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FOSSIL SUBDUCTION ZONES 

EXAMPLES IN THE SOUTH-WEST PACIFIC 

INTRODUCTION 

Since t h e  no t ion  of subduction zone based  
on t h e  conf igu ra t ions  of t h e  se i smic  zones 
l i nked  wi th  i s l a n d  a r c s  has  been sugges ted  
by Ol ive r  and I sacks  (1967), many s t u d i e s  
have aimed a t  g iv ing  more p r e c i s e  d e t a i l s  t o  
t h e i r  c h a r a c t e r i s t i c s  and consequences. The 
ques t ion  about evo lu t ion  i n  t i m e  of s t i l l  
active i s l a n d  arcs w a s  several t i m e s  r a i s e d ,  
e s p e c i a l l y  about t h e  s tudy  of remnant a r c s  
se t  backward t o  t h e  a c t i v e  a r c s  (Karig 1972, 
Dickinson 1973). O n  t h e  o t h e r  hand, t h e  sur -  
vey of subduction f o s s i l  zones r a i s e s ,  w i t h  
the  l ack  of any s e i s m i c i t y  t o  mark t h e  sub- 
duc t ion  p lane ,  t h e  problem of s e l e c t i o n  
amidst t h e  s i g n i f i c a t i v e  c h a r a c t e r i s t i c s  which 
have been preserved .  Kienle  (1971) compared 
t h e  c h a r a c t e r i s t i c s  of t h e  gene ra l  morpholo- 
gy and of t h e  magnetic and g r a v i t y  anomalies 
surveyed ac ross  the  Bower Chain and t h e  b a s i n  
a s soc ia t ed  with i t  ( i n  t h e  Bering Sea) t o  
those  surveyed on active i s l a n d  arc systems 
and t h i s  au thor  assumed i n  conclus ion  t h a t  
those  s t r u c t u r e s  might be r e p r e s e n t a t i v e  of  
remnant a r c s  connected w i t h  an anc ien t  sub- 
duc t ion  zone. 

I n  t h e  South West P a c i f i c  where t h e  evo- 
l u t i o n  of p l a t e  boundaries has  been p a r t i c u -  
l a r l y  complex, t h i s  no t ion  of f o s s i l  subduc- 
t i o n  zone was p rev ious ly  r a i s e d  s e v e r a l  t i m e s  
(Chase 1971, Kar ig  1972, Halunen and von 
Herzen 1973) b u t  most of t h e  s t r u c t u r e s  have 
no t  y e t  been s t u d i e d  i n  d e t a i l s .  As f o r  Recy 
e t  a l ,  1975, t h e  Renne11 Bas in  and i t s  cha ins  

p r e s e n t ,  w i th  regard  t o  t h e i r  morphologies, 
t h e i r  ways of f i l l i n g  and t h e  shapes of t h e i r  
magnetic anomalies , some c h a r a c t e r i s t i c s  
f i t t i n g  w i t h  s t r u c t u r e s  i n  connec t ion  w i t h  t h e  
sub duc t i on. 

I n  a d d i t i o n  t o  t h e  se i smolog ica l  c r i t e r i a  
we s h a l l  r e s t r a i n  t h i s  paper  t o  t h e  s tudy  of 
some of t h e  c h a r a c t e r i s t i c s  given by a series 
of ba thymetr ic ,  ma'gnetic and continuous 
se i smic  p r o f i l e s .  We s h a l l  then  draw a compa- 
r i s o n  between t h e  observable c h a r a c t e r i s t i c s  
de r ived  from t h e s e  i n v e s t i g a t i n g  means about 
a c t i v e  i s l a n d  arcs and those  observed on 
some of t h e  s t r u c t u r e s  i n  t h e  South West 
P a c i f i c  (F ig .  1 ) .  

I - REVIEW AND DISCUSSION ABOUT THE .STUDIED 
CHARACTERISTICS OF ACTIVE ISLAND 

A )  Criter ia  of s e i s m i c i t y  : 

- The conf igu ra t ion  of the s e i s m i c i t y  
c o n s t i t u t e s  t h e  main c r i t e r i o n  ' t o  d e f i n e  atti- 
ve  subduct ion  zones. It w a s  suggested (Bara- 
zangi e t  a l ,  1973) t h a t  s e i smic  a c t i v i t y  d i d  
no t  s t o p  a t  t h e  very end of  t h e  subduction 
and seemed t o  go on a t  t h e  l e v e l  of t h e  under- 
t h r u s t i n g  p l a t e  s l a b s ,  detached from t h e  o r i -  
g i n a l  p l a t e .  

- The pP waves observed underneath some 
a c t i v e  i s l a n d  a r c s  a r e  decreas ing  i n  i n t e n s i -  
t y  wh i l e  t h i s  phenomenon i s  no t  observed 
underneath o t h e r  a c t i v e  i s l a n d  a r c s  (Barazan- 
g i  e t  a l ,  1975). Therefore  t h i s  c h a r a c t e r i s t i c  

(1) Office de l a  Recherche Scientifique e t  Technique Outre-Mer, B.P. A5, Noumea Cedex, New Caledonia 
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cannot be  r e p r e s e n t a t i v e  of an a v a i l a b l e  cri- 
t e r i o n  of i d e n t i f i c a t i o n .  

