X1- , .0X+ 

0.25 -0.5 .X- , .X- i .Xt ,X.- .X .X- , .0X+ 

0.125-0.25 .X- , .X- 1X.- , X . X.- 'K. .X* ,X.-

D.r62-6.125 .X- , .X- X.+ ,X.+ X.+ ,xx. X. ,X, 
7).'443-0.C)62 .X ,.X- ,X.t XX. X. X. X.-

< (.),04", 

Vanadium 
IEecific Gravity LE2ater than 2.7-

Size tinge Specific Gravity Slightly 
in mm. less than 2.35 Magnetic Magnetic amagr.etic 

0.5 -1.0 .00X+ ,.00x .nx ,.9X+ ..$)OX ,.00X 
.00x • ,.OX .-X .00K ,.00X 

0.125-0.25 .eox ,.oux .X, p.0X+ .0X ,.0X ,.4CX+ 
.'ox ,.00X .0X+ ,.X- .OX ,.OX+ 

0.%3-0.062 .0X+ __1.0X+ ,.OX .c)ox+ .00X+ 
c.0.0431 .00X+ ,.00X+ 

Ytterbium 
Specific Gravity greater than 2.8 

Size R.ange 2;ravity Sightly 
in mm. less than .85 Magnetic Magnetic Nonmametic 

0.5 -1.0 .000X- ,.000X- .00X- „DOX -0- ,.00X- Tr ,.000X-
0.25 -0.5 .000X- ,.000X- .00X- „OCX- -0- ,.00X- .000X-,.000X-
0.12c)-0.25 .:)00X- ,.000X- .00X , c06X- .00X-,.00X- .000X+,.00X-
0.062-0.125 .000X- ,.000X- .00X ,.t.)0X- .00X+,.D0X+ .0X- ,.0X-
0.043-0.062 .000X- .000X ..M .0X*,.00X+ .0X- .0X-

<70.043 .000X .000X+ 

Yttrium 
Specific Gravity _greater than 2.5 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 .00X- ,.00X- t)(.,X+. ,.ox- .00Xi,.0X- .000X+,.00X-
0.25 -0.5 .)0X- ,.00X- .0x- ,.00X+ .00X+,.0X- .00X- ,.00X 
0.125-0.25 .00X- ,.00X- .0X- ,.00X+ .0X- ,.0X- .00X+ ,.0X-
0.062-0.125 .00X- ,.00X- .CX- ,.0X- .0X+ ,.0X+ .0X+ ,.0X+ 
0.043-0.062 .00X- ,.00X .0X- _).0X .0X+_,.0X+ .0X+ ,.0X+ 

<0.043 .00x 2.00x 

https://0.125-0.25
https://0.12c)-0.25
https://0.125-0.25
https://0.125-0.25


 
?able 10.--Distritertion of elements in various mineral tic** of stream 

eedmirets Uric mainly trusliat Waskh --66ntinmot 

i 
Zirconium 
Specific Oravitylveater than 2.8c 

Slightly 
. ass thal Magnetic Magnetic Nonmagnetic 

_.- • I. ._X- .'Xi ,X.- ..7.)X , -I+ .0X- , .0X 
.. .7-, • 1- .-c- .::(... , .x .x.,- , .x+ .ox , .ox 
.12=- .2": .-I- . - X- ..1- , .0X-*, .X , .1 .X , .X 
)2--,.:,:' ." ,',- . - X- . X- , .a#: .X+, .X XX. ,XX. 

-.1 -2.362, . -1 , .,X- .A, 2_ .1.-. 1 X.- ,X.- IX. III. 

Ai See table 2 for explanation of symbols used. Analytical data for 
elements net shomm.in the table are as followo: 

Laboratory No. Percent 

X.-
242231 .x-
242234 .x+ 
242235 .0X+ 

Arsenic 242230 

2. Dysprosium 242247 .00X+ 
242268 .00X+ 
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Table 23. --Distribution of elements in various mineral fractions of strewn tt 4arived 
ilrom sat thumb 

"tr.Tfir 
Field Numbers of Mineral Fractions 

Specific Gravity greater than 2:85 
Size Range Specific Gravity -8lightly 
in mill. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 K2-563-4, K3-563-4 K2-568-1, K3-568-1 K2-568-2, K3-56B-2 K2-568-3, K3-56E-3 
0.25 -0.5 K2-560-4, K3-56C-4 K2-560-1, K3-56C-1 K2-560-2, K3-560-2 K2-56C-3, K3-56C-3 
0.125-0.25 K2-56D-4, K3-56D-4 K2-56D-1, K3-56D-1 K2-56D-2, K3-56D-2 K2-56D-3, K3-56D-3 
0.062-0.125 K2-56E-4, K3-56E-4 K2-56E-1, K3-56E-1 K2-56E-2, K3-56E-2 K2-56E-3, K3-56E-3 
0.043-0.062 K2-56F-4, K3-56F-4 K2-56F-1, K3-56F-1 K2-56F-2, K3-56F-2 K2-56F-3, K3-56F-3 

< c.043 K2-56G-1, K3-56G-1 

Laboratory Numbers of Mineral Fractions 
Specific Gravity greater than 2.85 

Size Range Specific Gravity Slightly 
in mm. less than 2.85 Magnetic Magnetic Nonmagnetic 

0.5 -1.0 242233, 242254 242230, 242251 242231, 242252 242232, 242253 
0.25 -0.5 242237, 242258 242234, 242255 242235, 242256 242236, 242257 
0.'25-0.25 242241, 242262 242238, 242259 242239, 242260 242240, 242261 
0.062-0.125 242245, 2142266 242242; 242263 242243, 242264 242244, 242265 
0.043-0.062 242249, 242270 242246, 242267 242247, 242268 242248, 242269 

<0.0143 242250, 242271 

https://0.125-0.25


  

 

 

  

 

 

 

Table 24.--Percentage of minerals in fine-grained heavy fractions from samples K2-56 and K3-56 

[Estimates of mineral percentages were made by Paul L. Williams of the U.S. Geological Survey 
based on counts of 200 to 400 grains] 

Magnetic Slightly maanstic NonmagneticI 

0.062 - 0.125 mm 0.043 - 0.062 mm 0.062 - 0.125 mm 1/0.043 - 0.062 MIR 0.062 .• 0.125 MMH 0.043 .•, 0.062 mm 
Mineral 

K2-56 K3-56 K2-56 K3-56 K2-56 K3-56 1C2-56 K3-56 K2-56 K3-56 K2-56 K3-56 

Apatite-.. Tr Tr 0.5 Tr 1 2 4.5 Tr 
. 

Barite .5 33.5 8 4 Tr 

Calcite-- 3.5 Tr 1.5 Tr 4 5.5 .5 .5 6.5 4.5 

Feldspar 3 11 9.5 65 49. 14 12.5 34 35 

Garnet-- 2 1 5 2 1 

Leucoxen- 26.5 29 12 21.5 7.5 8.5 1.5 1.5 

Opaques- 81.5 96.5 94 97 12 30 4 5 1.5 

Pyrite- .5 1 Tr 

Quartz 7 1.5 Tr 3 5 12.5 11 21 20 36 23 

Rutile-- .5 .5 .5 3 

Tourmaline .5 .5 1 1 40.5 22.5 3 4 

Zircon-- 1.5 Tr 4 2 4 4 21 35 17 30 

1/ A recount of 500 grains from the 0.043-0.062 mn, slightly magnetic fraction of K3-56, after cleaning
-t. 

in HCl, gave percentages similar to those shown except for a content of one percent monazite. 
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range of sample K2-56 and for ytterbium in the 0.043-0.062 

am range for sample K3-56. In K2-56 the heavy fractions 

contain about one-third of the boron in the 0.062-0.125 mm 

range and one-third of the barium in the 0.5-1.0 as range. 

In K3-56 one-third of the yttrium in the 0.043-0.062 mm 

fraction is in the heavy fraction. 

Some of the minor elements are major constituents in 

rare minerals but many others are concentrated as nonessen-

tial constituents in certain relatively common minerals 

whose main constituents are major elements. These non-

essential elements show a very good correlation with the 

major element concerned. The good correlations shown be-
e 

tween iron and cobalt, nickel, and lead are probably exam-

ples of this relaticu. 

The mineral composition of the 0.043-0.062 mm and 

0.062-0.125 mm heavy fractions is helpful in explaining the 

chemical compositions of the various fractions. The coarse-

grained magnetic fraction very probably contains magnetite, 

hematite, limonite, and a little ilmenite. In sample K3-56 

there is also an anomalous content of manganese--possibly 

as a result of the concentration of small fragments impreg-

nated with "desert varnish-. Arsenic, cobalt, copper, lead, 

molybdenum, nickel, silver and zinc are also concentrated 

in this fraction. 

The fins-grained magnetic fractions are enriched in 

iron, titanium, cobalt, chromium, nickel, and vanadium. 



Here the titanium:iron ratio is higher than in the coarse-

grained magnetic fractions, indicating that ilmenite and 

titaniferous magnetite are most concentrated in the fine-
/

grained fraction of the Salt Wash. The cobalt, chromium, 

nickel, and vanadium are present in minor amounts and are 

commonly associated with titaniferous magnetite (Gold-

schmidt, 1954, p. 413-415). 

No elements reach a maximum concentration in the 

coarse-grained, slightly magnetic fraction, but several 

are very highly concentrated in the fine-grained slightly 

magnetic traction. The presence of much leucoxene, iron-

stained feldspar, tourmaline, some zircon, and a little 

monazite accounts for most of the elements found concentrat-

ed. 

Both barium and strontium are enriched in the coarse 

nonmagnetic fractions, but barium is present in an amount 

about 20 times that of the strontium. 

The fine-grained nonmagnetic fraction contains much 

zircon, iron stained quartz, and feldspar, some leucoxene, 

and lesser amounts of apatite, calcite, and barite. The 

hafnium present is probably held in zircon (Goldschmidt, 

1954, p. 422) because its ionic radius is similar to that 

of zirconium. The ratio in the 3ait Wash zircons is about 

1 part hafnium to 200 parts of zirconium and is of the same 

Order of magnitude as that reported by Goldschmidt (op. 

cit. p. 423). 
544jsAhe ah l mu Is h Ca, 4i -1(4 

In summary, the analysis of hand samples of  Salt Wash Alem644-, 
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-snalkolammriamimmwWW414%irshows that most elements determined 

tend to increase in concentration as the aluminum content 

increases and the grain size decreases. Calcium, manganese, 

and probably silicon decrease with increasing aluminum con-

tent, but barium shows no obvious correlation with aluminum. 

Analysis of mineral separates of stream sands derived from 

Salt Wash terrane demonstrates that aluminum, magnesium, 

calcium, sodium, and potassium, are present in at least 

moderate concentrations in several mineral fractious. Bari-

um, boron, cerium, chromium, hafnium, strontium, yttrium, 

ytterbium, zirconium and neodymium are greatly concentrated 

in one or more of the heavy minerals. Titanium, iron, 

manganese, cobalt, copper, niobium, nickel, lead, scandium, 

and vanadium appear to be intermediate in the degree of 

concentration in any one mineral fraction. 

Mineralised rocks 

Description of ore deposits.--The uranium-vanadium de-
mek'LL

posits la Balt Wash @tndstones generally consist of one or, 

more tabular bodies sad occur most commonly in the upper-

most prominent sandstone bed. Some ore bodies, however, 

are narrow and elongate and curve sharply across bedding; 

these have been called "rolls". (Shawe and others, 1959, 

p. 398). Almost all of the uranium-vanadium deposits in 

the Salt Wash member of the Morrison formation in the Lisbon 

Valley area are highly oxidized. Weir r-04-4-., and Puffett1 

WIER. (written communication) state that the chief ore 



 

(p. 89 follows) 

milmorais are carnotite, tyuyamunite, and vanadium hydromica. 

