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The New Hebrides i s l a n d  arc  ( see  f i g .  1 )  
i s  l y i n g  i n  the South-West P a c i f i c  Ocean, a t  
t he  boundary of t he  Indo-Australian and Paci-  
f i c  p l a t e s .  It i s  s t r i k e d  NNW-SSE i n  an in- 
ve r se  S shape wi th  i t s  no r the rn  ex t remi ty  di-  
r e c t e d  westwards and l i t s  southern  ex t r emi ty  
eastwards.  

A t r ench  which i s  i n t e r r u p t e d  c l o s e  t o  the  
b igge r  i s l a n d s ,  E s p i r i t u  Santo and Malekula, 
a Benioff plane continuous a l l  a long  t h e  a r c ,  
o r i e n t e d  e a s t  and d ipping  s t e e p l y  benea th  t h e  
P a c i f i c  p l a t e ,  and a volcanism i n  t h e  i s l a n d s ,  
d e f i n e  t h e  boundary of t h e  p l a t e s .  The cha in  
of i s l a n d s  i s  300 - 1600 meters a l t i t u d e  
looking a t  e a s t  down t o  the  F i j i  p l a t e a u  
which i s  3.000 meters deep and, a t  west beyond 
t h e  t rench,  t h e  North Loyalty p l a t e a u ,  4.000 
meters deep, d iv ided  by the d 'Ent recas teaux  
r ise  wi th  some h e i g h t s  c l o s e  t o  the s e a  l e v e l .  

A l o t  of d a t a  ( s e i s m i c - r e f l e c t i o n ,  bathy- 
metry and magnetism) have been ga thered  by 
ORSTOM wi th  a l o c a t i o n  by c e l e s t i a l  f i x e s  f o r  
C o r i o l i s ,  Danaïdes and Kimbla c r u i s e s ,  the 
l a t t e r  thanks t o  the  c o l l a b o r a t i o n  of t he  
New South Wales Un ive r s i ty ,  o r  by s a t e l l i t e  
nav iga t ion  f o r  Austradec c r u i s e s  (from 1972 
t o  1976). Some d a t a  have been communicated by 
Woods Hole Oceanographic I n s t i t u t i o n  (Chain),  
by t h e  Mobil O i l  and Gulf O i l  Companies. We 
p r e s e n t  t r a n s v e r s e  p r o f i l e s  t o  de f ine  t h e  ~ 

s t r u c t u r a l  u n i t s  of t h e  a<rc and a few longi -  
t u d i n a l  p r o f i l e s  which b r i n g  i n t o  evidence 
d i s c o n t i n u i t i e s .  

"2, 

I .  - STRUCTURAL UNITS OF THE ARC 

A s t r u c t u r a l  concept of an a r c  has  been 
s e t  by Kar ig  and Sharman ( 1  975), w i t h  res-  
pec t  t o  a t r a n s v e r s e  s e c t i o n ,  w i t h  the  f o l -  
lowing u n i t s  : t r ench  - acc re t iona ry  pr i sm - 
upper s lope  d i s c o n t i n u i t y  - f r o n t a l  a r c  - 
vo lcan ic  l i n e  - a c t i v e  marginal b a s i n  - 
remnant a r c .  Cross-sections i n  t h e  New Hebri- 
des a r c  lead t o  b e t t e r  determine t h e s e  u n i t s  
a s  shown 011 the  f i g .  2 which r e p r e s e n t s  a 
se i smic  r e f l e x i o n  p r o f i l e  n e a r  t h e  a r e a  re- 
t a ined  f o r  a d r i l l i n g  p r o j e c t  (IPOD). 

The acc re t iona ry  prism i s  a l s o  c a l l e d  t h e  
" imbr i ca t e  zone'' f o r  dredgings  brought i n t o  
evidence elements coming from t h e  a r c  
(Luyendyk e t  a l  1974, Dugas e t  a l  1976). I n  
the  f r o n t a l  a r c  we d i sce rn  the  summit of t h e  
t rench  s lope here  c a l l e d  " the  fore-horst" and 
the  bas in .  A t  l a s t  we p rev ious ly  brought i n t o  
evidence t h a t  t h e  marginal b a s i n  was a h o r s t  
and trough zone (Dubois e t  a l ,  1975, 1976). 
It i s  p o s s i b l e  t h a t  t h e  h o r s t s  and troughs 
zone i s  t he  f i r s t  s t a g e  of a marginal b a s i n .  
The s t r u c t u r a l  u n i t s  of t he  New Hebrides a r c  
a r e  : t rench  - imbr i ca t e  zone - upper s lope  
d i s c o n t i n u i t y  - f r o n t a l  a r c  c o n s i s t i n g  i n  a 
fore-hors t  and a b a s i n  - a c t i v e  vo lcan ic  
l i n e  - h o r s t  and trough zone - - 

The magnetic p r o f i l e s  ( f i g .  3A, 3B, 3C) 
p o i n t  out t he  s t r u c t u r a l  u n i t s .  On t h e  whole 
a r c ,  anona l i e s  wi th  s h o r t  wavelength (10 t o  
20 km) and h igh  amplitude ( s e v e r a l  hundred 
of gammas) c h a r a c t e r i z i n g  heterogeneous a r e a s  
wi th  low depth bod ies ,  a t t r i b u t e d  t o  vo lcan ic  
i n t r u s i o n s  o r  f a u l t s .  

