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DISTRIBUTION OF ORE DEPOSITS .Al'ID SPECTROGRAPHIC A."f\fALYSES 

OF SOME ROCKS AND ORES ON THE COLORADO PLATEAU 

By 

Leonard B. Riley and. Eugene Mo Shoemaker 

ABSTRACT 

The geographic pattern of known igneous rocks and ore deposits 

on the Colorado Plateau suggests a zonal arrangement of several types 

of ore d.e:pos:i.ts around centers of igneous activityo 

Spectrographic analyses of rocks and ores on the Plateau have 

bee!.l obtained in an effort to determine the distr:ibution of elements 

a:rd to examine the relationships between types of ore deposits and. 

between the ore deposits and igneous rockso Over 170 analyses of 

r ocks and ores are given in th:is reporto A preliminary study of these 

analyses suggests that the proportion of uranium, vanadium$ copper~ 

a:rrd silver in the uranium ores varies geograph:i.cally, and that the 

pattern of variation may be in part concentric about some of the matjor 

1acco1ithic in.trusion.s. It is also suggested that the following rat:i.os 

of metals contained in the uranium ores are possible guides to larger-

tha:2-average ore deposits: (l) lead/uranium greater than 1, (2) lead./ 

zinc greater than 10, and (3) zinc/geometric mean of cobalt and nickel 

less than 10. 
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INTRODUCTION 

The geographic pattern of known igneous rocks and ore deposits 

on 'the Plateau suggests a broad · zonal d.istribution of ore metals across 

the Plateau combined with a zonal arrangement of several types of ore 

deposits around centers of igneous activity. The distribution of ore 

d.eposi ts and intrusive igneous rocks may be seen on "Map of the ura-

niu.m region of the Colorado Plateau," compiled by Eo M~ Shoemaker and 

R o G. Lu.edk.e (TEI -279) . This map was originally planned to acco~pany 

this repo:rto It has since been separated in order that it may be placed 

on open · file. 

Spectrographic analyses o:f rocks and ores on the Colorado Plateau 

have been obtained in an effort to d.etermi.ne the d.istribution of ele-

ments in the different types of rocks and ore deposits. This study of 

the distribution of the elements was undertaken t o determine the possible 

pattern of distribution of metals associated. with the ore deposits and 

to examine the relationships between the different types of ore deposits 

a~d between the ore deposits and the igneous rockso Over 170 semiquan-

ti tat:i.ve spectrographic analyses representing many different types of 

r ocks and ores have been gathered, partly from the files of the Geological 

Survey, but chiefly from newanalyses made specifically for the purpose 

of this investigat:f.on c Although the investigation has only begun, this 

report has been written to make the results of the spectrographic analyses 

available t o other research workers. This work was done on behalf of the 

Division of Raw Materials of the U .. So Atomic Energy Commission" 

CONFIDE1TTIAL 
SECURITY INFORMATION 



CON'lti DFJrnJ_AL 
SECURITY INFORMATION 

9 

GEOLOGIC SETTING OF TEE COLORADO PLATEAU 

The rocks exposed on the Co .lorado Plateau are chie:fly sed~i.men-

tary beds of Paleozoic , .Mesozoi.c 7 and Cenozoic age., These -bed s are 

in general nearly flat lying, bu.t the Colo~t>a.do Plateau as a whole is 

gently warped into broad upli:fts and basins 0 Steep ... di.:ppin_g faults of 

·comparatively srriall displ.acement are common on the flanks of the up .... 

l.:l.fts a:nd in (3. northxest ... trending belt in the north.;.c~ntral part of 

the Pla'teauo Crystalline r ocks of :Pre.-.Camb:r.ian age are l ocally ex-

:pcsed at the centers of s ome u:pli.f'ts 0 Igneous rocks of Cenozoic age 

are widely distributed on the Plateau; intrusive r ocks :form scattered 

mou.,.'lflta:tn ranges in its central partJJ a rtd it is nearly encompas sed. by 

e:x.tensive v olcanic fields" 

Sedimentary rocks 

_IJ1he sedimentary r ocks of the Pl.ateau. .com.prise sant:Lstone, muds 'tone, 

and limestone o More tha.n. half of these beds are continental depos i ts; 

nearly half ·o:f the beds are sand.stone. The stratigraphic sequence from 

·!.(pper Paleozoi 'C ·to lower Tertiary :is lh""Iusually COW:plete o A generalized 

se\t~ti.o:n of Pennsyl.va:rdan t o Eocene s trata in the central a..ud northern 

part of' the Plat eau is given in table 1. 

Igneous rocks 

The Cenozoic igneous rocks of the Colorado Plateau comprlse a dis ... 

Lin~tly alkali.ne suite, and most of the rocks of in:termediate to sili.cie 

CONFIDENTIAL 
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Table 1.--Generalized section of Pennsylvanian to Eocene strata 
in the north-central part of the Colorado PlateaU: 

System 

Eocene 

Cretaceous 

Jurassic 

Group or formation 

Uinta formation 

Green River 
formation 

Wasatch group 

Th:i.ckness 
(feet) 

1,700:±_ 

3,000')0T + 

Character and 
distribution 

Gray, ·buff and yellowish gray 
sandstone and variegat..;ed or 
gray shale; present in north­
ern Utah and Colorad.o. 

Shale, oil shale, and marl ~ 

stone, gray to grayish brown 
with interbedded b rown sand­
stone; present i.n northern 
Utah and Colorado. 

Varicolored shale, sandstone, 
and limestone; widespreado 

-----------~--- · --··· · ------·-- ·-----~--.. · --·---~----.. ···---·----· --·--·· .. --·--- ----
Mesa Vel"de group 

Mancos shale 

Dakota sands~one 

Burro Canyon 
formation 

Morrison formation 

Summerville 
formation 

C\ITtis formatiOn 

1,000+ 

2,000-5,000 

50-200 

·50-250 

300-500 

200;;.400 

50-400 

0-250 
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Li.ght -colored sandstone and. 
g:ray shale; coal-bearing; 
elj_ff~forming; w:i.desp:read. 

Gray shale; f orms valleys and 
steep slopes; widespread. 

Gray and brown sand.stone and 
shale; mesa -cappin.g; wide~ 
spread a 

Light ~colored conglomerat:i.c 
sandstone and green and maroon 
mudstone ; mesa~capp:ingo 

Brushy Basin shale member~ 
varicolored shale (or mud­
stone), some sandstone lenses; 
forms slopes; widespread" 

Salt Wash sandstone member~ 
Light-colored sandstone and 
red mudstone; forms cli.ffs and. 
benches; wid.espread.o 

Red and gray shale, thin sa:nd.-­
stone; forms slopes; thickens 
'Nestward. 

Glauconitic sandstone, greenish 
shale, gypsum; present :tn 
central Utah only. 
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Table 1.~-Continued 

System Group or formation 

Entrada sandstone 

Jurassic 

Carmel formation 

Navajo sandstone 

Jurassic(~) Kayenta formation 

Triassic 

Wingate sandstone 

Chinle formation 

Shinarump 
conglomerate 

Moenkopi f ormation 

llli 

ThJ.ckness 
(feet) 

50-1,000 

o-6oo 

0-2,000 

0-300 

o-4oo 

100-500 

0-100 

0-1,000 

J 

Character and 
distribution 

Light-colored, massive, cliff-
for:w..ing sandstone in Colorado 
and eastern Utah .; thickens 
westward and becomes red., 
earthy sandstone. 

Red, earthy sandstone in 
Colorado and eastern Utah; 
thickens westward and becomes 
gray and red shale, limestone, 
and gypsum. 

·------······~· ··----,--.. ,,--~-

Light-colored, massive sand­
stone; cliff-forming; gener­
ally absent in Colorado , 
thickens westward. 

Red sandstone, irregularly 
bedded; bench-forming; absent 
in eastern part of region. 

Red., massive sandstone; cliff­
forming, absent i.n eastern 
part of region. 

Red shale and sandstone; f orms 
slopes; widespread. 

Light-colored conglomeratic 
sandstone and shale; bench­
forming; absent in Colorado. 

Red-brown shale and sandstone; 
forms slopes; absent in east­
ern part of region. ----· -. --~-~--------·--~· ---------.... --~----

Perm.ian 

Pennsyl­
vanian 

Cutler and Rico 
f ormations 

Hermosa formation 

o-6,ooo 

0-5,000 
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Red and gray shale, arkose, 
and conglomerate; thickest in 
Colorado (though absent i.n 
places), thins gradually wes·t­
ward. 

Limestone, shale, gypsumJ salt 
and arkose; exposed across up­
lifts and ln salt intrusions, 
thins southwestward. 
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~omposi tion are ·soda rich (table 2)" The intrusive :rocks of the central 

part o:r the Plateau form t·wo grou.ps, laccoliths ~nd stocks ranging in 

com,posi t:ton fro:m. diorite to syen:ite, and dikes and. :plugs of la,njprophyric 

composition o Most of the laccoli.ths are diorite of nearly the same 

~om,posi tion throughout. the central part of the Plateau (table ~) o Vol,... 

ca...~i~ r ocks on the. periphery or the Plateau. range :lu ·composition from 

oli.vi;ule basal·t to rhyolite Q Most volean1c rocks o:f i .nterm.ediate compo-.. 

sitl~n are s:imilar chenriea.lly to the laccolithic rocks. It seems evident 

that the C(olorado Plateau is a si.P..gle :provi.nee of ·closely related rock 

types o 

TYPES OF ORE DEPOSITS ON THE COLORADO PLATEAU 

Metal tieposi ts ar¢ w:i.d.ely dlstributed on the Colorado Plateau and 

OlC~eur tn nearly all of the :~vedime:rr.1ta.ry format:ions , in the Cenozoic igneous 

ro~kl2ls ru1d also in the pre..,Cam'brlaz"l crystalline rocks. Most of the deposits 

at:>e small a.n.d only the l1:ra,nium,..bea:ring deposits in the sedimentary forma ... 

t~ions have been of major economic i-mportance. The deposits can. be broadly 

classed i.nto two types 1 vein de:pos its and be·dde d. d.epos.i ts . 

Veirr deposits occux both in a.T!ld near intrusive igneous roek.s and. also 

far :from. any known igr.t¢·ous ;intrusions in sedimentary roc.ks ~. Vein deposits 

:in tbe igneous :r.o~ks ~e restricted to stocks 'and laccoliths, These 

d.e:p(()s:tts include~ (1) gold..,py:rite=chalcopyr:i:te..,;borni.·te veins and replaee.., 

,;_- . CONF.IDK,lWriAL 
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Table 2.--Chemical analyses of laccolithic and other intrusive 
rocks on the Colorado Plateau 

1 2 d. 4 2 6 1 8 

Si02 62058 61.21 63.18 62.65 62.85 68.96 58.99 50.01 
Al20s 17.61 17.10 16.47 16.68 16.21 15 . 42 10.01 17.98 

Fe203 2 . 36 2 . 72 2.36 2.35 3.08 1.99 1.74 3.05 
FeO 2.40 1.88 2.28 2Q63 l o46 .16 .59 3.26, 

MgO 1. 43 l c47 1.33 1. 43 1.47 .22 .27 3al3 
CaO 5.31 4.83 4.77 4.96 4 .27 .25 2.02 7.09 

Na20 5 .05 5.66 4.40 4 . 45 3.49 6.59 9.11 4.43 
K20 1.85 3.00 2.93 2.75 3.10 5 . 48 5.07 4.82 

H20 
{·74 

.34 .27 .27 f.52 .22 .38 0.27 
H20 .68 .60 .66 .30 1.24 0.29 
Ti02 . 42 .51 .66 .42 .~-1 .12 .21 2.00 
Zr 02 .02 .04 .0~ 

C02 .13 . 09 
P20s .24 .28 . 28 , ~-8 Tr .04 . 67 
so3 . 96 .12 
Cl .04 .01 .15 
MnO . 26 .15 .15 .16 . 15 .07 .08 .10' 
BaO .13 .15 .13 . ll Tr . 02 
SrO .07 o09 .11 .02 
Li20 Tr Tr Tr Tr Tr 

99 .82 100.05 99 .86 99.95 99.85 99.96 99 . 97 99.97 

l Diorite porphyry from South Creek laccolith, Henry Mountains, Utah. 
2 Monzonite porphyry from middle mountain, LaSal Mountains, Utah. 
3 Hornblende diorite porphyry, Carrizo Mountains, Arizona. 
4 Hornblend.e diorite porphyry from Hermano Peak, Sleeping Ute Mountains, Colo. 
5 Porphyritic diorite from Mount Marcellina, West Elk Mountains, Colorado. 
6 Syenite porphyry from north mountain , LaSal Mountains, Utah. 
7 Noselite syenite porphyry from north mountain, LaSal Mountains, Utah. 
8 Analcite syenite from composite sill J San Rafael Swell, Utah . 

All analyses by U. S. Geological Survey, 1894 - 1940. 
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ment bodies, which · occur in many of the lac coli t.hic mountain groups of 

·the Plateau.? (2) go.l~-silver telluride veins,, which occur in the La 

Plata Mounta::i.ns of Colorado, a nd (3) ruby silver..;.gray eopper veins, 

which occur in the West Elk Mountains of Colorado. Vein deposits in 

s ·ed.imentary rocks that are not demonstrably associated Yli th igneous 

intrusions are of two types g (1) copper sulfide and sulfa;rsenide veins, 

which occur chiefly in an arcuate belt around the La Sal Mountains, and 

(2) vei.ns that contain both eo:p:per and uranium minerals associated with 

a 'Wide variety of other metals " These copper•uranium-bea.ring veins are 

rare but are found at -widely separated localities on the Plateau o 

Bedded .deposits 

Bedded deposits can be classified most conveniently -according to 

their metal content. Divided on th:is basis th:e bedded deposits comprise 

f our main types~ (1) ura.n;i:um ... vana.dium deposits, (2) copp.er ... ura.nium 

depos.i'ts ,. whi-ch are nearly al-ways a.·ccompanied by detectable amounts of 

va;n.adium and silver, (3) copper deposits, the so...;called ''red bedsn 

type , and ( 4) IIJa.nga.nese depos:tt~ " Ma..Tly gradational types between the 

first t.l::Lree e la.sse·s of ae:posits can be cited. The ore minerals in the~'se 

deposits are disseminated in the se.dintentary r .oeks and commonly appear 

t o be J.n:fluenced in their distribution by certain sedimentary structures 

of t hese rocks. Only rarely do regional structures obviously affect 

·the distribution of the ore minerals in the sedimentary host" 
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dis tribution of bedded deposits i.n the stratigraphic column is shown 

by ·examples in table 3 0 This tabula ti.on is not necessarily complete. 

The principal production of uranium has come from three formations: 

the Shinarump conglomerate of· Upper Triassic age, the Entrada sandstone 

of Upper Jurassic age, and the Morrison :formation a.lso .of Upper Jurassic 

ageo 

SPECTROGRAPHIC ANALYSES 

Sensitivity of the spectrographic method 

Spec trographic analyses have been used in this investigation because 

they are rapid and inexpensive, and because in many eases they are sensi-

tive in the range o:f concentration below that which can be estimated by 

ordinary chemical means. The conc~ntration of the elements that can be 

estimated by the spectrographic method, at their threshold of detection, 

is shown i n table 4. The threshold values shown in table 4 are those 

attained in. the laboratories of the Geological Survey with particular 

reference to :materials from the Colorado Plateau. 

All of the spectrographic analyses re:port~d here have been made by 

the Geochemistry and Petrology Branch, Trace Elements Section Washington 

and Denver laboratories • The samples analyzed in the Washington labo-

ratory carry the suffix W after the sample number, and those analyzed 

in Denver carry the suffix D after the sample number, as reported in the 

:following tables 8 to 15. Chemical assays included in table 15 were 

-calculated from the records of :American Smelting and JR.efining Company. 

CONFIDENTIAL 
SECURITY INFORMATION 



)') 
~ 
3 

...;lg -3~ 

....;~ 
H 

-11::::1 

.~ 

!I~ 
~ 
~ 

Table :). -=Stratigraphic distribution. of bedded meta.l deposits on the Col orado Plateau 

Formation or group 

Uinta formation 
Green River formation 
Wasatch group 
Mesa Verde grou-p 
Mancos shale 
Dakota sandstone and 
Burro Canyon-..Cedar 
Mountain formation 

Morri.son formation 

Sl11lll1ierville for:m:a.tion 

Curtis-Pony Express-
Todilto limestone 

Entrada sandstone 
Carmel formation 
Navajo sandstone 
Kayen t .a formation 

Wingate sandstone 

Chinle format.ion 
ShinarumP 

conglomerate 
Moenkopi formation 

Permian formations 
Hermosa. formation 

Uranium-vanadium 

La Venta.na., N. Mex. 
Sal.eratus Wash, Utah 
Rifle Creek, Colo. 
Bullock Claim, 

Utah 
Club mine·, Colo., 

Little Gypsum.., Valley, 
Colo .. 

