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T ' h e  r e s u l  t s  o  I  t h e  p r e s e n  i :

l o l f o w s :

j t u C y  c a n  b c  3 u : : J t a r  t - z e d  c s

(1 )  The  p resence  o f  po tenc : -a r r y  t . ox r c  me ta l s  l n  r r anga -

nese  nodu res  f r om the  Eas t  pac i f i c  m in rng  be l t  has  been  con -

f i rmed -  A rsen rc ,  se ren ium,  cad ,m ium,  t ha l l i um ,  and  l eac  ha . ze

been  de tec ted  i n  a l l  nodu les  f r om th i s  r eq ion .  us r -ng  sem i -

quan t r t a t , r ve  ana rys i s  by  p ro ton  rnc l uced  x - ray  Emrss ion

(P IXE)  t ne  ran (1e  o  F  . c )n . - an t ra t i ons  f  o r  t hese  e l emen ts  I r aS

found  t o  be :  As  =  ?5 -116  ppm;  Se  =  r j - 23  pp rn ;  cd  =  21 - t , 4

ppm;  T l  =  157 -189  ppm;  pb  =  407 -540  pom.  These  concen t ra -

L rons  gene ra r r y  f  a l - r  w i t h i n  t he  range  o f  p rev  r - ous  r y  r cpo r -

t ed  va lues ,  excep l  f o r  se  and  cd ,  wh i ch  a re  p robab l y  t oo

h igh  i n  t he  P rxE  ca ta .  Ana rys i s  o f  cd  and  pb ln  t he : rame

samo les  by  a tom ic  abso rp t i c - l n  spec - - ropho ton :e t r i '  p rocuccd

s l i gh t l y  l owe r  va lues  f o r  t hese  e l emen ts :  Cd  =  9 -15  ppm, -

Pb  =  378 -448  ppm.

(2 )  The  "ava : -Lab r l i Ly , '  
, o f  

t hese  t ox i c  me ta l s ,  t ha t  i s ,

t he  ease  w i th  wh ich  they  can  be  removed .  f rom nod .u res  by  na -

t u ra l  p rocesses ,  has  been  t es ted  by  a  se r i es  o f  r each ing  ex -

pe r imen ts  us i ng  de ion i zed  wa te r ,  ac i c iE ied  de ion i zed .  wa te r

( s imu la [ed  "ac i d  r a i n " )  anc  neu t ra l  lN  NH.oAc  so lu t l on .*
concen t ra t i ons  o f  cd  and  pb  were  d .e te rmrned .  i n  t he  l i qu id .

l eacha tes  by  a tom i - c  abso rp t i on ,  and  t he  so l i d  r eached  res i -

dues  ! ' / e re  ana l yzed  sem i -quan t i t a t i ve l y  b1z  p r xE  f o r  As ,  se ,

Cd ,  T1 ,  and  pb .



1 A

The  f o l l ow ing  obse rva t rons  we re  made :

(a )  A rsen i c  was  f ound  t o  be  subs tan t i a l l y

dep le ted  i n  a l r  so l r d  r es i c rues  rega rd . l ess  o f  t t - r e

Ieach ing  so lu t i on  used .

