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MODEL OF A YOUNG INTRA-OCEANIC ARC : 
THE NEW HEBRIDES ISLAND ARC 

C. RAVENNE'", G. PASCAL'", J. 
and L. MONTADERTI') 

Abstract 
of  a reconnaissance seismic survey undertaken 
by the IFP-CEPM-ORSTOM group i n  1972 i n  the  
young intra-oceanic  a r c  of the New Hebrides. 

This paper summarizes the r e s u l t s  

I n  the n o r t h e m  and southern segments of 
t h i s  NNW-SSE t rending arc the  following s t ruc-  
t u r a l  zones can be recognized : a t rench ,  an 
inne r  wa l l  wi th  one o r  two s lope  breaks and 
an intermediate  bas in  between the  upper s lope  
break and the  f r o n t a l  arc, the  f r o n t a l  arc it- 
s e l f ,  a median sedimentary bas in  wi th  a volca- 
n i c  range loca ted  i n  i t s  eas t , em p a r t  and f i -  
n a l l y  a h o r s t  and graben province,  which sepa- 
r a t e s  the North F i j i  P l a t eau  from the arc. The 
survey provided a more accurate  d e f i n i t i o n  of 
the f r o n t a l  arc, a b e t t e r  desc r ip t ion  of the 
median sedirnentary bas in  and l e d  t o  the  disco- 
very of a s t r i p  charac te r ized  by magmatic in- 
t ru s ions ,  apparent ly  r e l a t e d  t o  t ransverse  
f r ac tu re  zones. 

I n  the  c e n t r a l  segment, however, the  fea- 
t u re s  mentioned above are less evident .  Here 
the  p o s i t i o n  of the t rench i s  occupied by the  
i s l a n d  of E s p i r i t u  Santo and Malekula, The 
survey suggests  t h a t  the two s lope  breaks on 
the  inne r  wa l l  of t he  n o r t h e m  trench cont i -  
nue i n t o  the  westem p a r t  of the E s p i r i t u  San- 
t o  Is land.  Also the median c e n t r a l  bas in  i s  
here  replaced by the  c e n t r a l  basin.  

It i s  be l ieved  t h a t  t h e  rect i l inear  natu- 
re of the  nor thern  New Hebrides a r c  i s  due t o  
the  presence of a r ecen t ly  a r r ived  oceanic 
high a t  the  subduction zone. In similar fa- 

( 1 )  Institut Français du Pétrole, 1 et 4 avenue de Bois-Pr 
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shion the  unusual c e n t r a l  segment of the arc 
i s  r e l a t e d  t o  the  under thrus t ing  of  the  com- 
p l ex  E-W t rending  d 'Entrecasteaux f r a c t u r e  
zone and i t s  assoc ia ted  high. This i s  suppor- 
t e d  by seismologic  evidence given by Pascal 
(1974). 

The c e n t r a l  bas in  i s  f i l l e d  by two se- 
quences , which are separa ted  by an unconformi- 
t y  at  i t s  western edge, The maximum thickness  
exceeds 2,000 m i n  these  sequences. 

The lower sedimentary sequence da tes  from 
the Middle t o  the  uppermost Miocene, while  the  
upper sequence includes the  Pl io-Pleis  tocene. 
The lower sequence can a l s o  be recognized i n  
the median sedimentary bas in  t o  the  North, 
suggest ing a once continuous basin.  

I .  INTRODUCTION 

The New Hebrides I s l a n d  Arc ( f i g .  1) s t r i -  
kes north-northwest t o  south-southeast and i s  
loca ted  between 165' and 175" E longi tude and 
IO' and 23" S l a t i t u d e .  In con t ra s t  wi th  most 
i s l a n d  arcs the New Hebrides A r c  i s  rec t i l i -  
nea r  f o r  some 900 km and curves only i n  i t s  
sou them p a r t .  Like the  Solomon and Luzon arc 
t h i s  arc i s  concave t o  the  P a c i f i c  and i t s  
t rench  i s  loca ted  on the  western s ide .  The 
a r c  i s  some 250 km wide as measured from the  
ax i s  of the t rench t o  the  margin of the  F i j i  
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P la t eau  and i s  some 1,100 km long as  measured 
from Matthew t o  Hunter I s lands .  

The New Hebrides Arc extends t o  the  Solo- 
mon A r c  i n  . the .Noyth and t o  the  Hunter Ridge 
i n  the South, The F i j i  P l a t eau  t o  the  Eas t  i s  
considered t o  be a young oceanic  area charac- 
t e r i z e d  by high h e a t  flow and the  v i r t u a l  ab- 
sence of  sediments. I ts  c r u s t a l  th ickness ,  
between 8 and 15 km, appears t o  be intermedia- 
te  between oceanic and cont inenta l  c r u s t  (Du- 
bo i s  e t  al . ,  1974). The area t o  the  West of 
the New Hebrides A r c  has no t  y e t  been s tudied  
i n  d e t a i l .  