( 1 )  Off ice  de l a  Recherch'e Sc ien t i f ique  e t  Technique Outre-Mer, B.P. AS,  Noumea Cedex, New Caledonia 

(2) I n s t i t u t  Français du Pé t ro l e ,  1 e t  4 avenue de Bois-Préau, 92502 Rueil-Malmaison, France 
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The narrow and dissymmetr ical  t r ench  has  
i t s  wes tern  s c a r p  gene ra l ly  s t e e p e r  than  i t s  
e a s t e r n  sca rp .  It looks deeper  n o r t h  (about  
9.000 meters)  than  south .  There i s  no  t rench  
i n  t h e  middle p a r t  though t h e  Benioff  p l ane  
i s  e x i s t i n g  (Dubois 1969, Dubois e t  a l  1973, 
Pasca l  1974). It i s  n o t  sha rp ly  magnet ica l ly  
marked. We can observe a r e g u l a r  dec reas ing  
of  t h e  magnetic f i e l d  from w e s t  t o  eas t  t o  a 
minimum a t  20  km east  of t h e  t r ench .  The 
d i f f e r e n c e  i n  phase between ba thymet r i c  mini- 
mum and magnet ic  minimum i s  due t o  t h e  or ien-  
t a t i o n  of t h e  magnetic f i e l d .  

The imbr i ca t e  zone spreads  a long  from t h e  
t r ench  t o  t h e  second s l o p e  break o r  upper 
s lope  d i s c o n t i n u i t y .  It looks narrower nor- 
thern  than sou the rn  as t h e  t r ench  does.  A 
comparison between t h e  p r o f i l e s  leads  t o  
de te rmina te  i n  t h e  c e n t r a l  zone of t h e  arc  
an imbr i ca t e  zone which, i f  i t  e x i s t s ,  seems 
u p l i f t e d  ( s e e  f i g .  3 B ,  C907 p r o f i l e ) .  The 
magnetic f i e l d  over  t h e  imbr i ca t e  zone in- 
c r eases  middly w i t h  a low amplitude ( a  hun- 
dred gammas a t  most) and l a r g e  wavelength 
anomalie corresponding t o  a r e l i e f  e f f e c t .  

The f r o n t a l  arc  i s  l y i n g  between the  i m -  
b r i c a t e  zone and t h e  vo lcan ic  l i n e .  It i s  a 
b a s i n  whose t h e  edge, towards the  summit of 
the  t r e n c h  s lope ,  i s  o f t e n  f a u l t e d .  We pro- 
pose t o  c a l l  t h a t  edge t h e  " fore-hors t  of 

. t h e  f r o n t a l  arc".  It i s  wider  i n  t h e  c e n t r a l  
area of t h e  a r c  and abnormally u p l i f t e d  t o  
1.600 meters on Santo  i s l a n d  ; b u t ,  n e a r  
Epi i s l a n d ,  i t  i s  very narrow. Severa l  ma- 
gne t i c  anomalies of a few hundred gammas 
i n  amplitude and s h o r t  wavelength (about 
10 km) mark t h e  f r o n t a l  a r c .  They b r i n g  
i n t o  evidence i r r e g u l a r i t i e s  i n  t h e  b a s i n  
basement. 

The vo lcan ic  l i n e  i s  j o i n i n g  t h e  a c t i v e  
volcanoes and i s  t h e  boundary between t h e  
f r o n t a l  a r c  and t h e  h o r s t  and through zone 
a t  t he  rear  OE t h e  a r c .  It  looks l i k e  a 
vo lcanic  f r o n t .  The d i s t a n c e  between t h e  
t rench  and t h e  a c t i v e  volcanic  l i n e  ( o r  f r o n t )  
i s  125 - 135 km except  i n  i t s  ex t r emi ty  where 
i t  i s  smaller .  It  i s  one of  t h e  s h o r t e s t  
known and c h a r a c t e r i z e s  a young a r c .  Along 
t h i s  l i n e ,  a c t i v e  o r  r e c e n t l y  e x t i n c t  volca- 
noes and i n t r u s i o n s  can be seen.  Th i s  l i n e  
i s  po in ted  out  by w e l l  marked magnetic ano- 
mal ies  of h i g h  ampli tude and s h o r t  wavelengths  
and by a n e a t  g rav ime t r i c  anomaly (Luyendyk 
and a l  1973). 