COMM carbonates occur in only a few deposits which are 

mostly is the southeastern part of the area. Some corvu-

site, hewettite, and ilsemanite are present in the Dip sine 

in the northern part of the area. 

The deposits range in size from those containing a few 

pounds of ore to one which has yielded about 100,000 tons. 

Only a few have yielded sore than 10,000 tons of ore Moir 

and Puffett, op. cit.). 

The ore bodies generally occur in sandstone containing 

plentiful carbonaceous material. NUdstones interbedded 

with, or underlying, the mineralized sandstones are Oommonly 

greenish gray. At distances greater than a few tens or I 

hundreds of feet from ore, the mudstones are commonly red-

brown in color. 

Comparison of unmineralized and mineralized rocks.--

Analyses were made of mill pulps and selected hand samples 

of mineralized rock. The composition of these mineralized 

rocks is shown in figure 15 along with that of barren rocks. 

Apparently Ba, Co, Cu, Pb, Sr, Y, and possibly Be, Ca, Mn, 

Ni, and .41 are significantly higher in concentration in ore1 

than in barren rocks. In addition to these elements sele-

nium is enriched in ore. 

Distribution of ore-associated elements relative to 

the Lisbon Valley fault.--The analyses of mill pulps in 

table 25 are arranged in order of increasing distance from 

the Lisbon Valley fault. An examination of the data reveals 
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no consistent changes in composition of Salt trash uranium-

vanadium ores with distance from the fault. However, ore 

from the very large Rattlesnake deposit, which is cut by a 

branch of the Lisbon Valley fault, contains a higher con-

centration of selenium than that found in the other Salt 

tash ores. Ore from the Liberty No. 1 deposit contains 

more copper than that from the other Salt Wash deposits 

and is nearer the Lisbon Valley fault. 

The significance of these features is uncertain. There 

are more than 100 uranium-vanadium deposits known in the 

Lisbon Valley area (O. W. Weir and = . P. Puffett, written 

communication), and probably less than 5 percent of these 

are located within a few hundred feet of a fault. The ,, 

chances that the Rattlesnake, the largest Salt Wash deposit 

in the area, would be found adjacent to the Lisbon Valley 

fault would appear to be small if there were no relation 

between the uranium-vanadium deposit and the fault. 

Although the chemical data ahem in table 25 indicate 

no significant relation between composition of ore and dis-

tance from the Lisbon Valley fault, G. W. Weir (written 

communication) has noted that Salt Wash ore bodies near the 

fault contain more copper minerals than those far from the 

fault in the area southeast of the Blackbird sine. Shave, 

and others, (1959, p. 403) found the copper content of 

uranium-vanadium deposits to be relatively high near the 

Dolores fault zone which lies eeetheset of, and about in 
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line with, the Lisbon Valley fault. Thus, a zoning of cop-

per content with respect to faults seems probable in the 

southeasternmost part of the Lisbon Valley area. 

Composition of rocks and colluvium near 

uranium-vanadium ores 

The distribution of elements around ore was studied by 

comparing the composition of rock samples collected near 

ore with those far from known ore and by analyzing drill 

core collected at varying distances above ore. Many ele-

ments vary with the aluminum content of a rock sample; hence, 

only rock samples of similar aluminum content at varying 

distances from ore were compared to establish the presemce 

or absence of a 'halo" of ore-associated elements near 66 

bodies. 
The Black Bottom deposit, located in the lost Canyon 

of Dry Valley, was selected for a study of rock composition 

mar ore. A few samples were also collected near the Pro-

fit No. I and Sunset mines located about SO&) feet and 

3,200 feet, respectively, south of the Black Bottom min,. 
/1,4 

All three mines are in the uppermost promineklvIISalt 

Wash otiiiiit000;iiiiih in places wooed' 83 feet is thick-

ness. At the Black Bottom deposit the ore consists mostly 

of °rolls" of various types which have a general northeast 

trend (rolls are narrow, elongate ore bodies which curve 

sharply across bedding. See Shims, and others, 1989, p. 409). 

The ore sandstone is underlain by greenish-gray mudstone and 
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shale which is two or more feet thick were exposed in a road 

cut in front of the mine entrance. This basal mudstone and 

shale is covered by colluvium for a distance of about 200 

feet away from the mine; where it is seen again, it is red-

brown. The ore sandstone is very light brown in color but 

has thin, interlayered, predominantly greenish, mudstone 

lenses near the mine. At distances greater than 150-200 

feet from the Black Bottom mine, the thicker mudstone lenses 

have increasing amounts of red-brown material. 

The Black Bottom and Profit No. 1 mines, at the time 

of sampling, had produced less than 2000 tons of ore. The 

grade of ore in both mines was approximately 0.25 percent 

U30 and 2 percent V 0 (G. W. written communicatikon,8 2 5 

1960). The Sunset mine is considerably larger than the 

Black Bottom and Profit No. 1, but the writer has no accu-

rate data concerning its ore production. 

Fifty samples were collected representing ore, basal 

mudstone, massive sandstone, and interlayered mudstone, both 

near and far from known ore. The samples were grouped ac-

cording to their aluminum content, and the median value for 

each determined element was found for each group. These 

median values were the standards against which the composi-

tions of the various samples were compared. 

The compositions of three samples of ore and one of 

slightly mineralized rock were compared with the median 

values for each element, and anomalous elements were thus 
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identified. Barium, beryllium, cobalt, copper, nickel, 

lead, selenium, silver, strontium, uranium, vanadium, yt-

trium, zinc and possibly chromium were apparently concen-

trated in the ores. The slightly mineralized sample vas 

enriched only in uranium, vanadium, and lead. 

The compositions of six samples of basal mudstone col-

lected within 30 feet of ore were compared with three simi-

lar samples collected more than 200 feet from ore and found 

to contain, on the average, slightly higher concentrations 

of copper, lead, selenium, and vanadium. 

Four samples of interbedded mudstone collected within 

30 fest of ore contained more barium and copper than five 

similar samples collected more than 200 feet from ore. , 

Six samples of massive sandstone collected near ore 

contained more chromium, copper, lead, and vanadium than 

five samples collected far from ore. 

For both the audetone and sandstone samples mentioned 

above, only samples of similar aluminum content were com-

pared. Because copper, lead, and vanadium appear to be 

slightly concentrated within 30 feet of ore in both basal 

mudstone and massive sandstone, they are potentially more 

valuable in prospecting than other elements which were de-

termined. Only small numbers of simples were used in the 

comparisons, however, and the semiquantitative nature of 

the analytical data must be considered in evaluating the 

results. No trace analyses for uranium were made in this 
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particular study, so the distribution of uranium around the 

Black Bottom mime is not known. 

A study made by Miesch and Connor (1956, p. 128-145) 

indicated that vanadium in either the total rock or the 

acid-soluble fraction; copper, lead, and zinc in the acid-

soluble fraction; or uranium in tne total rock can serve 

to delineate broad areas favorable for detailed prospecting 

because of the increased concentration of these elements 

near ore. The distribution of cobalt, nickel, arsenic, 

selenium, and molybdenum did not form a useful pattern more 

than a few feet from ore. Thus, the results of the Lisbon 

Valley work generally agree with that conducted by kiesch 

and Connor. 

As part of the study of distribution of elements near 

Salt Wash ore bodies, a series of core samples was collected 

from drill holes penetrating uranium-vanadium ore near the 

Blue Jay mine (sec. 28, T. 28 S., R. 23 E.). In addition, 

samples of colluvium overlying high-grade uranium-vanadium 

ore were collected at the Rattlesnake mine. The analytical 

data from the drill core are shown in table 26. 

Ore samples from the drill core contained anomalous con-

centrations of cobalt, lead, cerium, silver, uranium, vana-

dium, and zinc as compared to barren samples collected in 

the Black Bottom area. Cobalt, cerium, uranium, and zinc 

show a very sharp decrease in concentration in going from 

ors to rock in ;ontact with ore. Lead, silver, and vanadium 



95 

are anomalous in rocks at least 0.4 foot above ore in bole 

number 21, but are not discernibly enriched more than 0.01 

foot from ore in drill hole number 10. The abrupt change 

from ore to barren rock, which is noticeable as a change 

from medium or dark gray to very light brown rock, is ap-

parently also marked by an equally abrupt change in concen-

tration of many of the ore-associated elements. 

The sample of drill core collected at 26.8 feet above 

ore in drill hole 10 was selected because of its purplish-

gray color which, at first glance, resembles vanadium ore. 

Comparison of this sample with barren rock of similar alumi-

num content indicates that the sample probably contains 
1' 

anomalous amounts of iron, arsenic, and possibly manganese 

and vanadium. Similar appearing material (from a roll-type 

.1deposit) collected from a prospect in the 1111-10-r4 sec. 34, 

T. 27 S., R. 23 X. was examined by A. J. Gude 3d, and the 

minerals coating sand grains were found to be micaceous 

hematite and roscoelite with very fine chlorite and seri-

cite(?). Spectrographic analysis of the sample examined by 

Gude showed X. percent iron, 0.X- percent vanadium, 0.004 

percent equivalent uranium, 0.00X+ percent magnesium, and 

less than 0.X+ percent potassium, suggesting that most of 

the mineral coating was hematite. Other examples of these 

"hematite-roscoelite" deposits were found during geologic 

napping. Apparently there is a high-iron, low-uranium-

vanadium type deposit which imitates in appearance the better 
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known uranium-vanadium deposits. D. R. Shawe (oral communi-

cation) has found similar deposits in the Slick Rock dis-

trict, Colorado. 

Samples of colluvium taken above high-grade uranium-

vanadium ore at the Rattlesnake mine also demonstrated the 

very slight tendency of ore-associated elements to migrate 

upward from ore. Analyses of samples collected just below 

the ore-colluvium contact, and at 0.5, 11.5, and 13.5 feet 

above ore are shown in table 27 (in pocket). 

If the compositions of the ore and the overlying col-' 
due 4ee 

luvium are compared with that of barret3oSalt Waslyaandstone, 
A 

the elements which are present in abnormal concentrations 

can be identified. The ore sample apparently contains 

anomalous amounts of barium, lead, antimony, selenium, 

uranium, vanadium, and zinc. Despite the fact that the ore 

contains about 7 percent uranium, the colluvium only 0.5 

foot away contains less than 0.0004 percent uranium, thus 

demonstrating the failure of uranium to diffuse even a short 

distance upward. Barium, selenium, and vanadium are all 

more concentrated than normal in the colluvium 0.5 foot 

above ore and may have moved upward from the underlying ore. 

Composition of carbonaceous material 

in the Dip mine 

The Dip mine is located in sec. 4, T. 28 S., R. 23 E. 

The partially oxidized ore occurs in a gently dipping sand-

stone lens which is 10 to 12 feet thick and is exposed for 
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a distance of about 150 feet along the strike. The pro-

duction of the mine is estimated at about 200 tons of ore. 

Minerals identified in the ore by Theodore Botinelly (oral 

communication) include hematite, montroseite, carnotite, 

ileemanite, and corvusite. Carbonized logs are very common 

is the walls and roof of the mine and have been replaced 

to a varying extent by ore minerals. Samples of three logs 

were collected representing highly mineralized, moderately 

mineralized, and slightly mineralized carbonaceous material. 