- I n  t h e  same way, t h e  f i n d i n g  out of 
remains l i nked  wi th  t h e  r e s i d u a l  under- 
t h r u s t i n g  l i t hosphe re  , through a method nea- 
r i n g  t h a t  used by Davies and MacKenzie 
(1969) when app l i ed  t o  t h e  r e s i d u a l  t imes of 
t h e  volume waves has  n o t  allowed t h e  assump- 
t i o n  of convincing r e s u l t s  about t h e  suppo- 
sed  f o s s i l  zones (Dubois J. and P a s c a l  G. 
per s .  com.). 

B) 'Morphology : 

- The morphology of t h e  s t r u c t u r e s  i n  con- 
n e c t i o n  wi th  a c t i v e  subduction zones has  been 
y e t  l a r g e l y  def ined .  One can remember : 

- The gene ra l ly  arched shape,  espe- 
c i a l l y  of t h e  t rench;  e i t h e r  r e g u l a r l y  arched 
o r  only a t  i t s  e x t r e m i t i e s ,  w i t h  a convexi ty  
f a c i n g  the  Under thrus t ing  p l a t e .  

- The dissymmetry of t h e  t r ench  ( t h e  
f l a n k  wi th  a g e n t l e r  s lope  connected wi th  
t h e  unde r th rus t ing  p l a t e )  w i t h  a r e l a t i v e  
narrowness (from 50 t o  1 O0 km wide).  

- The g rea t  depth of t h e  t r ench  (7.000 
t o  10.000 m) and t h e  g r e a t  f a l l  i n  l e v e l  
( f r e q u e n t l y  more than  4.000 m) from t h e  
t r ench  bottom t o  t h e  unde r th rus t ing  p l a t e  top .  

- The e x i s t e n c e  of  an i s l a n d  arc, 
o u t l i n e d  by i s l a n d s  along t h e  i n n e r  s i d e  of 
t h e  t r e n c h  convexity.  

- The c ross  s e c t i o n  of a t y p i c a l  i s l a n d  
a r c  p re sen t s  a group of c h a r a c t e r i s t i c a l  
f e a t u r e s  whose nomenclatures were r e c e n t l y  
renewed (Kar ig  and Sharmann, 1975, F ig .  2 ) .  

- A r e p r e s e n t a t i v e  f e a t u r e  i n  connection 
wi th  t h e  subduction i s  t h e  bulge  of t h e  
unde r th rus t ing  l i thosphere '  evidenced by to- 
pograph ica l  surveys of t h e  sea bottom, t h e  
u p l i f t i n g  of a t o l l s  and t h e  e x i s t e n c e  of a 
g r a v i t y  anomaly (L l ibou t ry  1969, Hanks 1971 , 
Dubois e t  a l  1973, 1974, 1975, 1976 Watts 
and Talwani 1974). The p r o f i l e  surveyed 
ac ross  t h e  New Hebrides (F ig .  3) i s  f i t t i n g  
well wi th  t h e  model of an e l a s t i c  p l a t e  ex- 
cept  f o r  t h e  p a r t  neighbouring t h e  t r ench  
( a t  80 km from t h e  t rench  a x i s )  where t h e  
observed f l e x u r e  i s  abnormally accentua ted  
and seems t o  be under laws be longing  t o  t h e  
v i s c o - e l a s t i c  domain (Dubois e t  a l ,  1976). 

C) Way of f i l l i n g  : 
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- The sediments,  when t h e  t r ench  ge t s  
some, are found g e n e r a l l y  as h o r i z o n t a l  
l a y e r s  ; on t h e  continuous se i smic  r e f l e c -  
t i o n  records  t h e s e  l a y e r s  appear i n  discon- 
formi ty  w i t h  t h e  i n c l i n e d  l a y e r s  of t h e  ou- 
t e r  f l ank  s o  important and b r u t a l  are t h e  
l a te ra l  v a r i a t i o n s  i n  th i cknesses  of t h e  
f i l l i n g  l a y e r s  (Scho l l  1974). The i n c l i n e d  
l a y e r s  of t h e  o u t e r  f l ank  r ep resen t  anc ien t  
h o r i z o n t a l  d e p o s i t s  which had been brought 
by t h e  p l a t e  migra t ion  t o  t h e  l e v e l  of t h e  
f l e x u r e  i n  t h e  v i c i n i t y  of t h e  t r ench .  

D) Magnetic c h a r a c t e r i s t i c s  : 

Other c h a r a c t e r i s t i c s  b r i n g  f u r t h e r  ar- 
guments of i d e n t i f i c a t i o n  bu t  none of  them 
i S  determining by i t s e l f .  

- Thus a t y p i c a l  magnetic p r o f i l e  
(F ig .  4) made ac ross  an o l d . a c t i v e  a r c  
(Tonga) and a young a c t i v e  a rc  (New Hebrides) 
allows t h e  fo l lowing  observa t ions ,  from t h e  
o u t e r  t o  t h e  i n n e r  p a r t  : 

- 1) a s e r i e s o f  anomalies of s h o r t  
wavelength and low amplitude on t h e  i n n e r  
w a l l  and on t h e  f r o n t a l  a r c .  

