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RELAT][ONSHIP 'OF UR A NI U M A ND OTHER TR ACE ELEMENTS 

T 0 P 0 S 1' ~ C R E T ACE 0 US V U L C A NI S M 

· By Robert Ro Coatts 

ABSTRA CT 

A re gional study of the dinttibut.ion of uramium, boron, ttin. beJryH:TI.um, niobimn, lanthanum. liead. 

zilrconium, lithium, and flumine in 112 samples of Cenozoic volcanic rocks of predom1nan.dy rhyolitilc 

and dacitic composition has shown tthat the content of uranium has a signitficandy hllgh po!!.i1tive co:rlreiatiolrll 

with that of niobium, beryllium, and fluorine, a Rower but stHl silgnHkant posiwive conellatii.on wHh Hthiu,m 

and tin. a :significant negative conelation with bown and lantthamun, and no silgmlficant correlation lffith 

z1rconium and leado A study of the relation of content of the several elements to the geographic pmvenance 

shows significant variation with provenance for all these elements, except tin and lantham.ilm" 01!1 ilie 

basb of ~hese variations and on pattems of consfutency, five comagmadc provinces, one of whlich is sub= 

divided imo three sub -provinces, have been delimited, in part, on , a map of the western Unlted Sta1tezo 

The patte rn of distribution of boron is significantly different from that of the other elementso The regional 

differences are perhaps best explained by stmcw:ral control of the effectiveness of vertical transpon. 

INTRO D UCTI ON 

The observational background for the investigation here reported upon was the close rela1tiom;hip be= 

tween the distribution of sn:ucturaHy controlled mranium deposiits in the Cordilleun region, and the di.sttibu= 

tion of post:-Cretaceous volcanic rocks (Kaiser and Page, 1952). H was also apparent from th~.s report tha~ 

\ 
although very few uranium deposits were remote from surficial manifestations of Cenozoic volcanic ac1tivitly, 

broad are as of volcanic rocks such as the Columbia PLateau, the Sierra Ne vada, and the Cancade Mm.mtaim, 

were completely lacking in known uranium deposits. 
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Two questions are posed lby tthese observations : l c y its the lack of known uranium depooi~ iirn tthese 

:ueas the re:mh of scarcity of mah1fum~bea\dng outcrop:; .mnd inadeq'l:llate pmspecttli.ngu m 2") witt became 

of a ll'eal scarci1ty of uranium de posits? The answeR'S !l:o these questtJl01oo would; p101im tthe way w econO'mli.e§ 

IDI a s i c c_ o n c e p u 

Two basic concepts atre involved in plamning this invesltll.ga, \tllon., The fJi.rd concept is tthe well=JknCPwn 

one of the petrographic provinceo which bll'li.efly definedu is the idea~ tthat there exist~ within definli.1t:eJ all'e.a\&~ 0 

igneous rocks of a limited age range 0 which display certa1h1 petrographic and chemical characltelt's iirn 

common. Fersmann (1929, Po 5) pointed out the exis1t1e:nce of certain element associations iln cena~li.n 

geographical zones" A zone so defined he proposed to can a geochemical provinceo 

The second basic concept is that of the metallogenettic provinceo which applies the provincial C1Jncep11: 

to the resemblances between ore deposits of a Umited age range within a limited geographic areao The 

hypothesis is tt'hatg fm ore deposits of magmatic origin" there is a genetic connection0 dilt'ec ii: orr: fi.ndire<Clt0 

between the comagmatic (Washli.ngtono 1906, Po 5) or petwgraphic pwvim::eo and \the metaUogene:ttic 

provinceo where these are founded in pan on the same elementb 

The idea 1that there are uraniferous meta~lloge~~:;tic province~ has been supported by several ilnvesttigatoli's; 

Rankama and Sahama (1950 0 Po S85) point out the comtrast in uranium content of ore deposlitts in the 

Canadian and Fenno~Scandiari Precambrian areaso Adams (i1952 0 Po 1229) has stated that the idea. of 

uraniferous provinces has been confirmed by his analytical results, .amd that ihe uraniu.m coment of volcalOlic 

rocks seems to be govemed 0 first 0 by the general uranium comem of 1the pwvince and second" by \the zli.lica 

contemt of the rock typeo 
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The rocks analyzed cover a range of composliJion wirch m spacrc \Wl the majm elemen\1:3 ~ lP~?,:rce mttE:-ge'll<riise 

this rangeo howevero Jig much less th<m the range in comem of 1tlh.e m~1mpr elementS~ studie do Wlh.en £l"!ll.fHtden~ 

analyses of the m a jm e lemems become avali.lableo :it lis planned to study this JacJtoro The 1repot1t wa~s prepar~dl 

before any of the thin sections of the roc.lks analyzed well'e availal1b1e for sttudy; some of the we~ may h21ve 

been alteredo and some of the analyses may have be en affectted the rreby. allthough effort ha~ been ma~de n 

in the collection of samples. to minimize u:his possibility, 

Pl an o f li. nve ui ga tton 

Field work 

Meth0ds 

Because it was not feasible to i nvestigate all volcanic rocks within the Cordilleran region. the s\i:udy 

was rest ricted to rhyolites and dacites. particularly to the wholly or partly glassy rhyolites an.d dad teso The 

!reasons for fl:his restricted choice of rock types will be dilrBcu.ssed in another placee ln the be gin:nim.g . fil.e lld 

measurements of radioactivity with scintillation counte'rs wem attempited 0 partly f.n mder to h.av~ a gmidfl 

1to the collection of samples ~hat these might represem: as wide a range as possible of uranium co!D't~B!l11tQ 

and also to attempt to determine in 1the field any ge()logic controls governing d~~ferernces in ur.&nfmm · ccHlltt~mt: 

fmm one body of igneous mcks w another. and fmm one pan of a body to ano1there An effoll'lt wa~ m~Hie 

to get as wide and nearly uniform a coverage as possible; so it is believed that there is very little bias 

in the direction of too high a uranium contento 

Choice of rock types sampled 

Rhyolites as residual magmaso ~~Because of the low concenwuion of most of the elements sought in 

the average igneous rocko it was thought desirable to determine the distribution of these elements in the 

type of igneous rock in which they are present in the higheG1t concem\tl!'atJi.on~ It was al~eady known tha\t 

cenali.n lithophile elements (Mason. 1952. Po 118) such as Bo !Be 0 W0 Nb 0 Ta. Sno Tho Do Cs. l!'aure ear1thso 
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Li, and Rb. tend to be concentrated in residual magmas and finally in pegmatitesG Bowen (1937 o Po 20) 

has already shown that the salic portions of many rhyolites. trachyteso and phonolites fall in the low= 

temperature trough in the system Sip2-KA1Si04 ~NaA1Si04 and that these therefore represent residual magma o 

and hence should be especial~y irich in the elements listed aboveo In addition to these. it is known tha\t 

zirconium (Hevesy and Wurstlin. 19134) and lead (Rankama and Sahama. 1950 0 Po 733) are mol!'e highly 

concentrated in granite than in most calc~alkalic igneous rocksc Lead is known to enter potash feldspar 

structures. but as the residual fluids are enriched in potash. they should Hkewise be enriched! in leado 

Adams (1952. p. 1229) has correlated uranium with silica contento 

Glasses as samples. --At the beginning of this investigation, it was not known whether the crystallizaHon 

of volcanic rocks resulted in loss of any trace elements from the solidifying lava. A prioriP however. it 

seemed likely that some of the more volatile constituents. particularly those that do not form stable minerals 

under low pressure conditions. such as boron compounds, might escape, am the possibility that volatile 

compounds of the other elements also might escape was suggested by the known occurrence of heavo/ metals 

in fumarolic incrustations. It seemed desirable to concentrate the field efforts on glassy. or partly glassy 

rocks, but not to the entire exclusion of hypocrystalline or holocrystalline volcanics. and. where grada tions 

from glassy to crystalline phases could be found in the same rock body Q to endeavor to determine 1the 

possible differences in trace element concentrationo This has been possible in but few placesG The nature 

of the differences found will be discussed later. An additional reason for preferring glassy and pardy 

glassy rocks lies in the widespread alteration. in part hydrothermal and in part deut~ricQ which volcanic 

rocks in many parts of the west have undergoneG The effects of this alteration could be discounted by 

careful petrographic work, but it was thought that much time and effort might be spent on the coHection 

and analysis of unsuitable rocks before thin sections became available fin_petrographic study, time and 

effort that could better be spent on rocks that could be confidently regarded as unaltered. 
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S p e c tr o g r a phi ~c an d c he m ic a 1 work 

The samples were analyzed for equivalent uranium by ana lysis of radioac~iv:ity. manium by fl uorll.metric 

methods" a ndl many other elements by quantitative spectrographic analy5iso The earliest request fm specuo= 

graphic work included the elements Mn. B. Beo La. Li 0 Nb 0 Sn" Ta o Tho and W o Subsequently " wlhe:IDl 

Pb" Zr o Zno and Ge were looked for in a sele cted group of the same fifty samples" Zn and Ge were noli: 

found to be present above the limit of detectabililty . but Pb and Zr were ultimately de termined in aU Hftyo 

Mn" as determined in the 1952 samples, proved to range rather enaHcaUy and showed no evide:m relatll.Oi!Ill <' 

ship to any other element; it was therefore no\t sought in the analyses of the 1953 sampleso linas.much .aw 

Ta . Th. and W had proved to be present below the limit of dete:crtabHH:y in the 1952 samples" th~Yo as 

well as Z n and Ge, were not looked for in any of the 1953 sampleso The possibility remains ·~that Zno Geo 

Tap Tho and W may have been present above the limit of detectabii.li1ty in all of the 1953 samples. i1nd 

Ge a nd Zn in a numbero not known to me. of the 1952 sarnpleso The pwbabilH:y of this beling \tme is 

considered 1t0 be rather small. and it appears almost certain that the mean content of all cof \these elemems 

in most of \the rocks sampled i5 less than · the lower limit of detecubHilty ~ 

The lower limits of detectability by the method used. so fa r as tthe!le are ~nown to meo is shown n.h1. 