Grant.s, N. Mex . 

Placerville, Colo . 

Rif'le mine, Colo. 
Roc Cre~k, Colo. 

Temple Mountain., 
Utah 

MonlUilent No. 2, 
Ariz. 

Big Buck mine, Utah 
Bald E~g:le mine, 

Colo. 

Examples of deposits 

Copper 

Tabeguache Basin, 
co'lo. 

Pioneer mine, 
Utah 

White M~sa, Ariz .• 

Copper-uranium 

.Myton, · Utah 

Cougar mine, Cola o 

Skull Creek, 
Colo .. · 

Brush Creek, Colo. 

Sinbad Valley, Richardson.,, Utah 
Colo. 

Cuba, N. Mex. 
Copper Canyon, 
Utah 

Capitol -Reef, 
Utah 

Silver Reef, Utah 
Posey mine, Utah 

Zuni Mts .,; N ., Mex. Hacks Canyon, Ariz. • 
Sinbad Copper mine, 

Colo. 

Manganese 

Little Grand 
di.st . , Utah 

f--' 
0\ 

ga 
0 

~0 
HO 
i-3!2: 
K~ 

H 
H\:1 
!:21. ·tij 
~!;a 

~~ 
H 

~ 
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Table 40 -~Threshold values of ·elements ~ncluded 'in the semiqua.nti ... 
tat.ive spectrographic method, with particular reference 

to materials analyzed from. the Colorado Plateau y 
.Element Group noo Percent Pa..-r·ts per million 

Al-umnu:m 6 0.0001 1 
Antimony 5 oOOl 10 
Arsenic 4 .01 100 
Ba:rium 6 oOOOl 1 
Beryllium ~6 ("Trn) <'..0001 <::.1 
Bismuth 5 .001 10 
Bor on. 5 .001 10 
Cadmium · 5 .QOl 10 
Ca lc :tum 5 .001 10 
Ceri1J.m 4 eOl 100 
Chromium 6 .0001 l 
Cobalt 6 .0001 l 
Co:p:pe:r 6 oOOOl l 
Clallium 6 oOOOl 1 
Gold 4 .01 100 
I :ron 5 .001 10 
Lantr.tanum 5 .001 10 
Lead. <.6 ("Trlt) <. OOOl L l 
Ma gnesium 6 .0001 l 
Manganese 6 oOOOl 1 
Molybdenum 6 oOOOl 1 
Nickel 6 oOOOl 1 
Phosphorous 3 . 1 1000 
PotassiuJn .3 .1 1000 
Scandium 6 .0001 1 
S:tlicon 6 .0001 1 
Silver <::6 ( uTr") ~oOOOl Ll 
Sod.i um 4 .01 100 
Strontium 6 .0001 1 
Thorium 3 .1 1000 
Tj:u 5 .001 10 
T:t tanitl.m 5 .001 10 
Uranium 3 .l. 1000 
Vanadi um 5 .001 10 ' 
Ytterbium 6 . 0001 1 
Yttrium 6 oOOQJ. 1 
Z:Lnc 4 .01 100 
Zirconium 6 .0001 1 

1/ A longer list of elements (69) with threshold values applying to mate­
rial- in general may be found in TEI-182, page 26. Most of the elements giv.en 
·there;J but omitted hereJ have been looked for, but not found, in the analyses 
of the Col orado Plateau materials. 

Among the elements not detectable by this method are carbon, selenium, and 
sulfur, 
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Group number method of repo:qting spectrographic ana.lzses 
. . I 

The "group-number" method df reporting results of spectrographic 
I 

analyses o:f Colorado Plateau ma~erials for this investigation is shmm 

::o::en:~llowing data: 

1 

l 
2 
3 
4 
5 
6 

Perc en~ 
10 to 1~0 

1 to 10 
0.1 t .o l 

0.01 to 0 1 
0.001 to o 01 

0.0001 to 0 001 . 

Parts per million 
1oo,ooo to 1,ooo,ooo 

10,000 to 100,000 
1,000 to 10,000 

100 to 1,000 
10 to 100 

1 to 10 

In the fabulations of the elements in various samples, plus and minus 
. I . 

signs after group numbers show the relative position within the group: 

plus--toward the upper limit of ].the range indicated; and minus--toward , 
I . . 

the lower 1imi t.. A zero ( 0) has been use.d to signify tbat the element 

has been looked for but not :foid and .that it is presumably below the 

limit o:f detection (threshold 1.lue ) , An asterisk (*) bas been used 

where the element was not looked for, or the results are not available, or · 

where the normal threshold valu~ could not be reached because of inter-

ference. 

I 
Average composit:f_on of rocks and .ores 

The calculated average cheiieal compositions of the sandstone and the 

mudstone a.nd shale o:f the Salt fash sandstone member of:' the Morrison for­

mation are shown in tables 5 anj 6. Although the precision is low, because 

of the relatively s~ll number ·of samples, the results compare well ·with. 

the coll!pOsi tions o:f average san~stone and average shale given by other 
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authors~ Whereas the chemical c ompositions · of nearly half o:f the elem~nts 

studied contrast strongly 'With the average composition of 'the 99 mill-

:pulp samples of bedded uranium deposits shown in table 7 o 

The average used here is the geometric mean. This mean .is n.ot only 

moderately easy to com;pute from the data as pres.ented, but is the m:ore 

ap:propria,t e avera.g~ because most of the chemical elements trend to-ward 

a s ymmetric ·distributions., 

The Salt Wash rocks are surprisingly uaverage'' in their compositions. 

The mudsto!!l.e,i is sigo,i:ficantly low only in titanium, chromium, and copper. 

The sa'l!ldstone is also l ow in .chromium, less so in titaniUm... The apparent 

deficiency of lead in the sandstone may be due to the fact that its amount 

-was estima,ted from the heavy mineral fraction of a few sandstones, and 

part o:f the lead of the sa...ndstone may well be conta.ined in one o:f its 

lighter minerals, such as feldspar .. 

The number of heavy ( s:p. gr: • more than 2. 9) mineral tractions analyzed 

is_ only five, but these indi(!ate that most of the zirconium, iron, titanium, 

ch:romi11m.J and copper of the 11.!.-mneralized sandstone is contained in its 

detrital minerals o In addition most of the strontium, part of the barium, 

and about 1/10 of the total ·vanadi.um ·of the unm:ineralized sanQ.stone is 

f ound in. the_ heavy mineral fraction. Silver, the one metal that could be 

the result of signifi.cant contamination from acetylene tetrabromide- used 

in heavy mi.ne:ral separation i.s so closely proportional to the other ele-

mer~ts contained in the detrital minerals as to suggest that is has a 

similar occurrence . There is also some suggestion that boron, nickel, a.nd 
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cobalt .are also contained in the detrital minerals of the unmineralized 

sandstone. 

The 'composition of the sandstones ·and mudstones serves as a back-

ground f or studying the composition of the ores. The average composition 

of the ores of the bedded uranium deposits (table 7) when compared to the 

average Salt Wash sandstone, shows additions of 'COpper, cobalt, and lead 

and probably of nickel and strontium, as well as uranium and vanadium. 

Comparison of tb.e amounts of arsenic, zinc, scandium, gallium, and beryl-

lium suggests poss~ble increases in. the average ores, but more information 

is needed. to confirm this suggestion. There is little evidence of a 

significant decrease of any element from the sandstones to the ores. The 

proportion of calcium (3 percent in the sandstone, 0. 7 percent in the ore), 

the apparent exception, is probably influenced by mill penalties imposed 

on high-lime ores. 

Study of individual deposits corroborates the inferred increase of 

many metals in the ore deposits as deduced from the comparison of average 

ores and barren sandstone and shale. Specifically:, nickel, zinc, and 

silver are known to have a broad range of ·concentration in the ores even 

though the average composition of the ores shows only moderate increase 

in these metals over the barren r ocks. (See nvariation of metal content in 

bedded uranium oreso") 

Variation of metal content in bedded uranium ores 

The variation of metal content in the bedded uranium ores was studied 

by means of production data and b~ analyses of composite samples built 
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Table 5.--Average chemical com;position of Salt Wash mudstones and 
shales compared with the average composition of shales 

Element !;_/ Average Salt Wash Average shale d) mudstone and shale g/ 

S:i. > 10 % 27.3 % 
Al > 10 % 4/ 8.1 % 
K 3%- 2.7% 
Na 0.8 % 0.97 % 
Fe 4% 5/ 4.7% 
.Mn 0. 02 % -· 0.06 % 
Ca 4% 5/ 2.2 % 
Mg 1%- 1.5 % 
Ba 0.02 % 6/ 0.06 % 
Sr 0.02 % - 0.017 % 
Ti 0.04 % 0.43 % 
Zr 0.01 % o;o12 % 
.Cr 30 ppm 4lo-68o ppm 
Ga 30 ppm 7/ 50 ppm 
Sc .< 100 ppm B"/ 6.5 ppm 
y < . 10 ppm 8/ 28 ppm 
La < 100 :ppm FJj not given 
Be < l ppm S/ 3.6 ppm 
B < 10 ppm? 310 ppm 
u < 0.1 % ~ 1.2 ppm 
v 70 ppm 120 ppm 
Ni 20 ppm 9/ 24 ppm 
Co < 4o ppm 8/ 8 ppm 
Cu 20 ppm 9/ 192 ppm 
Pb < 10 ppm B/ 20 ppm 
Zn < 0. 01 % 87 0.02-0.10 % 
Cd < 10 ppm-8/ 0.3 ppm 
Mo <!""· 1 ppm B"/ not given .... 

As < 0 .1 % ar ; about .. 5 ppm 
Ag < 10 ppm ~/ 0.05 ppm 

y The composition is given by elements, not by conventional oxides. 
g/ From eleven samples collected for stratigraphic clay studies by A. D. 

Weeks (table 10). 
2../ Rankama, Kalervo, and Sahama, Th. G. , Geochemistry, Chicago, 1950, 

table 5.52, page 226. 
4/ Aluminum is slightly less than silicon. 
5/ Iron is slightly greater than calcium. ~ 
6/ Barium is slightly less than strontium. 
7/ Gallium is slightly greater than chromium. 
:§:/ Below the threshold value of the spectrographic analysis for this 

material; threshold values for analyses shown in table 10 are not necessarily 
the threshold values shown in table 4. 

2/ Nickel is slightly greater than copper. 
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Tabl e 6.-•Average chemical composition ofSalt Wash sandstones 
compared with the average composition of sandstones 

Element !_/ 

Si 
Al 
K 
Na 
Fe -
Mn 
Ca 
Mg 
Ba 
S.r 
Ti 
z:r 
Cr 
Ga 5/ 
Sc 2j} 
y 5/ 
La 5/ 
Be 5/ 
B ~~ 
u 
v 
Ni 2} 
-Co ~/ 
Cu 
Pb 2/ 
Zn 
Cd 
Mo 
As 
Ag 

Average Sal t Wash 
sand.s t one ?:./ 

>· 10 % 
1 .4% . 
0.5 % 
0 . 04 % 
0.3% ~ 
0 .02 <fo 

3 % 
0 .3% v 
0 . 06 % . 
0 . 004 % 
0 . 04 % 
0 .01 % 

- 9 ppm 
0. 01 -·0 .1 ppm 

. 0 .. 01~0. 1, ppm · 
l - 10 ppm 

0 . 1~1 ppm 
0. 001 =0 . 01 ppm 

1~10 ppm 
<: 0 .1 % §_/ 

30 ppm 
O ~ l..,l ' p:pm 

0 . 01-0l'l ppm 
8 IJpm 

0,. 01-0 .. 1 ppm 
< 100 ppm 6/ 
< 10 ppm 'b/ 
< lppmb/ 
< 100 ppm""£/ 

·o .2-2 ppm 

Average 
sandstone 2./ 

36.75% 
2.53 % 
1.1 % 
0.33 % 
0~99 % 
Trace 
3.95 % 
0.71 % 
0.017% 

< 0.0026 %. 
0.096 % 

not given 
68-220 ppm 
7.4 ppm 
0. 7 ppm 
1.6 ·ppm 

not given 
not given 

9-31 ppm 
1.2 ppm 
20 -ppm 
2-8 ppm 

0 
not given 

20 ppm 
20 .ppm 

0 
not given 
not given 
0.44 ppm 

1 / The composition is given by elements, not by conv~ntio;nal .oxides. 
2/ Aver age o:f the 25 anal yses show.n in table 8. 
3/ Rankama., Kalervo, and Saha,ma, Th. _ G. , Geochemistry, Chicago, 1950, 

table 5 .52, page 226. · · 
Y Magnesium is slightly greater than iron. . 
5/ C0ncentrations estimated. from the c.oncentration of elements found 

in fi ve heavy mineral fractions (t able 9). A ratio of concentration of 
·about 1.50 ·t o l was used. · _ 

6/ Below the threshold value of the spectrographic analysis :ror this 
mat erial (t able 4). - . 
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Table 7. ~=Average chemical composition of bedd.ed uranium ore deposits 
from spectrographic analyses of 99 mill-pulp samples 

Element y 
- Si 

Al 
K 
Na 
Fe 
Mn 
Ga 
Mg 
J3a 

- Sr 
Ti 
Zr 
Cr 
Ga 
Sc 
y 
La 
Be 
B 
lJ 
-v 
Ni 
Co 
Cu. 
Pb 
Z..n 
Cd 

_Mo 
As 
Ag 

'Average composition 

. > 10 ojo 

3 % 
Oo2 - 2 % 2/ 

0.07 - 0 .. 1 % .'2/ 2% - . 
Oo03 % 
0.7 .% 
Oo3 % 
Ool % 

0.02 % 
0.07 % 
0.01 % 

20 ppm 
3 - 6 ppm g) 
-4 - 10 ppm 2/ 

10 _- ·20 ppm · 2/ 
< 1o ppm 3r _ 
Oo8 ~ 3 j;}pm ?-/ 

§ - 20 -ppm -2/ · ·-
Oo3 % 4/ -
0.5 % -
20 ppm 
20 ppm 

100 ppm 
200 ppm 

too-300 ppm 2/ 
7 ..;100 ppm _ 'il _ 
30 -ppm 

<: 100 ppm 3/ 
· <? o 4 - 4 ppm gj 

I:./ The composition .is given by elements, not !JY. conventional oxide_s o_ 

?J The· lower figure ~is th.e resul:t o:f ·extra pel-a t·lon of ·that part of 
·the assays below threshold value 0 · _ 

2.1 · Below tb ... reshold value of the spectrographic analysis :fqr this _ 
ma ter:lal (see table 4) • - _ 

4/ The chemical assays l:n table 15, weighted to tons (9,896 total 
tons) give an average of Oo228 percent U3 08 (weighted arithmetic mean) o 

2../ Due to interference by vana<lium, only ·22assays were available for 
the_ cadmium average" 
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-
from pulp samples of ·ore shipment s t o t he mil.ls 0 Composi-te saJttples, the 

analys e s of Which are reported in t he following tables represent f:rom ·a 

.few tons to several hl.lUdred tons o:r ·ore from each m;lne o Th~ average ton-

·nage repre sented is about 100 tons per ntlne., 

The r a tio of V~05/U308 in the bedded _uranium deposits has been stud .. 

ied from producti on data o Only mine s which had a .recorded production o:f 

500 tons or more were studied in the investigation of this ratio * The 

preliminary results o:f this st udy are as follows~-

(l) The V~05/U308 ratio of bedded uranium deposits on the Colorado 
I 

Plateau ranges :from ab·ou.t 0 o03 to ,about 30, or varies by a fa.ctor of ·about 

lOOOo The V20 5 ju3 0 8 :ratio in a small area within a .district generally 

varies by not more than a :factor of 3o 

(2) Within a sllla.ll area vari a t ions in the V205 ju3 08 ratio are great-

-est bet ween deposits in different horizons in the same formation and between 

d~e:pos its in dif:~erent :for mations 0 Thes e variatio.ns ,. howe-ver, are generally 

-:t1ot much gr eater than the var i ation b~tw-een deposits in. approximately the 

same horizon wi thin the di strlct . Thus, for ·:example, 1dlere deposits in 

t he S hinarump (or Cutler or H~rmosa) . :formations are fo:un.d in the same areas 

as deposits in t he MorrJson f ormation, the V2 05 ju3 08 ratios of the -:deposits 

in t he t wo different formations do not generally diverge }Jy more than a 

fact or ·o f 5. 