I I .  MAJOR STRUCTURAL SUBDIVISIONS AND 
THEIR LATERAL DEVELOPMENT 

Well defined i s l a n d  a r c  subdivis ions can 
only be recognized i n  the n o r t h e m  and sou- 
thern  segments of t he  New Hebrides A r c ,  i .e. 
no r th  of 14'30' S l a t i t u d e  o r  South of 17'30' 
S l a t i t u d e .  The c e n t r a l  segment corresponding 
t o  the  E s p i r i t u  Santo I s l and  i s  anomalous 
which i s  probably due t o  i t s  p o s i t i o n  at the 
w e s t  end of the Entrecasteaux f r a c t u r e  zone. 

A s  shown on cross  sec t ion  f igu re  2b, the  
following elements can be d is t inguished  from 
West t o  East. 

1. Outer Swell. 

The ou te r  s w e l l  of t he  North segment i s  
arched and has a f a i r l y  s t eep  e a s t e r n  s lope  
which suggests  the presence of a high which 
i s  about t o  reach the  subduction zone. I n  the  
southern segment, t h a t  i s  t o  the  West of the  
North Loyalty P la t eau  (Dubois e t  al . ,  1974) , 
we observe a series of gent ly  dipping blocks.  
The sedirnentary l a y e r  i n  t h a t  a r ea  i s  t h i n  
(1,000 m maximum). The o u t e r  swell i s  gene- 
r a l l y  charac te r ized  by normal f au l t i ng .  

2. Trench. 

The trench i s  very narrow and r e c t i l i n e a r  
t o  the  North, I n  the southern segment the  
t rench widens and becomes s l i g h t l y  convex to- 
wards Aus t ra l ia .  The t rench i s  n o t  f i l l e d  with 
sediments. 
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3. Inner Wall. 

The s lope of t he  inne r  w a l l  i s  s t e e p e r  i n  
the  North than i n  the  South. Two morphologic 
elements are recognized : 

- t he  f i r s t  s lope .break  i s  d i s t i n c t  i n  the 
North bu t  i s  less ev ident  i n  the  South. It 
i s  always c lose  and p a r a l l e l  t o  the ax is  of 
the  trench; 

- the  second s lope  break i s  more conspicuous 
and corresponds b e t t e r  t o  Dickinson's (1973) 
t rench  s lope  break o r  Karig's (1970) mid 
s lope  basepent high. An intermediate  bas in  
in te rvenes  between the  second s lope  break 
and the f r o n t a l  a r c ,  This bas in  i s  no t  as 
w e l l  developed as i n  o t h e r  West P a c i f i c  
arcs, a f a c t  which earlier l e d  Karig and 
Mammerickx (1972) t o  quest ion i t s  ex is tence .  

4. Frontal Arc. 

The ax is  of t he  f r o n t a l  a r c  i s  def ined by 
the  h ighes t  e l eva t ions  along the western edge 
.of t he  arc. I t s  p o s i t i o n  and i t s  r e l a t i o n  t o  
the previously descr ibed u n i t s  are ev ident  i n  
f igu re  3. 

5. Median Sedimentary Basin. 

The median sedimentary bas in  i s  loca ted  
between the  f r o n t a l  arc t o  the West and the  
horst-graben u n i t  t o  the  East. It is a f l a t  
t o  gent ly  eastward dipping bas in  i n  s l i g h t l y  
g r e a t e r  water depth than the  f r o n t a l  arc and 
it extends over  a width of about 70 km. Only 
i n  t h i s  province does seismic work revea l  un- 
d is turbed  sediments of appreciable  th ickness ,  
i.e. exceeding 2,000 m. The bas in  axis shows 
a s l i g h t  convexity towards Aus t ra l ia .  

6. Volcanic Arc. 

The volcanic  arc i s  s l i g h t l y  convex t o  
Aus t r a l i a  and i t s  loca t ion  can be seen i n  f i -  
gure 3 .  It i n t e r s e c t s  the  Eas te rn  t h i r d  of 
the  median sedimentary bas in  at  an average 
d is tance  of 140 km from the t rench  axis .  
Banks, Aoba, Ambrym, Epi ,  Erromango, Tanna 
and Matthew I s l ands  are a l l  vo lcanic  i s lands ,  
included i n  t h i s  arc, 
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7. Horst-Graben Zone. 