\table 1 below in parts per m illion (Myers. Ao Too 19530 w:dn:en communication)o 

Table la .;.~Threshold v~lties for spectrographic metthod 

Element Ppm Element Ppm 

Mn 3 Nb 2 

B 10 Sn 4 

Be 1 Ta 300 

La 40 Th 300 

Li 1 w 70 

Pb 7 Zn 300 

Zr 7 Ge 3 
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Possibilities o f bia s and euor 

Certain possible sources of bias and error ought to be listedo evaluated as far as possli.bleo and! 1the m~ltinKKll~ 

taken to avoid them explainedo The preference for glassy rock.s ovell' crystalline may have immduced ~orne 

bias, as it is not known whether rhyoli.Hc glasses are representative of rhyoli1tes in generalo This preference 

for glasses might introduce a bias in several different wayso One of these is the possible effec1t of some 

constituents 1on crystallinity, which is known to be a factor in the crystaUization of artificial glas5es; 

glasses might then be expected to be lower in such constiwenu:s than rhyolites m generalo Anmher possiblitB 

source of bias is the known tendency of glasses to devitrify with age ; hence rhyoli1tic glasses are pmbablly 

younger than rhyolites in general; being younger~ they may represent a more extreme stage of d!iffell'emiaith:~no 

and hence greater concentrations of those elements that tend to be enriched in the residual ma.gmao The 

number of latities or andesites included is probably small enough so that the averages are nliJit appreciably 

affected. more particularly because most evidence shows that the intermediate rocks are also intermediate 

in contem of the elements soughto The ranges in analysis shown far exceed the standard deviaution of a 

set of spectrographic analyses of a single sample., Unfortunatelyo none of these determinations was repHcat~i'~ do 

but it is believed the smaller dispersion of the values found for rocks of a single se!d.es. within a small geo= 

gr-aQhic area. indicates the reality of the major differences foundo 

To a certain extent. the differences in trace element content between the provinces may be a reHec~f~,o!rn 

of the differences .in gross chemical composition of the glassy rocks available for sampling. which may. in 

turno be in part a function of the degree to which differentiation has proceededo In other words~ it is ceRtain 

that; since the gross chemical compositions are not known. comparisions are being made among rock£ 

belonging to a range of levels of differentiation. rather than of rocks all at th~me levelo I1t is pos3ibll.e 

thato when sufficient analyses of major constituents are available. this effect may be factored outo Kn sc 

far as the rocks are completely or almost completely glassy. indices of refraction may serve w give a r.ougt. 

indication of the compositiono 
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Exa:rtip!es of the range of variation within geogra.phkaHy CcJ)hell\emt group!l> of ll'?Cklil are gl1v~IDl helo·~l ., 

Antlither possible source of ermr is the non~homogeneH:y of tthe wck masses sa mple do £iO 1tha1 ~ the 

sample ftt rot: represemadve of the masso None of the samples is a charrmel sampleo butt an effmll: Wat$ made 

1to indud£:1 a number of chips from diffe rent points on the masso A small sample should be ade q!Llla1l:e 0 unlcs£> 

I 

large"'scale inhomogene ity is present. because of the Hne grai:rn of most of the rocks" The groups of 

analyses in table 2 suggest that some variation is presem. in gwups of samples ta ken from different mclk 

masses; lit seems reasonable to expect that the variation wi1thin a !lingle wck mass should not exceed 1th~1t 

between different rock masses closely associated in space a nd timeo and presumably derli.ved fm m the sam e 

m closely related magma chambers., 

Table 20 ~·~Min_ora.element content in three sets of closely~related mcks. in parts per .IiU;J.lion., 

Tfiree . rhyolitic obs idians . Medicine Lg,ke. Modoc Counu, Calif. 

Sample noo B Be La Nb Sn Pb Zr u 

52C40 30 4 •50 8 5 10 200 2 

52C41 30 3 40 10 5 10 200 2 

52C43 30 3 50 6 4 10 200 <1 

Two obsidia.ns and a Qerlite 8 south of Mono Lake i Mono Coumx"---"---Califo 

52C69 30 2 40 6 Tr., 20 100 3 

52C70 30 3 5 4 20 90 6 

52C71 30 2 80 9 5 20 200 6 

One obsidian. one perlite and two perlitic vitrophyres. Yellowstone Park• Wyomingc 

53C45 10 6 80 30 10 40 100 7 

53C50 10 5 100 40 30 80 200 5i 

53C51 10 5 100 40 10 20 200 6 

53C52 10 6 100 40 10 20 200 5 
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OBSERVATIONA~ RESULTS 

Lev e ls o f concenBalt ii on 

Analytical results on 116 3amptc;g collected in 1952 and 1953 were w ed for the computa1don of me21 n.r, 

and correla\tion coefficientso Of these. 112 were attributed to part icular pwvinces and were used in caku·"' 

lating the s\tatist ical significance of the variations among the provinces. 

Some of these means. for the 1952 collecttons. table 3. differ significantly from those anlived at by 

averaging the res ul~ of the 1953 collections together with the 1952 collectionso for the elements plon ed" 

it does not appear Hkely that these diffe rences are due to any difference in the iamaly£1: or the amalyticall 

method. but it is impossible to exclude these sources of error without the inclusion of a substamJal inumbe[' 

of duplicate samples in the batches analyzed at differe nt times. In a few areas. collections were ma dle lln 

both years; and it is upon the lack of significant difference be tween the results for the two years in tthe2e 

areas that the conclusion rests that there were no significant differences between analysts or in analytk aJ 

me1thod from one year \to rche nr;xto 

The- differences between the averages for 1952 and tl~o~e for the two years together is attributr~d w 1the 

effects of pmvincial differences and to differences in the dis1tribution of \l:he samples~ by pl;ovinces. in tth~ 
"-

C or relat i on s between ura ni um c o n t e nt a.nd tha t of other elc.:n:ie nts·-

The values for some of the elements d'etermined correlate well wlitth each other o w!lile o\thers correl,ate 
/7 

poorlYo Because tthe correlation between uranium and the other elements was the mou impon a n1t ire lat im:.= 

$h.ip .\Co be investiga ted. correlation coefficients. ;table 4 based on the set of 116 analyses of the w c ks 

C§>lle'cted in 1952 an,d 1953. were computed for uranium itfh:h niob,Jiumo tino berylliumo lead" boron • 

. lamtthanumo Hthiumo fluorine. and zirconiumo For the 1952 collection o cqefficiems were computted fm 

ur&~rnium wiitth manganese and equivalent uranium with niobiurna The correl&tidn of equivalent urani\UliD wi"ch 

_ .ni~biuj911 wa:; less than that for uranium with niobiumo In general. became of the number of facto'n:s tclha~ 
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Table ~~o ~~M~c-m J.Jrinor eiern~11~ comemin :chyolli.tic /ancFdacidc mcks (ppm} 

1952 1952 and 1953 
Element (48 . ~.rnd\lyses} (116 analy~es) 

u 4 ~) 

B 40 33 

!Be 4 ,. 
,) i'-

Nb 15 21 

La 30 40 

Pb 21 24 

Sn 3 5 

Mn 350 

Zr 129 138 

F 538 654 

Li 528 456 

may influence the equivalent value in these rocks of low radioactivityo equivalent uranium ~s much less 

useful than uraniumo determined by fluorimetric methodso The coefficients were calculated BLccording to 

the formula r =~(x - x)· ( y - i> 
= 2 = 2 nx -x) ' (y - )') 

which reduces tor = ~xy 

\ ... 

where x = values of one varli.ate 

y = values of other variate 

x = meam of all xns 

= 
y mean of an TS 

n = number of pairs of analyses 
The following values resulted: 
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Table ·!0 .;,.,CoJrTel:Hion coefficient:; of umniurn with some Ihillior e1ementt~ 

in 116 analyses of Cenozoic rhyolli.1l:lic &ltlld dadtk rocks of ~be 

Cmdilleran regiono 

Sn Pb Zr . Lil F La 

For 48 analyses on 1952 samples. the correla\tli.on of equivalem ur&R'ltium with niobium is -~r Oo 34o andl of 

uranium with manganese is - 0 o 085 0 

Of the values given above. those for niob:i.umo tin, beryllium. litthiumo fluorin~. and lam:harmm reach 

or exceed the 001 percent level of significance (Davies. 19470 Po 276);~ This means that there i~ a pwbabHitty 

of less than Oo 001 that a correlation coefficiem this high could be tthe resulit of chaurnce vall'iatf,ono The 

correlation coefficient for boron of 0 0 178 is about that of the 5 percem level of significance. that il;:; . the 

probabiliil:y of a coefficient that high occurring by chance is about 1 in 200 

Pos~ible explana. tions of observed relationships 

It is noteworthy that the best correlations for uranium are with miobiumo beryHiumo :and flumineo 