(3) Deposits with V2 05 /u3 08 ratios diverging 'by more than a :factor 

of .20 are generally -widely separated geographicallyo Geographic position, 
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there:fore, appears to be dominant over stratigraphic positi-On in deter-

mi.n.i.ng the V205 ju3 08 ratio of the u,rani'Ulll ·cieposits ~ The degree to which 

the pattern of V2 05 ju3 o8 ratios, however.:~ is governed hy stratigraphic 

posit:i.on i.s not yet ful-ly determi:ned.o 

Variation of the V2 05 ju3 o8 ratio over the "Whole Plateau ·appears to 

be system9,tic J at least in a gro~s wayo The V2 05 /U3 08 ratio ranges :from 

high (20 to 30) on the ·east side of the Plateau to low (Oo03 to Oo05) in 

t he c ent;er as at White Canyon~ and probablymoderately.low (less than l) 

'on the south and west sidei~L Se-veral areas of' high V2 05 /U3 08 ratios (7 

t o 20 ) are superimposed on this regional gradient" it is believed that 

t he a-reas of' relatively hi_gh ratio are r oughly centered around laccolithic 

m.ountainso 

Elements largely con:t~ined in detrital minerals : 

titanium, ehromi'IJ.m., zirconium, boron 

The distribution of titanium, cb...ro:mium, zirconium) and boron indicated 
- < 

·by the spectrographic analyses is ·as foll.ows ~ 

(1) Concentration o:f these elements generally does .not vary l>.y more 

t han a .factor o:f 100 0 

(2) No significant -difference is apparent, ·from. ·the samples -a11alyz:ed, 

in the titanium.? chromium, zirconium;> or boron conteB.t of' the ores frorn·the 

Morrison f ormation a-s contrasted. w:l.th those from the Shinarwttp conglomerate" 

( 3) Areal patterns over the Plateau 'of ·the concentration in the ores 

of t i tanium . .~~ chromium., zirconium., and. bo:ron consist in general of ·scattered 

CONFIDE..JU.IAL 
SECURITY INFORMATION 

I 



CONFI»ENT~ 

SECURITY INFORMATION 

27 

''loW11 and "high11 spots 0 These patter ns show no consistent relation 

with one anothero 

Metals of lillcertain affinities~ beryllium, 

arsenic, molybdenum 

The relation of beryll:i.um, a r senic , and molybdenum to other metals in 

the ores is not known. Thei.r di.str ibution as indicated by the spectre-

g:t·aphic analyses :i.s as follows~ 

(1) Concentration of arsenic and molybdenum varies by a factor of 

about l.OOO o The range of variation of beryllium is not know.no 

(2) Beryllium, arsenicJ and molybdenum do not obviously favor either 

the Shinarump conglomerate or the Morrison formation. (Arsenic may be 

s lightly more abundant in Shinarump ores.) On the whole the variation in 

amounts of beryllium, arsenic, and molybd.enum appear to be regional rather 

t han stratigraphic. 

(3) The geographic patterns of the concentration of beryllium, 

arsenic , and molybdenum. in the ores are different for each metal. Beryl-

lium seems t o be high on the s outh and v1est and low towards the northeast 

wi th an isolated high in th~ Slick Rock district. Arsenic seems to be 

high i.n a north-trending belt through the central part of the Plateau and 

low t o the east and west. Molybdenum seems to be high in an arcuate belt 

through the central part of ·the Plateau and in scattered isolated areas. 

These three patterns do not correspond with one another or with any other 

kno-wn geologic features, 
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Metals shoring ·correlation with uraniUI!f ore~ 

copper, silver, cobalt, nickel, lead, zinc 

Copper, silver, cobalt, nickel, lead, and zinc all show correlation 

with other features of the uranium ores o Their distribution, indicated 

by the spectrographic ana.lyses:; is as :follows g 

(1) Concentrations of these elements vary by a factor of about 1000. 

(2) no preference of silver, cobalt,· nickel, lead, or zinc :for either 

the Morrison formation or the Shinarump conglomerate is apparent. Copper 

is. widely distributed, ranging from OoOl percent to Ool percent, in both 

the Morrison formation and the Shinarump conglomerate, but l percent to 

10 percent of copper was found only in the Shinarump ores of White Canyon. 

(3) The geographic patterns of the concentration of copper, silver, 

cobalt, nickel, lead, and zi.nc seem to be related.. Gopper in bedded de-

posits seems to have an inverse relation to the ratio V2 05 /U3 08 • Copper 

is higher where V2 05 ju3 08 ratio l.s lower" The ratio of copper to silver 

i.s inverse to V205 ju~08 ratlo o The copper to silver ratio is high in the 

central part of the Plateau (in the White Canyon district) and in the 

Uravan .mineral belt area o It seems to be low over ·the laccolithic mountain 

areas o Cobalt and nlckel vary directly with each other -with few exc·eptions. 

Cobalt and nickel highs occur in the mineral belt area, in eastern Manu-

m.ent Valley, at the Happy Jackmine, and Temple Mountaine Interpretation 

of the distribution of lead is complicated by the presence of lead of at 

least two different origins" Both radiogenic and common lead are probably 

present in nearly all bed.ded uranium deposits on the Pla.teauo If the 
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deposits are o:f the same order of "Illagnitu® in age, then the addition of' 

radiogenic lead to the deposits since they yE;;;re fol"Dte.d has probably tended 

to decrease the YB.riation in :Pb/U ratios ·:f'rom the ·- original range -of va.ri-

ation., In spite of thisi the :present pattern of lead distrfb:ution .prob ... 

ably reflects at least in part the distribution o:f ·common leado This Pb ju 

pattern corresponds fairly ·closely with the patterns o:f cobalt and nickel. 

The Pbju ratio is high in the Uravan mineral belt area., a.t the Monument 

No " 2 minep at the Happy Jack mine, and ·· at Temple Mountain.. Zinc distri~ 

bution is generally inverse to cobalt, nickel, and lead ... 

Possible guides to large deposits 

Co'balt.'l nickel, lead, and zinc seem to be r'eom:rnon denominators'' 

between ores of different stratigraphic positiono The -distribution pat-

terns of these four metals seem to have consistent ·relati.ons to the areas 

containing the largest m;tnes in. the Morrison and Shinar'Ulrlp :formation..s. 

~he f ollowing ratios are suggested as :possible guides to areas containing 

_large:r .... than..;average ored.eposits~ 

1 o Pb ju greater than 1 

2. Pb/Zn greater than 1.0 

3. Zn/ geometric mean of Co, and Ni less than lO 
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~rabl.e 8A., ... ~Spectrographic a:..11alyses o:f barren Salt Wash s~nd.stones 
Colorado loeali t:i.es ~ Horseshoe Bend anti Tenderfoot Mesa Y 

Elements Samples 

~ 2 2 4 2. 6 

u 0 0 0 0 0 0 
U30s% * * * * * * eU3 08 % 0.001 0 .. 000 0 .. 001 * * * 

Si 1 1 l l .1 1 
Al 2- 2~ 2"" 2• .2 .... 2-
K 3+ 2.- 0 3+ :3+ 0 
Na 4- 4 ; .... 4 :?-- 4+ 
Fe 2- 3 3 3- , .. :; ... 
.:Mn. 4 4. 4 4- 44 4~ 
Ca 2 l~ 2 g 2+ 2-

CaC03 % 7.4 17o8 8o6 * * * ':M_g 2- 4 4. 3- 3 ... 3 
Ba 4+ 4 3 .4+ 4+ 3-
Sr 5 5+ 5+ 5 4 .. 5 
Ti 4 4 4 4 .4 ... 4 
Zr 4 5 5.;. 4- 5 4-
Cr 5~ 6- 6= 6+ 6+ 6+ 
Ga 0 0 0 0 0 0 
Sc 0 0 () 0 0 0 
y 5- 5- 0 0 0 0 
L9, 0 0 0 0 0 0 
Be 0 0 0 0 0 0 
B 5- 0 0 0 0 0 
v 4- 0 0 5'"' 5" 6+ 
V205% <0.,05 ~ Oo05 <Oo05 * * * Ni. 0 0 0 0 0 0 
Go 6- 0 0 0 0 0 
Cu 5 6+ 6+ 5- 5- 5-
Pb 0 0 0 0 0 0 
Zn 0 0 0 0 0 0 
Cd 0 0 0 0 0 0 
Mo 0 0 0 0 0 0 
As 0 0 0 0 0 0 
.Ag 0 0 0 6~ 6- 6.-

!I Samples furnished by IL Ao Cadigan. 

1 
0 

* 
* 
l 
2-
0 
4 ... 
3 
4 ... 
2-

* 3 ... 
4 
5-
4 
4-
5-
0 
0 
0 
0 
0 
0 
6+ 

* 0 
0 
5w 
0 
0 
0 
0 
0 
6 ... 

1 Horseshoe Bend locality.? Colo .. ; s:ec d 31,. To .43 No,. R. 17 W .. " and s~c ... 6, 
T. 4.2JL, Ro 171-L, NoM.P.M?j 3 f't. above bas~ o:f 'Sa.lt Wash sandstone 
member (L-366, D) o 

2 Same J 70 ft... ab.ov:e base (L•354, D) • 
3 Same, 225 ft •. above base ( L.., 356 :P" D) . 
4 Tender:foot Mesa, se·cs .. 17 and . . 20, T9 51 N",, R. 18 'll .. ., N~M.;Po.M .. ,;: 50 feet. 

above base of Salt Wash san~stone member (L ..... ~5; D). 
5 Sa~me, 90 feet above base of 'Salt Wash sandstone n1em.ber (L•.26, D)., 
6 Sam.eJ 175 f:eet abov:e base of Salt Wash sandstone member (L-27, E). 

· T Sa;me.? 255 feet :above base of Salt Wash sandStone member (L .... 28, D). 
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Table 8B.- ~.Spectrographic analyses o:f barren Salt Wash sandstones 
Col orado loeali ties~ Dolores group o_:f mines J Club 

Elements 

u 
U30a% 

eU3 08 % 
Si 
Al 
K 
l\l'a 
Fe 
Mn 
Ca 

CaC03 % 
Mg 
Ba 
Sr 
Ti 
Zr 
Cr 
Ga 
Sc 
y 

La 
:Be 
B 
v 

V205 % 
Ni 
Co 
Cu 
Pb 
Zn 
Cd. 
Mo 
As 
Ag 

mineJ and Calamity Noo 13 :mine 1:./ 
S~m:pl.es 

8 2_ 10 11 

0 0 0 0 
~~ -!~ * * 

0 .002 0.00.1 0 . 000 0.001 
1 l. 1 1 
2~ · 2:~· 2= 2-
2- 2~ 0 2-
4. 4 4- 4 
3 3 3 3 
4- 4= 4- ~ 4 
.2 - 2..; 2~ 2 

769 4 .8 3.7 7a3 
2~ 3 3+ 2-
4 4 4 4 
5 5- 5- 5-
4 4 4 3-
5 4 4 4 
6-- 5<= 6·=· 5~ 

0 0 0 0 
0 0 0 0 
0 0 0 5-
0 0 0 {) 

0 0 0 0 
5- 5 ~ 0 5-
5 5 .5 5 

<:0. 05 < 0.05 <o. o5 <o.o5 
0 0 0 0 
0 0 0 0 
5- 6 6 6+ 
0 o· 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

12 13 

3 0 

* ~~ 

~~ - ~r 

l 1 
2+ 2+ 
3+ -.3+ 
* 4 
2 2 
4 4 
2 2-

* * 
2- 3 
4+ 4+ 
4 4 
3 3 
5 5 
5+ 5+ 
0 0 
0 0 
0 0 
0 0 
0 0 
5- 5-
3- 3 ... 
~~ * 

0 4-
0 0 
5- 5 
4- 4-
3- 0 
0 0 
5 0 
0 0 
0 0 

!/ Samples 9-·11 :furnished by R. A . Cadigan; samples 12 and 13 furnished by 
L. R. Stief:f and T. W. Stern. 

8 Dol ores m:ine group J Colo-., sees. 19 and 30, T. 48 N., R. 17 W ~, N .M.P .M.; 
.4. :feet above base of Salt Wash sandstone member (L-14, D). 

9 Sam.e; 45 feet above base of Salt Wash sandstone member (L-15, D) .. 
1.0 Same; 223 :feet above base of Salt Was h sandstone member (L~l8, D). 
ll Same; 235 f 'eet above base of Sal t Wash sandstone _member (L-19, D). 
12 Club ntine, Colo.;· sec. 33 j) T. 48 No, R. 17 W. 7 N .M.P .M., (LRS-57 -48, W). 
l} Calamity No. 13 mine 7 Colo., sec. 11.? T. 50 N., fl., 18 W., N .MoP .M.; 

near oreJ (TWS-5-49, W). 
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Table 8c ~ -~pectrogra.phi.e ·an,alyses of barren Salt Wa~h sandstones 
Colorado loeal.i ties: ;Fl~~rvill:e. and .S}tein Mesa. };./ 

\ Elements 

u 
UsOai 

eUsOs% 
Si 
Al 
K 
Na 
Fe 
Mn. 
Ca 

·cac~% 
Mg 
:Ba 
Sr 

'Ti 
Zr 
·cr 
Ga 
Sc 
y 
La 
:Be 
B 
v 

V20s% 
·.Ni 
Co 
Cu 
-Pb 

Zn. 
Cd 
Mo 
As 
.Ag 

!/Samples 

14 2 
0 0 

* * -* '* 
i 1 
'2- 2-
0 2-
4- 3-
3- 3 ... 
4- 4·-~ 
.2+ 2 

* * 
)- _2..,. 

3 ... · 4 
5+ 5 ... 
4 4 
4 ... 4 .... 
·6-t 5-
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
.5- 5 
* * 

0 0 
0 0 
5'"" 6 
0 0 
0 0 
0 0 
0 0 
0 0 
:6w 6;.. 

furnished by R. Ao 

_samples 

16 17 18 19' 

0 0 0 0 

* i~ * * 
* * '* * -i 1 1 i 
3+ 2~ 3 3• 
0 2• 0 0 
4 . .,; 3- 4- 3-
3· 3- 3- ·3-
4 ... 4- 4'- 4 
z· 2 2 2 

* * * * 
3 :2'- _2 ... .2--
4 3 ... 4- 4 
6 , .... , .. 5"'"' 
4 ... 4 4- 4-
'5·- l~- 5 5 
.6 ·5-- 6+ , .... 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
5.,.. 5 .. 6 5-
* * * * 

0 0 0 0 
0 0 0 0 
5- 6 6. 6 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
c; .... 6 ... · 6- ·6-

Cadigan -. 

14 Placerville, Coloo> see" ;?9, T" 44 N.-, lL ll W., ·N9M ... P oM>\ .(L-351, D). 
·For analy~is o:f heayy mtnera..l conten~,. see .no .. 5i ·table 9. 

15 Skein Mesa, Goloo, sees. 9 and 167 T ~ · 46 'No., i' .. 18 We, JL.M~P~M. , . (190 
feet above bas~ of' Salt Wa.Sh ,sandstone ~liiber") (L..,58~, D) For 
analysis of heavy mineral · eon tent, s.ee no ~. · }, table ., .. 

1.6 Same_; 282 fe:et aboye btfSe ·.of Salt Wash sa.ndsto~e metttbJar .(L ·~2, ))) o 

17 Sam,e 245 feet aboVe base of Salt Wash S8J;tdstone membe;r· (Lw582, 1\L 
18 Same 20 f'eet ·-an.ove base oi' 'Salt Wash sandstone member (L~599, D)~ 
19 Sa,me 30 f'eet above base of Salt }lash. sand$ tone member ( L .... 6o:;, :0) G 
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Table 8D . -=Spectrographic analyses of barren Salt Wash sandstones 
New Mexico and Utah localities ~/ 

Elements 

u 
U30a% 

eU3 08 % 
S1 
Al · 

.K 

Na 
Fe 
M!1 
Ca 

CaC03 % 
Mg 
Ba 
'Sr 
Ti 
Zr 
Cr 
Ga 
Sc 
y 
La 
Be 
B 
v 

V20s% 
Ni 
Co 
Cu 
Pb 
Zn. 
Cd 
Mo 
As 
Ag 

!_/Samples 

20 

0 

* 
* 
l 
2-
2 ... 
3--
3-
4-
2 

* 
3-
4+ 
5 
4 
4 
5 ... 
0 
0 
0 
0 
0 
0 
5.Q 

* 
0 
0 
6 
0 
0 
0 
0 
0 
5-

furnished by R. 