The horst-graben zone forms the e a s t e r n  
p a r t  of the arc, I n  f igu res  3 and 4 i t  can be - 
seen t h a t  i t  i s  no t  a series of en echelon 
r i f t s  bu t  t h a t  i n s t ead  the  s t r u c t u r e s  are pa- 
r a l l e l  t o  the  axis  of the arc and are  occa- 
s i o n a l l y  cu t  and o f f s e t  by t ransverse  featu-  
res. A main graben i s  f lanked by a wes ter ly  
h o r s t  which a l s o  forms the  e a s t  s i d e  of the 
sedimentary bas in  and by an e a s t e r l y  h o r s t  
forming the edge of the  North F i j i  P la teau .  
This s t r u c t u r a l  arrangement i s  f a i r l y  obvious 
t o  the  South but  f a r t h e r  t o  the  North seve ra l  
t ransverse  breaks obscure the main fea tures .  

The lateral  development of the subdivi- 
s ions  can be seen i n  f igu res  1 ,  2 ,  3 and 4 .  
In  the northern s e w n t  and proceeding from 
North t'o SoÜth we 'i&- see t h a t  the  t rench de- 
creases  gradual ly  i n  depth un t i l  i t  merges 
i n t o  the  nor thern  spur  of the western range 
of E s p i r i t u  Santo. 

The two s lope breaks on the inne r  w a l l  al- 
s o  decrease i n  depth and then emerge above sea 
level at  the Northern extension of the west 
h a l f  of E s p i r i t u  Santo where i t s  geomorpholo- 
gy i s  e n t i r e l y  d i f f e ren t .  The geology of t h i s  
i s l a n d  has  been descr ibed and i n t e r p r e t e d  by 
Robinson (1969). This au thor  noted  the  presen- 
ce of slumped shallow water ca l ca ren i t e s  i n  
deep water  c a l c i l u t i t e s  , which could corres- 
pond t o  the  extension of the  intermediate  ba- 
s i n  sediments. 

The f r o n t a l  a r c  extends i n t o  the  Eastern 
h a l f  of E s p i r i t u  Santo, which appears t o  be  
underlain by volcanic  rocks which a re  mantled 
by recent  sediments. 

The median sedimentary bas in  ( f i g .  4b and 
5c) decreases i n  width towards the  South. I ts  
t r a n s i t i o n  t o  the c e n t r a l  b a s i n  i s  pa r t i cu la r -  
l y  abrupt  and coincides wi th  the  submergence 
of Banks I s l and  t o  the  South. The sudden east- 
ward i n f l e c t i o n  of t he  s t r u c t u r e s  t o  the South 
of Banks I s l and  relates t o  f r a c t u r e s  which 
caused the submergence of  Banks Is lands.  

The h o r s t  and graben u n i t  on the  e a s t e r n  
margin of the arc s p l i t s  towards the  south- 
w e s t  i n t o  severa.1 elements , thus reducing the 
width of the median sedimentary bas in .  The 
eastern range corresponding t o  Maevo and Pen- 
t e c o s t  I s lands  are considered t o  be morpholo- 
g i c a l  cont inuat ion of the  western h o r s t  of 
t h a t  h o r s t  and graben unit .  

The Central  Region ( f i g .  2c ,  3 and 4) dif-  

fers from the  segments t o  the  North and South 
by : 

- the  absence of a t rench  and s lope  breaks on 

- the presence of the c e n t r a l  bas in  which i s  

the inne r  w a l l ;  

l oca t ed  i n  the  prolongat ion of the median 
sedimentary basin.  The volcanic  i s l a n d  Aoba 
is  loca ted  i n  t h i s  basin;  

- the  presence of an eastern range correspon- 
ding t o  Aurora mLd Pentecost  I s lands  and 
represent ing  the h o r s t  and graben province. 

Thus, the c e n t r a l  bas in  i s  flanked by the  
i s l ands  of E s p i r i t u  Santo and Malekula t o  the  
West and Aurora and Pentecost  I s lands  t o  the 
East. A gent le  and unfaul ted  s lope forms the  
Western f l ank  of the  bas in  whereas the  contac t  
with the Eas te rn  range appears t o  be abrupt  
and appears t o  be charac te r ized  by a f a u l t  
system p a r a l l e l i n g  t h a t  range. 

I n  the  Southern Region and proceeding from 
South t o  North the  t rench stays a t  about the  
same depth b u t  i t s  width decreases. Also from 
South t o  North the  f i r s t  s lope  break becomes 
more accentuated. The second s lope  break f re -  
quent ly  i s  a double break i n  a q u i t e  va r i ab le  
depth range, It emerges i n  the  a rea  due w e s t  
of Malekula. The d e f i n i t i o n  of the  f r o n t a l  arc 
i s  d i f f i c u l t .  Proceeding from South t o  North 
the median sedimentary b a s i n  decreases i n  
width and the  presence of vo lcanic  ex t rus ions  
accompanies the  merging of  t h i s  bas in  h t o  the  
c e n t r a l  bas in .  The d e f i n i t i o n  of the h o r s t  and 
graben u n i t  i n  the  Southem region Ps no t  qui- 
te as clear as i n  the  North and the  u n i t  pro- 
bably does no t  extend North of Efate .  Allowing 
fox the o f f s e t t i n g  of s t r u c t u r e s  by t ransverse  
f a u l t s  i t  i s  more l i k e l y  t h a t  the  Eastern ran- 
ge of the Hebrides arc should be r e l a t e d  t o  
the h o r s t  and graben u n i t  and more spec i f i ca l -  
l y  t o  the Western h o r s t  of t h a t  un i t .  