_of 'which the Jirst wtiWJ'.:n are elements characteri:1tically found in granitic pegmatiteso U:ramium correlates 

less well with tin. which is found both in pegmatites and hydrothermal deposits. · as well as in scattered 

deposits in rhyolite that resemble fumarolic deposits, and still less well with leado which is typical of 

hydrothermal deposits" and occurs in some fumaroles. but is much less conspicuous in pegmatites. whe~e 

/ 
it may be concealed in the lattice of potash minerals1> The high cmrelation coeffliciient of uranium '~~C·tth 

fluorine is very suggestive in connection with the known occm:rence of uranium in many fluorit~ deposits 

in the Cordilleran regiono and its occurrence in fluorite deposiu in Wolsendorf. in Bavariiao and lln iehe wen.,. 

known manium deposits of the Saxon and Bohemian Erzgebirgeo lin view of the many occuuences of mamimn 

without fh1mheo and of fluorite without uranium, the co~eximtence in a few depo§itts may refiec':t aliiTt ur.t= 

commonly high concentration of both elements in the magmas of a given area; the high cone~a1tio:rn bet~H~~!nt 

the two suggests concentration by the same processes in the comse of differentiationo 
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The correlations with mamganese and zirconium are not signifkamo Marnganese i;; an11 element that 

tends to proxy for m~gnesium and irorr. and is therefore removed in eall'ly stages in fenomagnesian min~rals; 

zirconium. because of the low s0lubility of the mineral zircon. mostly begins to sepa:r<llte from granitic · 

magma ealrly. but may or may not b·~ :removed. Some highly alkalic rocks are r.ich in zirccmJum. Boron" 

because of its volatility. is a fumawlk element, and may be gubject to vapor~phase uanspotttaHonD in 

addition to the transportation in pegmatitic residual fluids. b is difHcmt to avoid tthe impre~sion that tthe 

concentration of uranium_,niobium. beryllium. lithium. and fluodne in rhyolites and similar mcks is governed 

in large part by the same laws; presumably these also govern the concentration of the ram~~ elemems in 

pegmatiteso 

If there is a genetic relationship between the occurrence of uranium in these rhyolitic mcks and in me 

deposits of the typical hydrothermal type. it must be an indirect orie . because the elemems that typicaHy 

accompany pitchblende in hydrothermal ore deposits are lead. zinco copper. iron. and sulfm. in most of 

the CordiHeran region. Cobalt. nickel. a.nd silver, common elsewhere. are much. less prevalent here. 

This observation serves to reinforce one that has been made many t ilm~. that pegmatites are 1;~ldom observ~d 

to grade into normal hydrothermal sttlfide-bearing quartz veins. and that the elemems most prominent in 

one are less common in the other. An inference favored , by many is that hyc:f;rothermal ore depo~its amd 

pegmatites are not derived from the same phase. changing continuously in composrJtf.on over '[:he imtell'Vc\l 

between the conditions under which pegmatites are formed and those under which hydrothermal me dep,Jlslits 

are formed. Turner and Verhoogen (1951, p. 333) suggest that the formation of a vapor pha£e may result 

in the splli.ttio.g of the . ..rare constituents of a magma into those which occur in pegmatites and those which 

are more commonly found in hydrothermal ve.d.nsQ 
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Method of displayi hllg analy\tllccd ll"erndu 

and ovedays then prepared for each of the elemems plouedlo The analydcal v&lues were not gmuped by 

value for plotting purposes. with the excepd.on of those fm fluorirte 0 and a few of the lowest values fo!l' 

some of the elementsQ When all the values for each of \the elements had been plo\t.ted. the<area in which 

most of the analyzed rocks occurred was subdivided imo provinces (pl. 1)0 the boundalt'ies being drawn at 

tthe poshions that would produce the greatest average cont!l"ast in value between setz of analyses belonging 

to adjacent provinceso Although the exact position of the boundariez was decided:on the basis of the 

analytical values plotted. the decision as to the existence of cenain sets of pmvinces may have been in= 

fluenced by pre~conceived ideas concerning the existence of petrographic provinces in the Wr.;:sto lBleca.use 

of the lack of analyzed material. or in some places. of material suilta.ble for an.allysis G the provinces are 

not completely boundedo Kt should be emphasized rchat provincial bounda~des ar~ !t1l01t lbm::;~d on rrhe analy1l:ical 

results for any single element. but em the combined valu~s for all the elememso Equal weight has not 

been given to all the elements; those elements that showed the best conelation whh 1l!lll'a\l1lium we:Ire given 

most weighto 

The comagmatic provinces 

Five comagmatic provinces have been tentatively delimited~ in whole or lin pan. on plate 10 One 
. '-

I I 
of these. the Ute. has been further subdivided into three subprovince§. ·The fiv~- principal provinces .are: \ 

Cascade. Shahaptin. Shoshone. Coastal. and Utee The subprovinces of n:he Ute province are in the 

Mountain Border. the Mohave. and the Ywnao Further work will undoubtedly result in the shifting of some 

boundaries and perfla.ps in the deletion of othersQ lit is abo possible th<H mme intensive ga mpHng may permit 

the subdivision of some of these provinces. perhaps down to the scale of a dlistrictQ 
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In an investigation of Aleutian volcanoes (Coats. 1952. Pe 510}. subgtantial differences in the contemt 

of some trace elements w~re found in the rocks of volcanoes of the same age o butt a few miles apart" The 

· emphasils in ·: hatt study wms on the differences between mcks of dli.ffeE'ent volcanic ~enters in the same 

province. and on the resemblances between mcks of the same volcanic c~nter., Kn the present study. , rche 

attempt has been made to discem conaistemcy wli\thillll pwvinces. and diffell'~nces between provinc~s ., 

11ab1~4aa shows 1the distribution by provinces. of probability levels for each of the elements., lin this 

connection, the term "probability level" means the probability, expressed cis a percentage. that the nurpber 

of samples that give an analytical value above a given level (approximately the arithmetic mean) for that 

element and that province (or subprovince) , could be obtained by a ll'andom selection of a humber of 

analytical values equal to the total for the province (or subprovince). fmm the whole group of 112 analytical 

values. This value was anived at by applying the chi"*squared test to the statistics set forth in the tables. 

under each element (tables 4a to 13. inclusive) ., A high figure means a correspondingly high probability 

that the obsel!'ved disuibution could be a matter of chance. a low figure a correspondingly low probability 

that the observed distrii.bultion could be a matter o~ chance. As can be seen from the table. the Shoshone 

province is most sharply marked out from its neighbors ; the ttable does not indka{te that the deviations in 

the c~se of the Shoshone pmvince are nearly all positive. those of the Shah~pltin pwvinceo neaR'ly all negaltiveQ 

Two subprovinces do not have a probability reaching the 8 percent level of significance for a single elemen11to 

Kt is PO;S~ible that the effort to separate the Ute province into subprovinces is not justifi~d. and all tht!se sub= 

'>i:' .. , :.~r:~~":t:~~:~;~- . . , > · · ·· · 

provitrc:es should be grouped in the statisticso If this were dcme. the Ute province would still be distinguished. 

c from:~ts neighbors lby its average charactero 

Distiribution of individual elements. by pl!'ovinces 

The distribution of the several analytical values for uranium is shown in figure I. Tbe highest uranium 

content '.appears to be found in the rocks of the Shoshone province. with smaller values in the Ute and 

Coastal provinces. The distribution of the uranium, with respect to pmvince: and content. is shown fm 

OF F K C K A L USE 0 N L Y 



ppm 
I o 

2 0 

5 0 
4 0 

: s 

0 
~ 

&JO 
0 

(i 
0 
0 

p~m Q 
8 0 sQ 
:oo 

0 

21 

0 

100 0 
I I 

FIGURE I 

URANIUM CONTENT OF SAMPLES 
OF CENOZOIC RHYOLITIC 

AND DACITIC ROCKS 



Element 

Uranium 

Bown 

Tin 

Beryllium 

Niobium 

Lanthanum 

Lead 

Zirconium 
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Table 4aa.,. ~=Probability levels~ in percemageso derived by applying 
chi ~squared test to analytical valine distributions shown 

in tables 4& to 13" inclusive~ 

PROVENCE 

Ute Cascade Coastal Shahaptln 
(Mohave) (Yuma) (Mountain 

Border) 

7.5 

2. 3 

7., 5 

3.8 2.5 

70 5 

8 

4.,2 

70 7 10 6 604 

7 50 5 

6 

Shoshone 

0.,6 

0025 

<o•l 

0.,1 

40 7 

0.,8 

112 •of the rocks, in table 4ao Because this table is typical of all the tables used to show~ the dllstdbti1l:ioru 

of each of the several elements" by province and content, its arrangement will be explained here. once for 

in the table. the column headed "content" lists the values reponed in the rocks analyze do which range 

from zero. or a trace. to 30 ppm. The columns headed by provincial names show. for each of the valueso 

the number of analyses corresponding to that value. for the rocks sampled from that province., The column 

headed "sum" carries the sums. computed across. of the number of analyses having each value. The column 

headed "product" lists the respective products of the number of analyses by the corresponding con\tents of 

uranium. The total .of the "product" column. divided by the number of analyses. gives the mean value: for 

the~ ~ number of analyses reported • 
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T-abl~ ~ .,..,.OOU~tton dr ura·nium~ with respect to province and oontem~ 
~llll 112 rhyoUtic and dacltic rocks. 