21 22 

0 0 

* '* 
* * 
l 1 
2- 2.., 

3+ ~-
3- 3·= 
~ ... 
,/ 3"' 
4.~ 3 ... 
2= 1-

* * 
3- 3"" 
3~ 2 ... 
5 3= 
4 3= 
4 4 
5~ .5= 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
5~ 5-
* 
0 0 
() 0 
6 5 ... 
0 0 
0 0 
0 0 
0 0 
0 0 
6 ... 0 

A. Cad..igan. 

Samples 

23 24 25 

0 0 0 
0.025 0.033 * 
Oo030 0.,034 Oo002 

l 1 1 

3+ 2- 2-
0 2- 0 
0 3"" 4 ... 

3 3 3 
4. ~ 4- 4-
2-. 2..: 2..o 

.2.6 3.2 3.3 
4 3- 4 
3- 4 3,.. 
5- 5-- 5-
4 3- 4 
4- 4 4 
6 5- 4-
0 0 0 
0 0 0 , ... 6 0 
0 0 0 
0 0 0 
5- 5- 0 
4 4 4 

0.17 0.,10 0.20 
0 0 0 
6 5- 6 
5 6 6 
0 0 0 
0 0 0 
0 0 0 
0 5- 0 
0 0 0 
0 0 0 

20 Be.clabito Dome,. New Mexico~ sec. 36, T. 13 'N .. , H. 5 W-~ Navajo Mo 
(L-359, D). For analysis of heavy mineral content, see no. 1, table 9 .. 

21 Upper Montezuma Canyon_, Utah, sees. 21 and 22, T" 34 Sa,. R. 24 E., S.L~P.M. 
(L-399, D) o For analysihs of heavy mineral content, see .no. 2, _ table 9. 

22 Salt Wash, near ·Floy, Utah, sec. 19, T. 23 S., R. 16 E., S .LoP .M. 
(L=l577 D) . For analysis of heavy mineral content, see no!' 4, table 9 . 

.23 Yellow Cat .mine group, Utah, sec. 12, T. 23 S., Ro 21 E., s ,.L.PoMo; just 
below mineralized zone. (L-235, D). 

24 Same 7 (L-275, D). 
25 Sante, just abo-ve mineralized zone. (L.-.233, D). 
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Table 9 o _.,;Spe.ctrogr>a;phic analyses of heavy mineral fraction y 
:from barren Salt Wash sandstones 

Elements Samples * -

l 2 d. 4 2 
u 0 0 0 0 0 
Si 1- J.a.. 2 1 2 
Al 2 :2 3·+ 2- 2 .... 
K 0 0 0 0 0 
Na 3"" 3~ 3 ... 3- 3-
Fe 2·- 1 1 2 l 
Mn 3 3 :?- 3 4 
Ca 3- 4 4 4 4 
Mg 3 3 5 .3 3 
Ba 3., 2 4 l 2 
Sr 4·~ ,.., 

5 2- 3 
Ti 2 2 2 2 2 
Zr 1 l~ 2+ 3 2+ 
Cr 3 3 3 4 3 
Ga 6 5 5 0 5 
Sc 4- 5+ 5 5 5 
y 3 4+ 4 5 4 
La 4 4. 4 0 0 
Be 6 6- 0 0 0 
B 3 4 4 3 .... 4 
v 4 4 4. 4 4 
'Ni 4+ 4 4 5 4 
Co 6 5 5 6 5 
Cu 4 4 4 3 3-
Pb 5 4.., 4·- 5- 4 
Zng Not l ooked fora 
Cd 0 0 0 0 0 
Mo 0 0 0 0 0 
As 0 0 0 0 0 
Ag 5 5 5 ~6 (nTrn) 5 

* Sam:ples and descript.ions furnl.shed by Ro A.o Cad,igan 
i Beclabito Dome, :New Mexico (L~:?59, D) o. Nonopaque minerals, 83 :percent: 

z:i.rcon, ga:r'net, tourn'laline, :ru.ti.le ~ anatase., Opaque minerals; 17 percent: 
l.eueoxene, ilmenite, magnetiteo 

2 Upper Montezuma, Ca..TJ.yon, Utah (L-399; D) o Nonopaque minerals, 25 percent~ 
zj_r con,. ba:ri te., tourmaline, garnet J rutile e Opaque mi.nerals, 75 percent~ 
ilmen:lte, magnetite, leuco.xene., 

3 Skein Mesa ~ 'Co lo . ( L..u588, D) • Nonopaque minerals, 17 ·percent ~ totirmaline, 
zi:rc:on, anatase, biotite, rutile . Opaque minerals, 83 percentg ilmeidte, 
magnet)_ te, leu,coxene • 

4 Salt Wash, .ne-ar Floy, Utah (L-157, D)"' Nonopaque minerals, 85 percent~ 
barite , tourmaline, :zircon. O:paque minerals, 15 percent: ilmenite, leucoxene. 

5 From 'Placerville, Colo:rado (L=35l, D). Nonopaque minerals, 4o percent~ 
ztrcon, tourmaline, bar1.te7 anatase, r utile. Opaque minerals, 60 percent~ 
magn.eti te :~ leucoxene, i.lmeni te 0 13:rass or bronze contan1ination noted .. 

]:_/ Spet~ific g rayi ty above 2 o 9 . 
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Table 10 .~· =..Speetr:ographi~ '~J~Ui\].yse'a . of ba.rre~. Salt Wash 
(nn:t@tones $1tla. shales) }) · 

'Elements 

u 
Si 
Al 
K 

·Na 
Fe · 
Mn 
Ca 
Mg 
Ba 
Sr 
Ti 
Zr 
-cr 
Ga, 

Sc 
y 
La 
B~ 

:B 
v 
.N'i 
Co 
Cu. 
.Pb 
Zn 
Cd 
Mo 
As 
Ag 

1 

0 
1 
1 
2-
3 
2 
4 
.2+ 

3 
4+ 
4-
4 
5+ 
5 
5 
0 
5 ... 
0 
0 
0 
5 
5-
0 
5'"!' 
0 
0 
0 
0 
0 
0 

.2 

0 
1 
1 
2 
2-. 
·2+ 
lt ... 
2 
2-
4 
4 
4+ 
5+ 
5+ 
5 
4 ... 
5"" 
0 
0 
0 
5 
5 
0 
5~ 

5""' 
0 
0 
0 
0 
0 

s~~-l~~ 

2 lt. ~ ....... 

0 0 0 
1 1 l 
l 1 1 
:2 ·z 2+ 
2 ..... 2 g .. 
2+ ~+ 2 
4- 5 4-
2 '2- 3 
2 .... 2~ 2 
LJ. 5+ 4 
4+ 4· 5 
4. 4+ 4+ 
4 ... 4 4-
5 5 ... 5+ 
5+ 5 5+ 
4 4 0 
0 0 5 ... 
0 0 5""' 
0 0 0 
0 0 0 

5 5 4 
5 ... 5- 5-
0 0 0 
5- 5"" 5 
0 5+ 5 
0 0 0 
0 0 G 
0 0 ti 
0 0 0 
0 0 0 

6 

0 
1 
1 
2 
3 

·.2 ... 
4 
2+ 
2 
4 
4 .. 
4+ 
4~ 

5 
5+-
0 
5 
5-
0 
0 
4 
5 .. 
0 
5;;., 
·5 
0 
0 
6 
0 
0 

ijAll...alyses :f'tirn:i.shed by Alie.e Do ·Weeks, :from ' sa.TllPl~s 'US~~ f.or st:ratig:raphie 
clay stud.ies.. / 

1 ·woodside a..ntic~1ine; Utah, sec o 57 T .. 19 S. 1 R .. 14 )t .. ; S oL ... F .. M. (L ... 5.33t 1f) o 
2 Sante; (L=534, W) o 

3 Salt· Wash, near F1oy, Utah, s·ec" 19, T.. 23 S !I, .. R o 16 Eo .t; SoL .,P .. M .. _ (L~-451, lf) o 
4 Sanle; (L~450; W). 
5 Same; (L=449, W)" 
6 Same; (L..-448, W) o 
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Table 10. -.;..;co:ntinu~d 

Elements 

u 
Si 
Al 
K 
Na 
Fe 
'Mz'l. 
Ca 
Mg 
Ba, 

Sr 
Ti 
Zr 
Cr 
Ga 
Sc 
y 
La 
Be 
B 
v 
1\l'i 
Co 
Cu 
Pb 
Zn 
Cd 
Mo ' 
.As 
Ag 

6 -
0 
1 
1 
2 
3 
2 
4 
.2+ 
2·-
-4 
4 
4+ 
4-
5 
5 
4-
5-
0 
0 
0 
5+ 
5 
0 
5-

.0 
0 
0 
0 
0 
0 

Samples 

1 8 

o ~ 0 
1. 1 

-'-

1 l 
2 2 
3 3 
2+ 2+ 
4 4 
2 2 
2= 2"" 
4. 5+ 
)+= 4 
1-t+ 4+ 
5 .4~ 
5.., 5 
5 5 
4= 4--
0 0 
0 0 
0 0 
0 0 
5+ 4 
5·» 5= 
5+ 0 
5= 5d 
o· 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2. 10 
............... 

0 0 
l l 
1 .2+ 
2 :2-

3 2 
2+ 2 
4 .... 5+ 
2 3 
2- 3 
4 4-
4 4 
4+ 4 
5 5 
5+ 5-
5- 5-
4- 0 
5 0 
0 0 
0 0 
0 0 
5 5+ 
5- 5 
0 0 
5= 5--
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

6 Kane Sprj.ngs, Utah, sec. 7, T. 28 S " , R. 23 E., S .L-.P.M. (L ... 48o,- W). 
7 I.8, Sal Creek, Utah, sec. 32, T. 28 S., R. 26 :E., S.L,.P.M. (L-475, W). 

I 

8 'Dolores mine group, Colo._, sees. 19 and 30, T~. 48 'N"' R., 17 W., N.M.'P.M. 
(L-4-71, W). 

9 Unaweep Canyon, Colo., sec~. l ·a,nd 2, T • . 14 S., R. 100 W", 6th P.M. 
(L~>4-56, W). 

10 Escalante Forks, Colo., see., 34, T. 51 N.,, R. 14 VL, lrLM.P.M. (L ... 461, W). 
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Table ll.A.--S:pectrographic analyses of ·intrusiv.e igneous rocks on 
the Colorado Plateau. · Diorite and monzonite porphyries from the 

La. Sal Mountains, Utah. 

Elements ~i _ _. Samples _!/ 

l 2 2. 4 2. 6 

u 0 0 0 0 0 0 
U30s% OoOOl OoOOO OoOOO o.ooo 0.000 0.001 

eU30e% .002 .. 001 .002 .001 _,002 .002 
Si 'Not looked for. 
Al 2 2 2 '2 2 '2 
K Not looked f'or. 
Na 1 1 1 1 1 . 1 ' 

Fe 2 2 .2 2 2 2 -

Mn 3 4 4 3 4 3 
Ca 2 2 2 '2 2 2 
Mg 2 2 2 2 2 2 
Ba 3 4 3 3 3 3 
Sr 3 4 3 3 3 3 
Ti 3 3 3 3 3 ; 
Zr 4 4 -4 4 4 4 
Cr 5 6 5 5 5 5 
Ga 5 5 5 5 5 5 
Sc 5 5 5 5 5 5 
y 5 5 5 5 5 5 
La 5 0 0 0 0 0 
Be 6 6 .t ... 6( :''Tr") 6 6 6 
B 0 0 0 0 0 0 
v 4 5 4- 4 4 4 
Ni 0 0 5 0 5 0 
Co 5 0 5 0 5 5 
Cu 5 5 5 6 5 5 

Cu, ppm 30 30 4o 35 45 35 
Pb 0 ,~ 5( "Tr"-) 0 0 0 L5( "Tr") 

Pb, :ppm 10 25 15 50 15 4o 
Zn 0 0 0 0 0 0 

Zn, :PPlil 4o 30 4o 20 50 85 
Cd 0 0 0 0 0 0 
Mo o· 0 0 0 0 0 
As 0 0 0 0 0 0 
Ag 0 0 0 5 0 6 

Y Analyses and descriptions furnished by C 9 B. Hunt. 
1 Schu.man Canyon laccolith. Unaltered diorite porphyry. (Rll, D). 
2 Grouse Hill laccolith. Slightly al tereQ. diorite :porphyry.. (.Rl2, D) • 
3 Oregon Park laccolith~ Unaltered diorite porphyry. (RlO, D) . 
4 On divide between M.iners and Bachelor basins. Diorite :porphyry with 

:pyritic alteration. (H2, D) o 

5 Sam:e locality. Una.l tered d.i.ori te :porphyryo - (J:l3, :0) . 
6 Same locality. Monzonite porphyry 0 (Rl, D) . 
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Table llB. -=Spectrographic analyses of intrusive igneous :rocks'- on 
the Colorado Plateau. Syenite and granite porphyri-es_, from th~ 
La sa~l Mountains 1 Utah, and the Carrizo Mountain$ 1 Arizona --

Elements 

· 0 
UsOs% 

eU3 08% 
Si 
Al 
K 

I 
0 

0.,001 
.. oo4 

8 

0 
0""001 

.. oo4 
Not lookedfor 

2 g 
Not looked. fo.r 

2. 
0 

o.,ooo 
&005 

10 

·o-
o .. ooo 

.005 

2 

11 

0 
O.OOJi 

.0'!9 

2 

0 
o-.. ooo 
~002 

2 

Na I 1 1 1 1 1 
Fe 2 2 2 2 2 2 · 
Mn . 4 _4 - - 4 4 - 4 5 
Ca 4 · 2 · ·2 2

2
· ---~ ; 

~ 4 2 2 4 4 
Ba - 4 3 3 3 4 3 
Sr 4 3 · 3 3 4 3 
Ti 4 3 3 3 3 4 -
Zr 4 4 4 4 4 4 
Cr 0 5 5 5 5 0 
Ga 5 5 5 5 -5 5 
Sc 0 0 5 5 0 0 
Y · '< 6( ''Tr'') 5 5 5 5 0-
La p 0 0 5 0 0 
Be 6 6 6 <· 6 ( nTr" ) 0 6 
B 0 0 0. 0 0 0 
v 5 4 4 4 5 5 
Ni 0 <: 6( "Tr") <6( "Tr•') 5 0 0 
Co 0 5 5 5 0 0 
Cu 5 4 3 3 . 3 4 

cu, ppm 50 · ;oo 6oo 950 650. 150 
. · Pb < 5( 11Tr") 6 0 , "< 5( ''Tr") - 3 0 
Pb 3 ppm 20 25 _15 25 500 jQ -

Zn 0 ' '0 · · 0- 0 · 3· ·- 0 
Z..11;~ ppm 50 - 45 65 100 1300 25 

·cd o o o o o o 
Mo <: 6(''T:r'1 ) o -o o 5 o 
As o 0 o 0 . 0 0 

·U 
0 

-o,.ool 
. . 001 

1-

2· 
·2""' 
4 
.2 
3 
3~ 
4 
4-
-4-
'6-. 
5- .· 
6 

·5 
0 
0 
0 

5"'" -
6-
0 
4 
~* 
0 
~ 

. . - 6 

0 
o­
o 

• 

· Ag <: 6( "Tr") '<6( "Tr"} l) . 6 4 6 
!_/Ia Sal Mo1.4'1'ltains ana.ly$es and descriPtions furni.shed by "C. 13. 

< 6(''Tr"·) 
Runt 

7 Near Venus mine, Ba.chelor basin~ Coarse syenite po:pphyry -d.j.ke."" . {R8-) 
8 Same locality. Unaltered syenite porphyry. 
90 Cirque wall above High Ore mine, Bachelor basin. Unaltered syenite 

porphyry, moderately :coarse. (R4) 
10 . 2000 ft. SE- of .High Ore mine ., Fine grain syenite :porphyry. (R9) 
11 Near 9 above. Similar rock (syenite porphyry) but with p;ryitic alter-

ation . (R5) 
12 Mineral Mountain. Feldspar phenocrysts from coarse syenite porphyry. (R13) 
Carrizo lf.Iou .. nta·ins·. Sample and description furnished by J. D. Strobell. 
13 Isolated laccolith, south end Carrizo Mountains. "Rhyolite porphyry'' .. 