I I I .  VOLCANISM 

I n  the  m d i a n  sedimentary bas in ,  t h a t  i s  
i n  the  only area wi th  an appreciable  thickness  
of undis turbed sediments, i t  can be shown t h a t  
seismic r e f l e c t i o n s  disappear  abrupt ly  i n  a 
s t r i p  about 30 km wide which p a r a l l e l s  t h e  
ax is  of the arc and which i s  loca ted  i n  the  
Eastern two-thirds of ;he median sedimentary 
bas in  ( f i g .  3 and 4 ) .  The area devoid of seis- 
mic r e f l e c t i o n s  i s  coinciding wi th  the  o c c u r  
rence of magnetic anomalies (Luyendyck e t  al . ,  
1973). The disappearance of seismic re f l ec -  
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t i ons  can only be seen i n  the v i c i n i t y  of vol- 
canoes. A l l  Pliocene-Quaternary volcanoes oc- 
cur  i n  t h i s  area and they appear t o  be loca ted  
at the i n t e r s e c t i o n  of  t ransverse  f ea tu res  
( f o r  example, Aoba, Ambrym and e s p e c i a l l y  the 
Northem i s l a n d  of the Banks group which marks 
the  end of a l a rge  f a u l t  wi th  s u b s t a n t i a l  ver- 
t i c a l  displacement). 

A l l  these f ea tu res  suggest t h a t  t he  area 
devoid of seismic r e f l e c t i o n s  corresponds t o  
a zone of ,magmatic i n t rus ions .  

IV. BASEMENT 

As i s  of ten  the case i n  marine work he re  
i t  i s  d i f f i c u l t  t o  def ine  acous t i c  basement 
f o r  tlie following two reasons ( f i g ,  5a ,  b ,  
c) : 

1) With increas ing  depth r e f l e c t i o n s  gradual- 
l y  a t t enua te  and disappear. The t r a n s i t i o n  
from good r e f l e c t i o n s  t o  t o t a l  absence of 
r e f l ec t ions  i s  gradual and t h e r e  i s  l i t t l e  
concrete  evidence f o r  a def inable  acous t i c  
basement, 

2 )  A s t rong ly  d i f f r a c t i n g  r e f l e c t o r  i s  o f t en  
equated with an acous t i c  basement. However, 
the  appearance of organized r e f l e c t i o n s  un- 
der ly ing  such a basement i s  f requent ly  seen 
whenever t h a t  "acoust ic  basement" i s  atte- 
nuated. Such r e f l e c t o r s  probably correspond 
e i t h e r  t o  volcanic  ex t rus ions  o r  t o  th ick  
volcanic  c l a s  t i c  layers  and occasional ly  
they might correspond t o  r e e f s  or r e e f a l  
deb r i s ,  
Even i n  areas where i t  appears t o  be rea- 

sonable t h a t  the acous t i c  basement may corres-  
pond t o  the ac tua l  basement (e.g. t he  North 
F i j i  Plateau)  , deep and f a i r l y  prominent re- 
f l e c t i o n s  appear occasional ly  and suggest  ver- 
t ical  l aye r ing  of the  c r u s t  (successive extru-  
s ions  ?) . 

V .  CENTRAL BASIN AND ITS SEDIMENTARY 
BLANKET 

Because the acous t i c  basement cannot be 
determined the  thicknesses  given f o r  these ba- 
s i n s  should be viewed only as minimum thick- 
nesses .  

The d i s t r i b u t i o n  of the sediments ( f i g ,  4 )  
i s  con t ro l l ed  by the  major s t r u c t u r a l  featu- 
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res, I n  the cen te r  of t he  median sedimentary 
bas in  the  thickness  of the  sediments exceeds 
1,000 m and i s  o f t en  g r e a t e r  than 2,000 m. 
Other areas  of sedimentary i n f i l l  are loca ted  
i n  bas ins  and s t r u c t u r a l  grabens where they 
occur i n  long narrow s t r i p s  wi th  thicknesses  
between ,5 and 1 km. 