- 2 )  anomalies w i t h  s h o r t  wavelength 
and h igh  amplitude (500 t o  800y )  a t  t h e  
level of t h e  vo lcan ic  a r c .  

II - DESCRIPTION OF SOME STRUCTURES REPRESEN- 
TATIVE OF FOSSIL SUBDUCTIONS 

We s h a l l  success ive ly  speak about s t r u c -  
t u r e s  whose se i smic  a c t i v i t i e s  a r e  not  com- 
p l e t e l y  i n t e r r u p t e d  (Vi t i az  t r ench ,  Solomon 
t r ench)  and s t r u c t u r e s  p r e s e n t i n g  a morpho- 
logy which can be  compared t o  t h a t  of sub- 
duc t ion  zones (Solomon , Pocklington and 
Renne11 t r e n c h e s ) .  

A) The a r e a  of t h e  V i t i a z  t r e n c h  (F ig .  1) 

This  gen t ly  arched t r ench  s t r e t c h e s  
along more than  1.000 km. I t s  western ex t r e -  
mity shows a remarkable cu rva tu re  towards 
South. I t s  maximal dep th  reaches  6.000 m. I t s  
d i f f e r e n c e  i n  level from t h e  sea f l o o r  loca- 
t ed  North of t h e  t r ench ,  i s  never  up t o  
2.000 m gene ra l ly .  Some cons ide ra t ions  about 
g loba l  t e c t o n i c s  l e d  Chase ( 1  971 ) to! assume 
t h a t  t r e n c h  t o  be t h e  remains of a subduc- 
t i o n  zone of t h e  P a c i f i c  p l a t e  which w a s  
a c t i v e  between 20 and 10 M.y. The p r o f i l e s  
of continuous seismic bathymetry w e  have, do 
n o t  show morphological c h a r a c t e r i s t i c s  com- 
pa rab le  t o  those  observed i n  t h e  a c t i v e  sub- 
duc t ion  zones. They a r e  more approaching, 
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e s p e c i a l l y  i n  t h e  e a s t e r n  p a r t ,  t o  t h e  cha- 
r a c t e r i s t i c s  observed on t h e  t r a n s i t i o n  zone 
and t h e  t r ans fo rm f a u l t  (Danie l  e t  a l ,  i n  
t h i s  volume). The spreading  of t h e  North F i j i  
P l a t e a u  (Chase 19.71) might have modified t h e  
morphologies of t h e  nea r ings  of t h e  t rench.  
Barazangi e t  a l  (1973) observed under t h e  
North F i j i  P l a t e a u  a s e r i e s  of deep e a r t h -  
quakes which they  a t t r i b u t e d  t o  a detached 
l i t h o s p h e r i c  s l a b .  I s acks  ( p e r s .  com.) ob- 
s e rves  , thanks t o  a r ecen t  de t e rmina t ion  of 
new deep earthquake focuses ,  t h a t  t hose  focu- 
s e s  d e f i n e ,  from 550 t o  650 km deep, a p lane  
d ipping  southward. With regard  t o  t h e  p r e s e n t  
knowledge, i t  looks l o g i c a l  t o  emphasize t h i s  
i s o l a t e d  l i t h o s p h e r i c  s l a b  t o  o r i g i n a t e  
from an anc ien t  subduct ion  a t ' t h e  l e v e l  of t h e  
V i t i a z  t r e n c h  and would have been detached a s  
pursue ing  a downgoing movement a f t e r ,  t h e  
sub d uc t i  on s topping. 

B) The North Solomon t r e n c h  area : 

Halunen and von Herzen (1973) emphasize 
t h e  e x i s t e n c e  of a subduction zone a c t i v e  t o  
the  end of Miocene, l o c a t e d  North of t h e  pre- 
s e n t  a c t i v e  subduct ion  zone. These authors  
deduce t h e i r  assumptions from t h e  measure of 
the hea t  flow, from geo log ica l  s t u d i e s  about 
t he  Solomon i s l a n d s  a f t e r  Coleman (1970) and 
from the presence  of a deep s e i s m i c i t y  under 
the  se i smic  a c t i v i t y  of t h e  p re sen t  subduc- 
t i o n  zone. 

The North Solomon t r e n c h  which borders  
Nor th ly  t h e  Solomon a rch ipe lago  p r e s e n t s  a 
r e g u l a r l y  a rched  s t r u c t u r e  w-ith i t s  convexi- 
t y  f a c i n g  t h e  P , ac i f i c  p l a t e .  It appears as a 
con t inua t ion  of t h e  V i t i a z  t r ench  forming 
wi th  t h e  Western ex t r emi ty  of t h e  l a t t e r  a 
bo ld  r e c e s s  '(such a f e a t u r e  i s  no t  wi thout  
reminding t h a t  observed along t h e  succes- 
s i o n s  of a c t i v e  i s l a n d  a r c  systems e s p e c i a l l y  
t h a t  found between t h e  South Solomon and 
the  New Hebrides t r e n c h e s ) .  

