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T h i s  p a p e r  p r e s e n t s  t h e  r e s u l t s  o f  t h e  f i r s t  s t u d y  o f  t h e  A u  d i s t r i b u t i o n  i n  t h e  
Q u a t e r n a r y  v o l c a n i c s  o f  t h e  s o u t h e r n  a n d  c e n t r a l  K u r i l - a r c  v o l c a n i c  z o n e s :  2 0 5  s a m p l e s  
w e r e  a n a l y z e d  f r o m  2 9  v o l c a n o e s  o f  v a r y i n g  d i f f e r e n t i a t i o n ,  i n c l u d i n g  1 9  s u b m a r i n e  
s t r u c t u r e s .  A l t h o u g h  t h e r e  m a y  b e  a  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  A u  d i s t r i b u t i o n  a n d  
t h e  s i l i c a  a n d  F e - M g  c o n t e n t s  i n  t h e  r o c k s ,  i t  i s  c o n t r o l l e d  t o  a  g r e a t e r  e x t e n t  b y  t h e  
e n r i c h m e n t  o f  t h e  p a r e n t a l  m a g m a s  w i t h  v o l a t i l e s ,  e . g .  S  a n d  C l .  T h e  d i f f e r e n t  p a t t e r n s  
f o u n d  i n  t h e  A u  d i s t r i b u t i o n  a c r o s s  t h e  a r c  w e r e  a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  o f  t h e  
p a r e n t a l  m a g m a s  i n  a l k a l i n i t y  a n d  a l s o  t o  d i f f e r e n t  s c a l e s  o f  t e c t o n i c  a c t i v i t y  w h i c h  w a s  
r e s p o n s i b l e  f o r  v a r i a b i l i t y  i n  A u  r e m o v a l  f r o m  t h e  m a g m a  t o g e t h e r  w i t h  v o l a t i l e s .  T h e s e  
A u  d i s t r i b u t i o n  p a t t e r n s  m a y  s e r v e  a s  i m p o r t a n t  g u i d e s  i n  a s s e s s i n g  t h e  r e g i o n  f o r  
p o t e n t i a l  g o l d  m i n e r a l i z a t i o n .  T h e  f r o n t a l  ( f o r e - a r c )  v o l c a n i c  z o n e ,  w h e r e  t e c t o n i c  
a c t i v i t y  h a s  l a s t e d  a  l o n g e r  t i m e  a n d  w a s  m o r e  i n t e n s e  t h a n  i n  t h e  o t h e r  z o n e s ,  a n d  w h e r e  
t h e  l a v a s  a r e  l e s s  a l k a l i c ,  c a n  b e  c o n s i d e r e d  t o  b e  a  m o r e  f a v o r a b l e  a r e a  f o r  g o l d  
d e p o s i t i o n    a n d    o r e    f o r m a t i o n .  

INTRODUCTION 

The ge ochemis t ry of  gold  fr om the  Quaternary vol canics  of the  Kur i l  
i s l and arc is  pract i ca l ly unknown except  for  some scant y and  
unrepresentat ive  evidence  from the  produ ct s  of  a  few land vol canoes  
tha t  occur  on the  l a rges t  of the  Kur i l  i s l ands  [1],  [7].  No publ ica t ions  
are  avai l able  on the  Au di s tr ibut ion in  submar ine  volcanic r ocks ,  
abundant  in  the  back-arc  area .  Thi s  hampered the  unders tanding of  
the  Au di s t r ibut ion mechanism in  the  course  of the  ma gmat ic process  
and precluded the  assessment  of potent i a l  gol d  minera li za t ion in  the  
region.  

A regional  surve y was  recent l y car r i ed out  in  an extens ive  area 
to inves t iga te  the  geol ogic s t ructure  of the  submar ine  por t ion of  the  
arc    and    s tudy    the    minera logy    and    geochemis t ry    of    Quaternary 
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Fig ur e  1  M a p  s h o w i n g  l o c a t i o n  o f  v o l c a n o e s  i n  t h e  s o u t h e r n  a n d  c e n t r a l  K u r i l  i s l a n d  a r c .  
1  ‒  s u b m a r i n e  v o l c a n o e s ;  2  ‒  l a n d  v o l c a n o e s ;  3  ‒  v o l c a n i c  f r o n t ;  4  ‒  K u r i l - K a m c h a t k a  t r e n c h  a x i s .  
I n d i c e s     o f     s u b m a r i n e     v o l c a n o e s     a r e     g i v e n     a f t e r     t h e     c a t a l o g     [ 5 ] .  