In addition, the rock near the highly mineralized log was 

sampled, Both rock and carbonising Material were analyzed, 

sad tie data are shown is table IS peeket). Differing 

sonata of inorganic matter are mixed with the carbonaceous 

alga, sad this may account for the differences in con-

eestration of aluminum, iron, manganese, and calcium found. 

Comparison of the composition of the carbonized logs
Pk‘f 

with that of barren ,Salt 'igh eamdetoii indicates that the 

leg, contain abnormally high cescentrations of As, Ba, Mo, 

Se, U. V, ,41, and Zr. All of these elements show some 

evidence of positive correlation with uranium. In addition, 

Al, Fe, Ti, Mn, and Ca increase in concentration with in-

creasing mineralization. Apparently the most highly miner-

alized log was the one containing the most intermixed sand 

and silt. 
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Comparison of uranium-vanadium ores from 

various formations 

Uranium-vanadium ores have been produced from the 

Cutler, Chinle, and Morrison formations in the Lisbon Valley 

area. Analyses of samples of ore from each of these forma-

tions were made as a part of this study, and it was found 

that certain characteristics are common to ores in all for-

mations and other characteristics tend to be restricted to 

ores from just one or two formations. In table 29, ele-

ments which are enriched in ores of all three formations are 

listed first; then elements known to be enriched in two for-

mations are listed; and last are those elements which are 

known to be significantly enriched in the ores of only one 

formation. The failure to find anomalous amounts of some 

elements in the Cutler ores may be due to the small number 

of samples analyzed. More samples were analyzed from the 

Chinle than from other formations and more elements were 

found asamilows in at least some samples of the Chinle rocks. 

The uranium-vanadium ores from the various formations 

not only have many similarities but also many differences. 

The ores in all three formations appear to favor quartzitic 

or arkosic sandstones and conglomerates as host rocks. Al-

though small lenses of isterboided mmdstone, individual mud-

stone fragments, or mudstone at the base or top of the ore 

sand may be mineralized, the writer knows of very few in-

stances in any formation where appreciable quantities of 

high-grade ore are found more than a few feet from guar those 
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Table 29.--Elements enriched in uranium-vanadium ores of the Lisbon 

Valley area 

(Explanation for symbols used is as follaws: X - element is present 
in anomalous concentrations; X - element is notably concentrated in 
ore; F.D. - not determined; ? - insufficient samples have been 
analyzed to determine whether the element is concentrated in ore). 

Formation 
Morrison' 

Element Cutler Chinle (Salt Wash member) 

Ba X X X 
Ce X X X 
Cu X X X 

Pb X X X 
U 7 7 5Z 

x x X 

Y X X X 
Ag X X 
As N .D. X X 

Be ? X X 
Co ? X X 
Dy X X 

Er X X 
Mo X X 
rid X X 

Ni ? X X 
Se N.D. X X 
Sr ? X 5e 

Zn N.D. X X 
Zr ? X X 
Cd ? X 

Fe ? X 
Gd ? X 
Ho X 

La ? X 
Sb N.D. N.D. X 
Sm ? X 

Ti X 
Yb X 
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sandstone in the Lisbon Valley area. The ores from all for-

mations contain anomalous amounts of barium, cerium, copper, 

lead, uranium, vanadium, and yttrium. If more analyses of 

Cutter ore had been made, this list might have included 

acme other elements which are enriched in Chinle and Salt 

rash ores. 

The differences between ores from the three formations 

are mainly in the degree to which various elements are con-

centrated rather than in the elements which were concentra-

ted. Thus, relatively high copper concentrations appear to 

mark the Cutler ores. Copper is also found in varying de-

gripe in the Chinle sad Salt Wash ores, but generally is least 
/4e404( 

common in Salt UssiOiiiiiit4644. Silver is associated with 
y 

copper enrichment and very little was detected in the Wash 

ores, possibly because the copper is so slightly concentra-

ted there. Selenium, in contrast to copper, is most con-

centrated in Salt Wash ores and is only slightly enriched 

in the Chinle deposits. Cadmium is detectable in the ores 

from many of the Chinle mines but was not detected in ore 

from the Cutler or Salt ash rocks. Visible carbonaceous 

material is characteristically associated with ore inooth 

the Chinle and Salt Wash aSimitteSISMIIMM Spperently is not 

associated with Cutler ore. 

Another way in which the ores differ is in the state 

of oxidation. Both the Cutler and Salt Wash ores are re-

latively well oxidized compared to the Chinle ores. Thus, 



 

the Salt Wash deposits commonly contain bright yellow urani-

um-vanadium minerals; the Cutler deposits contain yellow 

uranium-vanadium minerals and green copper carbonates; and 

the Chinle ores are black due to the presence of lowvalent 

vanadium and uranium oxides. 

COPPER DEPOSITS 

The copper deposits in the sedimentary rocks of the 

Lisbon Valley area are restricted almost entirely to sites 

along or near the Lisbon Valley fault zone. Copper minerals 

are found in the Dakota sandstone and in the Hermosa, Cut-

ler, Chinle, Kayenta, Morrisen, Burro Canyon formations. 

However, in the Lisbon Valley area, only the Dakota, andf 

possibly Burro Canyon, rocks are believed to have appreci-

able reserves of copper minerals. 

The copper minerals found in the Hermosa were malachite, 

azurite, cuprite, and chalcocite in small lessee parallel to 

Nodding, as coatings on carbonaceous fragments, sad along 

fractures. The greatest concentrations were found in the 

vicinity of prospect pits near the south end of Lisbon Val-

ley. However, no deposits of ore grade were seen in the 

Hermosa formation. 

Uranium-vanadium deposits in Cutler rocks contain mala-

chite and copper sulfate (Dix, 1954, p. 13), and a low-grade 

mineral deposit consisting mainly of disseminated copper 

carbonates with a little uranium is present in conglomeratic 

sandstone at the Woods mine at the south end of Lisbon Valley. 
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Although anomalous concentrations of copper are pre-

sent in all the uranium-vanadium ores of the Chinle forma-

tion, copper minerals are generally sparse. The Mi Vida 

and Big Buck sines contain several zones in which copper 

minerals are found distances of a few inches to a few feet. 

In the Big Buck mine malachite, native copper, and chalcopy-

rite occur, but in the Mi Vida only malachite and chalcopy-

rite were seen. 

Only one small copper deposit was found in the Layenta 

formation. It is located near the south end of Lisbon Val-

ley, a few hundred feet south of the Blackbird copper mine. 

The deposit consists primarily of malachite disseminated in 

carbonate-cemented sandstone. 

Most of the copper found in the Lisbon Valley area is 

in medium- to coarse-grained sandstones and conglomerates 

of the Dakota sandstone. The two main deposits are the Big 

Indian Copper mine located near the junction of Big Indian 

%ash and Lisbon Valley and the Blackbird Copper mine located 

near the south end of Lisbon Valley. Much of the copper ore 

is present in the form of malachite and azurite, but minor 

amounts of chrysocolla, chalcocite, and covellite are re-

ported by Isachsen (1954, p. 100). 

In addition to the copper deposits in sedimentary rocks, 

there are small deposits containing azurite, malachite, 

chrysocolla, bornite and chalcopyrite associated with alter-

ed diorite porphry in Lackey Basin in the La Sal Mountains 
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(p. 105 follows) 

(Welr, 0. W., and Puffett, W. P., 1960, written communi-

cation). 

Analyses were made of copper-bearing samples from 

several of the copper dopo&its in the Lisbon Valley area, 

and the results are given in table 30. ftsmination of the 

table shows that silver and commonly molybdenum are enriched 

in the copper samples regardless of source. Only the cop-

per-bearing samples from uranium-vanadium deposits contain 

anomalous concentrations of cobalt and zirconium. Enrich-

ment in these two elements is probably related t©► the pre-

sence of uranium rather than that of copper. The COUCOA-

tration of nickel seems above normal in just one sumple--a 

sample of uranium ore. Most copper-bearing samples which 

are enriched in lead also contain uranium, and the corre-

lation between the concentrations of lead and uranium is 

evident. Of the samples not from a uranium mine, only that 

from the Hermosa formation and me sample from the Blackbird 

mine contained more than 0.01 percent lead. It is apparent 

that the lead:copper ratio in the copper ores is very low. 

Measurements of equivalent uranium in copper samples 

indicate that uranium or its daughter products are present 

in anomalous concentrations in the Cutler, Chinle, Kayenta, 

and Burro Canyon formations, but no correlation between 

copper minerals and 4,1/ is evident. 

Other elements enriched is SOSO of the copper samples 

are bismuth, arsenic, zinc, iron, strontium, the rare 
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earths, and possibly vanadium. 

The data from table 30 are summarized in table 31. 

The term "enriched" as applied in table 31 must, of neces-

sity, be relative, for the normal concentration of the ele-

ments in copper ores is not known. In general, the concen-

tration of an element was considered anomalous if it ex-

ceeded by a factor of 4 or more the median concentration 

found in Chinle or Salt Wash rocks of equivalent aluminum 

content. The purpose of the table is to emphasize the 

chemical relations between copper ores from various sources 

in the Lisbon Valley area. 

MANGANESE DEPOSITS 

Manganese and iron oxides fill near-vertical fractures 
r/olds/047, 

and impregnate sandstones of the Navajoiernactlairnear 

faults at many places near the north end of the Lisbon Val-

ley fault zone in sec. 19, T. 28 S., R. 23 E., and in secs. 

13, 14, 24, T. 28 S., R. 22 E. (See Baker, Duncan, and Hunt, 

1952, p. 128). A small manganese deposit also is located 

in the Lisbon Valley fault zone in the Wit sec. 25, T. 292. 

S., R. 24 E. Here, the mineralized sandstones are believed 

to be part of the Cutler formation. Lenses of high-grade 

manganese oxide ore exposed in sec. 19 are as much as 6 to 

8 inches in width and 10 to 20 feet in length. The black 

manganese oxide has been identified as pyrolusite by Miss 

Betsy Levin, using X-ray methods. 

Analyses were made of two manganese-bearing samples; 



Table 3l.--Eaements enriched in copper-bearing samples from the Lisbon Valley area 
(Explanation for symbols used is as follows: X - element is present in anomalous concentrations; 

X? - may be anomalous; N.D. - not determined) 

Rock unit 
Element Hermosa Cutler Chinle Kayenta / Burro Dakota Diorite porphry 

formation formation formation formation Canyon fm. 
a. rio ;1 

La Sal Mtns. 

Ag 
As N.D. X X X N.D. I 
Ba X X 
Bi X 
Gd X 
Ce I I I 
Co X 
Dy X 
Er I 
Fe 
Gd 
Ge x 
Mc) I X X X I 
Nd X I I 
Ni X 
P I 
Pb X I X 
Se X N.D. X X I I 
Sn I 
Sr I I 

T1 I 
eU X X X X X? 

N.D. N.D. X N.D. N.D. N.D. N.D. 
U X X? X? I 
Y I I? 
Yb X X? 
Zn I . X? I 
Zr I 
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one was a composite of ore from a prospect in sec. 19 and 

the other a composite of mineralized rock from sec. 25. 

The compositions of these two samples are shown in table 

32. 

The manganese samples, when compared with barren sand-

stones from the Lisbon Valley area, contain abnormal con-

centrations of silver, arsenic, barium, cobalt, copper, 

manganese, molybdenum, vanadium, zinc, and possibly nickel, 

selenium and strontium. The assemblage of anomalous ele-

ments is similar to those found in the copper-bearing sam-

ples from the Chinle uranium deposits except for the high 

concentration of manganese, and the absence of abnormal con-

centrations of zirconium, lead, uranium, and the rare 

earths. 

The manganese ore containing the most copper also con-

tains the most silver demonstrating again the geochemical 

coherence of copper and silver. 