FROV.KNCE 
Ute Cascade CQ~St3l. sfiiiiiu~:_~~- -- - -§HQ.s.h6L1.~,~ ~'urn Produc!t 

.. 

Content «Mohave) (Yumm) {MO!llln!al ll& 

{ppm» . __ _ lBord~It'] 

0 1 1 2 0 

1 1 3 1 2 7 '7 

2 1 4 1 1 if 14 

3 3 2 5 1 2 6 19 5'1 

4 2 1 2 4 2 3 4 18 72 

5 3 1 2 2 5 19 65 

6 1 1 5 2 1 10 20 12fJ 

, 1 3 4 8 56 

--
8 7 7 56 

9 5 5 45 

10 2 2 20 

11 1 1 2 22 

12 

13 

14 1 1 14 

30 1 1 30 

Sum 10 3 14 20 7 11 47 112 578 

Number 

above 5 pJlQl 2 1 6 3 2 1 31 46 

Expected: 4.1 1.23 5. '75 s. 2 2.87 4.51 19l26 46 

De.,iation: ... 2.1 -. 23 .25 -5 .. 2 "'• 87 -3.51 11.73 0 

Contribution 

to~ 1·~7 .04 .01 3,.29', .. 26 2. 74 7. 6'7 15 .. 08 
p 7.5%- 100/o o .. ~ -
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The entries at the bottom of the table list the total number of rocks analyzed from each province~ lin 

the row below these totals is listed the total number above the mean. value of.5~ .• The next row lists the 

number to be expected above this value. assuming that the distributions of analyses. by value. are the same 

for all provinces-o The row beneath this . headed "deviation". gives the deviations. positive or negative. 

of the actual numbers found. compared with the numbers expected. (The number expected. will in general. 

not be a whole numberQ) The row next following gives the calculated contribution to chi -squared. arrived 

at by the formula X= (Deviation)2 (Davie$. 1946. p. 180)0 
Expectation 

The last row shows the probabili~i.~ {P) ." in terms of percentages, that the number of analyses above 

the mean. within the several provinces. might be obtained by a chance drawing of the number of analyses 

appropriate to the province. from the total number of analyses. A high probability means that the distribultion 

might readily be obtained by chance; a probability of 5 percent means that there is one chance in twenty 

that the number of analyses above the given leyel in the particular province could be obtained by a chance 

drawing from the total number of analyses. It is thus a measure of the significpmce of the variation shown. 

A value of more than 10 percent is considered (Davies. 1947. P~ 53) not significant; one between 10 and 5 

percent possibly significant. one between 5 and 1 percent as significant. and one of less than 1 percent highly 

significant. The values for the- several provinces indicate that the deviation shown by the values for the 

Shoshone province is highly significant; and for the Cascade Province is p4?ssibly significant.. Other deviations 

are insignificant. It should be noted tb:at the levels of significance dete!IP.ined by this test are influenced 

somewhat by the choice of the value used as a cut off; e. g •• if 4 ppm were used instead of 5 ppm. then 

the probability of chance deviations as great as the deviation shown by the Cascade province drpps from 7o 5 
i 

percent to 2. 4 percent and becomes significant, whereas that shown by the Shoshone Province rises from 

o. 6 percent to 2. 4 percent. a value that is still significanto In short~ border~Une evaluations of s,i..gnificance 

can be changed by the choice of the cut-off level. b~ probability levels based on larger numbers of analyses 

are changed little. 
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The statistical study of the distribution suggests strongly that the Shoshone province is relatively a 

uraniferous province. or part of a larger uraniferous province. at the levels of concentration measured by 

the analyses m~d herewith. The boundaries as indicated on the map {pl. 1) are of course tentative. and 

the province may weU be regarhled as part of the larger uranifewus pwvince that includes the Colorado 

Plateau and the Colorado Front Range.. Delimitation of bot.mdari~s on the basis of the silicic volcanic web 

alone has the disadvantage that the distributhm of the volcanic rocks of the type sought is not a uniform 

one. and. where ev{dence is lacking. the boundaries may be drawn short of the positions they would have 
I 

if nature had !.provided an adequate number of samples of Cenozoic ~xtrus~.ve rockso U the Shoshone pro~ 
I 

vince is a pan of the larger province that has been recognized by many previous workers. then this urani"" 

(erous pra;ll,:ince is larger than previously recognized. On the negative side. a rational explanation for the 

relative scarcity of uranium deposits over the large areas of other province~ is thus offered.. Of the other 

provinces, the Cascade and Shahaptin are apparently the least favorable. although the deviation for the 

Shahaptin province barely approaches significance. 

Boron 

The negatiye correlation coefficient of uranium with boron suggests. that there are considerable contrasts 

in the distribution of these two elements. and the map showing the distribution of boron* ( fig .. 2 ) when 

*It 1Will be noted that the rocks plotted in figure 2 are wholly or partly glassy rocks, rather than the 
i 

rhyolitic or dacitic rocks m _general. The rea_son for doing this was the fact that some evidence suggests 

that crystallizatje;o of the rock results .in loss of boron. The clearest example available is the following 

pair of analyses,,. of a rhyolite and a perlite respectively. from different parts of the same intrusive. in 

San Benito. County. Calif. : 

52C49 (rhyolite) 52C50 (perlite) 
Boron (;ppm) 30 100 

compared with figure 1. shows that this is the case~ The distribution of boron is unlike that of any other 
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of the elements studied~ The highegt values are found in the Coastal province. and the next highest in ~he 

Mountain Border sub~province. with intermediate values in the Shoshone and Shahaptin provinces. and 

relatively low values in the Mohave subprovince. and in the Cascade province. The distribution of boron 

in the rocks of the several pwvinces b~ indicated in table 5., Only the values found in the Coastal province 

are indicate<;}. by the chi ~squared test. to be significantly above -~he general average. 

Table 5., ==Distribution of bomn. with respect to pll'ovince and conttmt~ 
in 112 rhyolitic and dacitic wcks., 

PROVINCE 
Ute Cascade Coastal Shahaptin Sh9Shate, Sum Product 

Content (Mohave) (Yuma) (Mountain 
(ppm) Border) 

0=9 5 3 8 15 

10 1 1 16 18 180 

20 6 1 4 1 13 25 500 

30 2 8 8 2 5 6 31 930 

40 1 2 2 5 200 

50 1 1 2 1 5 250 

60 

70 6 1 5 12 840 

80 1 1 80 

90 1 1 2 180 

100 1 4 5 500 

Sum 10 3 14 20 '7 11 4'7 112 3675 

Mean 3208 
No., above 

mean 1 2 6 3 5 4 9 30 
Expectation: 2~68 o. 8 3., 75 5"35 1 .. 87 2.,94 12.58 30 
Deviation: ~1.68 +1.,2 +2.,25 ~2.35 v3. 13 +1 .. 06 ~3.,58 

Contribution 
toX.2 -1. Q~6 1. 8 1.,37 1.04 5.23 • 383 1 .. 04 
p 25«/o 2. 3o/o 
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The values reported here seem to be considerably lesso on the average. than those found by w'ass~nrstei:rn 

(1961) in South African grani~fS o Wasserstein found from 0 to 500 ppm in granites. with the younger granites 

generally having a higher content_o probably because they have been tramsected by erosion at higher levels. 

where the rocks are enriched in bownr> The younger Cape granites averaged."' in Wass~rstelln's work. 150. ppm. 

it is not yet clear whether the difference between rhyolites and gR'anites reflects es;cape of boron from the 

extrusive magmu.on or a m;gionall diff~.:rence. 

The relation of the uranium and boron contents of the analyzed rocks is indicated by the distribution 

of points in figure 2ao 

Tin 

The distribution of tin~ as shown on figure 3, resembles that of uranium and beryllium. but the cmrelatilon 

of tin with uranium is not as good as that of beryllium with uraniumo The greater dispersion of the resuhs 

may in pan. at least. be a reflection of the fact that a much greater proportion of the results f~r \tin are 

reported as being below the lower limit of sensircivity ( 4 ppm) than is true of the results for beryllium. lio·li:' 

w-hich the lower limit of sensitivity i~ 1 ppm. The Shoshone province §hows the gre<Hest dispersion and 

the highest mode and mean, followed by the Coastal provinceo and then by the Cascade province and 

Mountain Border subprovinceo The distribution of the various analytical values. by provincel3 . i:-; shown 

in table 6. 