More r ecen t  de te rmina t ions  on deep e a r t h -  
quakes beneath San C r i s t o b a l  i s l a n d ,  n e a t l y  
d i s t i n c t  from t h e  s e i s m i c i t y  i n  s u r f a c e  con- 
nec ted  wi th  t h e  South Solomon p resen t  sub- 
duc t ion  zone, p o i n t  out t h a t  t h e  detached 
l i t h o s p h e r i c  s l a b  spo t t ed  under t h e  North 
F i j i  P l a t e a u  seems t o  be found benea th  t h e  
Solomon a rch ipe lago  (B.  I s a c k s ,  p e r s .  com.). 
We s a i d  p rev ious ly  t h a t  t h i s  s l a b  would o r i -  
g i n a t e  from an anc ien t  subduct ion  of t h e  
P a c i f i c  P l a t e .  The North Solomon t r e n c h  ap- 
pea r s  i n  terms of gene ra l  morphology, as t h e  
only s t r u c t u r e  l i a b l e  t o  r e p r e s e n t  a remnant 
s t r u c t u r e  i n  connection w i t h  a subduction 
zone. 

On t h e  t h r e e  p r o f i l e s  surveyed a long  the. 
Nar th  Solomon t r e n c h  we p resen t  h e r e  (Fig.  5) 
We can observe t h a t  t h e  North Solomon t r e n c h  
i s  a f f e c t e d  by a bold  dissymmetry. North t h e  
Ontong Java  P l a t e a u  whose depth 'never rea- 
ches more than  l .  700 m shows an h o r i z o n t a l  
sedimentary cover of 2 t . w . t .  which begins  
t o  bend a t  70 km from t h e  t r ench  ax is ,  t h e  
bending of t h e  formations i s  i n c r e a s i n g  as 
f a r  as i t  ge t s  n e a r e r  t o  t h i s  axis.  

The South f l ank  of t h e  t r ench  ( e n t i r e l y  
seen  across  an only p r o f i l e  : Glomar 
Chal lenger  l e g .  30,Fig.  5) p r e s e n t s  an abfupt 
r a i s i n g  up t o  1.500 m and i s  pro longated  by 
a series of small  chains  w i t h  dec reas ing  
dep ths .  On t h e  AUS 410 p r o f i l e  alonc w e  can 
observe i n  t h e  t r e n c h  a sedimentary f i l l i n g  
i n ,  less than  1 t . w . t .  t h i c k ,  formed w i t h  
h o r i z o n t a l  l a y e r s  c l e a r l y  i n  d isconformi ty  
wi th ,  on one hand, t h e  r e g u l a r l y  i n c l i n e d  
format ions  of t h e  North f l a n k  of t h e  t r e n c h ,  
on t h e  o t h e r  hand, w i th  t h e  i r r e g u l a r  r c f l e c -  
t o r s ,  no t  e a s i l y  de t ec t ed  on t h e  Sou th  f lank 
of t h e  -trench. The maximal depth  of t he  t rench 
found on our  p r o f i l e s  (under t h e  sedimentary 
f i l l i n g  when i t  occurs) i s  never  l e s s  than 
4.000 m and t h i s  depth does not  seem i n  any 
p l a c e  t o  be exceeded (see map a f t e r  S c r i p p s ) .  

The c h a r a c t e r i s t i c s  observed over t h e  
s t r u c t u r e s  presumed t o  be connected \ , i  th  the 
North Solomon f o s s i l  subduction zonc .  point: 
out l o t  of f i t t i n g s  w i t h  those obscl ived b n  
a c t i v e  subduction zones. 

@ne c,an n o t i c e  : 

- The arched genera l  p a t t e r n  of t h e  
t r ench  w i t h  i t s  convexity f a c i n g  t h e  anc ien t  
unde r th rus t ing  p l a t e .  

- The dissymmetry of t h e  t r e n c h  f l a n k s ,  
w i t h  i t s  o u t e r  f lank showing a p rogres s ive  
f l e x u r e  o r i g i n a t e d  a t  70 km from t h e  t r ench  
a x i s .  Such a f l e x u r e  i s  q u i t e  comparable t o  a 
non-e l a s t i c  type deformation of the l i t h o s -  
phere a s  observed by Dubois e t  a l  (1976) i n  
t h e  v i c i n i t y  of t h e  t r ench .  

- The e x i s t e n c e  of a r e l a t i v e l y  s t e e p  
i n n e r  f l ank  where t h e  e x i s t e n c e  of i r r e g u l a r  
r e f l e c t o r s  at  i t s  base looks l i k e  a s t r u c t u -  
r e  of acc re t iona ry  prisms. 

- A sedimentary f i l l i n g  wi th  l a y e r s  i n  
conformity w i t h  one another ,  but  í n  discon- 
formi ty  w i t h  t h e  l a y e r s  of t he  f l a n k .  

F i n a l l y ,  t he  magnetic anomalies connected wi th  
t h e  t h r e e  smal l  chains  which bo rde r  t h e  t r ench  
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North, are a f f e c t e d  w i t h  s h o r t  wavelengths 
and low amplitudes where a series of anomalies 
of h ighe r  amplitudes and s h o r t  wavelengths 
appears a t  50 km from t h e  t r ench  a x i s  (p ro f i -  
l e  GC 3 0 ) ,  marking v o l c a n i c  i n t r u s i o n s  j u s t  
as i n  t h e  a c t i v e  i s l a n d  a r c s .  

