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m:1s dicrnscln:~. "ll1i) probkrn i.> di,cus><:d 
b)· Donnellr ( 1966) and by Longshon· 
( 1965) ;t!ld mu~t be resohtd in che imer
prewtion of chemic;1I Jaca from .Ill) orogeni(. 
rock "'ice. Rt>i,Jll)'. rherc .ire 1wu wo\)"S in 
whid1 " rud m;1y beconw wmposi1iunodl) 
difitrcnt from ics magma. l ! it may lo><: 
t·unscirnems n>mpluclr m clw uivironmenc 
or l) it nu)· cx,hangl' lU!lstittK!!h with the 
en,·ironrnem. There I> :1bund.uH cvidtcKc 
chac submarine n>k:mit nxb did both, los 
Lng .t lMge pan of !heir :.<.am)· comem of 
pm.issium .ind acguiring wrnc .«xli llm in 
exd1.m1:w from sea ";iter dioricic 
phnons in chc \X1esc Indies 
exdiange of sonK cocbmuems 
w.i!l n11.b. oicguiring .ilbli, 
1t11.li11rn! .rnd lo)ing di\';1km 
11.•ntlr m;ignesium)-

Dl·spitl tlw diffiud1ic1 di.,..u" cd abo,l· . 
1hl po1.>ibilit) th.u l·xdunge am! lo" h.tH· 
.• m;11ordfet1 on tht· thorium .md uromium 
rnntents of the Ctribhe;tn \'Olunic nx:h t.rn 
bl di1rcg:mled for thl· follow ing re.1>0ns 

I Thorium Jnd ur.u1ium rnncenu;1tions 

us 

in subm.irin<- omd sub;1<-ri;1[ ,-okanic rocb 
arc generallr ~imil.1r. For c·x.unplc·. che Slib· 

.terial, upper Terci.lr) b.1.,,1hic JnJc,ices of 
St. M.tnin .u1d ocht·r isl.uub in the Le,scr 
1\n(i\leo ( 0L1blc I ) h;m.: J\U;1gc tho rium 
:111d urnnium wmcrm of J.7) ppm .rnd Oh-1 
ppm. rcspeui,elj. the'e \',Jlucs comparl· 
l lo.1el)' "i1h thorium Jnd urJnium UlntUlt' 

of 1.07 i'Pm .rnd 09\ ppm. rc,1x·u i,cly. in 
the domin.rncl)' subrnoiricw bJ">-•ltil .mJc,ite' 
of P~1utn Rim (T.1blc I J . 

l. Lvngshorc ( !965 J hJ, dem<Hh lr:ttl·d 
th;L1 c<mctmr.uions of gcncr.tllj mobile (on 
,11cucni- 01rc ,;imil.ir in ,mall .md 1.1rgl· in 
m1sl'l" b<.i-die, in rhe C1riblx:.111 i,l,md .tr( 

). Thori~un .ond ur.rnium l OIJtl·nc, 111 
uca~ with time in borh '1liu·ou> .tnd nufit 
r.11.k .... -rih jmi ,1., die)· do 111 nm1inl·m.d 
,·ol(olfli<" or plutonil wric). thu\ imlil;1tin,i.: 
. 111.1b.cn<.l'Oirn.qor'>Cumd.1r)_L:Jlll<>rlo" 
(Donnelly .uu! Ro,c.:l·r,. in prq>.tfJ!i<llll 

th a tC)l 1>1 ch<: l'°''ibilit) of m.l)<lf ex 
or lo'·' of dern<:m' from \oll:1111l 

(he "riter\ nJ<:asur(...J dK dmriurn ~nd 
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uranium comtms of sui rt"s of c·x1ru~ivc ;ind 
in1ru~i'c ~eraioph)•res ( Tablt I). Ahl~o11i-;li 
d1t i<xcrusJ\"<.> h·rntuphyrt'S coma1nt·d slightly 
luwer lunn·ntucions of borh dc111cnr>. 1ht" 
lUrKcntracions in chc 1111ru>i\'e kerawphyres 
arc comparable wid1 dn: gt"ncral ly low dmr
illm "nd uranium conn·mraciuno in rnher 
orogtnicrocks 