I n  the  North and South regions the  sedi- 
mentary sequence of t he  median sedimentary ba- 
s i n  i s  se i smica l ly  charac te r ized  by the  de- 
crease and gradual  a t t enua t ion  of r e f l e c t o r  
i n t e n s i t y  wi th  depth and by the  occasional  
presence of a s t rong  discontinuous r e f l e c t o r  
l oca t ed  i n  the  middle of the  sequence. Lateral 
d i scon t inu i t i e s  are frequent ,  The charac te r  of 
the  r e f l e c t i o n s  and the  geology of the  adja- 
cent  i s l ands ,  suggest  the  predominance of vol- 
can ic  and volcano-clast ic  depos i t s  and asso- 
c i a t e d  volcanic-derived sediments. Most late- 
ral  and ver t ical  d i scon t inu i t i e s  are probably 
r e l a t e d  t o  the  na tu re  of these volcanic  depo- 
s i t s ,  However, it i s  conceivable t h a t  some of 
them may i n d i c a t e  carbonate i n t e r c a l a t i o n s  of  
r e e f a l  o r i g i n  (Mi tche l l ,  1966 and 1970). 

I n  the  c e n t r a l  bas in  ( f i g .  5c) an angular 
unconformity separa tes  a recent  series of ho- 
r i z o n t a l  r e f l e c t i o n s  from an o lde r  series. 
This unconformity i s  v i s i b l e  on sec t ions  of  
the  western edge of  the  basin.  Both series ap- 
pea r  t o  be conformable i n  the middle p a r t  of 
the  bas in  and they terminate  abrupt ly  aga ins t  
the Eastern range. The dips  observed i n  the  
E a s t e m  range are approximately 30' W accor- 
ding t o  Obellianne (19581.. 

The lower series, which exceeds 1,000 m y  
shows the  same seismic charac te r  i n  the  North 
and South regions of the median sedimentary 
basin.  The .upper series , however, i s  t o t a l l y  
d i f f e r e n t  and suggests  fYne bedding and more 
continuous r e f l e c t o r s ,  The s i m i l a r i t y  of the 
lower series of t h e  c e n t r a l  bas in  wi th  the  se- 
quence of the median sedimentary bas in  leads 
us t o  assume t h a t  i n  both areas these  sequen- 
ces have been deposi ted under similar condi- 
t ions .  This ,  as w e l l  as s t r u c t u r a l  and morpho- 
l o g i c a l  da ta ,  supports  the assumption t h a t  the  
c e n t r a l  bas in  and the  median sedimentary bas in  
once were continous. 

VI, SEISMICITY OF THE NEW HEBRIDES ARC 

I n  a recent  s tudy (Pascal e t  a l , ,  1976) 
about 600 earthquakes were re loca ted  wi th  the  
JHD method ( J o i n t  Hypocenter Determination). 
A l l  ava i l ab le  f o c a l  mechanism so lu t ions  were 
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co l l ec t ed  f o r  the  per iod  1962 through 1972. 
The re loca ted  events  are p l o t t e d  on a map 
( f ig .  6) and p ro jec t ed  onto a series of verti- 
c a l  cross-sect ions perpendicular  t o  the s t r i k e  
of the trench, The se i smic i ty  i s  continuous 
from the North t o  the South, desp i t e  the re- 
markable lack of a t rench i n  the cen t r a l  p a r t  
of the  arc. This p a r t  i s  indeed seislnical'lp 
very ac t ive  and most of the l a rge  recent  
earthquakes occurred beneath E s p i r i t u  Santo 
and Malekula I s l ands ,  The d i s t r i b u t i o n  of the 
shallow events  d i f f e r s  between the Northern 
and the  Southern p a r t s  of the  arc. Shallow 
seismic a c t i v i t y  i n  the South is  concentrated 
i n  narrow zones perpendicular  t o  the  t rench 
ax is  r e l a t e d  may be t o  l a rge  t ransverse f a u l t s  
o r  f r ac tu res .  The in te rmedia te  depth earthqua- 
kes  are i r r e g u l a r l y  d i s t r i b u t e d  along the  arc .  
Between 16' S and 18'5' S an important gap i s  
found at depths between 50 and 120 km. Two im- 
po r t an t  n e s t s  of events  e x i s t  a t  depth below 
areas  North and South of Aoba I s l and  and Ben- 
ea th  Tanna Is land ,  The cross-sect ion ( f i g .  8) 
shows a seismic zone of f i n i t e  thickness  no t  
exceeding 20 km at  intermediate  depth. This 
seismic zone curves very s t eep ly  downdip from 
the t rench ,  and consequently the  i n f e r r e d  zone 
of contact  between the  subducted s l ab  and the 
overlying p l a t e  i s  considerably smaller i n  
width than i n  most o t h e r  subduction zones, e. 
g. Japan o r  South America. Focal mechanism so- 
l u t ions  give a w a s u r e  of p la te -mot ion  direc-  
t i ons .  The constancy of the d i r ec t ion  of s l i p  
i s  remarkable f o r  the  New Hebrides arc .  The 
average of  15 so lu t ions  of shallow events  gi- 
ves a ho r i zon ta l  azimuth of 75" f o r  the s l i p  
i n f e r r e d  from these sliallow t h r u s t  type f o c a l  
mecanisms. Most of the so lu t ions  of the in t e r -  
mediate-depth events  represent  downdip exten- 
s ion;  the T ax is  (ax is  o f  minimum compressive 
s t r e s s )  i s  approximately p a r a l l e l  t o  the  dip 
of the seismic zone. This p a t t e r n ,  except f o r  
some events  i n  the South, appears t o  be cha- 
r a c t e r i s t i c  of the  intermediate-depth events  
i n  the  New Hebrides arc. I n  the  c e n t r a l  p a r t  
of the arc a prominent East-West t rending 
aseismic r idge ,  the  d'Entrecasteaux f r a c t u r e  
zone, abuts  the  c e n t r a l  p a r t  of t he  I s lands .  
The morphologic t rench  is, missing between 14" 
S and 17'5' S. Simi lar  d i s c o n t i n u i t i e s  are 
p resen t  i n  o the r  t renches of the world (Tonga- 
Kermadec, Solomon and Mariana I s l ands ,  South 
America) and the re  the corresponding shallow 
s e i s ~ c  a c t i v i t y  i s  very low, In  con t r a s t  t o  
these  regions the  c e n t r a l  p a r t  of the New He- 
b r ides  I s l and  a r c  i s  very ac t ive  and many lar- 
ge shallow-focus earthquakes occurred i n  the 
l as t  14 years ,  most of  them between 15' S and 
16" S. I n  August 1965, t he  Northern p a r t  of 
Malekula I s l and  w a s  u p l i f t e d  by about 1 meter. 
The subduction of the  f r a c t u r e  zone 'could be 