The interval that most nearly approaches the mean is indicated in table 6 by a line between 5 and 6 ppm~ 

when the chi-squared test is applied to the provinces on the basis of the relative proportions of analyses 

above this level. only the contribution to chi-squared for the Shahaptin province, which appmache;s the 7 

percent level of significance. is possibly significant. The conclusion il3 that th~ v<uliations in \t.in contem 

are not statistically significant. although the correlation coefficients show that tin contents trend in 1the same 

direction as the uranium. niobium and beryllium contents. The distribution of tin with respectt \to uranium 
'· 

is indicated by the values plotted in figure 3a. 
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T11ble 6.,.- ... Jilistribution : of_"tin• ~"with, respeet to :province and content. 
in 112 rhyolitic and dacitic rockso 

f'' 

PROVINCE 
':J· Ute ' Cascade Coastal Shahaptin Shoshone . sum Product 

Content (Mohave) (Yuma) (Mountain 

(PJ~nl) Border) 

0 9 5 3 9 15 41 0 

4 1 2 1 1 2 7 28 

5 3 5 1 2 11 55 

6 2 1 2 2 4 11 66 

7 4 1 5 35 

8 2 1 1 3 7 56 

9 1 1 2 18 

10 2 3 1 14 20 200 

20 1 3 4 80 

30 1 2 3 90 

40 1 1 40 

Sum 10 3 14 20 7 11 47 112 658 

Mean 5G87 

NQ;, :.ibO'«e 
mean 1 3 5 10 5 1 28 53 

Expectation: 4.73 1.42 6.6 9. 5 3.32 502 22.2 

Deviation: -3.73 +1. 58 -1.6 +0.5 +1. 68 -4.2 +5. 8 

Contribution 

to* 2.21 1 .. 76 0.39 0 .. 03 0.85 3.38 1.5 10 0 1 
p 1ercr · 7f/o ' 
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The distribution of berrylHum is similar in pattern 11:0 that of uraniumo The highest values" and the 

greatest dilspe!fSil([)n of valueso Cllll'e found in the Shoshone provinceo where values as high as 20 ppm are foUilldo 

Smaller ranges amd lower mean3 are found in ~he Mohave subprovince" and a slightly greater lt'am.geo coupled 

witth somewhu lowe~r mode" in the Mount.ain Border !.lubpwvilnce and Cascade provinceo The lowest mean 

is found in u:he SJ'¥!haptiln pwvince., The dil!.itribuUon of the var!ow analy1tical valueso by pmvimceso is 

shown in table 7., The P levels. shown in the last ww of the table" indicate that the contribution to chi= 

squared made by the Sho~hcme pwvilnce is highly significant. and that the contributions of the Cascade and 

Shahapttin provinces are significamo The distributions for the other pmvinces do not differ significarrli:ly 

from the distribution of the whole group of analyses., 

The disuibution of the analyzed rocks and the beryllium values found are indicated on figure 4., The 

dbntll'ibution of the beryllium analy1!:ical values" with respect to those for uranium from the same rocks. l$ 

shown in figure 4ao 

The average beryllium content (40 5 ppm) found in the course of this investigation corresponds closely 

with that found by Sandell (1952. Po 211 ~216) in granitic rocks- ~an average of 3 ppm with a range from 

2., 4 to 50 5., The range found in this investigation is considerably greater=~almost one~third of the tottal 

have more than 5 ppmo Xt is noteworthy that a aample of obsidian from Yellowstone Park was reponed 

by Sandell to carry 50 5 ppmo Obsidian from Obsidian Cliff. in Yellowstone Parko presumably from the 

same exposureo carried 6 ppmo and the average of four glassy or partly glassy rhyolitic rocks from Yellow~ 

stone Park was 5~ 5 ppm in this investigation.. Sandell comments on the fact that Goldschmidt repor1ts 35 ppm 

of beryllium on a sample from the same locality (presumably. Obsidian Cliff). The averages found in 

this investigation are somewhat less than those reported by Holser and others (1951 0 p .. 1450) • which were 

20 ppm of BeO for granitic and 7 ppm for intermediate rocks. Goldschmidt (1954. p. 207) reports a range 

of 4 to 40 ppm of beryllium in obsidianiteso 
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Table 7., = c•Di~tlfli.b-uttion Qf._!}eryllium. with respect to province and content. 
in 112 rhyolitic and dacitic rocks., 

PROVENCE 

~:·:~ Ute Cascade Coastal Shahaptin Shoshone · S urn .ProduCt 

<::;ontent (Mohave) (Yuma) {Mountain 

<ppm) IBorc:ter) 

2 3 2 4 6 15 30 

3 2 4 12 3 3 4 28 84 

4 5 2 2 3 4 1 17 68 

5 3 2 1 4 9 19 95 

6 1 1 12 14 84 

7 1 2 1 4 8 56 

8 1 1 8 

9 2 2 18 

10 6 6 60 

20 2 2 40 

Sum 10 3 14 20 7 11 47 112 543 

Mean 4., 52 

No. above 
mean 3 1 5 3 4 0 36 52 

Expectation: 4063 1., 39 6.,5 9.28 3.25 5.1 21.8 52 

Deviation: ~1 .. 63 ~0 .. 39 =10 5 =6.,28 +.,75 ~5 .. 1 +14.,2 0 

Contribution 

to--K 0.,57 0011 0.,34 4.,25 0.18 5.1 9.4 19.,95 
p 3. 8o/o 2., 5o/o O. 2ffJ/o 
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Niobium 

The distribution ~~f niobium resembles that of uranium~ as b suggested by the relatively high corr~lad.on 

coefficient., The highest values" and greatest dispersion of valu~s. are found in the Shoshcme provinceo 

where one value as high as 200 ppm wa\sJoundo This highest value was found in an obsidian from !Big Butte. 

Butte County. Idaho., The next highest value. ;t.'QO ppm. wa§ found in a rhyolite from East Butte. Bingham 
1, , 

County. Kdaho. a few miles east of the rock with the highest niobi.um contentc These rocks were ft!:ga;rd~d 

by Steams (1998~ p., 35) as of Mioc~ne {?) age., Th~ lowes\1: mean and maximum are found in the Shahap1tli.n 

province.. The Cascade and Coastal provinces and Mountain Border subprovince are rather similar; the 

Mohave subpwvince appears to have a slightly higher mean. and relaHvely small dispersion. but the number 

of analyses available for stutty is too few to be certain of thi!!. The positions of the vatiom an~lyzed samples. 

and the values found" are indicated in figure 5. and the distribution of the various analyll:ical valuesp by 

provinces. is shown in table So The proportion of analyses that are above the mean differs significarntly 

from the pr~portion of the total number that are above the mean only for the Shoshcm~ province. whllch 

has a higher munber. The Shahaptin province has less than the average number of analyses below the 

level of the meanu but the difference only approache$ stall:istical significance., 

The arithmetic mean (200 95) found above is closely comparable to that determined by Ranka.ma 

(l948Q P• 13) of 20 ppm in granitesu and less than the 30 ppm reported by Goldschmidt {1937 n Po 655) 

from granites., Both authors found far more niobium in nepheline syenites than in granites. 

The relationship of uranium to niobium is indicated by the distribution of the points plotted in figure 

5ao 

Lanthanum 

The distribution of lan.thanum appears. at first glance at the map~ figure 6. to be one characterized by 

a wide dispersion of the valueso The mode is somewhat higher in the Shoshone province than :in the other.§. 

and perhaps slightly lower in the Cascade provincee The Mountain Border subprovince and Shahaptin 

province appear to have slightly greater percentage of rocks wH:h lanthanum contents below the threshold 
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Table 8. - -Distribution of niobiumo w·rh respect to province and content 0 

in 112 rhyolitic and dacitic rockso 

PROV NCE 
Ute Cascade Coastal Shahapt in Shoshone Sum Pod c t 

Conte nt (Mohave) (Yuma (Mountain 
(ppm) Borderl 

0 2 2 4 

2 2 4 

3 1 2 3 g· 

4 1 2 3 12 

5 1 1 1 3 15 

6 2 2 1 1 6 36 

7 1 1 1 1 1 5 35 

8 1 1 1 3 24 

9 4 1 1 1 '7 63 

10 4 1 6 2 2 15 150 

~ ~ 
20 5 3 3 4 2 1 9 27 540 H 

0 

30 1 1 2 1 9 14 420 ~~ ~ 
'!)t~ 

40 11 11 44-0 ~ 
0 z 

50 4 4 200 ~ 

60 

70 3 3 210 

80 

90 

100 1 1 100 

200 1 1 200 

Sum 10 3 14 20 7 11 47 112 2458 

Mean 20 95 

No. above · 

mean 1 0 1 2 1 0 29 34 
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of sensitJvilty., Jrt might be no1ted that while the mean of the values found. for 112 determinatlk.mso i~ 41~ 2 

ppm~ the mean. if a value of 20 ppm were ass fLgned to each of the 55 detexminatioiflls that are below 1tbe 

threshold. would bt; 51 ppmo This laLst is believe~ lto be Closer n:o the tlnlleJ value. The distll'ibution of the 

variouS .:malytical val'ue~. by province~ o l1% shown in table 9c As Ji.mHcated by the last line. only 1the vah:11.es 

for the Shahapltlln pmvince even approach d gnificanceo The relattio:nship between ura[].ium and lamhanum 

is indicated by the distll':i.bmion of points in figure Sa. 