) c:··y• mTrr ··;rr,·· --y;-~M· A 111T \T 
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Table l2o ... ..;Spectrographic analyses of metallif:e;rous vein deposits 
from t.he La Sal Mou .. ntains, Utah 

ElemP-nts 

u 
U30s% 
eUsOs~ 

Si 
Al 
K 
Na 
Fe 
M..n 
Ca 
·Mg 
Ba 
Sr 
Ti 
~r. 

Cr 
Ga 
Sc 
y 
La 
Be 
B 
Ce 
v 
N:i 
Co 
Cu 
Pb 
Zn 
Cd 
Mo 
As 
Ag 
Bi 
Sn 

Y Samples 

l 2 

0 0 
OoOOl OoOOl 

o004 a002 
1 1 
.2 2 
g 2 
2- 3+ 
2+ 2 
4 ... 4~ 

3+ 3 
3- 3=' 
4 3.a 
5 4 
3.;.; 3= 
4- 5 
5 5 
5- 5~ 

6 6 
5- 5-
0 0 
0 - 0 
0 0 
0 0 
4 4 
5- 5-
6 6 
1 1 
4+ 4+ 
0 0 
0 0 
5 5-
0 0 
4+ 4 
4+ 4+ 
5= 5""' 

collected by E o J o 

Samples y 

2 4 2. 
0 0 0 

LOo OOl Oo002 Oo002 
oOOl o004 .. 002 
1 1 1 
2- 2+ 1 ... 
2 2- 2 
3+ 2 2 
l 2 2 
4 4- 4-
2+ 2 2-
1"" 3+ 3 
5 4 4 
5 4 ... 4 
3= 3- 3..; 
4 5 4.; -

5 5 5 
5~ 5- 5.;;. 
.6·= 5 5 
5GD 5 5 
0 4+ 5+ 
0 0 0 
0 0 0 
0 4 4~ 

4= 4- 4-
4= 6+ 5-
4- 5 5 , ... 2 3'"" 
0 0 0 
0 0 0 
0 0 0 
5= 4- 5-
0 0 0 

~ 6( "Tr") 5 <6("Tr") 
0 0 0 
5- 5- 5-

McKay (EM._) and ·E. Mo Shoemaker (EMS-.) 
1 Beaver Basin mine o .Composite grab sample; sulfides in granite 

porphyry (EMS -51-10, D) 
2 Same, (EMS ... 51-9, D) 
3 :Fowler mine, M:iners basino Channel sample; silicate alteration zone 

(EMS""51=3, D) 
4 Fowler mlne, Miners basin 0 Chan...nel sample; oxidized crush zone 

(EMS=51~4., D) 
5- MIF 'no o 2 mine,- Mi.ners basin, Channel sample,; oxidized -crush zone, 

(EMS~51=6, D) 

CON:FIDENTI.AL 
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Table 12" -.,.;_Co;o.t.inued, 

EJeme.ntf3 ~ample~ y 
6 I 8 - ~ 

u 0 0 0 0 
UsOa~ 0~001 OoOOl OoOOl o,oo:; 

· ~UsOs% o007 .,ooB o~OO.l .,oo4 
Si l 1 1= 1 
Al 1 ... 2.~ 2 g 
K 2 2·= 0 2 
'Na 2· 3 2 3-
Fe 2- 2+ 2 g 
~~ - , .... 4- ·~ 4 lf,._, 
Ca ~ .. 2 1 1 
Mg J""' 3·=- 4+ 4 
Ba .3~ 3 , ... 4-
Sr 4+ 4""' 3 4 
Ti 3= 4-= 4+ 4.-
Z.r 4:= 5=· 6 6 
Cr 5 6 6 5 
Ga 5.., 6- 6.,.- 6 .. 
Sc 6.-. 6 5 0 
y 5 5 .4 5 
La .4 4;u, 4+ 4 .... 
Be 0 0 o· 0 
B 0 0 0 0 
Ce 4- 4 * 0 
v 5 5+ 5 4--
N·!! .... 5= 6+ 6+ 5-
Co 6 5·' 6 5-
-cu 3 l= 4+ 2' 
' Pb 4+ 4 0 '5 
'Zn 3 3 0 0 
Cd 0 0 0 0 
Mo 5 5L~ 0 0 
AS 0 . 0 0 0 
Ag 5 :5 L6( "T:r ·"·) 5-~ 
:at 5= 5+ 0 0 
Sn 0 _5 ... ·o -.o 

1/ Samples collected by E., J o MeKay '(J!:M_.,. ) 'and Eo -M .. Shoetnaker (EMS-) . , 
b Dewey Tunnel, North Mountain o Chann,el sampl:e; ox;biiized crush ~one 

(EM "'"51,.·1, D) . . . 
7 High Ore :rrd.ne,. iaehelor baslnQ Cha,IL.llel · sample_..; · sulfides iri v~in 

(EMS-..51·""7; :0) _ 
8 'MIF no " 2 mine, Miners bas:in " Channel sample;~. · :f'l-..,torite ·.seam in_ oxidi~ed 

~one (EMS.,.5l--'"5; :0) 
9 High Ore mine,; Bachelor -basino · Chan.nel -samp:l.e 1 -fluorite :tn vein 

. JE.MS -5ld8) ' :.~ 

CONFIDENTIAL 
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Table 

Elements 

u 
UsOs% 

eU3 0s% 
Si 
-Al. 
K 
Na 
Fe 
M-n 
Ca 
Mg 
Ba 
Sr 
T:t 
Zr 
Cr 
Ga 
Se 
y 
La 
Be 
B 
Ce 
v 
.Ni 
Co 
Cu 
Pb 
-Zn 
Cd 
Mo 
As 
Ag 
:Bi 
Sn 

CONF;QJP-~r~ 
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13. ==Spect:rogra:ph:i.e ·anaJ..yses o:r ·copper 
y Yeln deposits in sandstone 

Sa;mples 

1 2 2. 4 

0 0 0 0 
L. OaOOl. <:..OoOOl <: 0 . 001 ~OoOOl 

.002 .002 ~002 ... 001 
1 l l 1 
3= ·2= 2= 2-
2- 2- 2- 2 ... 

-3 3 3 3 
3+ 2~ 3 3 
6= 4 5- 4 
2 4+ 3 3 
3 3 --~ 3- 3-
4+ 2 2 2 
4 4+ 4+ 4 
3- 4 4. 4 
4 4 4,., 4 
5 5 5= 6 
0 0 0 0 
0 0 0 0 
6 0 6 0 
0 0 0 -o 
0 0 0 0 
5~ 5.,. 5"" 5-
0 0 0 0 
0 0 0 0 
6+ 5..:. 6t- 5= 
6 6 0 6 
2 lc~ }.m 2 
4- 4 4 4 
3 :;~ 3- 3~ 

0 0 0 0 
4~ 0 0 0 
0 0 0 0 
5 4- 4 4..;. 
0 0 0 0 
5~ 0 0 o· 

"'!/ Sarrwles collecte.d byE 0 J 0 McKay .. 

su1:fide ..;sulfa.rsenide 

2 6 

0 0 
~0.001 ~OoOOl 

.. 001 .. 001 
1 1-
2 ... 2 --

.2 ... 1-

3 3-
3 2-
4 4-
2- 1 
3 ... 3 
3- 4 
5+ 5 ,.,. 4 
4= 4-
5 5-
0 0 
0 0 
0 0 
0 0 
0 0 
5<» 5-
0 0 
5= 0 
6,.; 0 
0 0 
1~ 2 
0 5+ 
0 0 
0 0 
0 _e 
0 0 
4 .... 5 
0 0 
0 0 

1 Cliff Dweller mine, La Sal Creek..9 Colo'-', sec .. 22, T. 4 7 ~N., R. 19 W., 
lLMoP .. Mo Channel sample (EM- 51=6 .1 D) o 

2 Cashin mine, La Sal Creek, Cola o, seco 22, To 47 N .. , R. 19 Wo, NoM .. PoM.; 
Cri.armel sample.; crush .zoneo (EM=51-5A"' D) .. 

3 Same o Chan:..flel sample; crush zone, adjacent to crush zone o, (EM ... 51-5B, D). 
4- Same o. Chan.nel sample; fault o (EM=51=4, D) o 
5 Sun.rise mine, Paradox Vall:ey, Colo o, sec.. 23, To 48 No, R. 19 W., ·N .. Mo P.M .. . 

Cha-nnel sample.. (EM,;5le;2, D) o 
6 Same.. Grab sample of ore on dump_; apparently from 11liddle of fault breccia. 

(EM='5-l=3, D L . 
CONFIDENTIAL 
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Table l3.=..;Continued. 

Elements Samples 

I 8 2. 
u 0 0 0 

U30s% ~0.001 ~ 0.001 ~0.001 

eUsOa% .001 o001 .001 
Si 1 1 1 
A1 3- 2- 2..-
K 0 0 0 
Na 0 0 0 
Fe 2- 2 2·'"' 
.Mn 4- 4= 3~ 

ca 3- 3= 3-
Mg 6 4 4 

.Ba 3- 4~ 4+ 
Sr 6- 6 5 
Ti 4~ 4- 4-
Zr 6""' 5"' 5= 
Cr 6 5 5~ 

Ga 0 0 0 
Sc 0 0 0 
y 0 5 5-
La 0 0 0 
Be 0 0 0 
B 0 0 0 
Ce 0 0 0 
v 0 0 0 
N:i 5..- 5"" 5"" 
Co 0 6~. 6·= 
Cu. 1 2 3 
Pb 6 ... 6= 0 
Zn 0 0 0 
Cd 0 0 0 
Mo 5~ 5~ 5-
As 0 0 0 
Ag :5 5= 6 
Bi 0 0 0 
Sn 0 0 0 

10 

0 
o.oo4 

.. oo8 
l• 
2-
0 
0 
2-
6 .. 
3+ 
4 
4 
6 
4-
5 
6 ... 
0 
0 
0 
0 
0 
0 
0 
0 
.6+ 
0 
1 ... 
4+ 
3 
0 
4 
2 ... 
4 
0 
0 

7 Big Indian mine, Lisbon Valley, Utah, sec. 33, T. 29 s.,-.R. 24 E., 
S.L.P.M. Grab sample of ore on dump. (EM-51 .. 12, D). 

8 Same. Channel sample; in open cut east of mill. (EM-51•11, D). 
9 Same. ·Channel sample; in open cut east of mill. (EM-51:--10, D). 

10 Copper Rivet mine, Sinbad Valley, Colo., sec. 3, T. 49 N., R. 19 w., 
N .M.P oM. Grab sample of ore from ·dump. (EM-51~7, D)" 
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Table 14~ -·~.Spectrographic analyses of uranium-bearing vein deposits 
o:f u.n.usual types . 

Elements 

u 
UsOa% 

eU3 08 % 
Si 
Al 
.K 
Na 
Fe 
MD. 
Ca 
Mg· 
Ba 
Sr 
Ti 
Z:r 
Cr 
Ga 
S c 
y 
La 
Be 
B 
p 

v 
Ni 
Co 

1 

0 
0.025 

.. 019 
1-
2-
2-
4-
3+ 
3 
l~ 

.3 
2 
1-
4 
5-
5+ 
0 
0 
0 
0 
0 
0 
0 
2-
0 
0 

Cu 2+ 
Pb 5+ 
Zn. 0 
Gd 0 
Mo 5 
As 0 
Ag 5 
Bi 0 
Sn . 0 

Samples 

2 

0 
0.001 

.o003 
1 
2 
2<~ 

3+ 
2= 
;4-
2+ 
2~ 

4 
4+ 
3-
4·= 
5-
5-
5~ 

4 
0 
0 
5= 
2= 

5 
6<'0 
0 
3-
0 
0 
0 
0 
0 

<6(nTrn) 
0 
0 

~/ 

~ 4 

0 0 
0.002 0.012 

.002 .013 . 
I. l 
'2- 2-
2~ 2-

3+ 3 
2 3+ 
4 4-
2- 3 
2·,z~ 3 
4+ 4 
4 5-, ... 4-
5 4-
3 5 
·6 0 
5 0 
5- '6 
0 0 
0 0 
5- 5-
0 0 
4- 5 
3'-' 4-
5 6 
3- 2+ 
5+ 4 
0 0 
0 0 
5 ... 0 
0 e 

~6( ''Trn) 5 
0 0 
0 0 

1/ Samples collected by E. J., McKay (EM-) and E .. M. Shoe:rna.ker (EMS-). 

1 _H:idden Treasure mine, Klondike Ridge, Colo .. , sec. 8, T ~ 43 _N., R. 16 W .. , 
N.M.P.M. Channel sample. (EM...,51-8, D). 

2 Vein in Salt Vall-ey, Utah, T. 22 S., R .. 20 E., S .L.P .M. Gra.b sample. 
(EM..,51~13, D)$ . 

3 Garnet Ridge, Arizona, lat. 36o56y N., long. 109°48' W. Grab sample; 
altered rubble dike. (EMS-51-2, D). 

4 Same. Grab sample; copper-stained ·Nava.jo san.dstone. (EMS-51-l, D). 

CONFIDENTIAL 
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Table l5A~--Spectrographic analyses of mill-pulp sample,s of uranium 
ores~ Cortez district, Grants district, House Rock d1Lstrict 

Elements Mines 

l 2 12. 4 2 

u 4 3~ 3- 3 3 
U30s% 0.,0) * * 0 .14 0.26 
eU308~ OoO)l -* "* 0.13 0~27 

V205 /U30a 6.00 * * 0.36 0.65 
Si 1 2 2 2 l 
Al 2 2 2 3 3-
K 3 0 0 0 0 
Na 3 3~ 3= 4+ 4 
Fe 2 3+ 3+ 3 2 
Mn 4+ 4 4. 4+ 2 
Ca .2- 1 1 1 3+ 

CaCO§% 2.3 * * 92.8 2.5 
Mg 3 3 3 3 4 
Ba 3- 3 3 3 . 3+ 
Sr 4 4+ 4+ 4+ 5+ 
Ti 3 4- 4= 4- 5 
Zr 4. 5 5+ 5 5 
Cr 5+ 5+ 5 5- 5 
Ga 6 0 0 0 0 
Sc 5- 0 0 0 0 
y 5 0 0 0 5+ 
La 0 0 0 0 0 
Be 6 0 0 0 0 
B ~~ 5.-. 0 0 0 5-
v 4+ 3+ 3+ 4 4-t 

v2os% 0.18 * * 0 .05 0.17 
Ni 6 '0 -... -o 6 5 
·co 6+ 0 0 6 6 
Cu 5 5~ 5- 5~ 4~ 
Pb 5- 3- 3- 5 5 
Zn 0 0 0 4 4 
Cd 0 0 5 0 0 
Mo 5 ·~ 0 0 5- 5--
As 0 0 0 0 0 
Ag ~·6( ''Tr") 0 0 6 5+ 

Cortez districtg 
.l Veach, (PMS ... 35•51, D) To 36 N., R" 18 W., N.M.P.M. 

Grant~ district~ 

2 Santa Fe Operation Haystack, Sample no. 1 of large.;.scale test 
sampling, "Uraninite pit" o (GS-92-51, W), sec. 19, T~ 13 No, R. 10 Wo, 
N.M~PoMo 

3 Same., Sample no. 2o (GS-9.3-51, W)" 
4 Red Point " (PMS~33-51, D) , T., 13 No, R o 10 Wo, N .. M.P ~M. 

House Rock district~ 
5 Baker. (P.MS-22~51, D) " District not included in Map of the Uranium 

.Region of the Colorado Plateau. 

f'1 '!\T · n . l'flT · T. 

~ 
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Table 15B ~ -.:.spectrographic analyses of mill-pulp samples of uranium 
ores, Gateway district 

Elements Mines-~ - --
•6 I 8 2. 10 ll 12 

u 3 3- 3 ~- 3- 3 l 
UsOs% * * ~* * * ~ .. 

.eU3 0 8 % * * * * * * * 
V205 /UsOs * * * * * * ~~ 

.... 