L a s t l y  h o r s t  and t rough zone o r  r i f t e d  
t rough zone can be observed a t  t h e  r e a r  of 
the  a r c .  It i s  about 60  km wide. The shapes 
of t h i s  zone were previous ly  s tud ied  

80 

(Dubois e t  a l  1975) : t h r e e  magnet ic  anoma- 
l ies  of s h o r t  wavelength ( 2 0  km) and h igh  
ampli tude (500 t o  2.000 gammas) mark i t .  
Apparent ly  i n t e r r u p t e d  i n  t h e  c e n t r a l  area 
of t h e  arc,  i t s  e x i s t e n c e ,  though defor -  
med, can be  proved by narrow troughs on 
the  east  f l a n k  of Maewo and Pentecos t  
i s l a n d s  and t h e  t h r e e  c h a r a c t e r i s t i c a l  
magnetic anomalies. These i s l a n d s  look l i k e  
abnormally u p l i f t e d  h o r s t s  ( f i g .  3B, C907- 
906 p r o f i l e ) .  The i n t e r - a r c  b a s i n s  n o r t h  
and south  of  Aoba i s l a n d ,  which are not  
e x t e n s i o n a l  b a s i n s  (Luyendyk e t  a l  1974) 
seems t o  be  down f a u l t e d  f r o n t a l  b a s i n s .  

Geological  models der ived  from magnet ic  
p r o f i l e s  ( f i g .  4) confirm these  s t r u c t u r a l  
u n i t s .  They i n d i c a t e  h igh  s u s c e p t i b i l i t i e s ,  
s o  i n t r u s i o n s ,  beneath the  fo re -hor s t  of t he  
f r o n t a l  a r c  where igneous rocks have been 
dredged by Luyendyk e t  a l  (1974) ,  Dugas e t  
a l ,  t h i s  volume and beneath the  v o l c a n i c  
l i n e  and t h e  h o r s t s  a t  t h e  rear of t h e  a r c .  
The t rea tment  of  d a t a  inc ludes  f i r s t  a 
reduct ion  t o  N magnetic po le  (Galdeano 
1974),  second an upwards pro longat ion  of 
t he  p r o f i l e s  (Galdeano 1974) o r  f i l t e r i n g  
(Behannon and Ness 1965). The reduct ion  t o  
t h e  N po le  e l i m i n a t e s  t h e o r e t i c a l l y  the  
d i f f e r e n c e  i n  phase between the  bodies  and 
t h e  observed anomalies g iv ing  thus w i t h  
accuracy t h e i r  l oca t ion .  The upwards pro- 
longat ion  o r  t h e  f i l t e r i n g  e l i m i n a t e s  the  
h igher  f requences of t h e  v a r i a t i o n s  due 
t o  t h e  su r face  causes .  

II. RECENT TECTONIC STRETCHING 

Tec ton ic  f e a t u r e s  over t h e  New Hebrides 
arc  are not  only r e l a t e d  t o  t h e  p re sen t  sub- 
duc t ion .  Basements of d i f f e r e n t  ages  and 
c h a r a c t e r s  a r e  observed i n  i s l a n d s ,  a long 
t h e  vo lcan ic  l i n e  i n  no r the rn  and southern  
p a r t s  of t h e  arc ,  and on each s i d e  of  t h i s  
l i n e  i n  t h s  middle p a r t .  T h e i r  ages  a r e  
Oligocene i n  Santa  Cruz i s l a n d s  (Cra ig  e t  
a l ,  i n  p r e s s ) ,  Oligocene - lower Miocene i n  
Torres  i s l a n d s  (Greenbaum e t  a l  1975), lower 
t o  middle Miocene i n  Santo and Pfalekula. 
(Mi tche l l  and Warden 1971),  Miocene b u t  
mainly upper Miocene t o  lower P l iocene  i n  
Maewo and Pentecos t  (Wallick and Neef 
1974),  and probably Miocene i n  southern  
i s  lands .  
On these  basements, a volcanism from 5 m.y. 
o ld  t o  p re sen t  day i s  observed a long  t h e  
volcanic  l i n e  and can b e  r e l a t e d  t o  t h e  
p re sen t  subduct ion (Dugas e t  a l  t h i s  volume). 

From t h e  f a u l t i n g  i n  t h e s e  P l iocene  t o  Re- 
cen t  i s l a n d s  and from t h e  se i smic  r e f l e x i o n  
p r o f i l e s ,  t h r e e  main t r ends  are i n f e r r e d ( s e e  
f i g .  8) : , 
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- f i r s t ,  NNW-SSE p a r a l l e l  t o  the t rench  
shown by the morphology, t he  magnetic anoma- 
l i e s  and the s e i s m i c i t y .  