volcanics  in  the  region.  It  was  a  t eamwork of three  ins ti tu tes : t he  
Ins t i tu te  of Vol canol ogy,  Far  Eas t  Divi sion,  Russ ian Academy of  
Sciences ,  the  Ins t i tute  of Geochemis t r y,  Siber ian Divi sion,  Russ ian  
Academy of Scien ces ,  and the  Ins t i tu te  of the  Geology of Ore  Dep os i t s ,  
Pe t rograph y,  Mineralogy and Ge ochemis t r y ( IGEM),  Russ ian Academ y 
of Sciences .  The  result s  were  publi shed fi rs t  in a  few papers  [2],  [3],  
[4] and l a ter  in  a  book [5 ].  Al though th e  publ ica t ions  present  
informat ion on the  di s t ribution of over  40 t race  e lements  and of a l l  
major  e lements ,  the  Au di s t r ibut ion was  not  repor ted because  of a  
de lay in  ge t t ing anal yt i ca l  da ta .  Thi s  paper  i s  an  a t t empt  to make up  
for  the  gap.  It  present s  data  on the  Au di st r ibut ion in  the  rocks  of  
29 var ious l y di fferent i a ted volcanic s t ructures ,  including 19 submarine  
volcan oes ,  from the  vol canic zones  of the  s outhern and cent ral  Kur il  
a rc  (Figure  1).   Overa l l ,   205  samples   were   examined.  
 

ANALYTICAL   METHODS 

The Au concent ra t ions  in  the  rocks  were  de termined a t  the  Ins t i tute  
of Geochemis t r y,  Siber ian Divi s ion,  Russ ian Academy of S ciences ,  b y 
the    atomic   absorpt ion    analys i s .    1    to  5   g  specimens   were   chemical l y 
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enr iched b y ext ract ion us ing 0 .5  ml  of meth ylbenzene .  Measurements  
were  made using an a tomizer  wi th  a ce l l  (Perkin -Elmer -503).  The 
preci s ion was  0 .0002 g/ ton (0 .2  mg/ ton) ;  analys t s ,  S.  E.  Chernigova  
and   A.  A.    Khlebnikova.  

The  analyt i ca l  da ta  for  a l l  vol canoes  are  presented in  a  graphica l  
form in  Figure  2 .  For  the  convenience  of compar i son the  resul t s  a re  
summar ized in  Tables  1  and 2  where  the  Au var ia t ion ranges  and  
average  con cent ra t ions  are  given for  a l l  types  of r ocks ,  fr om basa l t s  
to rh yol i t es .  The  data  are  t abula ted for  individual  vol canoes  and for  
the  groups  of them local i zed in  the  fore -ar c ,  cent ra l  and back-arc  
zones  to demonst ra te  the  Au behavior  wi th  di s tance  from the  volcani c  
front  l andward and wi th  the  increas ing overa l l  a lkal ini ty,  potass ium  
content    and   other    parameters    of   the    rocks    [2],    [3].  

To minimize  the  s t a t i st i ca l  est imate  of  the  Au di s tr ibut ion,  the  Au  
concent ra t ion was  de termined in 3  to 5  specimens  of rocks  conta ining  
var yin g amounts  of s i l i ca  for  each volcan o,  except  for  7  or  8  
volcan oes  where  one  or  two specimens  were  used for  l ack of samples  
( s ix  of them were  submar ine  volcan oes) .  Al thou gh thi s  impai r s  the  
qual ity of the  da ta ,  the  general  assessment  of the  Au di s t r ibut ion  
remains  va lid .  As  many samples  showed anomalous  ( too high or  to o  
low)  Au con cent ra t ions  because  of the  seconda r y a l t e rat ion of r ocks ,  
specimens  were  col l ected for  anal ys i s  from sa mples  of bes t  preserva -  
t ion.  The  loca l i za t ion and geol ogic  s t ructure  of the  Kur i l  volcan oes  
have  been descr ibed in  a  book  b y Gorshkov [10 ] and a l so  in  our  book  
[5].  