l!>l.A'-'l> 1\llC 
"[\obit" !. shuw~ che conccmr:uiom of thor 

inm :md ur.mium in a suit(; of ,l!f'1)''''"tkcs 
from P uerto Rim aml rhe Virgin bbnds 
:md, for ,,1111p:msu11. 1he lum·emraiions in 
the Umpqua grayw.Kh-~ of w(·!itt·rn Orq.;on 
All mcasurc·mt"nts wc·rc· madt by g:initna
spctcrumttric mechod~ with die i11,m1111tm 
•ksuihc·d by A<l:11m ( 196'1) ~ rlu: rnuhs :ir<: 

grncnlly rcproduliblc cu wirhin ! 5 JX:fi.cnr 
o f chesr:ircdv;1lut' 

Tht" imporwnn' uf ch" d1urium .md ur<1 · 
nion1 u:mc·ms in the C1ribbcan grayw:Kh·,; 
n:sulL, Imm rlw fau tl1"C chegr.•)·wai.kes Jre 
e ,,emially ;1 r:indom .<:implc of ~II m;ntri:d 
On the a rea. llK clear e,·idence of rapid 
deposiiiun .rnd rh<c .1bundanc.: of lL•y<:-y 
maicri:d in che grar"ade, preclude rht pos
,;ibilit)' o f »ekuiH- so.ming or exu eme 
wtatht·rin.u: of the source. bmh of "lii(h 
Ctl!\.C o;;wdsw"""' 1n orher tn"ironmenrs cu 
b,. rn>o-rtpres.onco1!iH· of their ~nurco. As 

Vol. •l 

di~uis>ed. fur cx~mpk. br Adams d 111. 
( 1959) . die majnrH) of th<· chnrium :u1d 
LJ ra11i LJ m in shelf sc<limc111s i, crnH:ii11~--..1 in 
shales wich chc sand,ronc, being relari1cly 
impuvL·rishcd in r:idiu;1ui,cumscirnenb. "l"hc 
lack of scdimem.1r)' differemi"cion in tlw 
Carib bean uro,scn and mher geo~rnd inal 

thnefore. ,tfford, "" oppurru n i()' w 
the conclusions drnwn frurn comp<hi 

of1hcvolunicrocks 

All of th<" Caribbean grarw.Ii.kes ohm''" 
Ln T:ihle 1 .ue mid-Crccactuus excepc ihe 
, ampko from rhe E1x:c1K Augus(inillo l'or 
n1:ition. l'etrogr:tphictl ly clw rocks fonsist 
S<Jk !y of l'okanil dtbris .rnd m:t)'. in b rge 
pari. be:· tpid1s1ic. Crystal. \'itrir. and li thit 
crn11pontnts aw al! .tbundam. ;im! chc '!flit'· 
rllft<.> :ind ccxrure, ,ir., highl) 1·ari;1blc·. 1\lcer
.11iun w calcium (..rbon.ue is d 1ar:KH:ristii. 
and is intense in somt ~~mpks. p.micubrl) 
TD-6'>-2,113. TD-6'\-1i9 .mJ TD·6'>·50. A, 
>hown in T .. bk 1. tlu: d1Miurn «mtenrs 
uf rht gra)'w:Kkts .ire in rhe r:ingc of l w 
2 ppm. and the ur.miorn conct"ncs in rhc 
ra11g1<of 0-5 m I ppm 

The c<vuage thorium .md uran ium con 
t~ms of the \'<'c>C Indian grayw<td•es :ire 
clt;1rl v >i•nibr co che concems shown for rlw 
volcanic rocks in Table:: I. Because 
w~Lk~-' and l'Ok:mic rocks con,(inHc 
t lw cntire SC<]llCllte ol nl:tttri.tls no" 
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Frv111 llui:<•t'>- m"I !Hdwnlsvn (ll!li~). Th<: UrnpqtUL f'orniation is pctt·oi:n•]>hi<-ally t!w 
most rh:1r1u·t"l"i"tfr uf t h;• 11"•·0~)'11<·l i nnl fonnntion~ ~tudi"d i n Or.,gon. Th" Tr"'" !'or· 
nrntiun. nl~o n•!)Ortcd toy l!ol!'.~• ·" and HiehHnlso'1 i> ahrunmally r id 1 in whik mit11 a tld 
i~ not !"cpo1·t,·d her« 
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