-second, approximately W-E , t r a n s v e r s e  to  
t h e  a r c .  This i s  t he  most common magnetic 
t rend (Malahoff 1970). It i s  a s soc ia t ed  w i t h  
a se i smic  t rend.  It i s  l y i n g  North of Santo 
i n  ex tens ion  of Hazel Holme and d 'Ent recas-  
teaux f r a c t u r e s ,  i n  southern  Santo along the 
ex tens ion  of Aoba a x i s ,  and i n  no r the rn  Male- 
k u l a  along the ex tens ion  of WNW-ESE a x i s  of 
Ambrym. These t r ends  seem t o  be  s t r e t c h e d  be- 
yond the t rench.  

shown by the morphology i n  a s s o c i a t i o n  wi th  
seisms alignments.  This t rend c rosses  the who- 
l e  a r c  and s h i f t s  t he  s t r u c t u r a l  u n i t s .  That ,  
p a r t i c u l a r l y  marked a t  t he  r e a r  of t he  a r c ,  
looks l i k e  "en echelon" system. On t h e  f ron ta l  
a r c  i t  gives  form of grabens south of Ambrym, 
i n  E f a t e  (Teouma graben) .  On Ambrym one of 
morphological ex tens ion  must be a t t r i b u t e d  t o  
i t  b u t  i s  magnet ica l ly  masked by t h e  o t h e r  E-W 
a x i s .  

Another t r end ,  NW-SE, i s  mainly seen i n  E- 
f a t e  i s l a n d .  Th i s  d i r e c t i o n  seems t o  be a WNW- 
ESE d i r e c t i o n ,  curved towards the  n o r t h ,  i n  
connection w i t h  the  t rench which i s  a l s o  cur- 
ved, and wi th  the narrowness of the a r c  i n  this 
area;  b u t  i t  can a l s o  be  a d i r e c t i o n  inf luen-  
ced by t h e  basement. 

- t h i r d ,  "E-SSW, very  obl ique  t o  the  a r c ,  

Our magnetic measurements a r e  i n  agreement 
with t h e  surveys from Malahoff(l970). The E-W 
t rend i s  ou t s t and ing  on the whole a r c .  The NNK- 
SSE t r e n d ,  p a r a l l e l  t o  the t rench i s  shown i n  
magnetic anomalies a s s o c i a t e d  wi th  the  s t ruc -  
t u r a l  u n i t s  s p e c i a l l y  beneath : fo re -hor s t ,  
vo lcanic  l i n e ,  h o r s t  and trough zone. 

I n  a d d i t i o n  t o  these  magnetic t r e n d s ,  a Nw- 
SE magnetic d i r e c t i o n  may be observed, n o r t h  
3f Banks i s l a n d s ,  i n  E s p i r i t u  Santo,  Malekula 
and E f a t e  i s l a n d s .  This  t rend i s  s p e c i a l l y  
seen i n  the b i g g e s t  i s l a n d s  of t he  a r c  where 
the magnetic anomalies have a longer  wavelength 
and a lower amplitude invo lv ing  deeper bodies .  
These s t r u c t u r e s  appear t o  be  'an ex tens ion  of 
d 'En t r ecas t eaux  r ise  (Lapou i l l e  and Dugas 
1975). A s  i t  w a s  n o t  p o s s i b l e  t o  o b t a i n  N-S 
e longated  models from magnetic anomalies i n  
t h i s  c e n t r a l  p a r t  of t h e  a r c ,  n e a r  Santo and 
Malekula i s l a n d s ,  some E-W t r ends  must be de- 
duced and have an o r i g i n  o l d e r  than the  pre- 
s e n t  subduction. The e x i s t e n c e  of E-W or ien-  
t ed  magnetic bodies  i s  confirmed, on AUS 110 
N-S p r o f i l e ,  by i t s  h igh  v a r i a t i o n s .  I n  t h e  
same way magnetic v a r i a t i o n s ,  s l i g h t l y  h ighe r  
than on AUS 110 p r o f i l e  can be seen  on AUS 112 

b i s  NW-SE p r o f i l e .  On a c r o s s i n g  p r o f i l e  with 
t h e  except ion  of t he  fo re -hor s t  of the fron- 

. t a l  a r c ,  h igh  magnetic anomalies can only be 
seen from the  vo lcan ic  l i n e  towards t h e  rear 
a r c ;  s o  t h e  vo lcan ic  l i n e  i s  a l s o  c a l l e d  t h e  
c t u a l  vo lcan ic  f r o n t .  