Si 'l l 1 1 l 1 2+ 
Al 2+ 2 2+ 2+ 2+ 2+ 3 
K 0 0 0 0 0 0 0 
Na 0 4 0 0 0 3- 3 
Fe 2 2 2~ 2- 2- 2 2 
Mn 4 4- 4 4 4 lt 4 
Ca 4+ 3 4+ 4- 4 2 ~+ 

CaC03 % * * * * * * 
Mg 3+ 3 3+ 3+ 3+ 3+ 3-
Ba 3- 3= 3- 3 3 4+ 3-
Sr 4- 4 4 5 4- 4- 4+ 
Ti 4 4+ · 4 4+ 4+ .4 4-
Zr 4 5+ 4·= 5 5 5 4-
Cr 5+ '· 5 5= 5+ 5 4- * 
Ga 0 5- 0 0 0 5- * Sc 0 0 0 0 0 0 * y 5 0 0 5- 0 0 * 
La 0 0 0 0 0 0 * Be 0 6 0 0 0 0 * 
B 5- 0 5 5- 5- 0 * v 2- 3+ 2 2 2 2- 2-

V205% * * * * * * * 
.Ni ' 5 '4 0 5- 0 5+ * 
Co 0 4- 0 4- 0 0 4+ 
Cu 5- 5 5+ 5+ 5+ 5- * 
1'b 4- 3 4- 4 4- 3 3+ 
Zn 0 0 0 0 0 0 3-
Gd 0 5 0 0 0 5 4 

L)MO 0 5- 0 0 0 0 * ,:-·.:. 

As 0 0 0 0 0 0 '.3 
Ag 0 0 0 0 0 0 * 

6 Calamity no . 17 (W) sec. 11, T. 50 No, R. 18 ·w., N.MoP.M. 
7 Calamity no. 17, low grade, (GS-98-51, W) sec. 11, T. 50 No, R. 18 w. 

:r\LM.P.M. 
8 Calamity no. 13 (GS-42-50, W) sec. 11, To 50 N., R. 18 W., N.M.P.M. 
9 Calamity no. 27 (GS-40=-50, W) sec. 11, T. 50 N., R. 18 W., N.M.P.M. 

10 Calamity no. 21 (GS-41-50, W) sec. 11, T. 50 N., R .• 18 W., N.M.P.M. 
11 Matchless (GS-99-51, W) sec. 9, T. 50 No, R o 18 W o, N oMoP .M. 
12 La Sal no. 2, high grade, (GS-lOS-51, W) sec. 34, T. 51 N., R. 20 W., 

N.M.P.Mo 

CONFIDENTIAL 
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m~bile 15C .... .-,spectrographic analyses of mill~pulp samples o:f :uranium 
ores , Gypsum Valley and Southern Bull Canyon districts 

Elements Mines 

13 14 15 16 17 
u .. 3 3 3 3- 3 

UsOa% OoJ.6· 0,.32 0 ol.4 * 0.12 
eU30a% OoJ.8 Ov27 Ool2 * Ool5 
V20s/UsOa 4.69 9o62 llo45 * 19.,17 

Si l 2+ 2+ 1 l 
Al 2 "" 3+ 2~ 2+ 2 
K 2 2 2 0 3+ 
Na 4+ 3- 3- 4+ 3-
Fe 3 2~ 2·- 2 2-
Mn 4 3- 3'-' 4 4 
-Ca 2 2 2 2 ... 2 

Ca,C03 % 9ci4 29o3 )Oo6 '* 2o9 
Mg 2 2 '2 3+ 3+ 
Ba .4+ 4 4 4 3 
Sr 5+ 4 4 4 4 
Ti 4+ 4+ 4+ 4+ 3 
Zr 4 4 4- 5+ 4 
Cr 5~ 5 5 5 5 
Ga 6 6 6 5- 6 
Sc 0 0 0 0 5-
y 6 6 5= 0 5 
La 0 0 0 0 0 
Be 0 0 0 0 0 
B 5 5+ 5+ 0 5-
v 3 2 2 2 ... 2 

V20s% 0,77 3o08 lo65 * 2o38 
Ni 6 5 5 4'*' 6 
Co 6 6 6 .lj. ... 6 
Cu 5 5 5 4 4 
Pb 5 5 5 3 5 
.zn 4 4 4 0 4 
.Cd * ~~ * 4-o. '* 
Mo J-- 5- 5- 4- 5 
As 0 0 0 0 0 
Ag ~6( nTr'') 0 0 6 6+ 

Gypsum Valley di.str_:l.~-t ~ 
13 Pl.tchfo:rk ~P)JS'*5-""51,. D), sec" 33, To 44 No, R .. 16 "VL, .N.M .. P.M .. 
14 :Bald Eaga:.e, hl_gh gl"a,de, ( PMS =4-5~51, :0) , sec 0 297 T.. 44 N $ 7 R, 16 W ~ , 

N.,M.P.M. 
15 Bald Eage1 low gra:de, (PMS-44--51, D), sec., '29, T .. 44 _N .. , R., 16 W .. , 

_N .M .. P $Mo 
16 >Terril;lle {GS*lOT-51, W), se.c., 10, T., 45 N._, Ro 19 W .. , N:.l'~LPoM_. 

Southern Bull Canyon . district~ 
17 Lookout (PMS..,4,..51, D), sec~ 36, Te 45 ·N .. , R., 18 )L, N .. M~PoMo 
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Table 15D.~-Spectrographic analyses of mill-pulp samples of 
uranium ores~ Henry Mountains district 

Elements 

u 
UsOa~ 

eU3 0 8 % 
V20s/UsOa 

Si 
Al 
K 
Na 
Fe 
Mn 
Ca 

GaC03 % 
Mg 
Ba 
Sr 
Ti 
Zr 
Cr 
Ga 
Sc 
y 
La 
Be 
B 
v 

v2o5% 
Ni 
Go 
Cu 
Pb 
Zn 
Cd 
Mo · 
As ' 
Ag 

18 

3 
1.12 
1.0 
1,88 

1 
2 
2 
3= 
2~ 

4 
2~ 

4.1 
3 
4 
5 
4 
4 
5= · 
6 
5= 
5 
0 
6 
5 
2 "" 

2ol0 
5 
5 
5 
4 
4 

* 
"5 
0 

L._ 6( "Trtt) 

19 

3 
0., 84 
0.78 
3.83 

l 
2-
2= 
3-
2 
4 
3 

3.1 
3 
3 
4 
4+ 
4 
56 
6 
0 
5 
0 
6 
5· 
2 

3.23 
5 
5+ 
5 
5 
4 
* 4 
4 
0 

M:ines 

20 21 22 

3 3 3 
0.65 0 .. 14 0.16 
0.,51 0.32 0.14 
3.62 0.36 6.,81 

1 1 1 
2 2- 2 
3+ 2 2 
.3= 3 3+ 
2 2 2 
4 5 4 
2 2 2 

4,3 8)+ 6&3 
3 3 3+ 
:;~ 3 3.., 
4 4 4 
4+ 4+ 3 
4 4 4 
5 5 5 
6 5 6 
5= 5= 5-
5 5 5+ 
0 5 ·5 
6 0 6 
5 5- 5 
2 5+ 3+ 

2.39 Oo05 1.09 
5 5 5+ 
5 5 5+ 
5 5· 5 
5 4 5 
4 3 0 

* * * 4 4 4-
4 4 0 

<( 6( "Tr") 0 6 

23 

3 
0.12 
Ool2 
Ta58 

1 
2 
2 
3 
2 
4 
2 

4.0 
3 
4+ 
4 
3 
4 
5 
6 
5 
5+ 
5 
6 
5 
3 

0.91 
5 
5 
5 
5 
0 

* 4 
0 
0 

18 Lucky Strike (PMS..,27 ... 51, D) T. 35 S., R. 11 Eo,, S eL .. P .M. (not surveyed).. 
1~ Taylor Ridge (:P,tas~55~51, D) T. 33 S., R. 12 E., S ,L.P .M. (survey not 

sho'Wn on map) • 
20 Congress group (PMS-2..,51, D) T. 31 S., R. 11 and 12 E., S.L.P.M. (survey 

not ·shown on map) . 
21 Poison Springs no. 2 (PMS-30~51, D) T. 31 S., R. 13 E.,, S.L.P.M. (not 

sl.tf!veyed) " 
22 Rattler no , 1 (PMS=31-51, :D) T. 29 S. R. 11 E., S.L.P.M. 
23 Hard Scrabble no .. 1 (PMS=25~51, D) T. 33 S., R. 12 E.> S.L.P.M. (survey 

not shown on lll9,p,; location uncertain). 
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Table l5Ee-=Spectrographic analyses o:f mill-pulp samples of uranium 
ores, Moab district 

Elements Mines 

24 25 26 27 28 

u 4 3 3 3 3 
UsOs% 0.03 0.35 0.12 0.21 0.14 

eU3 08 % 0~032 0.34 0.12 0.19 0.12 
V205/U$Os 10.0 3.32 6o73 8.24 7.14 

Si l I l l l 
Al 2 2~ 2 2 2 
K 2 3+ 3 2 2 
Na 3 4 4 3- 4+ 
Fe 3+ 3+ 3+ 3+ 2-
Mn 5 4~ 4 4 4 
Ca 3 3+ 2~ 2 2-

CaC03 % 2.4 2.1 4.0 9.6 2.6 
Mg 3 3 3 3 3 
Ba 3- 3 3 3 3 
Sr 5+ )+- 4-= 4 4 
Ti 4+ 4+ 4+ 3 3 
Zr 4 4 4 3- 4 
Cr 5 5= 5=- 5 5 
Ga 6 6 6 6 6 
Sc 5- 5- 0 5- 0 
y 5- 5 5 5 5 
La 0 0 0 0 0 
Be 0 0 0 0 0 
B 5~ 5=> 5~ 5 5 
v 3 .3+ 3+ 2 3+ 

V205 % 0.30 1.15 0.81 1.73 1.00 
Ni 6 5~ 5L· 5 5 
Co 5 5 5 5 5 
Cu \_'i_ 4 4 4 5' 4+ 
Pb 4+ 4 4~ 4 4+ 
Zn 4 4 4 4 3-
Cd * ~~ * * * Mo 5 5 5 5- 5+ 
As 0 4 0 0 4 
Ag 5 6+ 5- 6+ 5 

24 Al Rogers (PMS-21-51, D) sec. 2, T. 27 s.' R. 23 E., S.L.P.M. 
25 Yellow Circle A, .- high grade, ( PMS ~51 ~51, D) sec. 3, T. 28 s.' R. 23 E., 

S.L.P.M. 
26 Yellow Circle A, low grade, (PMS-50=51, D) sec. 3, T. 28 s.' R. 23 E., 

S.L.P.M. 
27 Top (PMS -34-51, D) sec. 31, T. 27 s.' Ro 23 E.·' S.L.P.M. 
28 Redlands (PMS-32-51, D) sec. 35, T. 27 s.' R. 22 E., S.L.P.M. 
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II~ble 15Fo-..;Sp~ctrogrrtlph:tc analyses of mill..;:pu.lp sa.rfi;ples of uranium 
ores., Monticello -distrlc·t (northern ha.l:f) 

Elemen:ts 

52 
u 4 

UsOsa; Oo07 
eU30~~ Oo065 
V20s /UsOa 30 o0 

Si 1 
Al 2= 
K ; 
Na 3=' 
Fe 2 ·~ 

Mn 4-
:ca .2 

CaC03 op 5 o2 
Mg ; 
Ba 3-
·sr 4 
T:i 4f. 
Zr 4+ 
·cr 5 
Ga 6 
Sc 5= 
y 5· 
La 0 
Be ·o 
B 5·= 
v 2 ... 

V205% 2o_l Q 
Ni 6 
Co 6 
Cu 5 
Pb 5 
Zn 4 
C.d * 

Mine~ 

30 

3 
0«21 
Oo21 
6o7 

1 
2 
5 
3"" 
:?+ 
4 
3+ 

3~0 
3+ 
4+ 
5+ 
,,~ 

4 
5= 
0 
0 
5 

_ 0 
0 
5 ' 
2 

l o38 
6 
5 
5+ 
5 
4-

31 

3 
0918 
Ool8 
5)1-

1 
2'"" 
3 
3= 
3 
4-
3 

2o7 
3 
)++ 

5 
4-
-4 
6 
6 
5= 
5 
0 
0 
5·'"' 
3 

l oOO 
6 
6 
5 
5 
4 

* 

32 

3 
0 .,17 
Ool4-

5o9 
1 
2~ 

0 
3= 
3+ 
lt 
·2 

'),7: 
3 
4 
5+ 
4+ 
4 
5-
0 
0 
5 
0 
0 
5= 
3+ 

Oo99 
6 
6 
5 
5 
4 
~~ 
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22. 
3 

Oo099 
0 .. 093 
8o6 

1 
2-
0 
4+ 
3+ 
4 
'2.,; 

4o8 
3 
4 
5 
4 
4 
6 
0 
0 
5 
0 
0 
5-
3 

0 .. 85 
6 
6 
-5 
6 
4 

* 

~ 

:; 
Oo_l3 
O<ll4 
7o5 

l 
2..; 
0 
1t+ 
3+ 
4 
2~" 

4.;. 
3 
4+ 
5 
4 
4 
·5· 
0 
0 
5 ... -
0 
0 
5 ... 
3 

l~OO 
6 
6 
5; 
5 
4 

22. 
3 

Oo16 
Ooll 
2.1 

1 
2 
3+ 
3 
3 
3 
2 

4 .. 3 
?+ 
3-
4 
4 
5 
5 
6 . 
5-
5+ 
5+ 
6 
5 
3-

0-a34 
6 
6 
5 
5 
4 

5 
0 

<...6 ( ffTr tl) 
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Table l5F.--Continued 

Elements Mines 

36 37 

u 3 3 
UsOs% 0~28 0.12 

eU3 08 % 0.35 0.11 
V20s/UsOs 1.58 8 . 93 

Si l l 
Al 2 2-
K 2- 3+ 
Na 3 } 3-r, 

· Fe 2- 3+ 
Mn 4 4 , 
Ca 2 2-

CaC03 % 18 .4 13.7 
Mg 3 3 
Ba 3 3 
Sr 4 4 
Ti 4+ 3-
Zr 5 4 
Cr 5- 5-
Ga 6 6 
Sc 0 0 
y 5+ 5 
La 0 0 
Be 6 0 
B 5- 5 .. 
v 3 3+ 

V20s% 0.45 1 .03 
Ni 5 6 
Co 5 6+ 
Cu 5 5 
Pb 5 5 
Zn 0 4 
Cd * ~f-

Mo . 4 6 
As 0 0 
Ag '-.. 6( "Tr") 0 

36 Hole in the Rock (PMS-6-51, D) sec. 10, T. 
37 Gold Butte no. l (PMS -36-51, D) sec. 4, T. 

38 39 

4 4 
0.06 0.06 
0.056 0.070 

16.16 27.0 
l l 
2 2 
0 3 
3- 3 
2- 2-
4 4 
2 2 

13.3 15.5 
3 3+ 
4+ 3 
4 4 
4 4 
4 4 
5- 5 
0 6 
0 5-
5 5 
0 0 
0 0 
5- 5-
3+ 3+ 

0.97 1.62 
6 5 
6 5 
5 5 
5 4 
4 4 

* -!~ 

5+ 4-
0 0 
6 6+ 

4o s . , R. 22 E., S.L.P.M. 
38 S., R. 21 E., S.L.P.M. 

38 Hoot Owl (PMS-26-51, D) sec . 3, T. 37 S., R. 2~ E., S .L.P .M. 
(PMS-23-51, D) sec. 34, T. 36 S., R. 24 E., S.L.P.M. 39 Cloudy Day 
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Table l5G.--Spectrographic analyses of mill-pulp samples of uranium 
ores, Monument Valley district 

Elements 

u 
UsOs~ 

eUsOa% 
V205 /UsOs 

Si 
Al 
K 
Na 
Fe 
Mn 
Ca 

caco3% 
Mg 
Ba 
Sr 
Ti 
Zr 
Cr 
Ga 
Sc 
y 

La 
Be 
B 
v 
V205~ 

Ni 
Co 
Cu 
Pb 
Zn 
Cd 

4o 

3+ 
* 
~"' 

*· 
1 
2+ 
0 
0 
2 
5 
3 
* 
3-
3 
4-
4+ 
5 
5-
0 
0 
5-
0 
6 
0 
2-
* 
5+ 
4 
4-
3 
0 
4-
5 
4+ 
6-

Mines 

41 42 43 

3 3+ 3 
* ~~ 0.515 
* * .47 
* * 2.83 
1 1 1 
2+ 2 2-
0 0 0 
0 0 4 
2 2+ 2 
5+ 5 4-
3 3 3 
* * 0.84 
3q 3- 4+ 
3- 3 3 
4 4+ 4 
4 4+ 3-
5 4- 4 
5= 5~ 5-
0 0 '6 
0 0 5-
5- 5- 5 
0 0 5 
6 6 6 
0 9 5 
2~~ 2- 2~-

* .o* J.o46p 
5+ 5+ 5-
4 4 5 
4- 4- 5 
3+ 3 5+ 
0 0 4 
4- 5+ * 
5 5 4-
4+ 3- 0 
0 0 0 
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3 
0.162 

.17 
3.78 

1 
2-
0 
4 
2 
4-
3 

l.Ol 
4 
3 
4 
4+ 
4 
5-
0 
5-
5 
5 
6 
5 
3 

0.613 
5'"-
5 
5 
5 
4 
~~ 

45 

3 
0.253 

.32 
1.63 

1 
2 
2-
4+ 
2-
4-
3 

Oo85 
3 
3 
4 
3 
4 
5 
5 
5-
5 
5 
6 
5 
3 

0.411 
5 
5 
4+ 
4 
4 
~~ 

46 

3 
0.086 

.095 
1.4'1 

1 
2 
2 
3-
2-
4 
3+ 

1.68 
3 
3 
4 
3 
4 
5 
5 
5 . 
5 
5 
6 
5 
4+ 

0~121 

6 
5 
4+ 
5+ 
4 
* 
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Table 151L -..;Spectrographic analyses of m:i.ll ... pulp samples bf' uranium. 
ores, .Paradox district 

Elements 

u 
UsOs% 

eU3 08 % 
V205 /UsOa 

Si 
Al 
K 
Na 
Fe 
Mn 
Ca 

CaC03 % 
Mg 
Ba 
Sr 
Ti 
Zr 
Gr 
Ga 
Sc 
y 
La 
Be 
B 
v 

V20 5 % 
Ni 
Co 
Cu 
Pb 
Zn 
Cd 
Mo 
As 
Ag 

47 

3 
0,18 
0.18 
2 .. 64 

l 
2-
2-
4 
3+ 
4 
2-

3.15 
2-
3-
4-
3-
4 
4-
0 
5-
5 
0 
0 
5 
3 

0 .. 49 
6+ 
5 
4 
4 
4+ 

* 
5 
0 
6 

Mines 

48 

3- 3 
it' 23 o. . * 0.2:4 .,. 