RESULTS 

As fol lows fr om Tables  1  and 2  and Figure  2,  the  Au con cent ra t ions  
var y fr om <  0 .5  to 16  mg/ ton.  The  hi gher  concent ra t ions ,  as  well  as  
the  maximum values  of  var iance  for  the  same rock t ypes  fr om one  
volcan o,  were  found in  the  basa l ts ,  the  rocks  tha t  a re  composi t ional l y  
closer  to the  pr imary magmas .  The  average  Au concent ra t ions  in  the  
basa lt s  of 15 volcani c s t ructures (out  of 22 where  basa lt  was found)  
are  higher  than 2-3 mg/ ton i r respect ive  of the  zone  the  volcan o i s  
loca ted.  Yet ,  five  volcan oes  yie lded the  average  va lu es  of 1  t o 1 .5  
mg/ ton  and two less  than 1  mg/ ton.  It  i s  not  u nl ikely tha t  the  low Au  
concent ra t ions  in  a t  l eas t  hal f of the  cases  resul t ed from an insuffi -  
ci ent  number  of specimens  (one  per  a  volcano) .  As  can be  seen in  
Figure  2 ,  and has  been con fi rmed b y our  pe t rographica l  examinat ion,  
the  nonuni form Au di s t r ibution in  the  basa l ts i s  governed b y two  
re lat ionships.  On the  one  hand,  the  Au percentage  i s  h igher  in  the  
rocks  of the  lowes t  s i l i ca  content .  On the  other  hand,  the  basal t s  of  
a  s imilar (high or  low)  s i l i ca  content  a re almost  always  ( in  18 out  of  
21 cases)  more  enriched in  Au,  provided they conta in  abundant  ear ly  
phenocr ys t s  of p yr oxene  and,  especia l ly,  ol ivine  and conta in  few or  
no plagi oclase  phenocr ys t s .  The  plagioclase -bear ing basa l t s  tha t  occur  
l a rge ly   in    the    fronta l    volcanic   zone   (e .   g. ,  Lvina ya   Pas t   ca ldera  and 
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Fig ur e  2  P l o t s  s h o w i n g  A u  a n d  S i O 2  d i s t r i b u t i o n  i n  Q u a t e r n a r y  v o l c a n i c s  o f  s o m e  K u r i l - a r c  
v o l c a n o e s ,  I n d i c e s  o f  v o l c a n o e s  a r e  a s  i n  F i g u r e  1 .  L e t t e r s  S  a n d  L  i n  t h e  i n d i c e s  d e n o t e  s u b m a r i n e  
a n d    l a n d    v o l c a n o e s ,    r e s p e c t i v e l y :    I    i s    f o r e - a r c ,    I I    c e n t r a l ,    a n d    I I I    b a c k - a r c    v o l c a n i c    z o n e .  
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Atsonupur i  Vol cano)  sh owed the  lowes t ,  < 0.5 mg/ t  Au quant i t i es.  At  
the  same t ime, h igh average  Au percentages  are  most  frequent  in  the  
l eas t  a lkal ine  thole ii t i c basa l ts  of the  fronta l  zone  ( see  Table  1).  
Apparent ly,  th i s  l as t  fea ture  accounts  for  the  highes t  average  Au  
concent ra t ions  (4 .58 mg/ ton)  in  the  basa lt s of the  fronta l  zone ,  
somewhat  lower  va lues  (3 .58 mg/ ton)  in  the  cent ra l ,  and the  lowes t  
(3 .15 mg/ ton)  in  the  back-arc zone .  The  a verage  Au  values  are  close  
to the  clarke  of  Au con cent ra t ion (4  mg/ ton)  in  the  bas ic rocks  (aft er  
A.  P.  Vinogradov) .  The y are  notably hi gher  than the  a verage  Au  
values  in  the  Cenozoic basa l t s  of the  Kur i l -Kamchatka  province  (1 .73  
mg/ ton)  and of Paramushi r  Is l and (1 .85 mg/ ton,  average  of e i ght  
analyses)  and are close  to the  average  va lues  for  the  basal t s  of  
Simushi r  Is l and (4.25 mg/ ton,  average  of se ven a nalyses)  repor ted b y 
An oshin [7 ].  Bes ides ,  they resemble  the  average  Au  con cent ra t ions  in  
the  magnes ian basal t s (4 .3  mg/ ton)  produced by the  Nor thern fi ssure  
eruption of Tolbachik,  Kamchatka ,  [8] and are  markedly lower  than  
those  of the  subalkal i c a luminous  basa lt s  produced b y the  Southern  
fi ssure  erupt ion of the  same Tolbachik event  (7  mg/ ton) .  The y are  
a l so lower  than the  average  Au values  for  t he  cont inental  thole ii t i c  
basa lt s  of the  Siber ian Craton [7]  and of the  Cascade  Range,  US A,  
[16].  