responsible  f o r  the  t ec ton ic s  of the c e n t r a l  
pa r t .  .The foca l  mechanism so lu t ions  of the  
shallow events  are charac te r ized  by an under- 
t h r u s t i n g  p l a t e  s l ippage  type mechanism North 
of 16'5' S ,  whereas, between 16'5' S and 18" 
S ,  the foca l  so lu t ions  are i n  accordance wi th  
an u p l i f t  t o  the E s p i r i t u  Santo-Malekula area 
and consequently a lateral compression of the 
arc, 

VII. SYNTHESIS AND DISCUSSION 

The subpa ra l l e l  s t r u c t u r a l  g ra in  of the  
New Hebrides arc appears t o  be o f f s e t  by 
t ransverse  t rends.  While t y p i c a l  I s l and  arcs 
are convex toward the  t rench ,  t h i s  arc i s  un- 
usua l ly  r e c t i l i n e a r  i n  i t s  nor thern  p a r t ,  and 
s t eep  as  w e l l  as f a u l t e d  s lopes dominate the  
morphology of the inne r  and o u t e r  t rench w a l l s ,  
It i s  suggested t h a t  a l l  these f ea tu res  can be 
r e l a t e d  t o  the  a r r i v a l  of a l a rge  oceanic ba- 
sement u p l i f t  i n  the  subduction zone. The en- 
suing c o l l i s i o n  would so cause the devia t ion  
from a normally more a rcua te  pa t t e rn .  

Dickinson (1973) suggests  t h a t  underneath 
a shallow sedimentary veneer the  "Trench Slope 
Break'' (here the second s lope  break) i s  under- 
l a i n  by folded and f a u l t e d  pe l ag i t e s  and tur -  
b i d i t e s  which at  depth would be underlain by 
o p h i o l i t i c  mixtures and high-pressure metamor- 
ph ic  rocks. The formation and development of 
the  inne r  t rench w a l l  i s  of ten  be l ieved  t o  be 
due t o  s t r u c t u r a l  accre t ion  i n  the  form o f  im- 
b r i c a t i o n s  of oceanic p e l a g i t e s  and t u r b i d i t e  
sequences, which were scraped o f f  the subduc- 
t e d  oceanic p l a t e .  These imbricat ions commonly 
dip towards the  a r c  (Seely e t  a l . ,  1974; Karig 
and Sharman, 1975). 

Such imbricat ions cannot be documented by 
our seismic work i n  the  New Hebrides, although 
two pronounced s lope  breaks can be recognized. 
It could be specula ted  t h a t  these  breaks may 
be due t o  va r i a t ions  i n  sedimentary i n f l u x  o r  
else t h a t  they record va r i a t ions  i n  the  rate 
of subduction. Thus i t  i s  conceivable t h a t  a 
f a s t e r  subduction rate would cause an increase  
i n  stress which i n  tu rn  would cause the forma- 
t i o n  of imbr ica t ions  involving the  uppermost 
p a r t  of the c rus t .  Also i t  should no t  be over- 
looked t h a t  t he  unstable  s lope  of the inne r  
wa l l  could be a f f ec t ed  by s u p e r f i c i a l  s l i d i n g  
phenomena which could i n t e r f e r e  wi th  the  or- 
der ly  acc re t ion  of imbricate  s t ruc tu res .  