* 5.~6 
'i l 
2 2 
0 2-
3... 3 
2- 2-
4- 4 
4 2 
* 10.,6 
3+ 3 
3 3 
4- 4 
4 3 
4- 4 
4+ 5 
0 6 
0 5-r ~4;7"/f/ 
5 .#7"""5 
2 ,_YF~ 3+ 
! .:..5:"/ / 1.,22 

f~:~s 6 
4- 6 
At+ 5 
3 5 
0 4 
0 * 
0 6 
0 0 
6 ~ · 6("Tr'') 

5'0 

3 
Oo6~ 
Oo54 
3o.l7 

1 
·.2 
3+ 
3 ... 
3+ 
4 
2 

Jt-.,7 
3 
3-
4 
3 
4 
5 
0 
5-
5 
0 
6 
5. 
·3+ 

2o00 
6. 
5 
~5 

5 
4 

* 
5-
o 

~6( '1Tr'') 

.51.· 

' 0 .. 46 
0.51 
4 .. 09 

1 
2-
3 
4 · 
3 
4 
3 

1)1-

3 
4 
5+ 
4 
4 
5 
0 
5-
5 
0 
0 
5 
2: 

1~90 
'6 . 

5 
4 
.4 
4 
* 
5 
0 
5 

47 Rajah (PMS·40-51, D) sec. 12 7 T. 48 N .. , R. 19 W., NJ.1oP.M. ··· 
48 Red Bmrd (GS-49-50, W) sec .. 9, T. 48 ·N., lL 19 'W. r .N .. M.P .M .. 
49 ·Radium Cycle (PMS-3•51, D) sec., 8, T. 4.8 ·.No, ;R. 19 \(., N.M.P.M. 
50 Valley View (PMS-5-51, D) sec. 7, T ·~ 48 'N., !L 19vL, N.M.,.P.M.r 
51 Grey Dawn (PMS-17-51, D) sec. 30, T. 28 S.J Ro 26 E .. , S.L .. .P.M. 
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Table 15I ~ ·•...Spectrographic analyses of ,m!ll,.;puJ.:p saaples o:f.' ura.niu:m. 
ores, · San. :Rafael and we.stern Green River ·districts . 

Elements Mines 

:g .22. 24 22. 56 57 ~ 
u 3- 3- 3 3- 3 3 3 
UsOs~ * * * * 0.14 Oo'll o.;o 
eU308~ * * * * o.~3 0.16 0.:30 
V20s/UsOs * * * 

... o.61 0.55" ~ .. 6o 
Si 1 i 1 1 1 l . 1 
Al 2 ·2 2 1 ·g .. 2. 2.,. 
K 0 0 0 0 3 3+ 0 
Na. o· 0 0 0 4 4+ 3--
F~ 2 ~- . 2 .2 2..;. 2'""' 2 
Mn 4 ~~''1 - · - 4.:.'1• ·4l'" 4 4 4 

~. t •• ' 1''11 ~ ..... ~ t~ .• ! :. :-

Ca. ' 
; ~--. 3+ '· "3+ 2· 2 ;+ 

Ca.C03~ * * * * 3;>3 6!04 1.7 
~ 

' 
; , .. ; ... .3· 3+ -;+ 

·:sa lt. 4 4 ;+ 4+ 4+ 
Sr 4~ · ]f. .... 4 4 4 5+ '.t Ti 4 4 4+ ' ' 

,_, 
Zr -4- 5+ 4- 4 ... '5 .4 
Cr 4- 5 .4- 3- 5 5 5-
Ga 0 0 0 0 6 6 6 
Sc 0 0 0 6 5 ... 5 5-
y 0 0 5- 5 ·5 5 5+ 
!.A 0 0 0 0 0 0 0 
Be 0 0 0 6 6 6 6 
B 0 0 0 0 5- 5 5· 
v 3+ 3+ 3 3+ , 4 4 3 

VaOs% * * * * 0 .. 09 0.09 1.06 
Ni 5+ 5 .4- 4 5 4 ·5 
Co 0 5 4 4 5 4 5· 
·cu 5 5- 5+ 5+ 4 4 5 
;Pb 4+ 4 , ... ,_ 4+ 4 ' 5 
Zn 0 0 0 3 :; )+ 

Cd 0 0 0 0 *'· * * Mo 5 5- 5 5- 4 5 5+ 
As 0 o · 0 4 0 0 4 
Ag 0 0 0 0 6 ~ 6("Tr'') 0 

San Rafael district: (not surveyed) 
52 Vanadium King _no .. 2 (GS-91-51, W) sec. 26, T. 24 S., l'{., ~Ll E., :S .L.P.M. 
53 :Camp Bi;rd ·no. 12 S., (GS ... 90 ... 51, W) sec .. 35 1. T~ 24 S., R • . 11 E .. , S .L.F.M. 
54 Ca.mp Birii ··no .. 12 ·N • . (GS•89•51; W) sec. :55, T. 24 S., R • . ll ;E., s ... ~ .. P~M. 
55 ·Camp Bird 'no. 13 (GS~8 ... 51, W) sec. ;5, T. 24 S. ;;, a. ll E., S.L.P .• M; •. 
56 :Oirty Devil .nos. 3, 4 (P.MS ... l0· .... 5l1 D) sec~- ;5, T. 24 s., B. 8 :E., ·. 

SeLoP~M~ · . 
57 Lucky Strike no. 2 (PMS;.7-,.5·l.., D) ·sec .. 6, T .. 24 S., R~ SJ E •. , S.L.P.M ... 

Wes.tern Green. River ·district: 
58. 'Wedding .Bell (PMS•l5~51,· D) ' see~ 22·, T·.· 21 S.,, :R. 14 E.,. S.L;.P.M. 
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Table 15J . .,-.,~peetrograpb;ic analyses of lnill~pul.p sa.utples of ll."rani~ 
· ore.s ,. Sb.iproek itlstriet 

Elements 

u 
UsOs% 

eU3 08 % 
V20s/UsOs 

Si 
Al 
K 
Na 
Fe 
Mn 
.Ca 

'CaCOsofo , 
Mg 
Ba 
s:r 
Ti 
Zr 
C:r 
Ga 
Sc 
y 
L3, 

Be 
B 
v 

V205% 
-Ni 
Co 
Cu 
Pb 
Zn 
Cd 
Mo 
As 
Ag 

, -~. 

"> 3 
0.202 

·.15] 
Yo38 

1 
2 
3+ 
3 
:1+-
4 
2 

9 .. 14 
3 
3-
4 
4t 
4 
5 
6 
5,,. 
6 
0 

' 0 
5 
3 

Oo683 
' 6 

6 
5 
5 
0 ... 
6 
0 
0 

6o 

3 
0 .. 167 

.,17 
3 .. 57 

1 
2 
.3+ 
3 
3+ 
4 
2 

12 .. 08 
3 
3-
4 
4+ 
4 
5 
6 
5-
6 
0 
0 
5 
·3 

Og5.97 
6 
6 
5 
5 
0 
*' 
0 
0 
0 

3 
Oa230 

b21 
},25 

1 
2 
2-
3 
3+ 
.4 
'2 

10~52 
3+ 
3= 
it 
3 4 ', 

5 
6 
5-
5-
0 
0 
5-
3+ 

0 .. 747 
6 
6 
5 
5 
0 

* 
0 
0 
0 

.·. 

59 Cove no .. 1 mine (PMS ... ).8 ... 511 D) T .. 9 N.,, Re 7 W .. _, Navajo M. (not surveyed) 
60 Cove no_., 2 mine {PMS'-'19..,51, D) Te 9 No, R., 7 'vlo, Navajo M. (not. s-u.rv~yed) 
61 Cove no c ¥ mine (P:M$""20-51, p) T.. 9 N.,, IL 7 vlo, Navajo M. (not sU+Ve~d) 
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Table 15K -~ --~pectro~~lde ·analyses of ndll..;:Pu:lP · s~l~s of :u;f.Wl}pm 
ores 1. Slick Roclt distriet · 

Elements Mines· 

62 ~ 6_4 65 66-
~ 

67 

u :.-3 3 4 ~+ ' 
2;.;;.- 3+ 

U30s~ 0.,14 0'6096 o.o46 * * * 
eU308~ Ool4 0 .. 093 o~-o44 *' * * 
V20s/UsOs 9.,46 8 .. 51 3:2o3 * * * 

Si 1 1 1 1 1 l 
Al 2 2 2 2+ -2+ 2+ 
K ,3 _}.1- 0 0 0 0 
Na 3- 4+ 3- 4+ )++ 4+ 
Fe 3 2- 3+ g 2 -~ 

Mn 4 4 4- 4 ... : 4 1+ 
Ca 2 2 3+ .2- 3+ :; 

-caC03 % 7.,9 3<>5 2.)1- * * * 
Mg 3- 3 3+ 3- -}- 3-
::Ba 3· 3 :; ... 2- 3 It+ 
Sr 4 4 4- .3 4 4.-. 
Ti 4+ 3 4 4 4+ 4 
Zr 4 4 4 5 4 ... 4 
c-r 5 5 5= 5 ·5+ 5+ 
Ga 0 6 0 5- ·5- 0 
Sc ·5- 5 0 0 0 0 
y 5 ... 5 5 5 5 0 
La 0 0 0 0 0 0 
Be 0 0 0 6 0 0 
B 5 5 5.,. 0 0 5.-
v 3+ 3 I 3+ 2 2 2-

V2.0s% 1.,)3 0 .. '82 1 .. ~7 * * * 
'Nl 6 5 6 4 4 0 
Co 6 6 6 4 ... 4 0 
Cu 4 5 -_3 ·5+ 5 4-
-Pb 4 5 5+ 3+ .3 4 
Zn 4 4 4 4 .... 4..- 0 
Cd * * * 4 4,.,;; 0 
Mo 6+ 5+ 5"" 5- '5+ 5 
AB 0 4 -0 0 0 0 
Ag 5 ~6( "Tr't) 5 0 0 0 

62 Mu.cho Grande (PMS~~-'""5-1, D-) se.c," l" To 42 No,- R., 18 lL 1 ~N .. _M •. P ._Mo 
63 ·Parrot (PMS<,-1 ... -~l, D) sec., 2p, T .. 4,3 No, ~EL 18 'vL,. N ... M.;P.,·M" ·: \~·--
64 Sara .Mo (PMS0.:58 ... 51,. Il) see.; 26 ,. T~ 43 N~ 7 R. 18 llo 7 N o.Mo~ .)L 
65 :Charles To No .. 2 (GS-105·~51, W) see.,. 10, T. 4::; N.,, JL 19 lL, ' NoM.l?~M<\ 

-.66 Charles T., No. 2: (G8..s1o4..s51, W) seci 10~ T., 4.3 N.,; Ro 19 lL, 'N oM .. P.M., 
. 67 Charles T. ·No., 2 (GS=50..;,50, W) s~c. 10, T .. 43-N.,, R .. 19 'W., ?LM;,PoMo 
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Table 15K .. :...~contin:ued. 

Eleme'nts _Mj_;o.es 

68 69 TO 
~ 

11 72. 

u :;,... :; ... 3+ 3- '3+ 
UsOs% * * * * * 

eU3 08 ofo *-' * * * * 
V205 /UsOs * * * * * 

Si 1 1 1 1 l 
A.l 2+ 2+' 2+ 2+ 2+ 
K 0 0 0 0 0 
Na 4+ 4+ 4 4 4+ 
Fe 2 2= 2 2""' -~ 

Mn 4"' 4-- 4 4- 14+ 
Ca }+ 3+ 2- 3+ 3 

CaC03 % * * * * * 
Mg 3+ 3 3 ' 3 3 
Ba 3 .4 -4+ --41-. ( 

3"'" 
Sr 4 4 4 4 4-
Ti 4 4+ 4 lt. 4 
Z.r 5 5+ 5 5+ 4-
-cr 5 5 5+ 5 5 
Ga 5"" ·5;., 5 5- 0 
Sc 0 0 0 0 0 
y 0 0 0 0 0 
Ia 0 0 0 0 0 
Be 6 6 6 '6 0 
B 0 0 0 0 5'*' 
v 2- 2 2 J! 2~ 

V_r?.Os "/o * * * Ni 4 4 4- * * 4~ 0 
Co 4 4 4.., 4. 0 
cu 5 lt 4 4 4 
:Pb 3-- 3 3 ... 3 #+ 
Zn 0 0 4- 4c.. 0 
Cd 5+ 4~ 4 ... ,4 ... 0 
Mo 5 ~ 4 .... 4 ... 1}..., 4 
AS 0 0 0 0 0 
Ag 0 6 0 6- 0 

68 Michael Bray (G$•106..-51, W) seco 16, T. 43 No, R .. 19ll-., -'N~M.PeM, 
69 Radium no .. 6 (GS..;lQ9 .. 5l, W) sec o 9, To 43 ·N.o 1 R~ 19 W., N .. M.;:P oM .. 
70 Ra dium 'no .. 71 high grade;. (GS,...111,..51, W) sece, 8, T., 43N~,R .. l))'W.,, 

NoM.>PoMo 
71 Radi UTll no o 7, low grade, (GS-;110=51.,- W) ·sec., 8, To lt3 'N i! , R" 19 ·14:., 1 

.N oM .. P oMo 
72 Rad..i.um no " 8, (GS-51 ... 50, W) sec o 8, T·., 4} Ji 9, R" 19 '}L, N .. M.,P oMo 
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Table l5Ko=-Continued 

.Elements Mines --·-· 
73 74 75 76 77 

u '3 3 3 3 3 
UsOs% * * * 0.11 0,26 

eU3 0 8 % * * * 0.097 0.28 
V2 05 /Us0a * * * 5o09 4o50 

Si l 1 I l l 
AI 2+ 2+ 2+ 2 2 
K 0 0 0 3 2-
Na 4+ 3- 3- 3 3 
Fe 2 2- 2 2 3+ 
M.n 4 4 4 4 4+ 
Ca 3+ . 3+ 2- 2- 2 

CaC03 % * * *· 3.4> 13.1 · 
Mg 3 3 3+ 3+ 2"-
Ba 3- 3- 3 3 3 
Sr 4 4 4+ 4 4 
Ti 4 4+ 4+ 3 3 
Zr 5 5+ 5+ 4 4 
Cr 4- 4.- 4- 5 5 
Ga 5- 5 6 6 6 
Sc 0 0 0 5 5-
y 0 0 0 5 5 
La 0 0 0 5 0 
Be 6 0 0 6- 0 
B 0 0 0 5 5 
v 2- 2 2 3 3+ 

V205% * * * 0.56 1.18 
Ni 3 4 4 6 6+ 
Co 4- 4 4 6 6 
Cu 3- 4+ 4 5 5 
Pb 3 3 3 5 5 
Zn 0 0 0 0 4 
Cd 5+ 4- 4- * * 
Mo 5+ 5 5 5- 5-
As 0 0 0 0 0 
Ag 5- 5'"' 5- 0 0 