The distribution of larH:hanum is explalined by Rankama and;saham.m (1950. Po 525) in part as a resllllh 

of the separation of La 
3 ~ by the incorpor<U:ion lOlf that ion in the lattice of potash feldspar. l'hey report 

(Rankama and Sahama. 1950. p., 528) a ra1n1ge of 43 to 60 ppm of lanthanum in granites. and 430 ppm in 

nepheline syenites. The mean content of lanthanum (41 0 2 ppm} found in this investigation is comparable 

with the means reported for granitic rocks by Rankama and Sahamao Somew}lat higher amoUJilts of lanthanum 

were found in granophyre associated with basic rocks by Wager and Mitchell {1951 0 Po 129~20S)o 

Lead 

Lead. as is well known. readily substitutes for potassium in the potash feldspar lauiceo Kn.asmuch as 

most of the potash is relegated to the residual magma. and hence is higher in rhyoUtes and sy-enite£ tha.n 

in more basic members of a differentllation series 0 it is 1\:0 be expected that lead. ~ince it is not lt't!~a\dily 

accepted the lattices of the earlier~formed minerals. would klso be relegated to the re!!idual magma and 

would be as much concentrated in rhyolites and dacites as in granites and granodiorites. Although the 

values for lead show relatively little dispersion. apparently there are significant provincial differences. 

which are expressed by the distribution of symbols on figure 7. and also by the distribution bf the several 

values in table 100 Of the several provinces. the Shoshone pwvince. as shown by the chi~squared test. is 

the only one in which the percentage of analyses above the level of the mean (24. 4 ppm} is·s].g~ifkantly 

different from that for the whole group of analyseso The values for the Shahaptin province are significantly 

below those for the whole group of analyseso 
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Table 90 ""~Di~triibution of lanthanumo wll.tth re£pect to province and 
comemo im 112 ll'hyoli!tk and dacH:ilc mcks~ 

PROVINCE 
U\te Cascade · C<()aS\tal Sha:hapdn Sha>$horie sum ·. Fmdud 

Content (Mohave) (Yuma) {Mountalli.n 
<ppm» . Border) 

0 6 10 8 4 8 19 55 

40 2 3 2 7 280 

50 5 2 1 3 11 550 

so 1 1 30 

70 1 1 1 1 2 6 420 

80 1 1 1 5 8 640 

90 3 3 270 

100 2 2 3 11 18 1800 

200 3 3 600 

Sum 10 3 14 20 7 11 4 7 112 4620 

Mean 4L2 

No., above 
mean 4 3 2 9 3 1 28 50 

Expectat-
Hon: 4.46 1034 ' 6025 8. 93 3012 4091 21 

Deviation: ~.46 +1066 -4025 +. 07 -012 ~3091 +70 0 

Contribution 

to X.2 
0.05 2005 2.88 0.0005 00004 3.,1 2.33 

p 80/o 

OFFICIAL USE ONLY 



200 

19 

180 

170 

160 

150 

140 

130 

120 

110 

100 • 
90 

80 • 
~ 
Q.. 

70 Q.. • • 
z 

60 
~ 
:::> 
z 
<( 
I 

5 • • • 
~ 
z 
<( 

...J 4 • • • 

30 

20 

10 

0 

44 

• •• • • • 
• 

• • • • 

• • 

• • • . . 
• 

14 16 18 20 22 

URANIUM IN PPM SCATTER DIAGRAM 
SHOW ING RELATIONSHIP BETWEEN 
URAN1UM AND LANTHANUM CONTENT 

Relative size of spots indicalf;s number 
of coincident pairs of values for the 
severo/ points. 

FIGURE 6o 

24 26 28 

r=-.412 

GPO 8379Z5 



0 

0 0 
<J) 

\~ 

ppm 

<I 
10 0 

20 0 

30 0 

40 0 
50 0 
600 

0 

0 

~ 

00 0 

0 

PPM 

70 0 
80 0 
900 

0 

Q) 

() 

t> 

0 

0 

~ 

a 

(90 

0 
0 

0 

0 100 2001Uiea 

LEAD CONTENT OF SAMPLES 

OF CENOZOIC RHYOUTIC 
AND DACITIC ROCKS 

FI8URE T 



OFFICIAL USE ONLY 

46 

Table 10. --Disuibution of lead~ with respect to province and content. 

in 112 rhyolitic and dacitic rocks. 

PROVlf.NCE 
Ufie. .. ~ Cascade Coastal Shahaptin Shoshone Sum Product 

Content (Mohave ) (Yuma) (Mountain 
(pp~) Border) 

2 1 1 2 

4 1 1 4 

8 1 1 8 

9 3 3 27 

10 1 2 11 6 1 21 210 

20 6 2 9 1 7 5 13 43 860 

30 4 2 3 11 20 600 

40 1 15 16 640 

50 3 3 150 

60 1 1 60 

10 

ao 1 1 80 

90 1 1 90 

Sum 10 3 14 20 7 11 47 112 2731 

Mean 24. 4 

No. above 
mean 4 0 3 3 0 0 32 42 

Expectation: 3.75 1.12 5.25 7. 5 2.62 4.13 17.6 42 

Deviation: -+. 25 -1.12 -2.25 -~.5 -2.62 -~.13 +14.4 0 

Contribution 

to X2 o.o2 1.12 0,.96 2. 691 20 63 4.13 11.9 
p 4. 20/o (.Oo 10/o 
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The relation between the uranium and lead values for the analyzed rocks is indicated by the distll'ibution 

of points in figure 7a~ 

As indicated by the table. the highest mean and the highest individual values are found in the Shoshone 

prpvinc¢. The ne~t highest mode is apparently in the Mountain Border subprovince, though the diffe rences 

between this subpiovince. on the one hand. and the Coastal province and the Mohave subprovince, on the 

other, are perhaps not ~ignificant. The Shahaptin province is apparently somewhat below these,. and the 

Casca·de. province probably the lowest of all in lead content. 

The arithmetic mean found in this investigation is comparable with that (30 ppm) found in granitic 

rocks (Hevesy. Hobbie, and Holmes. 1931, p. 1038). Sahama (194~) found lead ranging from 9 to 27 ppm 

in the granitic rocks of southern Finnish Lappland. Sandell and Goldich (1943) found an average of 19 ppm 

in some American granitic rocks. The results reported here suggest that these means. if computed from 

analyses made t>n rocks from widely separated localities. may serve to conceal important provincial differ ~ 

ences. 

Zirconium 

The c6ntent of zirconium found in the anal yses reported herewith ranges from 20 to 700 ppm. The 

regional distribution. as shown by the map (fig. 8). resembles that for niobium and berylliumo with certain 

differences. The greatest range is shown by the Shoshone province, followed close,ly by the Cascadeo The 

highest mean. however. is that of the Cascade province (201 ppm) followed closely by the Yuma' subprovince 

(197 ppm--probably not significant. because of the small number of samples) and the Shoshone (162). 

· The lowest values for the mean are those of the Mountain Border subprovince (73 .. 8), the Shahaptin (76. 4) . 

and Mohave (83). The overall mean. as shown in ta)?le 11. is 140 ppm. Of all the vq.lues shown. only 

the Cascade province has a number of analyses above the level of the mean which differs ver;y significantly. 

a$J'shown by the chi-squared test. from that of the group of analyses as a whole. The nl!~.~er of analyses 

above the mean from the Mohave sub-province and the Shahaptin province is less than that for the whol.e 

group of analyses by amounts which approach the 5 percent level of significance., 
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Table 1L --Distribution of zirconium" with respect to province and comento 
in 112 rhyolitic and dacitic rocks., 

Ute Cascade - Coastal s hahaptin · Shoshone' S:urn Pr101duct 

Content (Mohave) (Yuma) {Mountain 
(ppm} !Border} 

20 

30 1 1 1 3 9(L 

40 4 1 3 8 320 

50 1 1 2 4 200 

60 2 1 1 4 240 

70 2 2 1 5 10 700 

80 1 2 1 2 1 1 8 640 

90 1 1 1 2 3 2 lO 900 

100 4 2 4 4 3 12 29 2900 

200 1 1 9 1 13 25 5000 

300 1 1 2 600 

400 2 4 6 2400 

500 2 2 1000 

600 

700 1 1 700 

Sum 10 3 14 20 7 11 47 112 15690 

Mean 140 . -

No. above 
mean 0 2 1 12 1 0 20 36 

Expectation: 3. 22 0.97 4.5 6.43 2.25 3.54 15,.1 36 

Deviation: -3.22 +1. 03 ·3.5 +5.57 -1.25 ~3.,54 c+4.,9 0 

Contribution 
to~ 3.22 1. 09 1 2. 72 4. 8Q 0.,69 3.54 1.,~9 p 

7" 70/o 1. 60/o 6. 40/o 
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The relationship of zirconium lto uranium is indicated by the dist ribution of points in figure Bas The 

correlation coefficient is surprli.$ingly low g considering the known association of zirconium with granill:k 

rocks. and the relatively high uranium content of .gr.anf.tk zircono 

The content of lirchium reported in the analyses l isted in this report ranges from a trac~ to '300 ppmo 
I 

The highest values are in analyses of mcks from the Shoshone and Coastal provinces. as indicated in table 

12. but the chi-squared test, applied on the basis of the number of analyses above the level of the mean 

(45. 2 ppm) indicates that only the difference shown by the Mohave subprovince approaches the 5 percent 

level of significance. and that there are about 7 chances in 100 that the number of analyses above the 

level of the mean found in that province could be reached by chance. The distribution of the various 

analyzed rocks. and the values found, are indicated in figure 9. 