The c e n t r a l  region of the New Hebrides arc 
i s  unique because of  the absence of a t rench ,  
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the disappearance of  the  s t r u c t u r a l  f ea tu re s  
of the inne r  wa l l ,  the  formation of  a Western 
,range, a c e n t r a l  bas in  and an Eastern range. 

On the b a s i s  of seismologic considera- 
t i o n s ,  Pasca l  (1974) suggested two poss ib l e  
explanat ions : 

I )  E s p i r i t u  Santo i s  p a r t  of the d'Entrecas- 
teaux f r ac tu re  zone, which i n  tu rn  i s  an 
Eas t-Wes t t rending submarine r idge  app aren- 
t l y  l inked  with the Northern prolongat ion 
of New Caledonia. This zone i s  some 80 km 
wide and the f a u l t e d  aspect  of i t s  Northern 
f lank  i s  the reason f o r  i t s  i n t e r p r e t a t i o n  
as a f r ac tu re  zone. This f r a c t u r e  zone 
would now replace the t rench i n t o  which i t  
was subducted. 

E s p i r i t u  Santo and Malekula were roughly at  
t h e i r  p resent  pos i t i on  and the  a r r i v a l  of 
the f r ac tu re  zone i n  the subduction zone 
would cause the u p l i f t  of these I s lands  
which thus were over thrus t  on oceanic  c r u s t  
( o r  else underthrust  by oceanic  c rus t ) .  

2 )  The formations underlyjng the  i s l ands  of 

Our work which shows these i s l a n d s  t o  be 
an i n t e g r a l  p a r t  of the s t r u c t u r e  of the arc 
would support  the second hypothesis .  Therefo- 
re ,  the anomalous f ea tu res  of the  c e n t r a l  zo- 
ne  (except f o r  the  Eastern range) are viewed 
t o  be the e f f e c t  of the c o l l i s i o n  of t he  arc 
wi th  the  subducted d'Entrecasteaux f r a c t u r e  
zone. 

Luyendyck (1973) suggested t h a t  the cen- 
t r a l  bas in  was c rea ted  between the upthrusted 
Eastern and Western ranges and t h a t  i t s  for-  
mation caused the Westem range t o  migrate 
Westward, Karig and Marmnerickx (1972)l i n t e r -  
p r e t  the cen t r a l  bas in  as "a narrow extens ion  
zone", i .e .  an i n t e r a r c  bas in  as def ined by 
Karig (1970) which opened wi th  t h e  i n t r u s i o n  
of ma te r i a l  i n  the center ,  as  i n  a r i f t .  

We were unable t o  f i n d  such a r i f t .  More- 
over we observe the cont inui ty  of the lower 
sedimentary series of the Median Sedimentary 
Basin wi th  i t s  counterpar t  i n  the c e n t r a l  ba- 
s i n .  A v a r i a t i o n  of the width of t he  arc which 
would support  such an opening cannot be obser- 
ved. Quite t o  the  contrary one sees t h a t  most 
s t r u c t u r a l  elelnents i n  the n o r t h e m  and SOU- 
t h e m  segments of the  arc do not  continue in- 
t o  the  c e n t r a l  region. These observa t ions ,  
p a r t i c u l a r l y  the  cont inui ty  of the median se- 
dimentary bas in  wi th  the c e n t r a l  bas in ,  sug- 
ges t  t h a t  they were no t  formed by extension.  

Onshore work by Coleman (1970) and Warden 
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and Mi tche l l  (1974) has  revealed and dated 
t h r e e  important t e c t o n i c  phases, which i n  tu rn  
allow t o  da te  the  lower and the  recent  seismic 
sequences of the c e n t r a l  bas in .  

A f i r s t  and important t e c t o n i c  phase oc- 
curred between Lower and Middle Miocene i n  
bo&$ the Western and the  Eastern ranges. This 
phase was responible  f o r  t he  upthrus t ing  and 
f a u l t i n g  of the eastern range (Mallick, 1959; 
Warden and Mi tche l l ,  1974) and f o r  the  block 
t ec ton ic s  and the  rise of the  Western range 
(Robinson, 1969; Mi tche l l ,  1970; Warden and 
Mitch,ell,  1974). This phase corresponds t o  
the  f i r s t , o f  the  t h r e e  unconformities obser- 

v e d  on the  Western edge of the bas in ,  which 
separa tes  the  lower series from the  basement. 
The rise of the f r o n t a l  a r c  accompanied t h i s  
t e c t o n i c  event ,  