Hewett and Fleischer (1960, p. 14-53) have noted the 

tendency for manganese minerals to contain many trace ele-

ments. Thus the manganese ores in Lisbon Valley are not un-

usual in this respect. 

SUMMARY OF THE CHEMISTRY OF THE ORE DEPOSITS 

The study of the composition of mineral deposits and 

host rocks for ore in the Lisbon Valley area supplies in-

formation concerning (1) the elements which appear to have 
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Table 32.--Composition of manganese-bearing samples from the Lisbon Valley area 

analysts: Spectrographic, R. G. Havens and J. C. Hamilton; Arsenic, J. P. Schuch and G. T. Burrow; 
Selenium, G. T. Burrow; equivalent Uranium, D. L. Schafer and C. G. Angelo; Zinc, J. D. Gos7 

Sample Number and Location Sample Number and Location 
'.]lement 254208 - sec. 19, 

T. 28 S, R. 23 E. I/ 
251619 - Sec. 25, 

T. 293 S., R. 24 E. V 
Element 254208 - Sec. 19 

T. 28 S., R. 23 E. 1/ 
251619 - Sec. 25, 

T. 293 S, R. 214 E. 2/ 

Si )IX. 3/ XX. Cr .000X 3/ .000X+ 

Al .X .X+ Cu .X .OX 

Fe X.4 eX ”0 .00X4 .007.4. 

Mg .0X .X Ni .00X+ .00X+ 

Ca .X X. Ph .00X . OOX 

Na .X- .X Sc .000X+ 0 

K .X+ 0 .... Se 0.0003 0.0001 

Ti . nx - .0X- Sr .0X+ .X 

s.n XY. XX. V .00X+ .0X+ 

AF, .000X- 0 eU c. .001 .001 

As 0.0050 0.0n414 Y . 00X- .00X 

Ba .X+ .X Yb .000X- .000X+ 

Be .000X+ .000X+ Zn .OX .0130 

Co .0X- .0X- Zr .00X+ . nx -

2/ d number is K-1/31/57_s 
7 

4 
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been epigenetically added to or removed from mineralized 

rocks, (2) the relation between the composition of the ores 

and geologic structures, and (3) the distribution of ele-

ments within or near individual ore bodies. 

A-0e0,(M;11 
4 CU t 1 01?I‘POSIte 

he mineral deposits in the Cutler formation are of re-

latively low grade, and the uranium-vanadium deposits con-

tain, is gemeral, a higher percentage of copper than those 

in other formatter'. 

The Woods copper deposit near the Lisbon Valley fault 

has a high copper:uranium ratio. Deposits farther from the 

fault have a lower copper:uranium ratio. Elements whose,, 

concentrations in one or more ore samples are more Cita 

twice as high as in barren Cutler samples are Ce, Cu, )y, 

Pb, Ho, Nd, Nb, Ag, U, V, Y, and possibly La. The ore 

controls are obscure, but all of the deposits are in lenses 

of arkosic sandstone or conglomerate. 

Practically no carbonaceous material is visible (O. W. 

pier, written communication), but the presence near minerali-

zed rock of zones lighter in color than the surrounding host 

rock suggests that iron may have been removed near ore. One 

possible way of removing the iron would be by reduction to 

the ferrous state followed by migration as iron bicarbonate. 

1sewhere in the Lisbon Valley area, copper carbonates ap-

pear to have been derived from the oxidation of original 

copper sulfides. This vas probably the case for the Cutler 
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ores also. If so, the sulfides must have formed under re-

ducing conditions. If local areas of reducing environment 

existed in the Cutler rocks, as suggested by available evi-

dence, then uranium-vanadium minerals could have been pre-

cipitated locally after reduction. 

hoi 

Chinle deposits 
.L117-- /1 -

The host rocks of the Chinle formation can be con-

sidered as being composed of quartzose and calcarenite rock 

types. The quartzose rocks range in grain size from mud-

stone to conglomerate and show a more or less systematic 

change in composition with grain size. The calcarenite 

commonly range in size from that of fine-grained sandstone 

to coarse conglomerate. Chemically, the calcarenites appear 

to be quartzose rocks containing very large percentages of 

calcium carbonate mixed with a little manganese, and pos-

sibly magnesium carbonate. 
/ 

Mineralization of the lower Chinle ttogits produced lit-

tle, if any, changes in the concentration of aluminum and 

titanium in the host rocks. The content of boron, chromium, 

gallium, magnesium, niobium, potassium, and probably scan-

dium was also affected very little. Because most elements 

show a positive correlation with aluminum or titanium in 

barren rocks, it is possible, given the concentration of 

these reference elements, to estimate the original composi-

tion of a mineralized rock. 

Comparison of the composition of mineralized rocks and 



111 

mill pulps with that of barren rocks, showed that arsenic, 

barium, beryllium, cadmium, cobalt,copper, lead, molybdenum, 

nickel, some rare earths, selenium, strontium, thallium, 

vanadium, uremia's, yttrium, zinc, and zirconium were en-

riched in one or more mineralized samples. Two head samples 

containing more than one percent uranium appeared to have 

anomalous concentrations of scandium; however, most minerali-

zed samples contained the normal &Ramat a scandium. 

Although many elements are enriched is tie Chinle ores, 

there is remarkably little correlation among most of the 

ore-associated elements. One part of a deposit will be re-

latively rich in copper minerals; another part may have 

visible quantities of cadmium sulfide, another, molybdenum 

sulfide; and still another may only have anomalous concen-

trations of uranium and vanadium. Great changes in the 

chemical composition of the ore can occur in a distance 

of a few inches or iess, and a sharp bommdary of ore com-

monly cuts across bedding for no obvious reason. 

Magnesium correlates with aluminum in the uranium-

vanadium ores and shove essentially no tendency to vary with 

the calcium concentration. Apparently the magnesium present 

is associated with the clay minerals or chlorite. There is 

no evidence of dolomitization accompanying the ore. 

Some ore-associated elements do tend to correlate with 

each other. The best example of this is the lead-uranium 

correlation which suggests that the lead may have been 
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derived by radioactive decay of uranium. The content of 

zirconium and rare earths is above normal in many high-grade 

uranium samples. This correlation is believed to result 

from the substitution of these elements in the coffinite or 

uraninite lattice. In some sample suites, the arsenic con-

tent increases with an increase in iron. The presence of 

0.24 percent arsenic in a mineral separate containing much 

iron sulfide indicates that the arsenic-iron relation nay 

be due to the presence of arsenic in pyrite or marcasite. 

Yttrium and ytterbium show good correlation and, in general, 

an increase in one rare earth signals an increase in others. 

This is to be expected from their similar ionic radii. De-

tectable silver concentrations are usually found only wen 

the copper concentrations are above normal, indicating that 

silver is associated with the copper minerals. 

The composition of the ores appears to be dependent, at 

least in part, upon distance from the southeast end of the 

district and upon location on the flank of the anticline. 

The V:U ratio is highest in ores from the southeastern mines 

where the ratio exceeds 2:1 and is lowest in ores from north-

wester* WASS gime the ratio is 0.05 or less. The ratio also 

increases pass up-dip on the anticline as evidenced by the 

change from 0.3 in the Little Beaver to 2.1 in the Big Buck 

and the change from 0.07 in the La Sal mine to 0.2 in the 

Cal Uranium. Other elements which decrease in concentra-

tion toward the northwest are arsenic, aelybileses, yttrium, 

and possibly cerium, lanthanum, and zinc. 1110Mate which 
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are highest in concentration in ores near the middle of 

the district are cadmium and copper. Only strontium and 

possibly beryllium are highest in concentration in the north-

western ore deposits. 

Inasmuch as the Chinle deposits which are most deeply 

buried have the lowest V:U ratios and the deposits nearest 

the surface have the highest ratios, it seems possible that 

selective leaching of uranium has taken place in some de-

posits prior to oxidation of vanadium. If such leaching 

took place the uranium-bearing waters may have percolated 

down dip where the uranium could have reprecipated under 

more strongly reducing conditions, thereby accentuating the 

d4crease in V:U ratio down dip. The radiochemical analysis 

of high-grade uranium ore from the Mi Vida deposit indica-

ted that about one-third of the original uranium had been 

leached, yet the sample was taken from a mine wall showing 

only surf icial oxidation due to exposure by mining. If 

leaching and redeposition of the apparently fresh ores was 

extensive, age determinations made using "black" ores from 

the Lisbon Valley area would show great variation. 

Analyse► of a few "barren" rock samples near ore sug-

gested that molybdenum was slightly enriched and calcium 

leached in rocks close to uranium ore. Barren samples of 

ore sandstone from the Continental No. 1 mine contained 

above normal concentrations of arsenic, cobalt, copper, 

iron, molybdenum, nickel, vanadium, and possibly lead despite 
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the fact that the uranium concentration was less than 10 

ppm. Apparently ore-associated elements are slightly en-

riched in some rocks near ore even though there is no visual 

evidence of mineralization or abnormal concentration of 

uranium. 

Samples were taken from a very slightly mineralized log 

in contact with high-grade uranium-vanadium ore, from miner-

alized carbonaceous trash, and from barren carbonaceous 

material collected both near and far from any known ore. 

Barren carbonaceous material collected far from ore was en-

riched in many elements known to be concentrated in coal 

ashes. Except for a slight increase in uranium near miner-

alized rock, no significant difference was noted betweed the 

composition of carbonaceous material near slightly minerali-

zed (radioactive) rock and that of three similar samples 

collected far from ore. 

A very slightly mineralized log in -..ontAct with high-

grade ore was found to contain above normal concentrations 

of uranium, scandium, and niobium when compared on an air-

dried basis with barren carbonaceous material collected far 

from ore. Analysis of organic and mineral fractions from 

this slightly mineralized log indicated that U, As, B, Ba, 

Cr, Cu, Mo, Nb, Sc, Y, Ys, Zn, and Zr were most concentra-

ted in the ash of the organic fractions whereas, the uranium 

226 222 210daughter products (ra Rn , and Pb ) were most con-

centrated in the mineral fractions along with silicon, iron, 

calcium, and the other major elements. 
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The fact that a carbonized log contained only 0.008 

percent uranium, despite its location in contact with rock 

containing about one percent uranium, shows that same or-

ganic matter is remarkably resistant to mineralization. 

Elsewhere iu tho sane ore deposit, carbonaceous matter was 

preferentially mineralilAd. The reason for the great vari-

ation in susceptibility to mineralisation of apparently 

similar carbonaceous material is unexplained. 

The analysis of a series of mineralized carbonaceous 

samples from the Continental No. 1 mine indicated that vana-

dium, arsenic, cobalt, copper, manganese, lead, scandium, 

selenium, yttrium, ytterbium, zirconium, and possibly barium, 

relybdenum, nickel, thallium, and zinc tend to be more con-

centrated in samples containing much uranium than those with 

little urarium. 

The similarity between the elements enriched in the 

uranium-vanadium ores and those enriched in coal ashes is 

striking. This suggests that the mechanisms of enrichment 

in the two types of material may be similar. 

Mill pulp samples from the Chfnle deposits contained 

0.05 to 0.34 percent organic carbon. If organic material 

is assumed to be the ultimate source of reducing capacity 

for the uranium, vanadium, iron, and sulfide sulfur in the 

ores the percentage of organic carbon required to reduce 

these elements in the Mi Vida ores, for example, probably was 

in the range 0.5 to 1.0 percent. This is 10 to 20 times as 



 

much organic carbon as is now profilist in Mi Vida 0146 

Mehl Cr 

44 (-Salt Washtpos-M) 
et 

Analysis of 'Win's" rock saliples fro! ,the Malt Wash 

iii-aadston-e17iiiiiiisted that alumina" tended to correlate 

positively with boron, cobalt, Ohremium, gallium, iron, 

lead, magnesium, nickel, potassium, sodium, scandium, 

strontium, titanium, vanadium, and yttrium. The concen-

trations of copper, since and zirconium show a less well-

defined correlation with aluminum. Calcium and manganese 

tend to decrease with increasing aluminum concentration. 