Shallow s e i s m i c i t y  d a t a  ( O  t o  50  km depth) 
over  t he  New Hebrides ( f i g .  5)  i s  r e l a t e d  t o  
p re sen t  day t e c t o n i c s .  It i s  observed over 
the whole a r c  bu t  a p a r t  of the s e i s m i c i t y  i s  
n o t  d i r e c t l y  r e l a t e d  t o  the Benioff plane.  
Many s t u d i e s  (Dubois 1969, Dubois e t  a l  1973, 
Pasca l  1974) have shown a Benioff p lane  orien- 
ted e a s t  and d ipp ing  very s t e e p l y  (about  70'). 
A s  i t s  c o n t i n u i t y  has been r e c e n t l y  proved 
(ORSTOM-CORNELL p r o j e c t )  we can assume a tec- 
t o n i c  o r i g i n  f o r  t h a t  p a r t  of t he  shallow 
s e i s m i c i t y  a t  the back of t h e  Benioff zone 
( f i g .  6 ) .  

se i smic  e n e r g i e s  between 0-50 km depth ( f i g .  
7) p o i n t s  out  i s o e n e r g e t i c  zones p a r a l l e l  t o  
the t r ench  and confirm one of t he  t e c t o n i c  
t r ends .  Besides they b r i n g  i n t o  evidence a 
more e n e r g e t i c  s t r i p e  benea th  t h e  f r o n t a l  a r c  
a t  t he  boundary of the fo re -hor s t  and the  ba- 
s i n .  This  s t r i p e  i s  wider (about  100 km) i n  
the  middle of the a r c  than i n  n o r t h e r n  and 
southern  p a r t s  (about  5 0  km). A s  i t  i s  the  
same over  Tonga a r c  i t  must be connected t o  
t h e  subduction r a t h e r  than the l o c a l  s t ruc-  
t u r e s .  Another narrow e n e r g e t i c  s t r i p e  can 
be observed a t  the rear of the a r c ,  approxi- 
mately 150 km from the t rench  i n  h o r s t  and 
trough zone wi th .  a lower energy than the f o r -  
mer. A less marked s e i s m i c i t y  spreads  over  
both  s i d e s  of the a r c ,  eastwards t o  200 km 
from the  t r ench ,  and westwards, on ly  t o  50 
km. The seisms of these l a t t e r  zone a r e  s p a r  
sed and r e l e a s e  weak energy. 

A geographical d i s t r i b u t i o n  of r e l eased  

Some f o c a l  mechanisms have been determi- 
ned on s u r f a c e  se i sms  by Johnson and Molnar 
(1972) and by Pasca l  ( 1974). We s h a l l  d i s t i n -  
gu ish  f i r s t l y  over lapping  mechanisms , secon- 
d l y  shea r ing  mechanisms. The over lapping  me- 
chanism appear more numerous i n  t h e  middle 
p a r t  of t he  a r c  nea r  t he  b i g g e s t  i s l a n d s  and 
d 'En t r ecas t eaux  zone which i s  involved  i n t o  
the subduct ion .  It a l s o  e x i s t s  i n  the  south  
of t he  a r c  f ac ing  southern  i s l a n d  of t h e  Lo- 
y a l t y  i s l a n d s ,  and a t  t he  e x t r e m i t i e s  of t he  
a r c .  The compression must be s t r o n g e s t  i n  
these  a reas .  The shea r ing  mechanisms a r e  ob- 
served p a r t i c u l a r l y  between the c e n t r a l  and 
sou the rn  p a r t  of t h e  a r c  and c l o s e  t o  the  fo- 
r e -ho r s t  of t he  f r o n t a l  a r c .  They b r i n g  i n t o  
evidence NNE-SSW and NNW-SSE f r a c t u r e s  w i t h  
a d i f f e r e n t i a l  u p l i f t .  The s h e a r  d i r e c t i o n  
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i s  i n t e r p r e t e d  a s  a r e a c t i o n  t o  s t r e s s e s .  

The.E-W t r end  i s  a l s o  confirmed by seisms 
alignments.  

III - VOLCANISM AND TECTONICS. 

On t h e  t e c t o n i c  map (Fig.  8) we can no te  
t h a t  a c t i v e  volcanoes a r e  loca t ed  i n  the  
very v i c i n i t y  of a s t r u c t u r a l  s e i s m i c a l l y  
a c t i v e  f a u l t  i n t e r s e c t i n g  t h e  vo lcan ic  l i n e .  
A s  examples : Gaua i s  s e t  on a W-E North 
Santo f a u l t ,  Aoba on a ENE-WSW f a u l t ,  Ambrym 
which has  two morphological a x i s  of ex tens ion  
a t  t h e  i n t e r s e c t i o n  of two f a u l t s ,  one WNW- 
ESE, t h e  o t h e r  NNE-SSW, Tanna on a NNE-SSW 
f a u l t .  The f a u l t s  c r o s s i n g  Lopevi and South 
of Epi are not  e a s i l y  seen because t h e  a r c  
i s  narrower and a c t i v e  o r  e x t i n c t  volcanoes 
a r e  abundant t h e r e .  Besides s m a l l  grabens 
(Luyendyk e t  a l  1974 and f i g .  2 ) , 'magne t i c  
anomalies (Malahoff 1970, and AUS 112 b i s  
p r o f i l e  on Fig.  2),, show t h a t  s t r u c t u r a l  
d i s c o n t i n u i t i e s  a r e  i n  t h a t  area.  Other vol- 
canoes seem t o  be  i n  t h e  ex tens ion  of t h e  t 

NNE-SSW f a u l t s  Vanua Lava, no r the rn  E f a t e ,  
Erromango and Anatom. 