Thi r t een out  23 volcan oes  showed a  progress ive  Au decrease  in  the  
Kur i l  volcanic rocks  as  the  si l i ca  content  grows from the  basa l ts  to 
the  andes it es  and fur ther  to the  daci t es  and the  rh yol i t es .  Seven  
volcan oes  showed tha t  the  average  Au con cent rat ions  were  at  the  
same,  usual ly low le vel  (0 .5  to 1 .5  mg/ ton)  through out  the  whole  
ser ies ,  while  in  s ix  volcan oes  the  average  va lues  might  gr ow s l ight l y  
from the  basa l ts  to the  basal t i c andes i tes ,  then drop in  the  andesi t es,  
and  cont inue   to  the   decrease  further  on.  

The  Au concent ra t ions  in  the  basa lt i c andes it es are  genera lly l ower  
than in  the  basa lt s  and vary as  a  fun ct ion of the  pe t rograph y and  
ge ochemis t r y of the  r ocks  in  the  same manner  as  do the  basa l t s .  The  
average  con cent ra t ions  do n ot  show an y appreciable  di fference s  
across   the   a rc,   being  about   1 .22-2  mg/ ton   in   a ll   three   vol canic   zones .  

The  average  Au  con cent ra t ions  in  the  andes i tes  of  a l l  volcani c  
zones  are  lower  than in  the  basal t i c andes i t es (0 .74 to 1 .58 mg/ ton )  
but  in  cont ras t  to the  basa lt s  they in crease  progress ive l y fr om the  
fore-arc t o the  back-ar c andes i t es  (see  Table  1).  Var iabi l i ty of the  Au  
values  increases  in  the  same direct ion.  For  instance ,  the  Au var ia t ion  
range  in  the  andes it es  of the  submar ine vol cano S 8 .10 i s as  great  as  
1 .2  to 7 .6  mg/ ton,  which i s  l a rger ,  l ike  the  average  va lue  (3 .42  
mg/ ton) ,  than in  the  basa lt s  of the  same volcan o: 0 .9  to 4  mg/ ton and  
2 .45 mg/ ton,  respect ive l y.  Abn ormal l y high Au  con cent ra t ions  (up to  
42.6  mg/ ton)  were  observed in  the  andes it es of some home ogeni c  
inclus ions  in  the  rocks  of the  back -arc  zone  (S 5 .1  vol cano) ,  eve n  
though n o re la tionship  was found in  the Au di s t ribution be tween the  
tota l  amount  and the  ra t io of ear ly phenocr ys t s  in  the andesi t es .  

Al l  of our  a verage  Au con cent ra t ions  in  the andes it es  are  lower  
than   the    va lues   r epor ted   by   An oshin    [7]  for   the  rocks   of  a  simi lar  
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s i l i ca  content  from the  Glavnaya  volcanic zone  of the  Ku r i l  a rc (2  
mg/ ton)  and fr om individual  i s l ands : Paramushi r  (1.88 mg/ ton) ,  
Simushi r  (1 .7 mg/ ton) ,  and Kunashi r  (2 .2  mg/ ton) .  Yet ,  they are  
comparable  wi th  the  Au values  in  s ingle  specimens  of andes i t es  from  
the  is l and Chi rpoi  (1.52 mg/ ton)  and Browton (0 .83  mg/ ton)  but  a re  
cons iderably lower  than in  the  andes it es  of Tyat ya  Vol cano on  
Kunashi r [1].  

Our  da ta on the  Au di s tr ibut ion in  the  rocks  of the  daci t e -rhyol i t e  
ser i es  are  l imi ted: we had onl y 15 samples col l ected from s ix  volcan oes  
( see  Table  2) .  As  seen from Table  1 ,  the  Au con cent ra t ions  in  the  
s i l i ci c l avas  are  commonl y l ow,  < 1  mg/ ton,  especia l ly in  the  rocks  o f  
genet i ca l ly re la ted l ava  complexes .  The  values  are  notabl y be l ow the  
clarke  of  Au con cent ra t ion in  s il i ci c igne ous  rocks ,  which i s  4 .5  
mg/ ton a ft er  A.  P.  Vinograd ov,  and are  lower than the  average  Au  
concent ra t ions  in  the  s il i ci c volcani cs  of Kunashi r  and of the  Glavna ya  
volcanic   zone    (1.96   mg/ ton)    r epor ted   by   Anoshin   [7].  