The composition of mineral separates from stream sands 

derived from Salt Wash terrane demonstrates that aluminum, 

magnesium, calcium, sodium, potassium, and beryllium show 

little tendency to be unusually high in concentration in 

any one particular mineral fraction. Barium, boron, cerium, 

chromium, hafnium, strontium, yttrium, ytterbium, zirconium 

and neodymium are major constituents of one or more of the 

heavy minerals and hence are most concentrated in the 

heavy fractions. Titanium, iron, manganese, cobalt, copper, 

niobium, nickel, lead, scandium, and vanadium appear to be 

intermediate in the degros of senoentration. 

Comparison of the composition of barren and minerali-

zed Salt Wash samples indicates that arsenic, barium, beryl-

lium, calcium, cobalt, copper, lead, manganese, molybdenum, 

strontium, uranium, vanadium, yttrium, and zinc are above 

normal in concentration in one or more mineralised samples. 
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There is relatively little evidence of change in 

composition of ore with distasee fres the Lisbon Valley 

fault except in the case of copper in the southeastern part 

of the Lisbon Valley area. The selenium concentration is 

higher in mill pulps from the Rattlesnake mine than in mill 

pulps from mines farther from the fault. The copper con-

tent of ore from the Rattlesnake mine, however, is about 

normal for Salt Wash ores of the Lisbon Valley area. None 

of the ore-associated elements shows a consistent decrease 

or increase away from the fault throughout the district. 

A study of the composition of rocks near the Black 

Bottom mine indicated that samples of apparently unminerr 

slimed "ore sandstone" and of mudstono at the base of the 

"ore sandstone" contained higher concentrations of copper, 

lead, and vanadium within 30 feet of ore than did samples 

collected more than 100 feet from ore. This suggests that 

there may be a "halo" of copper, lead, and vanadium near 

the ore body. Samples collected from drill core penetra-

ting ore near the Blue Jay mine, however, showed that in 

some cases no ore-associated elements are enriched in the 

rock for more than 0.01 foot above ore. It seems apparent 

that there is considerable variation in the extent to which 

a "halo" extends away from uranium-vanadium deposits in 

the Bait Wash nandeloimii. 

Analysis of carbonized logs from the Dip mine showed 

that such materials vary widely in degree of mineralization 

even though they are in the same sandstone lens and only a 
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few feet apart. Elements enriched in the mineralised logs 

were arsenic, barium, molybdenum, selenium, uranium, vamp-

dies, mina, and sirconium. All of these elements tend to 

increase with increasing uranium concentration, but the 

relation is not a uniform one. 

Comparison of uranium-vanadium ores 

The uranium-vanadium ores from the various formations 

not only have many similarities but also many differences. 

The ores in the Cutler, Chinle, and Morrison formations 

all sees to favor quartsitic or arkosic sandstones cad 

conglomerates as host rocks. All of the ores contain 

anomalous amounts of barium, cerium, copper, lead, urantaai, 

vanadium, and yttrium. The differences between uranium-

vanadium ores from the various formations are mainly in the 

degree to which various elements are concentrated rather 

than in the particular elements which were concentrated. 

Copper and silver are most concentrated in the Cutler ores, 

molybdenum and cadmium are most enriched in the Chinle ores, 

and the selenium and vanadium content is greatest in Salt 

sash ores. Only the Cutler ores are not obviously associ-

ated with visible carbonaceous material. 

Copper and manganese deposits 

Both copper and manganese deposits are clearly associ-

ated with the Lisbon Valley fault. Many of the elsmOSIO 

enriched in uranium-vanadium ores are proses* is maagasess 
cands#0hes 

oxide samples in higher concentrations than is barrenhinle 
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and Salt Wash 4aandetotses. However, manganese oxides are 

known to act as scavengers of minor elements from solution 

and this may explain the anomalous concentrations of many 

elements in the manganese deposits (see Goldschmidt, 1954, 

p. 627). 

Copper deposits along the Lisbon Valley fault and in 

the La Sal Mountains contain some of the elements enriched 

in the uranium deposits, but the similarity is not so great 

that one can conclude that they were necessarily derived 

from the same solution. Uranium and vanadium minerals have 

been found in a few of the copper deposits. It is not clear 

from the composition of the copper ores whether the uralpm 

and vanadium were carried in the same solution with the 

copper or whether two or more solutions were responsible 

for ore deposition. If local areas were characterized by 

a strongly reducing environment, uranium and vanadium may 

have been deposited there at one time and copper deposited 

in the reducing environment at the same time or later. 

ORIGIN OF MINERAL DEPOSITS IN THE LISBON 

VALLEY AREA 

Many different theories have been advanced to explain 

the origin of the copper deposits and of the sandstone-type 

uranium-vanadium deposits of the Colorado Plateau, but the 

Problem is still not solved to the satisfaction of many 

geologists. 



120 

The Lisbon Valley area offers an unusually good opi-

portunity to evaluate some of these theories because of 

the presence of several large ore deposits within a limited 

area and because much information is available from studies 

conducted there. 

F7p 
C C Masao and CutlerA 

•••1•V
arms..n..A.00.1.11.1.M.0.

isotopic data sad age of the ores 

Stieff and Stern (1956, p. 541) meted that the calcu-

lated ages of uranium ores commonly show the following dis-

cordant ego sequence: the Pb /U238 age le less than the 

pb207,0231 which is such less than the /1621/7/162" age. 

Miller and Kulp (1958, p. 941) found a consistent tendency 

for the calculated ages of Lisbon Valley ores to show the 

same sequence. Stieff and Stern (op. cit. p. 553) have 

pointed out that, as originally indicated by Kovarik (1931, 

p. 73-123), old radiogenic lead deposited with the uranium 

may account, in some instances, for the failure of the lead-

uranium and lead-lead ages to agree. Such an explanation 

seems unlikely in the cast of the Lisbon Valley ores. lot 

only would the old radiogenic lead have to travel through 

thousands of feet of sedimentary rocks without picking up 

more than 10 to 15 percent common lead, but it would have 

to be deposited with uranium in a reasonably consistent 

ratio. Exchangeable ions on clay minerals might logically 

be expected to include some lead, in which case the ore 

solution could pick up a moderate proportion of common lead 
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as it percolated through the rocks. On reaching the site 

of deposition of the uranium some lead might precipitate 

as the sulfide in the reducing environment, but there is 

no obvious reason why the lead:uranium ratio should remain 

relatively constant regardless of the size of the ore 

sample. Other elements, such as zirconium and the rare 

earths, resemble uranium in their geochemistry more than 

does lead, yet none shows the consistent relation with urani-

um that lead does. Thus it seems probable that much of the 

lead is radiogenic and has been derived by decay of uranium 

in place. 

Miller and Kulp (1958, p. 941-942) made isotopic apaly-

ses of eight samples of lead from ore in the Lisbon Valley 

area. Without exception, all were very high in radiogenic 

lead. Their data, therefore, support the idea that very 

little common ore lead was introduced with the uranium. 

Further evidence suggesting that almost all the anoma-

lous lead in the uranium ores is radiogenic is the fact 

that extrapolation of the lead:uranium relation found in 

this study shows a content of approximately 20 ppm lead at 

zero uranium. This value is essentially identical to the 

normal, or background, content of lead in Chinle rocks. 

As an alternative explanation for the discordant ages 

in Lisbon Valley ores it seems possible that loss of radium 

and radon may have occurred during or following ore deposi-

tion, and uranium and lead may have been lost recently. 



Germanov, and others (1958, p. 164) stated that although 

uranium concentrations in solution are low within uranium 

ore when the environment is strongly reducing, the radium 

content is sharply anomalous. Ground waters flowing through 

such areas would carry away some radium. The low concen-

tration or absence of 904 in such an environment would 

reduce the tendency for precipitation of radium sulfate. 

If the waters were moving slowly Ra223 could decay to Pb 

before leaving the ore sone, whereas, Ra224, with a half-

life about 53,000 times as long as Ra223, could be carried 

beyond the ore zone before decaying to Rn222 and then Pb.M 

Thus the Pla207/ft2 ratio would be increased in the ore 

and the Pb208 /1/233ratio reduced. That radium has migrated 

in the Lisbon Valley deposits is indicated by a high Ra226/11 

ratio in the barite-bearing fraction of a slightly sinerall-

sed log in contact with apparently unosidised ore. 

Wickman (1942, p. 485-478) suggested that the observed 

sequence of ages in uranium ores could be explained by the 

relatively greater diffusion of Rn222 compared to the dif-

fusion of 2019. His suggestion was based on the fact 

222that the half life of Rn is 84,000 times as great as 

that of An219. The selective loss of Ra222 would have the 

same effect on the apparent age as loss of Ra226. Miller 

and Kulp (1958, p. 945) note that radon leakage for carno-

tite and other fine secondary minerals has been measured as 

high as 30 persest sad leakage twos dem sea sediments as 
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much as 70 percent. Kulp (1955, p. 613) stated that radon 

leakage from uraninite, and pitchblende* ranges from 0.1 

to 10 percent. Even though the average radon leakage may 

have book oily 5 to 10 percent, it seems possible that 

radio loos vas still a significant factor in changing 

the PO" eenteat of the ore. 

Load in galena from the Divide (Divide Incline) mine 

had almost exactly the same isotopic composition as lead 

in uraninite mixed with the galena (Miller and Kulp, op. 

cit.). This mesas, according to Miller and Kulp, that 

deposition of the uraninite "occurred within the last 5 

m. y. or that an older deposit recrystallised and usolved 

its lead during the last 5 m. y." The latter possibility 

seems more reasonable on the basis of the good uranium-

lead correlation in Lisbon Valley 0,44 If radiogenic lead 

exsolved from uraninite mad sired far swap to form maga-

scopic galena crystals and veinlete, it MOMS possible 

that some moved beyond the boundary of the ore deposit. If 
so, the ph206/038 and Pb 7/U235 ratios would decrease and 

cause a reduction in the apparent age of the ores. 

Rosholt's data showing loss of uranium from high-grade 

black ore in the Mi Vida deposit indicate that the Lisbon 

Valley ores are not so unaltered as they appear. Part of 

the uranium lead from high grads gi Vida ore may have 

been redeposited nearby, but it La 'alto possible that some 

uranium has moved out of the deposit. Recent loss of urani-

um would increase the apparent lead-uranium ages but would 
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not affect the lead-lead ages. 

If it is assumed that uranium and its daughter products 

have moved since deposition, then the determination of the 

asset age of the ores becomes very difficult, if not imp 

possible. Mewevor, a rough Approximation may still be made 

If it is assumed that alteration of the ore has not occurred 

oa a very largo scale. 

Millor and gulp (1958, p. 941) reported apparent 

PbM4/83341 ages for six samples fres Clime ores of the 

Lisbon Valley area as 85, 111, 181, 120. 205, and 294 

million years. Possibly the great spread in ages cam be 

eecounted for by loss or gain of uremia' or its daughter 

predmets in varying degree. It ebeMId be meted, however, 

that three out of six of Miller and gmlp's valasi are quite 

close to 195 million years, and the average of all six ages 

is about 178 million years. 