- On t h e  o t h e r  hand one can n o t i c e  : 

- The e l a s t i c - t y p e  l i t h o s p h e r i c  bu lge  
observed on t h e  unde r th rus t ing  p l a t e s  i n  ac- 
t i v e  subduct ion  zones does n o t  appear t o  be 
conserved. 

- The maximal depth of t h e  Trench 
(4.000 m) i s  h igh ly  l e s s e r  than  t h a t  of t h e  
a c t i v e  t r enches .  

- The d i f f e r e n c e  i n  l e v e l  from t h e  
t rench  t o  t h e  upper p a r t  of t h e  unde r th rus t ing  
p l a t e  (2.500 m) i s  l e s s e r  than  t h e  d i f f e -  
rence i n  l e v e l  observed i n  t h e  a c t i v e  zones. 

- The depth of t h e  upper p a r t  of t h e  
unde r th rus t ing  p l a t e  i s  l e s s e r  t o o  than  t h a t  
observed over t h e  a c t i v e  zones. Th i s  obser- 
va t ion  i s  f i t t i n g  wi th  t h e  suggested hypo- 
t h e s i s  about t h e  end of t h e  subduct ion  caused 
by t h e  coming of a t h i c k  c r u s t  w i t h  a low 
dens i ty .  This  low d e n s i t y  of t h e  c r u s t  may 
e x p l a i n  a l s o  t h e  shallow depth  of t h e  t r ench .  

The s tudy  of t h e  s t r u c t u r e s  connected w i t h  
the  North Solomon f o s s i l  subduct ion  zone 
p o i n t s  out t h a t  t h e  main morphological sedi-  
mento logica l  and magnetic c h a r a c t e r i s t i c s  
observed on a c t i v e  zone are e a s i l y  known. 
Thus, t hey  seem t o  r ep resen t  a sum of argu- 
ments a v a i l a b l e  enough t o  determine t h e  o r i -  
g ins  of o t h e r  s t r u c t u r a s ,  themselves comple- 
t e l y  i n a c t i v e .  

C) Pockl ington  trencfi  and cha in  are.as : 

That s e i s m i c a l l y  i n a c t i v e  s t r u c t u r e ,  a f t e r  
Kar ig  (1972), might r ep resen t  a f o s s i l  sub- 
duc t ion  zone, w i t h  r ega rd  .to t h e  existence.s 
t h e r e  of l a te r  Eocene metamorphic and i n t r u s i -  
ve rocks and of a t r ench  wi th  an upper apron 
f l ank .  

The wes tern  p a r t  of t h i s  s t r u c t u r e  which 
s t r e t c h e s  a long  more than 1 .O00 km, p r e s e n t s  
an arched gene ra l  morphology. From t h e  two 
t r a n s v e r s e  p r o f i l e s  AUS 412 and 318 (Fig.  6)  
one can deduce t h e  fo l lowing  c h a r a c t e r i s t i c s  : 

- A narrow t r ench  wi th  dissymmetrical  
f l anks  whose depths under t h e  sedimentary 
f i l l i n g  reach 5.000 m. 
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- A s t e e p  i n n e r  f l a n k  (with r ega rd  t o  
t h e  convexi ty) ,  w i t h  a t  i t s  base  warped 
formations.  

- An ou te r  f l ank  w i t h  a much more 
g e n t l e  s l o p e  wi th  a cu rva tu re  beginning  a t  
100 km from t h e  t r e n c h  a x i s .  

- A cha in  on i t s  i n n e r  s ideyapprox i -  
mately 70 km wide and which might r ep resen t  
t h e  i s l a n d  a r c .  The r e l i e f  of t h i s  cha in  i s  
dec reas ing  towards East. 

- I n s i d e  t h e  t r ench ,  a sedimentary f i l -  
l i n g  whose l a y e r s  warped towards t h e  i n n e r  
f l a n k  are i n  conformity between themselves.  
The f i l l i n g . d e p t h  i s  about 2 t . w . t .  

A l l  t hose  c h a r a c t e r i s t i c s  suppor t  t h e  
hypothes is  of a f o s s i l  subduct ion  zone ; 
t h e  convex i t i e s  of t h e  s t r u c t u r e s  f a c i n g  
South i n d i c a t e  t h a t  t h e  anc ien t  under thrus-  
t i n g  p l a t e  w a s  t h a t  l oca t ed  South of t h e  
t r ench .  I n  f a c t ,  t h i s  s t r u c t u r e  seems more 
complex and i t s  e v o l u t i o n  towards East looks 
l i k e  t h a t  desc r ibed  by J. Danie l  e t  a l  ( i n  
t h i s  book) about t h e  t r a n s i t i o n  zones and 
t h e  t ransform f a u l t s ,  ending t h e  subduct ion  
zones. Sea-bottoms a t  t h e  s u r f a c e  of t h i s  
p l a t e  do no t  r each  1.600 m deep ; t h i s  shal-  
low dep th  i s  r e p r e s e n t a t i v e  of a t h i c k ,  
l i t t l e  dense c r u s t ,  may be t h e  cause  of t h e  
end of t h e  subduction. 