It  i s  impor tant  to n ote  tha t  daci t i c pumice  from calderas  of s ome  
volcan oes  (e .g. ,  Lvina ya  Pas t  and Gorshkov) ,  as wel l  as some ext rus ive  
daci t es  from back -arc submar ine  vol canoes  (S 8 .14) ,  showed  
abnormal ly   h igh    Au   concent ra t ions    (5.5    to   16    mg/ ton) .  

DISCUSSION 

There  i s  p lent i ful  l i t era ture  on the  ge ochemis t ry of gold ,  but  da ta  on  
i t s  concent ra t ions  in  igneous  rocks  of var ying comp osi t ions  are  often  
cont radictor y.  As  fol lows fr om more  re cent  publ ica t ions  [12],  most  of  
the  inves tiga tors  repor t  h igher  average  con cent ra t ions  from bas ic  
rocks .  At  the  same t ime,  according to other  authors ,  e.g.  Anoshin [7],  
there  is  not  much di f ference  be tween s i l i ci c and bas ic rocks  in  the  
Au  content .  Our  da ta  indica te  that  the  Au di s t r ibut ion in  the  evolut ion  
ser ies  of the  Quaternary Kur i l  vol canics  sui t s both  pa t t erns,  t hough  
the  l a tt e r  is  mani fes ted l ess  frequently.  An  impor tant  point  here  i s  
tha t  whereas  the  decrease  of a verage  va lues  from basa l t s  to more  
s i l i ci c rocks  ma y be  caused b y a  decrease  in  the  concent ra t ion of i ron  
as  a  more  act ive  e lement -modi fi er  [12],  our  obs ervat ions  of h i gher  and  
lower  Au con cent ra tions  (noted by other  inves t iga tors  as  wel l) ,  
unre lated to the  i ron or  s i l i ca  content ,  seem to be  caused b y other  
processes .  

As  demonst ra ted by observat ional  and exper imenta l  data  [12],  [13],  
[14],  the  Au di s t r ibut ion in the  magmat ic proce ss  i s cont rol l ed l a rgely  
b y the  associa t ion of gold  wi th  vola t i l es,  pr imari ly sul fur  and  
chlor ine .  The  behavior  of vola t i l es  in  a  magmat ic s ys tem i s  close l y  
re lated to the  PT  condi t ions  of magma genera t ion and evolut ion,  the  
a lka lin ity and ox ygen fuga ci t y of cr ys ta l l i zing ma gma,  and other  
fact ors .  For  instance ,  in  ul t rabasic and basic mel t s ,  Au migra t ion  
occurs  l a rge ly on account  of  sul fur  and in  the  reducing en vi ronment  
where  gold  ma y exi s t  as  Au 1 + .  In  s i l i ci c melt s ,  however ,  whe re  the 
par t    of   sul fur    i s    not    as    signi fi cant   as  in   u ltrabas ic  and  basic mel t s,  



 

 

A. YU. ANTONOV ET AL. 

135 

 

   Au 
Volcanic 

zone 
Index   and   name 

of   volcano Rock n 
    Range      Ave- 

    rage 

F o r e  -  a r c  L 8 .  0 . 3   L v i n a y a  D a c i t e ,   l a v a ,  4    0 . 4 0  ‒      0 . 7 0  
 P a s t   c a l d e r a  f l o w s   ‒ 1 . 2 0   
  D a c i t e ,   p u m i c e  1        1 6 . 0  
 L 4 .  0 . 1   U s h i s h i r  D a c i t e   e x t r u s i o n  1        0 . 5 0  