Estimations of the age of the ores can also be based 

on the lead-uranium relation in samples analyzed during the 

present study. I. M. Shoemaker (written communication, 

1959) computed a regression coefficient of lead on uranium 

of 0.0321 from data for composite mill pulps from the Lisbon 

Valley area. is states "This regression coefficient takes 

account only of the variation in lead that is ascribable 

to its correlation with uranium." The regression coefficient 

nay be taken as an indication of the ratio of radiogenic 

lead to uranium. If 95 percent of the radiogenic lead is 

pb200 (calculated from lead isotope analyses given by Miller 
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and Kulp (Met p. 940, 943) and 99.39 percent of the 

uranium is 1/215, then the estimated age of the ore is 

approximately $28 million years. Shoemaker (op. cit.), 

using an estimate of 98.8 percent Pb2" in the radiogenic 

load, arrived at an age of 231 million years with a pro-

bable error from 226 million years to 238 million years. 

These figures are somewhat higher than these reported by 

Miller and Kulp (op. cit.), but still in the same general 

range. 

The ages estimated above are near the age range (180-

228 million years) attributed to Triassic rocks by Holmes 

(1900). The explanation for the discrepancy between th, 

age calculated from lead-uranium ratios in ore (225 a. y.) 

and the age of Chinle rocks (perhaps 180 a. y.) is mot 

known. However, a reasonable hypothesis say be that radon 

or radius was lost over a long period of time and that 

recently there has been some loss of uranium. Such a series 

of events could produce the type of discordant ages found 

and account for the range in apparent ages. The extent of 

uranium leaching is not known, but it seems unlikely that 

eves 50 percent has hem leached from the ore. If the 

uranium-vanadium ores were deposited during the/garly Ter-

tiary (perhaps 60 million years age) and leashed since the 

Pliocene, more them 70 percent of the original uranium most 

have been removed to get the lead-uranium ratios now found. 

This seems unlikely, and it is believed that the Chinle ores 



126 

were deposited prier to the Tertiary period. 

Age determisations made on ore samples from other urani 

um deposits on the Colorado Plateau indicate apparent ages 

which are much less than those of the Lisbon Valley ores. 

Stieff and gtern (1952, p. 707) have reported ages in the 

range 65-75 million years for ores from the Sappy Jack mime 

and the Shinaruep No. 1 claim, both of which are in lower roGkr 
cos ir ovflish 

ChinleAseekm. Stieff, Stern, and Milkey (1953, p. 11) is 

a study of 41 samples of uranium ore from the Colorado 

Plateau found a median age of about 75 million years with 

50 percent of the age determisatious falling in the range 

GO to 90 milli** years. Thum the Clitale ores of the Lisbon 

Valley area are mob older than guy other Plateau deposits 

if the apparent ages are approximately correct. 

Mipogene solutions from Lisboa Valley fault 

One theory proposed (0. W. Weir and W. P. Puf f ett, 

1960, p. 147) to explain the genesis of the Lisbon Valley 

ores is that hypogene solutions circulating along the 

Lisbon Valley fault system deposited the copper ores and 

that the same, or similar, solutions spreading outward 

from faults deposited uraniumporanadium ores in the arediresp. 

Lary rocks. Weir and Puffett point out that if the Tertiary 

copper deposits of the La Sal Mountains are related to those 

along the Lisbon Valley fault and also to the uranium-

vanadium deposits, then all are Tertiary. The copper ores 

of the La Sal Mountains are in general somewhat similar 
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to those along the Lisbon Valley fault system in mineralogy, 

chemical composition, and habit. ghee, there may be a close 

genetic relation between the deposits. Copper minerals form 

bedded deposits in the Dikota sandstone and Cutler and Miro 

Canyon formation) sear faults sad are sore common in Salt 

Wash uraniewrsasilismt deposits near the Lisbon Valley fault 

than far from the Seal* La the southeasters part of the 

Lisbon Valley area. These features all strongly suggest 

that copper-bearing solutions moved along the Lisbon Valley 

fault system and spread out into adjacent sedimentary rocks 

as assisstad by Weir and Puffett (op. cit.). 

/be question of whether the copper-bearing solutiops 

also carried uranium and vanadiun is not easily answered. 

The presence of small amounts of copper in uranium-vanadium 

deposits may er may not have great genetic significance. 

Garrels and others (1987, p. 1732) pointed out that sipper, 

molybdenum, vanadium, and uranium can be carried together 

in a solution which is moderately alkaline, slightly reu. 

ducting, and has a PCO2 greater than lel atmospheres, Nor. 

sal ground waters on the Colorado Plateau may meet these 

requirements, and even waters which were of unusual composi-

tion initially might be expected to approach there *wadi-

tions rapidly during passage through the rocks. This is 

because the tremendous exchange capacity of the sedimentary 

minerals would tend to maintain the character of intern, 

stitial waters relatively constant. Thus, the uramium. 
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vanadium.bearing waters might take some copper into solo-

tion even if it carried none originally. On encountering 

a strongly reducing environment, copper, along with other 

elements, would be precipitated. The amount of copper 

taken into solution and later precipitated would *Wed 

mainly upon the nature of sedimentary beds serving SO a 

conduit and upon the conditions at the site of depositioi. 

Some available evidence indicates that hypogene solu-

tions moving outward from the Lisbon Valley fault may not 

have been the transporting medium for both copper and 

uranium-vanadium ores. The copper ores are not older than 

Late Creiaoselles because they form veins and impregnatiops 

in the Dakota INIMmistone. In contrast, the available iso-

topic data tait the Chinle uranium-vanadium ores strongly 

oeggest that they are of Triissic or perhaps lady Jurassic 

age. Thum, the Chinle ores were probably in existence 

Legg before the main copper deposits 141140 formed. 

Another problem encountered in assuming that uranium 

aeluttele Maged up the fault and them spread out through 

the Salt ash and Chinle rocks is that tremendous volumes 

of solution containing high concentrations of uranium are 

required. This problem is discussed below. 

Volume of ore solution required 

Keys and Maide (1958, p. 370) reported reserves of 

3 635,000 short toes of ore averaging 0.43 percent U308 in 

the Chinle formation of the Big Indian District. This 
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corresponds to a uranium content of about 26.6 million 

pounds. Presumably these figures do not include the con-

siderable amount of ore mined between 1962 and 1958. It 

also does not include the uranium deposited by ore solutions 

in rocks which are below ore grade. Nevertheless, if the 

26.6 million figure is accepted as a rough approximation 

of the uranium deposited, the minimum required concentration 

of uranium in various volumes of ore solution can be cal-

culated. 
Pie4 PL.. 92* Pt 

Table 33.--Volumem/of ore solution required to supply urani-
um foVChiilettaranium-vaiadium deOosits) in the 
Lisbon Waif area. 

Volume Concentration of uranium 

(Cu. mi.) (ppm) 

1,000 0.003 
50 .06 
1 3. 
.05 60. 

Some tentative conclusions concerning the probable 

source and nature of the uranium ore solutions may be drawn 

from the data in table 33, when combined with other avail-

able information. 

If the Lisbon Valley fault is considered as a possible 

conduit for upward-moving uranium-bearing solutions, then 

the various pat!. through which the solutions could pass--
44,A. 

besides the Chinleiamg lilt %eh Aandstones--must be con-, 

sidered in calculating the volume of ore solution or the 
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amount of uranium required. Presumably the ore solutions 

flowed in largest volume through the most permeable rocks. 

Therefore, if the solutions moved up the fault and spread 

out into the Cutler, Chinle, and Salt Wash siiiistoniosib then 

the solutions must also have flowed through the rocks of 

the San Rafael and Glen -Canyon groups. 
7-7,7 

D. A. Jobin (written communication, 1959; 1956, p. 

207-211) determined permeabilities and transaissivities of 

various rocks and formations on the Colorado Plateau. (The 

coefficient of transmissivity is defined as the product of 

the mean permeability and total thickness of the transmit-

ting medium.) His data show that in the Lisbon Valley f 

area the ratio of transmissivity of the San Rafael and Glen 
0,4: rite_ 

Canyon rocks to the transaissivity of the basiAAChinle". 

sandstones is almost 2,000:1. Thus, if ore solutions mewing 

upward along the Lisbon Valley fault spread outward into 

the sedimentary rocks in proportion to their ability to 

transmit fluids, almost 2,000 tines as much ore fluid moved 

into the rocks of the San Rafael and Glen Canyon groups as 

flowed through the basal Chinle" ds tones. This, in turn,
A 

would mean that much more uranium sus supplied from the 

source than was deposited in the Chinle rocks. 

But there is a limit to what is a reasonable estimate 

for the amount of ore solution available. If metamorphic 

or igneous rocks containing 10 percent water by volume are 

considered as possible sources for the ore fluids, then 
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1,000 cubic miles of such rock would supply only 100 cubic 

miles of solution. Perhaps 0.06 cubic mil, of this solu-
0? 

tion passed into the Chintelmindstoii01 and the rest into 

other, more pormsable, rocks. Assuming 100 percent effici-

ency in deposition, the Lisbon Valley Chinle deposits alone 

would require that the uranium concentration be at least 60 

ppm. In order to achieve this, an average of 2.3 ppm urani-

um would have to be leached from 1,000 cubic miles of rock, 

dissolved in 100 cubic miles of solution, and moved up 

along the Lisbon Valley fault. If the ore mined between 

1952 and 1958, and the uranium in rocks of less than ore 

grade arc considered, the amount of uranium required 'mulct 
4$ 

probably be 50 to 100 percent greater than that calculated. 

The above calculations apply only if one is testing 

the hypothesis that there was only one stage of uranium 

mineralization in post-Salt *ash tine. The volume of rock 

which must be leached and the amount of uranium required 

seem unreasonably large to the writer. Hence, it is pre-

sumed that one stage of mineralization in which the ore 

solutions moved up along the Lisbon Valley fault to deposit 

all the uranium ores is not probable. It should be noted 

that the problem of whether there were two stages of hydro-

thermal mineralization, perhaps in Late Triassic time and 

in Tertiary time, cannot be solved by the foregoing method 

of calculation. 
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Percolating ground waters of meteoric origin 

Percolating ground waters contain some dissolved urani-

um and should be given consideration as a possible ore solu-

tion. !cott and Barker, (1959, p. 155) found a maximum of 

0.12 ppm uranium in 486 samples of ground water collected 

from most major aquifers and many minor aquifers through-

out the United States. The median concentration, however, 

was less than 0.002 ppm. 

Some moderately high uranium concentrations have been 

found in ground waters by other investigators. In a study 

of waters collected in the Great Plains and in Tertiary 

basins of the Rocky Mountain region, Denson, and others 

(1956, p. 799) found 0.008 to 0.15 ppm uranium in waters 

from tuffaceous rocks. Denson (1956, p. 781) concluded 

from a study of an area near Denver, Colorado, that more 

than 0.05 ppm uranium in formation waters indicated the 

destruction of a uranium deposit. 

If 0.10 ppm is taken as a probable upper limit for the 

average concentration of uranium in ground waters flowing 

through the lower Chinle sandstones, then more than 30 

cubic miles of water would be required to form the Chinle 

ore deposits if 1J0 percent of the dissolved uranium was 

deposited. 

The length of time required to pass this amount of 
of /4, 

fluid through lower Chinle (sandstones.can be estimated using 

the equation: (1) Q op 62.4 K 4A (modified from Pettijohn, 

1957, p. 87) 
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where Q - quantity of water in pounds per year 

K .• permeability in millidarcies 

A 0, cross-sectional area in square feet 

P pressure head in feet of water 

L IAD length of the aquifer in feet 

ma viscosity of water in centipoises 

The equation can also be written as: 

(a) Q 4u, 0.624 K A41 

where the units are as in equation (1) except that 

P x 100 so hydraulic gradient in percent. 