The presence of e x t r u s i o n s  as Merig 
(Banks i s l a n d s )  aged of 1 . 1  m.y. (Mallick and 
Ash 1975) and volcanoes as Mere Lava (Banks 
i s l a n d s )  i n  the  h o r s t  and trough zone show 
t h a t  t h e  vo lcan ic  l i n e  can be cons idered  as 
a f r o n t  of t h e  a c t u a l  volcanism. 

A s  t he  a l k a l i n i t y  of l avas  i s  r e l a t e d  t o  
a deep o r i g i n ,  t h i s  cha rac t e r  marks a deep 
f a u l t .  But t h i s ,  a l k a l i E  c h a r a c t e r  i s  e i t h e r  
occas iona l  on a volcano a s  Lopevi e i t h e r  
cons t an t  on Aoba and Ambrym. Consequently we 
s h a l l  cons ider  t h r e e  groups of l avas  ; ( s e e  
f i g .  9)  : 

- mainly a l k a l i n e  l avas  bu t  h igh  aliifríina 
too : Ambrym and Tanna ( a c t i v e  volcanoes) ,  
Aoba and Gaua ( e x t i n c t  vo lcanoes) .  

- h igh  alumina and tho le ' í t i c  l avas  wi th  a 
f e w  a l k a l i n e  l avas  : Lopevi and Karua 
( a c t i v e  volcanoes) ,  wes te rn  Epi and Tongoa 
( e x t i n c t  vo lcanoes) .  

I 

- h igh  alumina and t h o l e y t i c  l avas  of a l l  
o t h e r  volcanoes ( e x t i n c t  vo lcanoes) .  

The l avas  of t h e  f i r s t  group, as sugges- 
ted by Col ley  and Warden ( 1  974),  must r evea l  
the tapping  of magma from a deeper l e v e l  
under t e n s i o n a l  cond i t ions .  The f a u l t s  be- 
nea th  these  volcanoes Eus t  be  deeper than  
t h e  o t h e r s .  

82 

I V  - GEODYNAMIC STRESSES 

Let us f i n d  out the r e l a t i o n s  between 
t h e  observed t e c t o n i c s  and s t r e s s e s .  F i r s t  
i n  t he  edge of two A and B p l a t e s  ( s e e  f i g .  
10) i n  a subduct ion ,  w e  can observe ,  w i th  
r e s p e c t  t o  Hank's no te s  (1970) i n  t h e  p l a t e  : 

- a v e r t i c a l  component Pb r e s u l t i n g  
from t h e  weight of t h e  s l a b  A ,  o r  i t s  dra- 
wing i n t o  a medium l e s s  dense than t h e  
a s  thenosphere , 

- a h o r i z o n t a l  component Nb r e s u l t i n g  
from t h e  fo rce  app l i ed  by r e a c t i o n  of t h e  
subducting p l a t e  i n t o  t h e  subducted p l a t e .  

The s u r f a c e  breaks observed on the  
o u t e r  s lope  of t he  t r ench ,  i n  t h e  p l a t e  A,  
involve  a t e c t o n i c  readjustment due probably 
t o  t h e  c o n d i t i o n  change of t h e  p l a t e  A,  as 
i t  comes n e a r  t h e  t r ench  (Dubois e t  a l  1976). 
It would become from an e l a s t i c  cond i t ion  
i n t o  a p l a s t i c  cond i t ion  when i t s  r ad ius  of 
cu rva tu re  i s  d iminish ing .  

On t h e  p l a t e  B ,  we can observe a N'b 
t ens ion  oppos i t e  ' t o  Nb whose v e r t i c a l  compo- 
nent  Nv i s  o r i e n t e d  upwards. The i n t e n s i t y  
of Nv i s  dependent on t h a t  of N'b and of 
t h e  f r i c t i o n  c o e f f i c i e n t  of bo th  p l a t e s .  It 
produces an u p l i f t  of t h e  p l a t e  B edge which 
might be a f l e x u r e  ( i n f i n i t e  p l a t e  with f r e e  
edge) i f  B i s  e l a s t i c .  But along t h e  a r c  we 
can  observe an u p l i f t  of t h e  fo re -hor s t  : 
Tor res ,  Santo (Robinson 1969), Malekula and 
E f a t e  i s l a n d s .  On wes tern  E f a t e  an u p l i f t  
rate of 1 meter / 1.000 y e a r s  s i n c e  200.000 
yea r s  has  been measured by Bloom ( o r a l  com- 
munication).  Another argue of t h i s  u p l i f t  
i s  t h e  e x i s t e n c e  of over lapping  mechanisms 
( see  f i g .  7) consequently t o  the down going 
of r i s e s  i n t o  the  subduction zone. The va lue  
of Nb inc reases  bu t  we have t o  add another  
r e s i s t a n c e  due t o  t h e  buoyancy. The fore- 
h o r s t  of t he  f r o n t a l  arc may be expla ined  by 
t h i s  mechanism. 