(b )  se len ium showed  e r ra t i c  behav ro r ,  some-

t imes  becom ing  dep le ted  i n  r es rdues  and ,  i n  o the r

cases ,  show ing  subs tan t i a l  en r i chmen t .  Th i s  i n_

cons i s ten t  r esponse  i s  p robab l y  a  f unc t i on  o f  t he

P IXE  techn ique ,  ds  se len ium emr t s  X_ rays  rn  a  r e -

g ron  occup red  by  X - ray . s  o f  seve ra r  o the r  e remencs ,

and  t he re  i s  some  d i f f i cu l t y  i n  so r t i ng  ou t  t he

X- rays  p roduced  by  se len ium-

(c )  cadm lum concen t ra t i ons  gene ra l r y  dec r i ne

in  t he  l eached  res i d .ues .  Howeve r ,  on l y  sma l_ l

amoun ts  o f  cd  cou rd  be  de tec ted  i n  t he  reacha tes

themse rves  -  De ion i zed  wa te r  ex t rac t s  con ta i ned ,  i he

g rea tes t  amoun t  o f  Cd ,  remov ing  an  ave rage  3 -6  pe r

cen t  o f  t he  to ta l  cd -  Ac id , i f i ed ,  d .e ion rzed .  waLer

e :< t rac ts  con ta i_ned  on l y  abou t  L .2  pe r  cen t  o f  t he

to ta l  Cd ,  and ,  no  Cd .  was  de tec tab le  1n  NHnOAc  ex_

t rac ts  -  p rxE  i s  no t  sens i t i ve  to  cd  a t  t he  l eve rs

found  i n  nodu les ,  and  t he re fo re  t he  resu r t s  o f  t he

semi -quan t i t a t i ve  p rxE  ana lys i s  o f  cd .  i n  nodures

and  so r id  res id .ues  canno t  be  used .  w i th  a  g rea t  d ,ea l

o f  con f i dence -
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( d )  T ' t r a I I i u m ,  a c c o r C i n g  L o  P I X E  a n . r l y s r s  o f

l e a c h e d  r e s i d u e s ,  d o e s  n o t  b e h a v e  i n  a  c o n s i s t e n t

n . a n n r r r  r i r r r i  n a  I  a : n h i  n a T F  : n n , : : r r r d  I r - r  l - . a  r i o n l  - -s F . v -

t ed  i n  some  res idues  and  en r i ched  i n  o the rs ,  a I -

f  h o r r r r h  f  h e  t o t - :  I  m : n n  i  l - r r r t 4  O E  t h e  C h a n g e s  w a S  I e S Sg . . v  u Y  1 .

t han  abou t  25  pe r  cen t  o f  t he  T l  p resen t .

( e )  Lead  cou ld  no t  be  de tec ted  i n  any  I i qu id

ex t rac t s ,  and  i n  t he  so l i d  r es iCues  i t  was  on l y

s l i gh t l y  dep le ted  o r  s l i qh t l y  en r i ched .

The  d i f f e rence  be tween  appa ren t  Cep le t i on  i n  t he  res i -

dues  and  the  ac tua l  amoun t  o f  an  e lemen t  t ha t  has  been  ca r -

r i ed  o f f  by  t he  ex t rac t i ng  so lu t i on  mus t  be  app rec ia ted .

The  change  i n  compos i t i on  i n  t he  res i due  does  re f l ec t  t he

remova l  o f  e l emen ts ,  bu t  i t  canno t  r evea l  t he  abso lu te  con -

cen t ra t i on  o f  anv  e l emen t .  i n  so lu t , i on -

(3 )  Basa l t s  and .  so i l s  f r om the  I s l and  o f  Hawa i r  have

been  qua l i t a t i ve l y  exam ined  by  P IXE  fo r  base l i ne  i n fo rma-

t i on  on  tox i c  me ta l s  i n  t he  l oca l  env i ronnen t .  As ,  Cd ,  and

T l  v re re  no t  de tec teC in  any  rocks  o r  so i l s  by  P IXE and  Cd

cou ld  no t  be  de tec ted  by  aLomic  abso rp t i on .  Se len ium may  be

p resen t  i n  unde te rm ined  quan t i t y ,  and  l ow  concen t ra t . i ons  o f

Pb  occu r  i n  a l l  samp les -  The re  i s  ev i den t l y  no  cons i s ten t

pa t t e rn  o f  l ead  en r i chmen t  i n  r ocks  re l a t i ve  t o  so i l s ,  o r
' k  - -

|  - l

v i ce  ve rsa .  LSe len ium appears  to  be  more  abundan t  i n  basa l t s

{ - } . - n  . i n  - ^ , , s . 1
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