In estimating the maximum s*sut of water which passed 

P' 

r 
through the lower ,Chink sadstii per year, many assumed 

values seat be limed in the above equations. Such assump-

tions are based tapes available information. Tolman (1937, 

p. 200) stated that normal ground-water gradients seldom 

exceed 1 percent (53 feet per mile). On the Colorado Pla-

teau, except during the erosion of the present canyons, 

hydraulic gradients were probably relatively low and the 

average gradient over long periods of time may not have ex-

ceeded 0.1 percent. Coleman's work (1957, p. 1-4) indica-

tes that the temperature during ore-deposition porbably 

did not exceed 138°C. Most ground-water circulation (ex-

clusive of that due to squeezing out of connate water) pro-

bably occurred either shortly after deposition of the host 

rocks before overlying sediments were very thick or after 

uplift in the Tertiary period. Lead isotope data indi-

cate that the period immediately after deposition was the 
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more probable time if circulating grand water van the 

ore solution. Ground--eater temperatures them were pre-

sumably os the order of 200C and the viscosity of water 

at that temperature can be used in equation (2). 

Data comeernias permeability and cress-sectional area 

of the host rocks are aloe seeded if au estimate of the 

volume of ground water passing through the rocks is to be 

made. According to D. A. Jobia (written 9ommunicatios, 
of 

195)), the p ermeability of simples from the Cutler ere Mel 
14 

sad tyre Chilli* ar esadi en the Big Buck claims averagedQi 

about 20 millidareiee. Manger (1956, p. 160-163) found that 

mineralised sandstone at the Continental No. 1 mine had,, an 

average permeability of 99 millidarcies. Barren sandstone 

.0 feet away had an average permeability of 3,116 aillidar-

ales. The host rocks for ore at the Continental No. 1 mine 

are, in general, coarser grained and probably more permeable 

than those found in the northern deposits. This is evident 

!aeon visual examinatioa and from the higher concentration 

of aluminum (and hence, okay) in the northern ores. Because 

the average permeability of the Chinle host rocks at the 

time of ore deposition may hare been different from that 

measured now, it will be serumod for purposes of calculation 

that the average permeability them did not greatly exceed 

300 nillidarcies. 

The total length et the ores along the flank of the 

Lisbon Valley anticline eeataining nuts than 0.1 foot -
/t of 

percent of uranium in the leeerA Chinle is crept 6 miles 
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(Keys and Dodd, 1958, p. 370, 375). The average thickness 

of ore throughout this length is estimated at 10 feet. 

This gives a cross-sectional area for the ore zone of 

about 320,000 square feet, if the ore fluid is assumed 

to have moved either up or down the flank of the anticline. 

The quantity of water passing through the Chinle host 

rocks annually can be calculated using the estimates given 

above. 

0.624 x 300 x 320,000 x 0.1
Q = . 6 x 106 pounds of1.00 

water per year. Thirty cubic miles of water weigh about 

275 x 1012 pounds. Therefore, the time required to pass 

30 cubic miles of water through the ore host rocks may 

have been approximately 46 million years. Although sever-

al factors used in estimating the period of flow are sub-

ject to question (particularly the figures for permeability 

and hydraulic gradient), an effort has been made to use 

what seem to be reasonable values. 

If percolating ground waters did move through basal 

Chinle sandstones in the tremendous volumes necessary to 

deposit ore they must have been moving toward an area of 

lower hydraulic pressure. There seems to be no obvious 

reason for a hydraulic gradient which would cause ground 

water in large volumes to move into the basal, Chinle sand-

stones during the period after burial under upper Chinle 

sediments and before uplift and erosion took place in the 

Tertiary. Instead, there is ample reason to believe that 
rr j 

waters moving through Chinle sedetones were escaping from 
AA 
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mudstones which were being compacted. 

It would seem from the awve discussion that if ground 

water was the ore solution it must have had au anomalously 

high concentration of uranium, and deposition probably took 

something like 40 million years either after uplift during 

the Tertiary period or, more probably, immediately after 

deposition of the host rocks. 

Connate water in red beds 

In the Lisbon Valley area the uranium ores in the Chin-

le formation show a pronounced tendency toward concentration 

in the 10-foot interval just above the Cutler-Chinle con-

tact. Where very little uranium has been deposited it is 

commonly at or just a few inches above the contact. Fur-

thermore, the large Chinle ore bodies overlie, in part, 

areas where Cutler sandstonee--truncated prior to Chinle 
1' 44--

deposition--are is contact with basal Chialm‘samdmismomv. 

These relations sagest that solutions moving i'em the 
,

Cutler formation into the basal ChinlesLusdstones)may have
z A 

encountered changed conditions sad times deposited uranium, 

vanadium, and the other ore-associated elommata. 

Inasmuch as the Cutler formation is composed largely 

of red beds intercalated with relatively rare greenish-

gray mudstones, it is apparent that the Rh of the Cutler 

formation waters did not drop below that required to re-

duce ferric iron, except locally. By contrast, much of 
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AI— 4° 
the basal Chinle Sermatios contains carbonaceous material,

./1 
iron sulfides, sued relatively little ferric oxide as grain 

coatings, thus demonstrating the presence of fairly strong 

reducing conditions. 

Consideration of the spacial and structural relations 

of the Cutler and Chinle formations in the Lisbon Valley 

area (see figure 3) suggests that connate waters from the 

Cutler formation may have awed upward into the isseidyt 

Chinle , sandstonesduring osepnetion of the Cuifer reeks. 
tvel- of4 4-

Interbedded mudstones and sssdstones of the upper6Cutler 

formation probably were buried under only a few hundred 

feet of sediments prior to deposition of the Chinle to 
oi t," 

tion. Thus the porosity of the Cutler*#stoiiiil we, still
/I ̂  0,

perhaps to the range of 35 to 45 percent when basalehinle 

Isediiientilwere delpennoud (Athy, 1930). As Chiae aad Via. 

gate sediments wore laid down, increasing lithostatic pros-

sure was applied to the buried sediments, and connate water
•(,t. 

from ACutler must have escaped toward areas of 

lover pressure. A logical path of escape for some of this 

connate water wewld have been horizontally througOntler 

(ianditonato the flank of the Lisbon Valley anticline 
or 44.. 

where these sandstone, are truncated and overlain by Chinle
--/A 

[sandhi toneek- The Um pesseebility of the appal' 

sty and Wail would have restricted vertical megiment 

of the co to waters and caused them to flow thrash the 
or ri•-•-/ 

basal Chinle saadstonee toward the Lisbon Valley faulthl 
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where escape may have been easier. If these connate waters 

contained elements in solution such as uranium and vanadium 

which could be precipitated in a reducing environment, then 

deposits of these elements would form at, or just above, 

the transition from red beds of the Cutler to the carbonace-

ous beds of the Chinle. 

The presence of uranium-vanadium Iry in what were pro-
›f 4.4. 

bably locally reduced areas in uppe5vCutier sanditoiiiii!)....._ . ...., ri,4 w ... 
proves that ore solutions did move through Use Cutler sand...-..... 

stones. 

The question of whether red mudstones are a possible 

source of uranium and vanadium deserves consideration.' 

Garrels, and others (195?, p. 1732) have pointed out that 

not only uranium and vanadium but also copper and molybdenum 

can be carried in aqueous solution if the solution is moder-

ately reducing, moderately to strongly alkaline, and con-

tains somewhat higher than normal amounts of carbon dioxide 

in solution. Carbonate cement in Cutler rocks indicates 

that interstitial waters have probably been alkaline in the 

past. The presence of apparently syngenetic ferric oxides 

in the red beds demonstrates that, assuming a pH of 8.5 

and total activity of dissolved sulphur of 101, the Rh never 

dropped below about -0.25 (Garrels, 11000, p. 151). The Rh 

of ground waters which are deoxygenated in the zone of rock-

pore saturation ordinarily ranges from zero to slightly 

minus values (Garvels, 1953, p. 1264). Thus it seems pos-
P4-1, 

sible that the Ostler red bids mmy have met the Eh and pH
AN 
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requirements needed to hold uranium and vanadium in solu-

tion. Carrels and Richter (1955, p. 457) point out the 

common occurrence of CO-rich gas wells on the Colorado 

Plateau. Thus there may have been much CO2 in solution 

in connate waters of the Cutler formation. 

tf uranium ore in the Chinle formation of the Lisbon 

Valley area is assumed to have been deposited from connate 

water, squeezed from red beds of the Cutler formation, some 

estimates can be made of the concentration of uranium in 

solution, the volume of connate water required, and the 

volume of rock needed to supply the connate water. 

For purpeSee of calculation assue that the porostotym 
c-P 4 .e 

al; Cutler midst4;14"as reduced from 40 to 16 percent during 

the Late Triassic and Early Jurassic because of 

deposition of overlying rocks. If the mineral matter of 

the rock contained ? ppm uranium and 20 percent of this 

uranium dissolved in the connate water, the uranium con-

centration in the water would be about 2.4 ppm. Approxi-

mately 1.3 cubic miles of such water could supply the 

uranium present as reserves in 1958 in the Chinle deposits 

of the Lisbon Valley area. This volume of connate water 

would be squeezed from rock having • final volume of about 

-

3.5 cubic miles if the porosity were reduced from 40 to 15 

percent. This volume is equal to that of a rock unit 15 

miles square rind about 80 feet thick. 

The Moeakopi formation overlies the Cutler formation 

west of the Lisbon Valley anticline. Because of its fine-
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grained character the vertical permeability of the Moen-

kopi formation was probably low, thus encouraging hori-

zontal movement of connate water in the CutlerAeandstonoli 
, 

toward an area of high vertical permeability smelt me the 

Lisbon Valley anticline. Connate waters from Moenkopi 

rocks would have tended to move vertically into basal,- °"" 

Chinle#aidirton*, then horizontally beneath the thick 

upper Ch and siltstones toward areas of re-

latively high vertical permeability. When connate water, 
of 

from nth, Moenkopi trod beds) migrated into the bas'l)Chinle 

sandattsi there could cause proci-

pitation of any uranium or vanadium in solution. Sign*ti-

cant ore deposits would have formed, however, only in areas 

where large volumes of connate water fleee4ttbrough a re.. 
ikt 

latively small cross-sectional area oftChin1d4Aedito0006 

which had great reducing capacity. The time of meet ore 

deposition would have been during the period when connate 

water was escaping in greatest volume. In the case of the 

Cutler and Msembopi rocks this probably occurred during 

Late Triassic asd larly Jurassic time. Compaction con-

tinued more slowly during the rest of the Jurassic period 

and also through the Cretsceoee period as sediments con-

tinued to accumulate. However, the deposition of the thick 

Late Cretaceous Mancos and miesiOferde formations would have 

caused an increased rate of asses of connate water. The 

Age of Chinle ores deposited from connate waters would thus 
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be mainly Late Triassic and early Jurassic but some may 

have been deposited as late as Early Tertiary. 

Stewart, and others (1959, p. 527) show that the 

uranium deposits from the Moab area to the Monument Val-

ley area are near the base of the Chinle formation, re-

gardless of the umber that is in that position. It is 

pointed out that "localization of the deposits near the 

base of the Chinle may have been caused by the damming of 

vertically rising ore-bearing solutions by the bentoaitic 

rocks of the Chinle." Noble (1960a, p. 2038; 1960b, p. 26-

39) and Kertne0y (1960, p. 1904) have suggested that connate 

water, squeezed out during compaction of fine-graiaea ledi-

ments, may have been the ore solution responsible for many 

of the uranium-vanadium deposits on the Colorado Plateau. 