D) Renne11 Basin and Chain, Ind i spensab le  
Chain : 

We have t o  d e a l  h e r e  w i t h  s e i s m i c a l l y  
i n a c t i v e  s t r u c t u r e s  whose gene ra l  morpholo- 
g i e s  are d i f f e r e n t  from those  s t u d i e d  pre- 
v ious ly  s i n c e  they a r e  r e c t i l i n e a r  and t h e i r  
l o n g i t u d i n a l  ex tens ions  do n o t  r each  300 km ; 
t h e  morphological and sed imento logica l  cha- 
r a c t e r i s t i c s  i n  t h e i r  whole allowed t o  Recy 
e t  a l  (1975) t o  sugges t  t h e r e a f t e r  t h e  hy- 
p o t h e s i s  t h a t  t hose  s t r u c t u r e s  would mark a ' 

f o s s i l  subduct ion  zone. 

The t r a n s v e r s e  p r o f i l e  GEORSTOM 104 
(F ig .  7) allows t o  p o i n t  out  some characte- 
r i s t i c a l  f e a t u r e s  : progres s ive  f l e x u r e  of 
one of t h e  f l ank  a t  70 km from t h e  t r e n c h  
a x i s ,  oppos i t e  s t e e p  f l a n k  i n  which one can 
d i s t i n g u i s h  s t a r t i n g s  of r e f l e c t o r ,  f i l l i n g  
c o n s i s t i n g  i n  l a y e r s  i n  conformity,  l ack  of 
magnetic anomalies w i th  a h igh  amplitude 
along t h e  p a r t  of t h e  cha in  r ep resen ted  by 
t h e  f r o n t a l  a r c ,  e x i s t e n c e  of anomalies w i t h  
a h igh  amplitude a t  50 km from t h e  t r e n c h  a t  
t h e  l e v e l  of what might be  t h e  anc ien t  vol- 
can ic  arc. The depth i n  t h e  t r e n c h  down t o  
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t h e  sedimentary f i l l i n g  base  reaches  5.500 m, 
t h e  d i f f e r e n c e  i n  l e v e l  w i t h  t h e  oceanic  
bottom of t h e  o u t e r  s i d e  r each ing  more than  
2.500 m deep. 

The l ack  of convexi ty  and t h e  small 
l eng th  of t h e  s t r u c t u r e s  raise t h e  i n c e r t i t u -  
de about t h e i r  o r i g i n s .  One can sugges t  t h a t  
a mechanism of subs idence  o r i g i n a t e d  t h a t  
t r ench .  But w e  can observe (Fig.  7) t h a t  t h e  
sedimentary f i l l i n g  l a y e r s  are recorded i n  
conformity between them, and because of t h e  
sha rp  v a r i a t i o n  i n  th i ckness  at t h e  l e v e l  of 
t h e  o u t e r  f l ank ,  i n  d isconformi ty  w i t h  t h e  
i n c l i n e d  formations forming t h e  o u t e r  f l ank  ; 
t h e  l a t t e r  are i n  conformity between them 
with a cons t an t  t h i ckness  : then  a t  t h e i r  o r i -  
g ins  they depos i t ed  h o r i z o n t a l l y .  That can- 
no t  a f f o r d  t h e i r  i n c l i n a t i o n  t o  be o r i g i n a t e d  
by a mere subsidence because t h e  l a t e s t  l a y e r s  
of t h e  f i l l i n g  would then  be found i n  d i s -  
conformi t ies  between them as  a func t ion  of 
t h e  subsidence.  Only t h e  subduct ion  mechanism 
implying t h e  p rogres s ive  a c c r e t i o n  of t h e  fil- 
l i n g  t o  t h e  i n n e r  w a l l  when t h e  f i l l i n g  i s  
going on i n s i d e  t h e  t r ench  i n  t h e  same con- 
d i t i o n s ,  may e x p l a i n  t h e  observed f a c t s .  I f  
t h e  f i l l i n g  i s  subsequent t o  t h e  a c t i v e  pe- 
r iod  of t h e  subduction, t h e  t r e n c h  a c t s  as a 
p re -ex i s t ing  c o l l e c t o r  and t h e  cond i t ions  of 
d e p o s i t s  are i d e n t i c a l  t o  those  e x i s t i n g  du- 
r i n g  the  a c t i v e  pe r iod .  The way of f i l l i n g  
c o n s t i t u t e s  t h e r e f o r e  a c r i t e r i o n  which 
makes up t h e  observed c h a r a c t e r i s t i c s  ac ross  
t h e  t r a n s v e r s e  p r o f i l e s  ; those c h a r a c t e r i s t i c  
i n  t h e i r  whole allow t o  assume t h a t  t h e  
Renne11 s t r u c t u r e  though i t s  r e c t i l i n e a r  
s t r i k e  and i t s  s m a l l  l eng th ,  marks a f o s s i l  
subduct ion  zone. 

East t o  t h e  t r e n c h ,  t h e  shallow depth of 
t h e  ocean bottom marks t h e  ex i s t ence  of a 
t h i c k  c r u s t  which might have o r i g i n a t e d  the  
s ub duct  i on s t opp i n  g. 