C e n t r a l   L 6 .  0 . 1   G o r s h k o v  D a c i t e ,   p u m i c e  1        5 . 5 0  

 c a l d e r a  R h y o l i t e ,   p u m i c e  1        0 . 6 0  

B a c k - a r c  S 8 .  1 4  D a c i t e ,  2    0 . 4 8  ‒      0 . 6 1  

  e x t r u s i o n  I   ‒ 0 . 7 4   
  D a c i t e ,  1         1 2 . 6 0  
  e x t r u s i o n  I I     
 L 6 .  0 . 2   B r o w t o n  R h y o l i t e ,  2   1 . 0 0  ‒      1 . 5 0  
  L a v a   f l o w s   ‒ 2 . 0 0   
 S 6 .  1 0  R h y o d a c i t e ,  2  0 . 4 0 ‒      0 . 7 3  
  p u m i c e   ‒ 1 . 1 1   

Table 2 A u  d i s t r i b u t i o n  i n  Q u a t e r n a r y  v o l c a n i c s  o f  t h e  d a c i t e - r h y o l i t e  s e r i e s  f r o m  t h e  K u r i l -  
a r c      v o l c a n i c      z o n e s .  

and the part  of chl or ine  i s quit e  essentia l ,  a  rather h igh ox yge n  
potent i a l  is  required for  the  format ion of  Au Cl 4

- ,  for  example ,  ( to  
oxidize  Au to Au 3 + ) .  Moreover ,  Au i s  ra ther uni forml y di spersed in  
rock - forming minera l s  during magma cr ys ta l l i zat ion,  and the  ra tio o f  
i t s  di s tr ibut ion be tween the  sol id  phase  and the  mel t  is  about  one ,  
even thou gh i t  depends  to a  degree  on the  s t ructural  cons t i tu t ions  
of the  minera ls  [7],  [9],  [12].  

Regre t t ably,  we do n ot  have  da ta  on the  di s t r ibut ion of sul fur  and  
chlor ine  in  the  Kur i l  vol canic rocks ,  tha t  have been analyzed for  Au,  
and hence  are  unable  to examine  more  or  l ess  quanti t at ive ly a  
re lat ionship  be tween them. Yet,  the  scanty infor mat ion we do have  on  
the  S and Cl  con cent ra t ions  in  the  Quaternary volcanics  of s ome  
s t ructures  from the  fronta l  volcani c zone  of the  Kur i l  i s lands  (Table  
3)  can be  cor re la ted,  a t  l eas t  quali t at ive ly,  wi th  the  in tr i ca te behavior  
of vola t i les  in  the  magmat ic s ys tems of the  r espect ive  volcan oes  and  
wi th  the  di s tr ibut ion of gold  in  them. For  instance ,  t he con cent ra t ions  
of S and Cl  ma y var y n otabl y (b y a  fa ctor  of 1 .5  to 2 .5)  even in  the  
rocks  of ident ica l  s i l i ca  content ,  thus  t es ti fying to the  pos s ibi l i ty tha t  
magmat ic  mel t s  can undergo di f ferent i at ion in  t e rms of these  e lements  
and ma y lose  them under  cer ta in  t ectonic condi t ions .  These  da ta  might  
as  wel l  be  indica tive  of an impor tant  role  of sul fur  dur ing a l l  phases  
of ma gma evolut ion ( ra ther  clos e  average  S concent ra t ions  in  rocks  
of    di fferent     s i l i ca    content s )     and    of   a    somewhat    grea ter   role    of 
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Rock  Sulfur  Chlorine 
 n Range Average n Range Average 

B a s a l t  5   9 0  ‒  2 3 0  1 6 0  5  3 1 0 ‒ 4 2 0  3 5 0  
B a s a l t i c   a n d e s i t e  2  1 1 0  ‒  1 2 0  1 2 0  3  3 4 0 ‒ 6 7 0  4 6 0  
A n d e s i t e  4  1 4 0  ‒  2 4 0  1 8 0  5  3 1 0 ‒ 7 0 0  4 3 0  
D a c i t e  6   9 0  ‒  2 1 0  1 5 0  6  2 5 0 ‒ 5 9 0  4 0 0  
R h y o d a c i t e              1    5 9 0  
R h y o l i t e  1    1 2 0  1    4 7 0  

Table 3  S  a n d  C l  d i s t r i b u t i o n  i n  t h e  Q u a t e r n a r y  p r o d u c t s  o f  s o m e  v o l c a n o e s  f r o m  t h e  o c e a n w a r d  
z o n e     o f     t h e    K u r i l     i s l a n d     a r c ,     g / t o n .  