The relationship between lithium ~nd uranium is shown by the distribution of the points in figure 9a. 

Although lithium is an element commonly thought of as concentrating in pegmatitesg it has been shown 

(Goldschmidt, 19540 p. 129-130} that lithium will be admitt~ to ,positions occupied by Mg2 o Fe2• Al3• 

or Ti. in late crystallizates. According to Goldschmidt " this is accomplished by the concurrent ~mbstitultion 

of Li
1 

and Fe 3 for 2Mg2e This process might account for Lhe removal. in the course of diffe rentiation" of 

part of the lithiumg in the mica and hornblende crystals. where conditions were such tpat crystall ization 

differentiation could take placeo Such a partial removal would explain a devia:llion of the behavior of 

lithium from that of niobium. beryllium and uraniumo 

The amounts of lithium found in the rocks collected for this project are considerably less than those 

found in a composi te sample of 9 granites from Saxony. (Goldschmidt • . 1954 •. p. 132) . which were 1000 

to 1500 ppm Li20. An average of 8 obsidians from various pans of the world gave 98 ppm. while 14 

liparites from Italy. averaged 73 ppmo Nqne of the provinces outlined in this report appears to be especially 
\ . 

lithium-richo 
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T ab e 12. - - Distribution of lithium. with re:spect to province and oment , 
·n 112 rhyolit . c and d citic rocks. 

X= 45.2 ppm 

PROVINCE 
Ute Cascade Coastal Shahapti 

Content (Mohave) (Yuma ( M untain 

( ppm ) Border) 

o .. ro 1 1 0 

1 1 1 1 

2 1 1 2. 

3 1 1 3 

4 3 l 2 

5 1 2 3 6 30 

6 1 1 6 

7 2 1 3 21 

8 1 1 8 
0 

0 "Tl .,., 
9 0 0 "Tl 

"TT 

10 2 2 2 1 7 7 Cll 
v: 

20 5 4 2 1 6 18 360 

0 30 1 1 2 2 2 _8 240 
z r 
t- ~ 
~ 40 2 3 1 1 5 11 23 920 

50 1 2 2 2 7 350 

60 1 1 1 8 11 660 

70 2 2 1 5 3 0 

80 1 1 1 3 240 

90 1 1 90 

100 1 5 6 600 

200 2 2 4 800 

300 1 1 30 

Sum 10 3 14 20 7 11 47 112 5 63 

Noo above mean 0 1 5 5 5 1 21 38 

Expectation: 3. 39 1002 4075 60 79' 2. 38 3. 73 15. 92 38 

Deviation: -3 . 39 -0.02 +0 . 25 -1 . 79 +2.62 -2. 73 +5.08 

Contribution to~ 3.39 0 0. 01 0. 4 72 2. 96 2. 0 1. 58 
p 7'/o 



54 

[ 

. 

0 B 6d 
a 

0 I 

Ia 0 

0 

LITHIUM 
ppm 

• I I 
G oz e e 100 0 ® <9 I I 0 

0 e l e G LITHIUM CONTENT 0 e OF SAMPLES OF 
0 e :e CENOZOIC RHYOLIIfiC 

0 8 AND DACITIC ROCKS 

0 e Figure 9 

I 



55 

IOOOr---~----~~~~----~--~----~----~--~----~~---~~--~~----~--~~--~--~ 

-
-

• 

100 

• 
• • 

• . 
~ • 0.. • • • 
0.. 

~ 
~ 

. • . ::::> 

z 
1-
:::::i . •• • • 

10· • • • 

• • 

0 2 4 

URANIUM 

• • 
• • 
• 

• • 
• 

• • 

• • • 

IN PPM 

. . 

. 

. . 

I~ 
SCATTER 01 A GRAM 

SHOWING RELATIONSHIP BETWEEN 
URANIUM AND LITHIUM CONTENT 

H•lotive siz• Dl spots indicot•s numiJ•r 
of coincid6nf pairs of volu•s for file 
severo! points. 

FIGURE 9a 

-
-
-

-

-

-
:.. 

-

-

1-

2s 28 30 

r=+.317 

GPO 8379ZS 



Fluorine 
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The fluorine results 0 as shown by table 13 0 cover a wlide range of values. from a minimum of about 

5 parts per hnndJr,!W thousand to a maximum of 430 parts per hundred thousand. All the values from 140 to 

430 were confined to rocks from the: Shoshone province. The distribution of the analyzed samples; and the 

values found are indicated in figure 10. The reladonship of the uranium to fluorine ils :;howm in figure l O&o 

The correlation between uranium and fluorine is higher than that between uranium and any other element 

for which analyses wer1 made,. This is graphically expressed in .figure lOa. The significance of the 

departures from the average proportion of anlyses above 690 ppm is shown by the probability levels of 0., 8 

percent for the Shoshone provinceo and 6 percent for the Cascade province. The fact that the pattern of 

distribution is rather similar to that for niobium and beryllium. as well as uranium. suggests that the fluodn~ 

is concentrated in residual fluids. which implies that it is not taken up in early-formed minerals;. Korimig 

(1951 0 p. 89-116) has recently shown that the attribution of all fluorine in igneous rocks to apatite is not 

valid, as much of the fluorine is in mica and hornblende. as well as in fluorite, and further (p. 94) that 

volcanic rocks seldom show enough fluorine-bearing minerals to account for all the fluorine. but the form 

in which the fluorine is present is not known. In a liparite from Eisenbacko Hungary. Kodtnig found 0., 01'5 

percent fluorine, and iQ. the trachyte of the Drachenfels, o. 083 percent; in ne ither rock were sufficient 

fluorine-bearing minerals present to account for the fluorine. Glass was also absent. 

POSSIBLE CA:USES OF NON-RANDOM VARIATKONS OF REGIONAL EXTENT 

Types of regional variat i on 

Two types of non-random variation of regional extent may be discerned in the distributions mappedQ 

One of these may be described as consisting of apparently random fluctuations of minor-element content 

about a given value within broad areas that are relatively sharply delimited from neighboring areas, which 

are in turn characterized by rocks showing apparently random fluctuation:!~ about a different value of con~ 

centration. The other type of non-random variation consists of prqgressive. gradational changes in m inm 
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Table 13o- Distribution of fluorine . with respect to provi ce and content. 
in 112 dacitic and rhyolHic rocks. 

PROVINCE 
Ute Cascade Coastal Shahaptln Shoshone Sum J"coduct 

Content (Mohave) (Yuma) (Mountain 
Parts per 1 Orp OOO order} 

0 9 3 3 

10-19 3 2 2 6 13 

20 29 1 1 3 2 1 6 ' 14 

30o39 1 2 4 2 2 5 16 

40-49 2 1 3 1 2 10 

50-59 5 1 4 3 2 3 18 

60- 69 3 3 2 8 
0 

70 -79 2 3 
'Tl 

1 'Tl 
I"" 

0 
() 

80-89 1 2 3 
..... 

'Tl > ., t-' - CJ1 
() 90 o99 5 5 -:t c - C/) 

t> m 
t"" 

100-109 1 1 0 
z 
t"" 

110-119 1 3 4 ...:! 

120 i29 2 1 4 7 

130-il.39 1 1 

140-149 1 1 

190 1 1 

210 1 1 
'-

250 1 1 

280 1 1 

290 1 1 

430 1 1 

Sum 10 3 14 20 7 11 47 112 7314 
Mean 6504 

l't()o :..a.&e.ve· ~0 ""' f! 1 1 5 1 0 0 23 31 

Expectation: 2.77 o.s 3008 5.54 1.94 3. 05 13 31 

Deviation: -1.77 +0. 2 +1.12 -4054 -1.74 -3.05 +10.0 0 

Contribution to -£- 1013 0005 0.323 30 72 109~ 3.05 '7. 7 

p 6% 0.3% 
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element content within a b~oad area. This latter is apparently what Pirsson called a "region,al progression 

of types" {Iddings. 1913, p. 467 ). Both types of variation may be present in the Cordilleran area, some 

being effective for some elements. others for other elements. It should be noted that both types of variation 

may imply compositional gradients; samples may not be available, when the boundaries of provinces are 

delimited, to permit discrimination between provinces separated by a compositional discontinu,ity, and those v 

separated by a relatively steep compositional gradient., 

or i g l n: s ~ oJ r e g i 0 n a 1 v a r i a t .i 0 n 

In the discussion that follows. initial uniformity in the granitic shell of the earth will be assumed. It 

is true that regional differences, of either of the types discussed above, may have been present in.the crust 

of the earth at the time of formation of the oldest observable rock. This possibility. if its truth were 

demonstrated, would still be some distance aw~y from a demonstration of initial non-uniformity, 

Subsequent lateral variation in the concentration of the rarer elements at accessible levels of the crust 

may arise in either of two ways: by lateral variation in the effectiveness of vertical transport. or by 

horiz:ontal transport. Horiz:ontal transport may be either endogFne. operating within the crust, or exogene. 

operating surficially. 