F i n a l l y ,  Recy e t  a l  (1975) n o t e  t h a t  t h e  
e x ï s t e n c e  of a t h i c k  r e e f  cover  ove r ly ing  
the  cha ins ,  marks a subsidence of t h e s e  
chains  a f t e r  t h e  subduct ion  endea. 

The u p l i f t i n g  of p a r t  of t h e  thus  crea- 
t e d  a t o l l s  i s  a r ecen t  phenomenon which could 
be l i nked  t o  t h e  l i t h o s p h e r i c  bu lge  at t h e  
l e v e l  of t h e  South Solomon p resen t  subduc- 
t i o n  zone a f t e r  a mechanism a l r eady  e s t a b l i -  
shed f o r  t h e  Loyalty I s l a n d s  (Dubois e t  a l  
1973, 1974, 1975, 1976). 

CONCLUSIONS : 

The se i smic  a c t i v i t i e s  of detached l i t h o s -  

p h e r i c  s l a b s  are going on a f t e r  t he  subduc- 
t i o n  ended, which allows t o  use t h e  c r i t e -  
r i o n  of s e i s m i c i t y  t o  d e f i n e  very  r e c e n t  
f o s s i l  subduction zones as V i t i a z  and 
Solomon zones a c t i v e  at least till t h e  upper 
Miocene. The r e s u l t s  e s t a b l i s h e d  through 
t h i s  s tudy  have shown up t h a t  most of t h e  
morphological and sed inen ta ry  c h a r a c t e r i s t i c s  
observed on t h e  s t r u c t u r e s  connected w i t h  
a c t i v e  subduct ion  zones are conserved a f t e r  
t h e  subduct ion  ended except  t h e  a c t i o n  of 
new s t r e s s e s .  Those c h a r a c t e r i s t i c s  thus 
a l low t o  d e f i n e  t h e  o r i g i n s  of s t r u c t u r e s  
c l o s e  t o  which no  se i smic  a c t i v i t y  e i t h e r  
i n  dep th  nor  i n  s u r f a c e  could b e  recorded. 

One can schemat i ca l ly  c l a s s i f y  those  
c h a r a c t e r i s t i c s  i n t o  t h r e e  groups : 

- C h a r a c t e r i s t i c s  of gene ra l  morpho- 
logy : 

The t r ench  remains n e a t l y  marked : 
g e n e r a l l y  it i s  a f f e c t e d  w i t h  an arched sha- 
pe and i t  s t r e t c h e s  a long  s e v e r a l  hundreds 
of k i lome te r s  ; i t s  width be ing  never  more 
than  50  t o  80 km. It i s  bordered a long  t h e  
i n n e r  s i d e  of t h e  convexity by a continuous 
cha in  about 50 km wide f o r  t h e  s t r u c t u r e s  
w e  are s tudy ing  i r 1  t h i s  paper.  I t s  convexi- 
t y  f aces  t h e  unde r th rus t ing  p l a t e .  The 
t r ench  depth i s  less than  those of a c t i v e  
t renches  and does no t  reach  more than  
6.000 m deep ; t h e  d i f f e r e n c e  i n  l e v e l  be t -  
ween t h e  t r e n c h  bottom and t h e  underthrus- 
t i n g  p l a t e  top i s  less than  those observed 
i n  a c t i v e  t r enches .  

- D i f f e r e n t  s t r u c t u r a l  f e a t u r e s  : 

On t h e  t r a n s v e r s e  p r o f i l e s ,  one can 
observe a bold  dissymmetry of t h e  t r e n c h ,  
t h e  o u t e r  f l ank  t o  t h e  convexity be ing  t h e  
smoother. The f l e x u r e  of t h e  l i t h o s p h e r e  of 
t h e  unde r th rus t ing  p l a t e  observed on a c t i v e  
subduction zones does no t  appear as comple- 
t e l y  conserved i n  i n a c t i v e  zones a s  pre- 
v i o u s l y  assumed by Recy e t  a l .  E f f e c t i v e l y  
t h e  e l a s t i c - t y p e  deformation ( l i t h o s p h e r i c  
bulge) does no t  appear t h e r e  ; on t h e  o t h e r  
hand t h e  non-e l a s t i c  deformation, which t a k e s  
i t s  o r i g i n  at  80 km from t h e  t r e n c h  a x i s  and 
whose cu rva tu re  i s  i n c r e a s i n g  as f a r  as get-  
t i n g  c l o s e r  t o  the  t r ench  a x i s ,  appears  as 
w e l l  conserved.While t h e  sea bottoms exceed 
c u r r e n t l y  4.000 m on t h e  o u t e r  s i d e  of t h e  
t r e n c h  i n  a c t i v e  zones, i n  f o s s i l  zones one 
can observe p r a c t i c a l l y  always deeps which 
do n o t  reach  2.000 m. 

The i n n e r  abrupt f l ank  where one can 
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f i n d  warped l a y e r s ,  and t h e  i s l a n d  a r c  too ,  
a r e  n o t  very  d i f f e r e n t  from t h e  i n n e r  f l a n k  
of a c t i v e  a r c s .  Magnetic anomalies,  w i th  a low 
amplitude on t h e  f r o n t a l  a r c ,  are only  deve- 
lopped a t  the l e v e l  of t h e  anc ien t  v o l c a n i c  
a r c .  On t h e  o t h e r  hand t h e  genera l  r e l i e f  of 
t h i s  f o s s i l  a r c  seems n e a t l y  less marked than  
i n  t h e  a c t i v e  i s l a n d  a r c s .  