N o t e .  T h e  S  a n d  C l  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  i n  t h e  r o c k s  o f  t h e  v o l c a n o e s :  E b e k o  
( P a r a m u s h i r  I . ) ,  Н е m o  a n d  T a o - R u s y r  ( O n e k o t a n  I . ) ,  U s h i s h i r  ( Y a n k i c h  I . ) ,  Z a v a r i t s k y  
( S i m u s h i r  I . ) ,  T y a t y a ,  M e n d e l e e v ,  a n d  G o l o v n i n  ( K u n a s h i r  I . ) .  T h e  c o n c e n t r a t i o n s  o f  t h e s e  
e l e m e n t s      i n      i n d i v i d u a l      s a m p l e s      a r e      p r e s e n t e d      i n      [ 5 ] .  

ch lor ine  in  magmas  dur ing the  l a te  s t ages  of t he i r  evolut ion ( increase  
of   the    Cl   average    with    an   increasing  s i l i ca   content   in   the  rocks) .  

Almukhamed ov and Medvedev [6 ] demonst ra ted tha t  in  chambers  
of evol ving basa l t i c mel t s,  tha t  exi st  l arge l y in  closed s ys tems and  
quie t  t ectonic envi r onments ,  sul fur  may n ot  be  uni forml y di s t r ibut ed 
but  ma y be  res t r i cted to one  or  e ven two e nr iched s t rata .  One of  
them,  a  major  s t ratum,  i s  usual ly loca l i zed in  the  lower  par t  of the  
chamber ,  where  magma i s  most  enr iched wi th  i ron (and Mg)  and hence  
possesses  a  grea ter  capaci ty for  sul fur  [17] .  Here ,  sul fur  occurs  
predominant ly as  sul fides  and precipi ta tes  gravi t a t ional ly t ogether  
wi th  ear ly Fe-M g minera l s.  In  the  upper  par t  of the  chamber ,  sul fur  
ma y a ccu mula te  too,  as  i t  migra tes  together  wi th  the  other  vola t i l es ,  
pr imar ily H 2O,  Cl  and F,  dur ing emanat ion di fferent i at ion (when i t  i s  
depos i t ed al so as  sul fides  dur ing magma cr ys ta ll i za t ion) .  Obvious ly,  
these  processes  are  respons ible  for  the  fact  that maximum Au content s  
a re  observed most  often e i ther  in  the  Kur il  volcanics  of lowes t  s i l i ca  
content ,  conta ining maximum amounts  of phenocr ys t s  of Fe -M g 
minera ls  (obvious l y produ ct s  of the  lower  p or t ions  of  ma gma cham -  
bers ),  or  in  some leucocra t i c basa l ts ,  basa lt i c andes it es,  andesi t es ,  or  
even daci t es ,  that  may be  cons idered as different i a tes of basa l t i c  
magmas  enr iched wi th  sul fur  and other  vola t i l es .  Suppor tive  of the  
l a t te r  suppos i t ion i s the fact  tha t  abnormal ly high Au concent ra t ions  
were  found n ot  in  l avas  but  in  pumice  and ext rusions  enr iched in  
vola t i l es  ( see  Table  2) .  Moreover ,  h igh Au con cent ra t ion s  are  observed 
more  frequent ly in  the basal t s of the  fronta l  a rc zone ,  which were  
most  l ike ly der ived from large  and l on g-l i ved magma  cha mbers ,  where 
the  process  of Au precipi t a t ion to the  lower  l evel s together  with  
sul fur    might    be   most    act ive .  

It  i s  impor tant  to n ote  tha t  in  act ive  vol canic  areas  magma d oes  
not   a lways   evol ve   in   a   closed   sys tem,   because  magma  chamers   may  be  
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unlocked b y t ect onic movements ,  apar t  from erupt ions ,  result ing in  
repeated escapes  of vola t i l es  from the  mel t .  As  sh own b y Frol ova  
et  a l .  [15],  the  "dr ying" of s odic th ole i i t i c basa lt  magmas  in  the  Kur i ls  
tha t cr ys ta l l i ze  in  crus tal  chambers often l eads  to the  anor thos i te  
t rend of the i r  d i fferent i at ion,  the  process  dur ing whi ch l arge  amounts  
of p lagi oclase  phenocr ys t s  a re  formed in  more  s i l i ci c basa lt  d i fferent i -  
a t es   wi th   minor    amounts    or    absence    of  Fe-Mg  minera l   phenocr ys t s .  