73 Cougar, high grade, (GS-94-51, W) sec. 23, T. 44 Ne, R. 19 W., N.M.P.M. 
74 Cougar, medium g:rade, (GS-96:...51, W) sec o 23, T. 44 No, R. 19 W., N .M.P .Mo 
75 Cougar, low grade, (GS-95-51, W) sec. 23, T. 44 N., R. 19 W., N.M.P.M. 
76 Happy:.Jack , (PMS-24-51, D) sec. 7, T. 44 N., R. 19 W., N.MoP.Mo 
77 Empire group (PMS-39-51, D) sec. 12, T. 44 N., R. 26 W., N.MoP.M. 
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Table l5LQ --Spe.ctrographic analyses o:f mill=pulp samples of uranium 
·ores, Thompsons and east,ern Green River -districts 

Elements Mine~ 

78 79 5o 81 82 

u 3 3 ' 4 4 
Us.Oa~ Ool5 Oo26 0!'12 Oo07 0 .. 08 

eU3 08 % Ool5 0.23 0 .. 11 0 .. 04 0 .. 071 
V2.0s/UsOa 3o98 6,66 10 .. 98 4oOO 0.59 

Si 1 l 1 1 1 
Al 2~ 2- 2 2- 2 
K 3 0 0 0 2 
'Na 4 3 .... 3= 3- 3 
Fe 2- 2- 2 ... 3 2 ... 
Mn 4 4- 4 4 4 
Ca 3 3 }+ 3+ 2 

· caco3~ lo4 Oo9 1.4 2 .. 0 11.4 
Mg 3 3 3+ 3 3+ 
Ba 4+ 3 3 4+ 4 
Sr 5 4-- 4 5 4 / 

Ti 3- .4+ 4+ 4 3 
Zr 4 4 4 4 4 
Cr 5 5+ 5 5- 5+ 
Ga 0 0 6 0 5 
Sc 0 0 0 0 5 
y 5 5 5 5 5 
La 0 0 0 0 5 
Be 0 6 0 0 6 
B 5 5 5 5- 5 
v 3 2 2 3 4 

V20s% Oo6l 1.73 la36 Oo28 Oa05 
Ni 5 5 5 5 ,,:;5 
Co 5+ 5 5 6 5 
Cu 4 5 5 5 4 
Pb 4 5 5 6 4-
Zn , 3- 4 4 4 4 
Cd * ~f * * * 
Mo 4 4- 5- 6 5 
As 4 4 \ 0 4 0 
Ag 6+ 0 0 "'-.6( ''Tr") 6 

Thompsons district; 
78 Lena 16 (PMS-59-51, D) T. 24 S.~ R" 20 E., (not surveyed). 
79 Cactus Rat, high grade, (PMS-47-51, D) sec" 33, T .. 22 S., R" 22, E"' 

S"L .. P.P-1. 
80 Cactus Rat, lowgrade, (PMS-46-51, D) sec" 33, To 22 S., R. 22E., 

S.L .. P.M. 
81 McCoy no" 4 (PMS•28-51, D) sec" 26, T., 22 S., Ro 22 E"' S.L.P.M. 

Eastern Green River district~ 
82 Klondike (PMS;..,57-5l, D) sec. 13, To 25 So, R. 20 E., S .L .. P .M .. 
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Table 15M" ... =Spectrographic analyses of ,mill..,pulp samples of 'uranium 
ores, Uravan and northern Bull Canyon districts .. 

Elements Mines 

83 84 85 86 

u 4 ... (7) 3 3 3""' 
UsOe% * * * * 

.eU3 08 % * * * i~ 

V205 / UsOs * * * * 
Si 1 l 1 1 
Al 2 2+ 2 2 
K 0 0 0 0 
Na 4+ 0 4 4 
Fe 2 2 2- 2 
Mn 4 ... 4- 4 4-
Ca 3+ 4 3+ 3+ 

CaG03 % * * * * 
Mg 3- 2- 3 3 
Ba 4+ 3 4+ 4+ 
Sr 4.- 5- 4 4-
Ti 4 4- 4 4 
Zr 5 ,5+ 5 5+ 
Cr 5 5 5+ 5 
Ga 5- 0 5= 5-
Sc 0 0 0 0 
y 0 5 0 0 
La 0 0 0 0 
Be 0 0 0 0 
B 0 5= 0 0 
v 3 2 2 2-

V20s% * * * * 
Ni 3- 0 4- 3 
Go 4 0 4- 4-
Cu. 5+ 4 5 4 
Pb 3 4+ 3= 3-
Zn 4a.o 0 4- 0 
Cd 5+ 0 5 5 
Mo 5- 0 5- 5-
As 0 0 0 0 
Ag 0 0 0 6 

Uravan district~ 
83 Bitter Creek (GS-97=51:, .w) s~d · " . 1 ; : : - T6 46 N~, R .. 17 W .. , N.M$P .. M. 
84 Long Park no. 10 (GS~39..,50' W)' S~{!. · 27, T p 47 N 0' R. 17 w.' N .MoP oMo 
85 Long Park no .. 6 (GS=l00'~5l, : · 'W) seh,, .. 2.7,·.•····T •.. 47·N .. , R ...... 17 W .. , N .. M.P.M .. 
86 Black Dinah (GS-102-51, W) . sec b · g8)·-. T ~ · . 47JL., R. 17 vL, NoM .. PoM. 
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Table 15M.- -Continued 

Elements Mines 

87 88 89 90 

u 3- 3- 3 ; 
Us Oa% * * * 

eU3 08 % * * ·~~ '"t} 

V205 /UsOe '* * * * 
Si 1 1 1 1 
Al 2 2+ 2+ 2+ 
K 0 0 0 0 
Na 0 4 4+ 4 

: 

Fe 2- 2- 2~ 2 
Mn 4 4- 4 4-
Ca 4 3+ ~+ 2 

CaC03 % * * * 
Mg 3+ 3 3 3+ 
Ba 3 4+ 3- 4-
Sr 5- 4~ 5 4+ 
Ti 4+ 4 4 4 
Zr 5+ 5 4~ 5-
Cr 5 5 5+ 5+ 
Ga 0 5- 0 5-
.Sc 0 0 0 0 
y 5- 6 5- 0 
La 0 0 0 0 
Be 0 0 0 0 
B 5 0 5 0 
v 2 2 2 2-

V20s% * * * * 
Ni 0 4 0 4 
Co 0 4- 0 0 
Cu 5 5 4 5 
Pb 4- 3- 4~ 3-
Zn 0 0 0 0 
Cd 0 5+ 0 5 
Mo 0 5- 0 5 
As 0 0 0 0 
Ag 0 0 0 0 

Uravan district~ 
87 Colora:d±um (GS-47-50, W) sec. 21, T. 47 N., R. 17 W., N.M.P.M. 
88 Production (GS-101-51, W) sec. 21, T. 47 No, R . 17 W., N.M.P.M. 
89 Mill no. 1 (GS-48~50, W) sec. 33, T. 48 .N., Ro 17 W., N.M.P.M. 

Northern Bull Canyon district ·~ 

90 Hummer, (GS-103-51, W) sec. 21, T. 46 N., R . . l7 W., N.M.P.M. 
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Table 15N 0-•Spectrographic ·-a.nalyses of ·mill-pul:p····salD::Pie5 of .u:taniultt 
o.res, White Canyon district 

Elem.ents Mines , . 
.r ,_ 

~ .: 

91 ,2g 21 .. · 94 

u 3· 4 

g;~ 
~- 3 "' 

UsOetfo Ool? 0.07 0-oll 
eU3 08% 0;;26 Oolj U .. l!)~ ; 

Cu/U3 0 8 * 5-6o9 9 .. 11 I l3o7!+ 
V20s/UsOs Oo39 1.14 * ' *· 

Si 1 l l l 
Al 2 2 ... g '2 
K 2 0 2-.. 2~· 
Na 3 4~ :? - -~ 
Fe 3+ 2 2 - ~ 

Mn 5 4 4 4. 
Ca 3= 3+ 3* , ... 

CaC03~ Oo26 2ol Oo29 1.11 
Mg .3 4+ 3 3 
Ba 3 4-t- 3 , ... 
Sr ., 4 5 .4-'-"" 4 .... 
Ti 3 1+ 3 3 
Zr 4 4.., 4 4 
C'r 5 5~ 5 ... 5· 
Ga 6+ 0 6 6 
Sc 5 ·5+ 5 '5 
y 5· 4= ·4 4 
La 5 5 5 0 
Be 6 0 6 6 

, .. 

:s· 5~ 5~ 5- ~~-
v 4 4 4 

V20s~ Oio05 o.oa * '* :: . ~ ....... :. 

Ni ' 5+ 5 ;• 5'' 
eo 5 5+ 5 -, 
Cu 4 2 g ' 2 _ 
·cu' * 3,;98 2•o03 lo49 
Pb 5+ 4~ 4= 5+ 
Zn 4 4 0 0 

-,-

Cd * * * * 
1t+ 4·-

.:..:;.< 

6+ Mo ;., ... 
As 0 0 0 0 
Ag 0 6 4~ 5+ 

91 'Noteh (PMS ... 56 ...... 51, p) see., 71 :-- T·o 35 ~ .. ,. ~0 20 :m .. ; SoL~·J?"M"(survey not 
shown on nia:p) _ 

92 H:td.eout : (PMS.-54~51, :O:) lat. 37o39 1N ~ long" llOP02'lf~ _ · 
93 -PoBtey-9 high gntk:t _ (p)f8..;.49..,5l, D) lat . . }7°34 '~{fJ long~ _ ~J...oogo' W .. 
94 Pos·ey, lo:w'grad~ 1 (PMs.;..48-.,.,51~ ») Jat. }1(ill4• ·ll·t¥) ; long. 110°20' W. 

· .COli)?IDmriA.L 
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Ele;rnent.s 

22 
u 3 

UsOe~ 0 .. ~7 
eU3 08 % 0,,27 
Cu/UsOa 2o84 
V20s/UsOe * 

Si 1 
A.l 2 
.K 0 
Na 4 
Fe 2 
Mn 4<=> 
ca 4 

CaC03~ 0 920 
Mg 3 
Ba 3-·· ,. 

Sr 4 
Ti 3 
Z:r 4 
Cr 5 
Ga 6 
Sc 5 
y 5 
La -5· ) 

B.e 6 
:B 5 

I 

4· v 
V20sfo * Ni 5+ 

Co 5+ 
Cu. 3 
Cu%, : 0 0 76 
Pb 5 
Zn 4 
.Cd * Mo 4 
.As 0 
Ag 6 

CONtl~IA.t 
S$:CtlR!~·])iro~!QN 

M;tnes 

96 97 

3 3+ 
0.; 16 * 
0.;25 * 
2~86 * 

* * 
1 1 
2 g 
0 0 
4 0 
2w 2 
51· 5+ 
4 3~ 

Oo57 * 
3 lt+ 
3~ 4-""' 
4= 4 
:; 3-
4 5 
·5 5,-
6 0 

~ 6+ 
5 5 
5 0 
6 6 
5 0 
5+ ./4-

* * 
5 3 
5 :; 
3 4 

o.47 * 
5 3+ 
4 4 

* 0 
4 ,4 .... 
4- 4+ 
6 0 

98 99 

:;+ 4+ 
* * 
* * 
* * 
* * 
1 1 
2 g 
0 0 
0 0 
2 2 
5+ 4 .... 
3 3 
* -M· 

3"" 3 
4;..& 4 
4 4 
·4+ 3<"' 
4.~ 4 .... 
5 5 
0 0 
5 ... 6+ 
5 5-
0 0 
6~ 6 
0 0 
4 4-
* ~· 

:;~ 4 
3 3~ 

:?+~. 3+ 
* * 
3 3+ 
4 4-
0 0 
4 5 
4 4+ 
6 0 

95 Fry no .. 4, high grade, (PMS<z\4; .... 51, D) lat .. 37°)4' N.,, long .. 110°07' w. 
96 Fry noo 4, low grade; (PMS-42""51, D) lat~ 37'0 34' N., long. 110°07' We 
9'7 Happy Jack, high gra.de 7 (GS .... 87-51, W), lat. ; ·r>.tt:p I~ .. J longo 110°19' W. 
98 Happy Jack, interme~ate grad;e 7 (GS..:86;,.:51, W) lato 37o47r N .. , long .. 

ll0°19i We 
99 Happy Jack, low grade, (GS-85.-.5.1, W) lat.,. 37°47' No, longe 110°19' Wo 

SE 
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Table 15""0 • ..;.-List of mill:pulp samples from ra1nes in pre-Morrison 
formations 

Formation .. 
Grants district 

-Hay Stack .• ~ . ., .. ., ., ., ...... ~·., o . • " • ., o • 0 .. o ~ o • o . • ., ••• o ., ,.,Todilto times tone 
Red Point . o .. " .,. o .o • ., " ... ., o o .... o • 0 .. ~ o .,. • " 0 o • . • o ., .... ., Todilto limestone 

Green River district 

Klondike Chinle formation 

Gypsum Valleydistp;ict 

Bald Eagle o o <0 o o: o o o a o o _o.._ o o o q . c o o o o o o Q o _ ·o o tY o · c · o o -41 " Hermosa formation 

Henry Mountains district 

Poison Springs no" 2 o ~ o o ·o ·o- q o o o· o o -a o:. o·- a- o, -o·· q tf o · 'O- "o o Shinarl.llnP conglomerate 

House Rock. district 

Baker o o- o o c o o o o .o- o 1). _0 . · o o o · 4 ·.o o · ·o o o G o. o o o () o O; .,, o o- o . o · o o o- -o Chinle formation 

Monticello district 

Service B.erry o o ., " •• o " o o .. " · ......... .. " ., o " · ., 0 o .. <> o 9 o Shinarump conglom~rate ( 1) 

MonUJri.ent Valley d.istriC't 

Cato Sells o c ·o o 0. ·o_ 9 o o· 0 · 0 o 1?- 0 o ·o -o- o o o 0 _o·. o o 0 o '0 .· ~ ·0 - 0 0 '0 ()' 0 

Mon~nt. ·no 0 2 't>: 0 -~ o-· "o 0 . ; a; __ o -~ ·O 0 : 0 .•• () .e. 0 -g· • 0 .. g 0 0 0 0 Q 0 ' -<J 

Skyl.i.r).e ~ 0 0 ·g. Q 0 - 0 9 .0 ~: O· o-- e 0 -~(I.- ~- o· -c) __ • 0 ~' 0. ~- 0 o. ;.. ,~.9.-. ~: • - e: Ct 0 

San Rafael district 

Shina:rUll'lp conglomerate 
Shinarump conglomerate 
Shinarump conglomerate. 

Camp Bird no o 12 North o ~ o ...... ., " • o ., ., ,. o. o ., " , .. & .. Shinarump conglomerate 
,Cam:p Bird no., 12 South .. <> .. 0 .. ~ " " ... 0 ., " " " 0 ~ 0 ., .. , ., Shinaru~p conglomerate 
Camp Bird no. 13 .. o. a.," ...... ., • ., o o., n; .,. o ~ .. o . • ...... o.; ,.Shinarump conglomerate 
Dirty Devil nos . 3 and 4 .. " " o .. " • o •• o .... , " " ., a .. Shi,narUIIi,p ·conglomerate 
Lucky Strike no" 2 • o .~ . .... o " .. ., .. "· o .. ., a • o ..... o .. " • • Shinarum:p conglomerate 
Vanacitum King o •• ., .... "o•••"" 9 .,., • ., • .,,.., ..... !1' •• Shinarump conglomerate 

White Canyon district 

Fry ·no e 4_ • e o ~- o " o 6 · o· o ., • o: ·9:·· o •• o e - o • oe - " -. o o e- C!l , v - 0 -o --o- o ~ 
Happy Jack ....................... ., ........... ·. 1\.:· ., " ••. 

Hi de out 0 e 0 -.- 0 t) q ·o·. e q -0 o- 0 " • 0 D. • " i.t:· .o 0 e 0 e -(I c e . 0 e 0 . : 0 .• -~ Q • 

Notch 
Posey 

o o o o • o o o o o • o a e o -o- o: e- o o • ·o· o· o • g 'ct ·ct ~ ·•f o o • -tt " - cf e e · · o· 
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Shinarump 
Shinarump 
Shinarump 
Shinarump 
·shinarump 

conglomerate 
conglomerate 
conglomerate 
conglomerate 
conglomerate 
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