- Way of f i l l i n g  : 

When t h e  f i l l i n g  of t h e  t r ench  e x i s t s ,  
t h e  sed imentary  l aye r s  seem t o  be i n  conformi- 
t y  between them and, a s  a r e s u l t  of t h e  bru- 
t a l  v a r i a t i o n  i n  depth  a t  t h e  l e v e l s  of t h e  
t r ench  f l a n k s ,  they appear  i n  d isconformi ty  
wi th  t h e  i n c l i n e d  l a y e r s  forming the  t r ench  
ou te r  f l ank .  This c h a r a c t e r i s t i c  observed 
on t h e  a c t i v e  subduction zones c o n s t i t u t e s  
f o r  t h e  f o s s i l  subduction zones a very i m -  
p o r t a n t  s e l e c t i o n  t e s t  , t h e  f i l l i n g  having 
occurred e i t h e r  before  t h e  a c t i v e  per iod  or  
a f t e r  i t .  

I 

We observe t h e  convexity of t h e  s t r u c t u r e  
does n o t  r ep resen t  a necessary  c r i t e r i o n  s in -  
ce i t s  o r i g i n  may be determined through t h e  
o t h e r  c h a r a c t e r i s t i c s .  The lack of sedimen- 
t a r y  f i l l i n g  too ,  does no t  r u l e  t h e  determi- 
n a t i o n  of a s t r u c t u r e  i f  i t  owns t h e  charac- 
t e r i s t i c s  desc r ibed  i n  t h e  bo th  f i r s t  
groups. 

The shallow depths of t h e  sea-bottoms 
surveyed over t h e  anc ien t  unde r th rus t ing  
p l a t e s  p o i n t  out  zones o f  c r u s t  t h i c k e r  and 
less dense than  those of t h e  a c t i v e  subduc- 
t i o n  zones : t h e  e x i s t e n c e  of t h i s  l e s s  dense 
c r u s t  i s  assumed t o  have caused t h e  subduc- 
t i o n  s topping .  

The abso lu te  shallow depth  of t h e  t r ench  
i s  assumed t o  be r e l a t e d  w i t h  t h e  sha l low 
depth of t h e  anc ien t  u n d e r t h r u s t i n g  p l a t e  
upper p a r t .  It could mark t o o  a movement of 
p o s i t i v e  i s o s t a t i c  readjus tment  a f t e r  t h e  
s topp ing  of t h e  s t r e s s e s ,  a movement which 
could  be  i n t e r f e r e d  w i t h  a s w i f t  f i l l i n g  of 
t h e  t r e n c h  . 

The small d i f f e r e n c e  i n  l e v e l  from t h e  
t r e n c h  t o  t h e  unde r th rus t ing  p l a t e  upper 
p a r t  might be r e s u l t i n g  from a p o s i t i v e  
i s o s t a t i c  readjus tment  of t h e  unde r th rus t ing  
p l a t e ,  o r  from a p a r t i a l  readjustment of t he  
v i s c o - e l a s t i c  deformation of t h e  underthrus- 
t i n g  p l a t e  a f t e r  t h e  subduction s topping .  

The less uneven r e l i e f  of f o s s i l  i s l a n d  
a rc s  and t h e  subs idence  observed a long  some 
of t h e s e  i s l a n d  a rc s  may be expla ined  by a 
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nega t ive  i s o s t a t i c  readjus tment  of the, i s l a 6 d  
a r c  a f t e r  t h e  s topping  of t h e  stresses. 

The a i m  of t h i s  paper  w a s  only t o  make a 
comparison between w e l l  conserved s t r u c t u r e s  
p o i n t i n g  out f o s s i l  subduct ion  zones and 
s t r u c t u r e s  marking a c t i v e  zones,  and t o  
assume t h a t  t h e  end of t h e  subduction does no t  
cause s w i f t  and r a d i c a l  modi f ica t ions  i n  
these  s t r u c t u r e s .  It i s  obvious t h a t  t h e  t i m e  
f a c t o r  and t h e  e x t e r n a l  i n f luences  induce  f a r  
more important mod i f i ca t ions  ; f o s s i l  s t r u c -  
t u r e  i d e n t i f i c a t i o n s  must t hen  u s e  d i f f e r e n t  
c r i t e r i a  of i n v e s t i g a t i o n s ,  'which impl i e s  
t h e  use of methods i n  complementarity w i t h  
those used he re  by  us.  
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Figure-5. SEISMIC REREcTlCA PROFILES AND MAGNETIC ANOMALIES ACROSS 
NORTH SOLOMON TRENCH 
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Figure- 6. SEISMIC REFLECTION PROFILES AND MAGNETIC ANOMALIES ACROSS 
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Figure- 7, SEISMIC REFLECTION PROFILE AND MAGNETIC ANOMALIES ACRC 
200km. ---- MAGNETIC ANOMALIES - TOPOGRAPHY 
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