A second unconformity v i s i b l e  on re f lec-  
t i o n  sec t ions  of the western edge of the  ba- 
s i n  separa tes  t he  lower series from the re- 
cent  series, whereas i n  the  middle and the 
E a s t  of the  bas in  these  two series are  con- 
formable. The uppefmost Miocene which outcrops 
only i n  the Western range dates the  lower se- 
ries which was d e f o m d  only nea r  the Western 
range. Therefore the  lower series ranges from 
Middle Miocene t o  Uppermost Miocene. The la-  
test  Miocene t e c t o n i c  phase can be demonstra- 
t ed  on the I s lands  of E s p i r i t u  Santo and Male- 
k u l a  by the  block tec tonics  and the upthrus- 
t i n g  of the I s lands  (Robinson, 1969; Mi tche l l ,  
1966 and 1970; Warden and Mi tche l l ,  1974). We 
have suggested t h a t  the Westem p a r t  of  E s p i -  
r i t u  Santo i s  on t r end  wi th  the  two s lope 
breaks of the n o r t h e m  inner  t rench wa l l  and 
t h a t  the  area immediately west of Malekula i s  
the  extension of the main s lope  break of the 
southern inne r  t rench  wal l .  S t r i k e  s l i p  move- 
ments could be responsible  f o r  o f f s e t s  separa- 
t i n g  the s t r u c t u r e s  on both i s l ands  (Pasca l ,  
1974) .  Onshore geology thus confirms t h a t  the 
inne r  wa l l s  of t he  c e n t r a l  region emerged a t  
t h a t  t i m e .  

The last  P l io-Ple i s  tocene t ec ton ic  phase 
(Coleman, 1970; Mi tche l l ,  1966 and 1970, Obe- 
l i anne ,  1958; Robinson, 1969; Warden and Mit- 
c h e l l ,  1974) was responsible  f o r  f i n a l  g rea t  
up thrus t ing  of t he  i s l a n d s .  This phase i s  evi- 
dent from the f a u l t s  assoc ia ted  wi th  the 
abrupt  contact  of the E,astern range wi th  the 
adjacent  c e n t r a l  bas in  and from the gent le  
dips on the  West s i d e  osf the bas in .  This pha- 
se was probably responsible  f o r  the formation 
of t he  basin. 

The h o r s t  and graben province coincides 
wi th  the  Eas te rn  margin of the  arc .  The u n i t  
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appears t o  be continuous and i s  not  characte- 
r i zed  by e n  echelon r i f t s  as  pos tu l a t ed  by Ka- 
r i g  and Mamerickx (1972). I t s  ex tens iona l  
o r ig in  i s  q u i t e  obvious. Dubois e t  al. (1975) 
showed t h a t  the axis of i t s  c e n t r a l  graben 
corresponds t o  a zone p resen t ly  underlain by 
magma. Our d a t a  suggest an add i t iona l  magmatic 
zone underlying the Median Sedimntary  Basin. 
These zones suggest a poss ib l e  graben-forming 
mchanism, r e l a t e d  t o  the formation of t rans-  
cur ren t  f a u l t s  at  the i n f l e c t i o n  poin ts  of the 
a r c  combined with the  formation of convection 
cells i n  the asthenosphere overlying the Be- 
n i o f f  zone. This process may very w e l l  indica-  
te  the i n i t i a t i o n  of a process  u l t imate ly  lea- 
ding to  the  formation of ex tens iona l  i n t e r - a rc  
bas ins  as defined by Karig (1970). 

F ina l ly ,  t h ree  poin ts  need p a r t i c u l a r  em- 
phas is  : 

1) Marine geology confirms t h a t  the extension 
t ec ton ic s  described from the onshore areas 
wi th  i t s  subve r t i ca l  o r  s t eep ly  dipping 
f a u l t s  and the  absence of  fo lds  does cont i -  
nue i n  the offshore a reas .  

2) The s t r u c t u r a l  subdiv is ions ,  which here  
are r e l a t i v e l y  subdued compared with o t h e r  
t y p i c a l  P a c i f i c  I s l and  a r c s ,  can r ead i ly  
be explained by the  recent  Neogene age of  
the New Hebrides arc .  

3) %e current  recons t ruc t ion  of the h i s t o r y  
of  the New Hebrides arcs does not  allow 
f o r  an explanat ion of the  u l t r a b a s i c  rocks 
found on Pentecost  I s l and ,  Their  o r i g i n  
has  t o  be sought f o r  elsewhere, as sugges- 
t e d  by G i l l  and Gorton (1973). These au- 
thors  pos tu l a t e  t h a t  during the Lower Mio- 
cene the New Hebrides arc was the extension 
of the Tonga-Kermadec arc. 
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MODEL OF A YOUNG INTU-OCEANIC ARC : THE NEW HEBRIDES ISLAND ARC 
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