Apparent ly,  the  smal les t  Au concent ra t ions  found in  the  
plagioclase -r i ch basa l ts  and basa lt i c andesi t es  of the  Kur i l s  can be  
a t t ributed to the  active  removal  of gold  together  wi th  vola t i l es  
(pr imari ly wi th  su l fur )  dur ing l a rge -sca le  t ectonic adjus tments  even 
dur ing the  early s t ages  of thole i i t i c magma e volut ion.  These  low -Au,  
plagioclase -bear ing rocks  have  onl y been found in  the  fronta l  vol canic  
zone  where  t ectoni c a ct ivi t y was  most  in tens ive .  Thi s  con clus ion i s  
suppor ted by the  occur rence  of lon g-l ived volcanic centers ,  int ri ca te - 
ly di f ferent i a ted ca lderas ,  and earthquake epicenters  in  tha t  zone ,  
which are  more  numer ous  there  than e lsewhere.  So,  i t  i s  most  l ike ly  
tha t  intensive  t ectonic a ct ivi t y pr omoted the  removal  of gold  dur ing 
a l l    s t ages    of   magma   evolut ion    in    tha t    zone .  

The  higher  average  Au concent ra t ions  in  the back -arc andes i t es 
might  be  rela ted to a l ess  in tens ive  t ectonic ac t ivi ty in  tha t zone  and  
hence  to  the  enr ichment  of magmas  in  the  cha mbers  wi th  vola t i l es  and  
gold .  The  Au accumula t ion in  the  back -arc andes i tes  might  be  
faci l i t a t ed by a  higher  a lka lin ity of andes i t i c magmas : the  act ivi t y o f  
i ron (pr incipal  gold  modi fyin g agent )  gr ows wi th  increasing a lka l in i ty.  
For  th i s  reason,  as  indica ted in  [9],  gold  i s  more  a ct ive l y fixed in  
ear ly Fe  minera l s  and hence  i s  l ess  prone  to b e  removed fr om magma  
b y  vola t i l es .  

It  has  been recognized b y man y in ves t iga tors ,  e .g.  [11],  tha t  
aqueous  flu ids  of lon g-l ived volcanic centers  a re  amon g the  major  Au  
t ranspor ting agent s  in the crus t .  Such flu ids  may l ocal i ze  gol d  
depos i t s ,  provided Au precipi t a tes  in  suffi ci ent  amounts  a t  some  
ge ochemi cal  boundar ies .  So,  the  abil i ty of gold  to accumula te  from  
emanat ions  and separa te  dur ing magma e volut ion,  these  pr ocesses  
be ing promoted b y a  l ow a lka l in ity of the  mel t  and a  long-l ive d  
cons iderable  tectonic act ivi t y,  can and must  be regarded as  a  weight y  
indica t ion of gold  minera l i za t ion.  In  tha t  case ,  as  fol lows  fr om the  da ta  
repor ted here,  the  fronta l  volcanic  zone  of  the  Kur i l  i s l and arc must  
be  recognized as  an area  that  i s  more  favorable  than the  other  zones  
for  the  loca l i za t ion of gold  depos i t s  (th is  has been con fi rmed by s ome  
di scover ies ) .  

To sum up,  our  research was  the  fi r s t  at t empt to s ys temat ize  and  
compare  the  gold  content  of Quaternary vol canics  from 29 var ious l y  
di fferent i a ted volcan oes  ( from basa l t s  to rhyol i t es )  in the  three  major  
volcanic zones  of the  southern and cent ra l  Kur i l  i sl and arc The Au  
di s tr ibut ion was  found to be  nonuni form and l ess dependen t on the  
s i l i ca  content  than on the  i ron content  and vola t i l e  enr ichment .  The  
di fferences  tha t  have  been es tabl ished in  th i s research be tween the  
Au   d i s tr ibut ions    in   the    volcanics    of  d i fferent   vol canic  zones    of  the  
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arc can be  cor re la ted wi th  di fferences  in  the  a lka l in i ty of the  
parenta l  magmas  and a lso wi th  di fferences  in  the  t ectonic act ivi t y of  
the  vol canic zones ,  respons ible  for  the  removal  of gold  from the  
magma  together  wi th  the  vola t i les .  These  di fferences  ma y be  ins t ru - 
menta l     in    assess ing  areas   for    potent ia l    gold    minera li za t ion.  
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