The f a u l t i n g  of the h o r s t  and trough 
zone would have been c r e a t e d  by another  me- 
chanism (Dubois e t  a l  1975). They can only 
be found i n  the  curved p a r t s  of t h e  a r c ,  
exc luding  t h e  middle p a r t  and are i n  agree- 
ment w i th  t h e  F i t c h ' s  (1972) t r a n s c u r r e n t  
f a u l t s .  

The t r a n s v e r s e  and ob l ique  f a u l t s  of 
t he  a r c  may be exp la ined  through a simple com- 
p r e s s i o n a l  mechanism. I f  w e  assume t h e  oppo- 
s i t e  s t r e s s e s  which are i n  presence i n  both  
s i d e s  of t h e  subduct ion ,  they induce i n  a 
square  element of t h e  p l a t e  B two shea r ings  
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a long  both  d i agona l  planes.  These diagonal 
p l anes  agree e x a c t l y  wi th  t h e  NNE-SSW and 
WNW-SSW t rends .  

General  diagram of t h e  f o r c e s  i n  an 
i s l a n d s  arc 

I n  regard  t o  t h e  arc, the  t e c t o n i c s  i s  
complicated by t h e  e x i s t e n s e  of ex tens ion  
and compression zones va ry ing  i n  p l a c e  and i n  
t i m e  (Mercier e t  a l  1976, i n  the  Egean a r c ,  
Dubois e t  a l  1975, i n  t h e  New Hebrides a r c ) .  

Andrews (1 972) , Andrews and Sleep. (1 974) , 
Sleep  ( I  975) have computed t h e  stress d i s t r i -  
b u t i o n  of a two d imens iona l  model through the 
flow func t ion  of a medium whose v a r i a t i o n s  
i n  v i s c o s i t y  are known. I n  these  models t h e  
reduced p a r a n e t e r s  a r e  t h e  d i s  t r i b u t i o n  of 
d e n s i t i e s  and v i s c o s i t i e s ,  t h e  boundaries 
cond i t ions ,  and t h e  v e l o c i t i e s  of t h e  s l a b  
s h i f t .  More r e c e n t 1  v i s c o s i t y  models w i t h  
v a r i a t i o n s  from io2’ po izes  i n  t h e  l i thosphe-  
re t o  lo2’ poizes  i n  t h e  asthenosphere were 
made by Sleep (1975).  The flow func t ion  and 
shea r ing  are computed f o r  21 models. The 9 t o  
1 2  models where t h e  subduct ion  rate i s  7 t o  8 
cm/year may be app l i ed  t o  t h e  New Hebrides 
( see  f i g .  12) .  Besides t h a t  r e p a r t i t i o n  as 
func t ion  of t h e  s l a b  l eng th  could have v a r i e d  
i n  time and i n  space.  

The block f a u l t i n g  of t h e  fore-hors t  of 
t h e  f r o n t a l  a r c  and of t h e  h o r s t  and trough 
zone a r e  i n  agreement w i t h  the t e c t o n i c  model 
of a l t e r n a t e  zones w i t h  compression and ex- 
t ens ion .  The s h i f t  of t h e  v o l c a n i c  l ine 
(Mallick 1973) i n  t i m e  conf i rm a l s o  the  va r i a -  
t i o n  of t h e  stress r e p a r t i t i o n  i n  t ime. 

I n  t h e  New Hebrides arc, t h e  t h r u s t  w e s t -  
wards appears h i g h e r  i n  t h e  Northern p a r t  
where t h e  s l a b  i s  deeper and t h e  t r ench  nar- 
rower than  i n  t h e  southern  p a r t .  We can ex- 
p l a i n  t h i s  d i f f e r e n c e  by t h e  presence of t h e  
F i j i  i s l a n d s  which would a c t  as an obs t ac l e .  
The s h i f t  of t h e  sou the rn  p a r t  of t h e  F i j i  
p l a t e a u  and of t h e  southern  New Hebrides arc 
would then  be  r e a d j u s t e d  by t h e  c r e a t i o n  of 
t r a n s c u r r e n t  f a u l t s  and expansion zones. 