Exogene horizontal transport 

·>:!:;Processes of this type are relatively familiar to us, becauSe they are ~hose of weathering, erosion, and 

sedimentation. Recently Cady, McKelvey. and Wells {1950. p. 1447) have pointed out the close relation­

,Wip that exists between mineral deposits, particularly syngenetic deposits in sedimentary rocks, and the 

sedimentary facies and geotectonic environment in which the rock was deposited. A reasonable argument 

can be made out fot attributing to this cause any particular example of horizontal variation, where it can 

be shown that the element in questioQ is concentrated during the minor cycle, in sedimentary roc·ks charac­

teristic of a particular facies, and that the area in which a particular element is concentrated coincides 

fairly closely with the distribution of the favorable sedimentary facies.. In this study. the set of elements 

that seems most closely associated is characteristically a pegmatitic one. that is, the set of elements 
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characteristic of granitic lt'~st magmas" nnher tthan tho~e characteristic of any particular se-dimentalt'y facies. 

The provinfliai boundades that seem to explt'ess best the minor~elemem relationships are qu:lJ~ discordant 

with those of the major geosyi!'i1dinal noughs of the Cordilleran region. To some extent. 9f course. this 

lack of accordance may be a reflec:ti>Gll'll of the somewhat resuicted distribution of Cenozoic rhyolitic and 

dacitic rock$. but the pwvince with u:he m~ziC disitincttive chemical characteristics and the best~defined 

boundary. tthe Shoshone province. is tthe one that shows the greatest dllscmdance with past geosyn~linal nends. 

E n d o g e n e h or i z o n t a 1 tr a n s p o r t 

Most of the geologists who have argued the efficacy of diffusion in the ::formation of igneous-appearing 

rocks have been content to apply the argument to movement of ions and molecules predominantly in the 

vertical sense. Th~ many quantitative objections to the possible efficacy of diffusion through solid rockso 

or even in the intergranula fluid. apply with much greater force to any argument for diffusion predominantly 

in the horizontal sensea ov:er distances at least two orders of magnitude greatere Stress conditions in the 

crust apparently make any extensive lateral displacement 0f magma impossible. Recently, hfwever. 

Gilluly(i~ls2. p. 1330) hM~~gge~ted subcrmtal uanspon of sialic material as a possible explanation for the 

high altitude of the Colora o Platea~. 1f this explanation is a feasible one. it implies the possibility of 

differential transport, and rhe establishment of regional gradients in composition, becanse tbe remelting 

is almost sure to be. in pan at least. differential. This mechanism seems to the writer to have the best 

chance of explaining progrl ssive gradational changes in composition of the igneons rocks. . 

Lateral variation in effecti eness of verUcal transport 

Rankama (1946. Po 16) has adduced evidence that certain elements. vlz., Li. Be. Rb. Cs. Ba. rare 

earths, Ta, and Pb, tend l be more highly concentrate;;JOtmger granites, at least within the area he 

studied. The evidence for a change in the last three is restricted to the contrasts within the group of 

Precambrian granites, Thr e appears to be a greater change from tbe oldest Archean to the youngest 

Precambrian than in all su, sequent time. Rankama attributes the change to tpe repeated "sweating out~1 

and upward migration of p<Uing~metic magmas. successively more and more enriched in the elements that 
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I 

enter least readily into the earlier formed minerals. Thette are largely the elements for which regional 

differences in concentrati In have been found in tip; study. If the mechanism suggested by Rankama ;, an 

effective one . IL:hen there should be se\t up. wil1thin the sialic cmst. a vertical concennation gradient in 

respect of the elemems fo which this pmcess is effectiveg with the concle:nuatio:rn of these elements 1beilr11.g 

highest at that level in the crust, presumably a relal\tively high oneg where transport is effectively haHed. 

I 
Xt is not pe:cessary to envision precisely equal concentration§ <U: equal deptlw in the crust; regions in whicho 

I 
because of tectonic conditr ns· migration J1P'Ward is especially favored might be r~gions in which a higher 

level of concentration oft e elements 1n question would be reached at a given depth than would be anained 

elsewhere at equal depths. Given such differences. then the eruption of silica~rich quasi~residual volcanic 

rocks that have been genemated at loci within the crust having regionally delimited differences in minor 

element content should rel it ii1 corresponding differences in the composition of the volcanic rocks. For 

the most part. it will be h rd to obtain direct evidence that this pwposed mechanism fpr the production of 

provincial differences in ign~ous rock composition- is acwany effective~ Indirect evidence may be obtained 

by a study of the mirtor-J tal content of granitic 1ncks exposed in extensive Precambrian terranes, with 

special reference to age a d provincial distribution. ' 

If the repeated generl ion and rUe of granitic magmas ii1 \he crust are determined by large-scale 

tectonic features, then, t~ the extent that such major, through-goirtg lineaments are reflected in the younger 

rockso it may be possible Jo discern a relationship between the pwvincial boundaries and major lineaments., 

A comparison with the Te •tonic Map of the United States (Am. Assoc" Petroleum Geologist" 1944) shows 

· · · d h I b · 11 · ·f. certam comc1 ences t at may e genenca y ngm 1cant" . 

The: nonhem boundary of the Shoshone province. as outlined on plate 1. follows the Snake ~iver d(llwnwarp 

in a general southwesterly irectiono and then coincides roughly with the southern edge of the Oregon fault~ 

block mountains as far as t e eastern edge of the Modoc Lava Plateau. The southern boundary of the 

Shoshone province includes most of the area in Nevada in which bodies of Tertiary intrusive rock are shown. 

The K;ascade province" .as drawno include~ almost all the High Cascade volcanoes of Washington and Oregon., 
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The extreme north-easter portion differs somewhat in the distribution of minor elements and may well 

form part of a different pr vince. but the data are too few and the evidence conflicting. The Mountain 

Border subprovince includes all the zone of Recent volcanics east and south of the Sierra Nevada. 

A related but somewl t different mechanism may he suggested for certain of the constituents. In 

zones of active orogene~is, certf!in structures may act as conduits for fugitive and volatile constituentso 

Subsequent magma genera ion along these zones might be expected to result in assimilation of material 

especially high in the fugi ive cons#tuents, or the magmas could. to some extent, imbibe the volatiles 

directly~ That some such mechanism may have operated in the case of boron is suggested by the close 

correlation between the di ¢ribution of high-boron glasses and the areas of faults active (?) in the Recent 

and late Pleistocene (Eard ey, 1951, p. 454). Although many of the rocks whose analyses have been 

entered on this plot date J ck to the Miocene--e. g. the volcanic rocks of the San Benito quadrangte in 

California- -yet, lias pointed out, activity on many of the faults began much earlier than the 

Pleistocene. 

The contents of boron found in the extrusive rocks in this investigation, being much lower than those 

found in granites by Wasse stein (1951), as mentioned earlier~ ·::Suggest either a regional difference. or 

perhaps a difference in co ' ling conditions. Tourmaline is a relatively common mineral in granite~ but 

quite rare in rhyolite, nor does there appear to be any common rock-making mineral found in rhyolite in 

whi~h the boron could be aken up.. The contrast in boron content of rhyolite and equivalent perlite suggests 

that boron may be held m re easily in glass than in rhyolite~ but the amounts retained in 'granite may be 

greater than those held in lass. The high content of boron in saline deposits of many parts of the West 

may be related. in par,t, t the disfribution of tectoniGJ channel ways, : and also. and in large part, tc> the 

cooling o,f large amounts o magma under conditions such that boron coj.Ild not be fixed in the rock. and 

the escaping volatile boro compounds were condensed and trapped in the closed . basins characteristic of 

the area. 
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FURTHER LKNES OF KNVESTKGATKON 

The number of availa le analyses for the major constituents is too small to permit definite conclmnlons. 

but lit is planned to study t e relationships of certain selected samples .· and to extend the field wGJrk to 

eastern Arizona. New MeJGico. and Texas. which will include parts of more highly uraniferous provincesQ 

CONCLUSIONS 

The evidence present d suggests that there are significant differ~nces in the content of uranium. bomn. 

berylHum. niobium. lead zirconium. lithium and fluorine in the Cenozoic rhyolitic and daciHc rocks of 

the Cordilleran region oft e United States. It appears probable that these differences are related. directly 

or indirectly. to regional ifferences in the distribtuion of uranium. and posdbly of some of the other 

elements. in the area con 'erned. If this is true. a rational explanation is available for the observed scarcH:y 

of uranium deposits in the Cascade region, and in the intermontane plateau north of Nevada. The distribu1l:lion 

also suggests that the area hown as the Shoshone province is probably more favorable for the accurrence 

of deposits of uranium tham other parts of the region studied thus far. 
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