44'34 groL 

SALT WASH4 ORES 
tyrt4 

The genesis of the uranium-vanadium oresWSalt Wash Alrem,4e4-

iwandstones is thought to be similar, in a general way, to 
/4, Aiet% __ r 

that of the Cutler and Chinle ores. Brushy MaityOPARMI-..."-

and siltstones were deposited during the Late Jurassic, bat 

no more than a few hundred foot of sediments covered the 

Brushy Basin sediments until the Late Cretaceous. Thick 

Mancos and Mesa Verde deposits caused compaction of the 

Brush Basin sediments and the resultant escape of inter-

stitial waters. These connate waters must have flowed in 

greatest volume along paths of least resistance in escaping 
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toward the surface. Water fres the lower part of the 

Brushy Basin member probably found it easier to move down-
0 c , 

ward into uppermost salt Washimandzkoiii and then horizon. 

tally toward vertical escape routes rather than moving 

vertically throegh several hundred feet of Brushy Basin 

Bsegerements of beriMental permeability of U 

'Mat Wash isandsto by Pbssola (195$* 94 215-217) and
ar._ b-ostimates of vertical perneabilitY of,arembil apois**7-

e (D. A. Jobin, written commanicatioa, 1959) indicate' one 

that the ratio of horizontal permeability of sandstone to 

vertical permeability of nudatone is in the range 10,000:1 

to 100,000:1. In other waelltp water could flow as wispy 
e ow*, 

through about 10 miles et5alt Wish sandsto horizontally 

as through 1 foot oiABrusby Maiii!SOudsAilievertically. 

Althomgh the ratio tg.:24:01::::ttr4tVIIINtrue 
may have been only 5,010:1 or even less during compastion 

of the mushy Basin, it seem probable that much connate 

water free the lower part of the Brushy Basin limber would 

have meted toward the Ltsbon Valley fault zone through the
f 

upper Mat 1116011111411q2. Some of these sandntonon were
4r/i , 

fairly thick, relatively continuous, lenses and were pro-

bably conduits for tremendous volumes of water. 

Theft of Brushy Basin connate waters was generally 

above that required to reduce ferric iron as evidenced by 

the red, brown, and purple color of the fresh rock. Now 

ever, some gray-green mudstonee are found suggesting that 
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iron may have been reduced locally. phoenix (1959, p. 61) 

found the pH of waters flowing from Brushy Basin rocks to 

range from 6 to 9, according to field measurements. He 

also found as much as 0.06 ppm uranium and 0.3 ppm vana-

dium in Brushy Basin waters. Garrets (1917) has pointed 

out that tuffaceous sediments (such as those of the Brushy 

nisin) say contain waters which ars moderately to strongly 

alkalise, high in carbonate, and mildly reducing in char-

sitar when saturated by water. Than the connate waters 

probably were able to dissolve uranium, copper, vanadium, 

and molybdenum from the tuffs. 

In ogler for much uranium and vanadium to be precipi-
047 4e., 

tated in Salt Wall from irmiiiy lasin emulate 
41A 

waters certain favorable conditions must have bass not. 

Theriumberofthrough-goinglhatiftelsoandstonesmust have 

been relatively fey so that the flow of water would have 

been concentrated along a few "favorable" paths. These 

"continuous" sandstones must have had an outlet to the sur-

face which offered appreciably less resistance to flow than 
/A t 

the vertical path through unfractured  Brushy 13asineadataa*
1vN 

Finally, local areas of strong reducing environment must 

have been present is the ialt Wash sandstones to precipi-

tate the ore. 

The greenish-gray alteration around earbonacclus trash 
' 4

pockets in till / Salt 11aphiaandatoasi)aaggesta that strongly 

reducing con.ditialle ISM provost within theme pock4415 and 

that diffusion outward from sash pockets asesed reduction 
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of iron-bearing minerals to fors the characteristic "halos" 

neer ore. WeektE and Oarrels (1959, p. 8) state that sand-

stone favorable "tor ore is light brown at the surface, but 

white or light gra) with disseminated pyrite at depth. 

This contrasts with the comma red-brown color of the Salt
w/A 

Witf5her ellisere possible that to certain Orem 

cart:mm*404e US* was deposited in a lees permeable pert 

of a larger permeable sandstone. After burial, bacteria, 

workiag on the carbonaceous material, would produce a 

stroagly reducing environment in this area of relatively 

stagnant waters. In the immediate vicinity of the carve. 

Lonaceous trash the Eh say have been near that required' to 

produce hydrogen gas frua water. Farther away the Eh was 

less negative but still low enough to cause alteration of 

mudstone from red to green. Beyond this zone ferric iron 

coatings on sand grains nay have bees sedmied anti pyrite 

precipitated. Beyond the pyrite IMMO the Bh presumably was 

above that necessary to reduce ferric iron. 

Jensen (195S, p. 612) hos suggested that hydrogen sul-
ts- /ILL 

tide may have been forwed near orgatac matter iA,Salt Wash 

iind_likegierand remained there until connate water from the 

Srushilesla member migrated through the area. The hydro-

gen sulfide tbes presumably reduced the uraniferous kolu-

tionn. If the bats 'atom contained 2.4 ppm uranium 

Cis assumed above for Cutler connate waters), then more 

than 400,000,000 gallons of water would have had to move 
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through an ors body with dimensions of 10 x 50 x 100 feet 

containing 0.1 percent uranium in order to supply the 

necessary uranium. It seems probable that so much water 

would have soon flushed out any 112S in solution and stop 

further MN deposition. In contrast, a solid sulfide maid 

have been unaffected by the flow of fluids and yet could 

react to precipitate uranium and vanadium. Therefore, 

Jensen's idea, with modification, seems reasonable. 



CONCLUSIONS 

Consideration of various hypotheses for the origin 

of mineral deposits in the Lisbon Valley area lead to the 

following conclusions. 

1. 2114, close association of copper-bearing veins and 

bedded deposits with the Lisbon Valley fault zone is strong 

evidence that hypogone fluids circulating along the fault 

zone carried the copper to its present location. 

2. The fact that copper veins cut Dakota sediments 

near the Blackbird nine and that veins of somewhat similar 

composition cut Tertiary igneous rocks in the La Sal Moun-

tains suggests that both types of veins say be of the same 

age and of similar origin. 

3. The uranium-vanadium deposits show no obvious 

zoning with respect to the Liston Valley fault, except 

for copper which is more concentrated in uranium-vanadium 

deposits near the fault in the southeastern part of the 

Lisboa Talley area. However, the proaaace along the Lisbon 

Valley anticlinal structure of large Chinle are bodies and 

01 a very large 3ait Wash ore body certainly suggests that 

there is some relation between the deposits and the struc-

ture or fault system. 

4. Lead isotope data and th3 load-uranium correlation 
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in ore samples can be interpreted to mean that the Chinle 

ores are Late Triassic or Jurrasic in age. If this inter-

pretation is correct, these ores are much older than the 

post- cos copper ore along the Lisbon Valley fault. 

5. Tremendous amounts of uranium wore required if 

it is assumed that Cutler, Chinle, and Baits wash ores were 

deposited during one period of mineralization by hypogene 

solutions spreading out from the Lisbon Valley fault. 

This is because much ore solution would have moved away 

from the fault through the rocks of the Glen Canyon and 

Ban Rafael groups. The amount of uranium required seems
ter 

too great to make this a probable method of ore genial,. 

An hypothesis suggesting two or more stages of mineralisa-

tion by solutions spreading outward from the Lisbon Valley 

fault cannot be tested properly by the above type of ire ► 

soning, however. 

6. If percolating ground waters of the type found in 

present day wells (but containing above normal concentra-

tions of uranium) were the source of the Chinle ores, the 

most probable time of deposition► was in the period of ap-
ot-

proximately 40 million years fonowte6s#4 egallaw ie•di-
A 

mentation. Because there ie no obvioue say such 

waters should be circulating in the basal Chinle sediments 

long after their deposition, this hypothesis seems less pro-

bable than one setting connate water as the o►re fluid. 
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7. Connate waters squaw., tram the sediments during 

compaction almost certainly flawed through interbedded 

sandstones toward escape routes to the surface, The con. 

nate vetoes from red beds conld havo had an lb, gi6 and 

carbonate content such that they wire capable of carrying 

dissolved nraniam, vandium, molybdenum, and copper in 

solution. When such waters migrated into a 'trongly re-

ducing environment the ore elements could have formod in-

soluble low-valent coupounds. 

8. 'tilt flowage into the Lisbon Valley anticline 

apparently began before Athe ChinletbedsSwere laid down 

and may have continued latermittently through the lesosoic 

era. Thus the Lien Valley area may have been ono cf 

long-continued fracturing where connate waters could move 

toward the surface. If so, it would have been a focal 

point toward 'which connate waters flowed, and any areas 

oaf strongly reducing environment nearby would have had as, 

usually large volume of fluid pass through thus, 

9. On the basis of available isotopic, goalie:Se, and 

chemical data, the hypothesis that seems most regimpage 

for the origin of the uranium-vanadium ores to that Cutler 

and Chinle ores of the Lisbon Valley are for from eoa. 

nate 'water squeezed from red bode in the Cutler formation 

and that Salt Wash ore formed from connate water equeemed 

mainly from the Brushy Basin member of the Morrison terms.
IL 

tion. Presumably the greatest amount of ore formed during 
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periods of greatest compaction. In the case of the Citler 

and Chinle ores this was during the Late Triassic and Sarly 

Jurassic per*ede. For the Salt Wash ores this was during 

the Late Cretaceous and jearly Tertiary4polaeods. 

10. It seems possible that variations in the char-

acter of both the source rocks and host rocks could affect 

the nature of the ores deposited. However, detailed ex-

piesstions for the may heal amd district-wide shames 

is ebsuical composition of ore IWO not found. 

11. It is possible that the explanation proposed for 

the $010110 of uranium-vanadium deposits to the Lisbon 

Talley area can be applied to similar dopesito elsewhor, 

on the Colorado Plateau. The consistent preemie of ore 

in reducing environments within permeable zones at the 

base of the Chinle formation may be des to deposition of the 
f v 

ores from connate waters squoosod frosAlloosbopilred 104140. 

It seems quite probable that such waters would have moved 
or fro ,

through these permeable zones in the basaVhinle tasett,A4 

toward areas of relatively high vertical permeability. The 

areas of greater vertical permeability may have bees faults, 
PAO' Ar 

anticlines, or simply sandy parts of the Oppor_Chinle for-

nation. The great lomd et overlrtas sediments most have 

produced tremendous pressures so that the connate waters 

were forced out through rocks that under ordinary conditions 

would be considered practically impermeable. 

If red beds were the source of the uranium ore solu-

tions, the consistent association of "sandstone type" 
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deposits with continental sediments would be understand-

able. Marine sediments commonly contain omough organic 

natter so that stroa reducing conditions develop shortly 

after burial. This environment would cause uranium, vana-

dium, molybdenum, copper, and *any other ore-associated 

oleuents to be bold in an insoluble torn. when such urine 

sediments were compacted, none of these el Tents would be 

dissolved iu the counate waters and uranium deposits could 

not Zona along the escape path of these solution... 
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APPENDIX 

The analyses of 54 mineralised samples from the basal 

20 feet of the Chinle formation are shown is table 34 (in 

pocket). Tbe data are arranged in order of increasing 

uranium oeateat so that one can see which elements tend to 

correlate with 11111milial simply by glancing down along the 

oolemse• 
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