V - CONCLUSIONS 

An a c t i v e  i s l a n d  a r c  can be de f ined  through 
s t r u c t u r a l  u n i t s ,  a t e c t o n i c  and volcanism 
wi th  a s soc ia t ed  magnetics and s e i s m i c i t y .  The 
s t r u c t u r a l  u n i t s  are deduced from morphologi- 
c a l ,  magnetic and se i smic  c r i te r ia .  The sha l -  
low t e c t o n i c s  of t h e  a r c  follows t h r e e  t r ends  : 

- f i r s t ,  p a r a l l e l  t o  t h e  t r e n c h  ind ica-  
ted by morphology, magnetics and s e i s m i c i t y ,  

- second, t r a n s v e r s e  t o  t h e  arc mainly 
i n d i c a t e d  by magnetics and s e i s m i c i t y ,  

- t h i r d ,  ob l ique  t o  t h e  a r c  i n d i c a t e d  
by s e i s m i c i t y  and ,morphology. 

The a c t i v e  volcanism i s  found a t  t h e  
i n t e r s e c t i o n  of t h e  vo lcan ic  l i n e  wi th  t h e  
t r a n s v e r s e  and ob l ique  f a u l t s .  

Seve ra l  mechanisms must be cons idered  i n  
r e l a t i v e  s t r e s s e s  i n  an a r c  : mechanisms 
producing an u p l i f t  of t h e  fore-hors t  of t h e  
f r o n t a l  a r c ,  t r a n s c u r r e n t  f a u l t s  i n  curved 
p a r t s ,  and shea r ing  mechanisms. I n  a d d i t i o n  
t o  t h e s e  mechanisms , a l t e r n a t e  compression 
and ex tens ion  zones occurs over t h e  whole 
arc. 
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Fig.  1 - The New Hebrides a r c  and p r o f i l e s  - 
1 : subduction, 2 : imbricate zone, 
3 : summit of the trench slope, 4 : 
o lde r  volcanics,  5 : Pliocene-Recent 
volcanics,  6 : ac t ive  volcanic l i n e ,  
7 : ac t ive  and e x t i n c t  volcanoes, 
8 : hors t  and trough zone. 

F ig .  2 - Seismic re f lex ion  p r o f i l e  c ross ing  the New Hebrides a r c  with s t r u c t u r a l  un i t s .  
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Fig. 3 B - Bathymetric, Magnetic and Seismic re f lex ion  pro- 
and 3 C f i l e s  c ross ing  the New Hebrides a rc .  
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Fig. 4 - Models of magnetic suscept ib i l i ty  

( i n  e.m.u.1 from prof i l e s  with 
experimental ( so l id  l ine )  and 
computed (dashed' l ine )  Gomalies 
curves. 

F i g .  5 - Shallow se ismic i ty  (O - 50 km depth) 
over the New Hebrides. 
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Fig. 6 - Cross sec t ion  of earthquake d i s t r ibu t ion '  
i n  the  New Hebrides - 1 : Benioff zone, 
2 : t ec tonic  zone. 
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Fig. 7 - Geographical d i s t r i b u t i o n  of 
shallow earthquakes and t rends  
of motion from f o c a l  mechanisms. 
- 1 : subduction, 2 : over- 
lapping mechanisms, 3 : shearing 
mechanisms, 4 : high energe t ic  
zone, 5 : mean energe t ic  zone, 
6 : l o w  energe t ic  zone 

Fig.  8 - Tectonic map on Scrlpps 0.1. 
Bathymetric map. - 1 : Recent 
geological f au l t i ng ,  2 : Main 
magnetic s t r e t c h i n g  p a r t l y  
from Malahoff (1970) ,  3 : Main 
seismic s t r e t ch ing  in fe r r ed  
from shallow se ismic i ty ,  4 : 
Active o r  e x t i n c t  volcanoes, 
5 : Subduction. 
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L 

Fig. 9 - Si02/Kp0 + Na20 

diagram of lavas  from 
New Hebrides volcanoes 
( a f t e r  a l l  published 
analyses).  
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Fig. 1 1  - Shear stress and flow 

beneath an i s l and  a r c  
with value i n  k i loba r s  
a f t e r  Sleep  (1975 f i g .  

E model 1 1 ) .  

Fig.  10 - St re s ses  on the  edge 
of two p l a t e s  i n  a 
subduction zone. 

\ /  

o 

V 

200 o 200 
i In  S L E E P  I915 F I U  8 inodrl I l  D I S T A N C E  KM 

89 



. :$ 

* 

.'i, 
i 
y Sous le patronage de 

Office d e  la Recherche Scientifique et Technique (autre-Mer 
Bureau d e  Recherches GBologiques et Mini&res 
Institut Français du Petrole 
Inter-Union Commission on  Qeodynamics. 

75737 PARIS CEDE I 5 TÉL. : 579-1 -I -08 


