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1. Introduct ion 

The New Hebrides archipelago represents  a 
north-south o r i e n t a t e d  i s  land a r c  s i t u a t e d  i n  
the southwest P a c i f i c .  The a rc  faces  west and 
comprises a trench and an a c t i v e  l i n e  of vol-. 
canoes (Fig.  1 ) .  The se i smic i ty  shows a 
Benioff plane dipping eastwards beneath the  
arc (Dubois 1969, Pascal  L974). 

Previous dredging at tempts  across  i s l a n d  
a r c s  have been mainly confined t o  the  trench 
s lope  e.g.  i n  New Br i ' t a in ,  the  Mariannas and 
the  N e w  Hebrides by P e t e l i n  (1964), i n  Tonga 
by F i s h e r  and Engel (1969), i n  t he  New Hebri- 
des by Luyendyk e t  a l  (1974) 2nd r ecen t ly  i n  
the  Mariannas and Yap t renches by the  R.V. 
Mendeleev. Tuffs,  b a s a l t s  and sometimes, though 
n o t  i n  t h e  New Bebrides trench, d o l e r i t e ,  gab- 
bro and s e r p e n t i n i t e  have been c o l l e c t e d  from 
these  t renches .  

. I n  the  p re sen t  study dredged samples (Fig.  
2 and 3, t a b l e  1 )  are descr ibed from a cross- 
s ec t ion  of t he  nain s t r u c t u r a l  u n i t s  which 
c o n s t i t u t e  the  New Hebrides a r c  (Karig and 
Sharman 1975, Dugas e t  a l . ,  t h i s  volume). 
These a r e  :- t he  t rench ,  the  imbricate  zone, 
t he  f r o n t a l  a r c  fore-horst ,  t he  a c t i v e  volca- 
n i c  l i n e  (Central  Chain) and, a t  the rear, a 
r i f t e d  trough o r  i n t e r - a rc  b a s i n  (Karig and 
Mammeritkx, 1972) known as the  C o r i o l i s  
Trough (Dubois e t  a l  1975, 1976). 

Basa l t i c  andes i t e s  and f i n e  t u f f s  ba r r en  of 
foraminifera  were c o l l e c t e d  i n  the  upper p a r t  

of the  imbricate  zone of the  t r ench  ( a t  
l o c a l i t y  G O  329 D) ; Luyendyk e t  a l  (op c i t )  
c o l l e c t e d  s l i g h t l y  more b a s a l t i c  lavas  from 
the  same zone t o  the  west of E fa t e  and the  
Torres I s l ands .  Samples from t h e  upper s lo -  
pe of  t he  fore-horst  (GO 330 D) comprised 
f i n e  t u f f s  bea r ing  foraminifera  of P l e i s t o -  
cene age (Table IV). 

Dredging of t he  western sca rp  of t he  Co- 
r i o l i s  Trough (GO 335 D) adjacent  t o  the  
a c t i v e  volcanic  l i n e ,  produced andes i t e s ,  
p y r o c l a s t i c  b recc ia s  and t u f f s  w i th  foramini- 
f e r a  of l a t e  Pl iocene age. The a x i a l  region 
of t h i s  trough (GO 331 D y  GO 336 D) y i e lded  
only t u f f s  with P le i s tocene  f o r a m .  From the  
e a s t e m  sca rp  of t he  C o r i o l i s  Trough w e r e  
dredged b a s a l t s ,  p y r o c l a s t i c  b r e c c i a s ,  bio- 
c a l c a r e n i t e  with Upper Nïocene t o  Recent 
forams (GO 333 D, GO 334 D) , and t u f f s  with 
Lower-Middle and la te  Middle Pl iocene t o  
e a r l y  Upper Pliocene forams (GTI 3 D). ' 

2. Petrography of t h e  lavas  and p y r o c l a s t i c s  

The dredged l ava  samples range (Table I I )  
from ankaramite and p o r p h y r i t i c  b a s a l t  (with 
48 - 49 % S i 0  ) on the  e a s t e r n  sca rp  of the  

C o r i o l i s  Trough t o  andesi tes  (60 - 61 % SiO,) 

on the  western sca rp  of t h e  trough. B a s a l t i c  
andes i t e s  (54 % SiO,) occur i n  the  imbricate  

zone of t he  t rench .  I 
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The phenocryst mineralogy of t he  samples 
has been determined by microprobe analyses 

( 1 )  O f f i c e  d e  l a  Recherche S c i e n t i f i q u e  e t  Technique Outre-Mer, B.P. A 5 ,  Noumea Cedex, New Ca ledon ia  

(2) New Hebrides  G e o l o g i c a l  Survey,  B r i t i s h  Res idency ,  P o r t  V i l a  2213, New Hebr ides  

(3) C e n t r e  d e  F a i b l e s  R a d i o a c t i v i t é s ,  B.P. 1 ,  91190 Gif s u r ' Y v e t t e ,  F r a n c e  

( 4 )  Smi thson ian  I n s t i t u t i o n ,  Washington D.C. 20560, U . S . A .  
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(Table III, F igs .  4 and 5 ) .  I n  the  b a s a l t s  
and t h e i r  a s soc ia t ed  p y r o c l a s t i c  b recc ia s  
(GO 334) p l ag ioc la se  phenocrysts (An 87) co- 
e x i s t  w i th  d iops id i c  aug i t e  and o l i v i n e .  The 
b a s a l t i c  andes i t e s  (GO 329) con ta in  plagio- 
c l a s e  averaging An47 toge the r  with aug i t e  
and coex i s t ing  hypersthene. I n  the  andes i t e s  
(GO 335) the  p l ag ioc la se  phenocrysts range 
from An67 t o  An54 and occur i n  associ.ation 
wi th  aug i t e  and subca lc i c  augi te .  

Groundmass minerals comprise l a b r a d o r i t e ,  
aug i t e  and o re  i n  the  b a s a l t s .  In  the  basal-  
t i c  andesi tes  t he  groundmass p l ag ioc la se  ave- 
rages An43 however low-calcium pyroxenes were 
not  recognized. The andes i t e s  con ta in  ground- 
mass p l ag ioc la se  of An47 toge the r  with hy- 
persthene, pigeoni te  and ore.  

A. - The imbricate  zone (GO 329) 

Dredged b a s a l t i c  andes i t e s  (Table 11) from 
the  imbricate  zone general ly  contain fewer 
than 10 Z phenocrysts.  These c o n s i s t  of small 
l a t h s  and microphenocrysts of andesine . 
(An47, Table I I I )  s m a l l  f r e s h  euhedra of augi- 
te,  microphenocrysts of hypersthene and oc- 
cas iona l ly  of ore .  Groundmaskes vary from 
p i l o t a x i t i c  t o  i n t e r s e r t a l ,  the  l a t t e r  types 
containing a base of almost opaque dark brown 
g l a s s .  Groundmass pyroxene and o re  characte-  
r i s t i c a l l y  assume a c i c u l a r  h a b i t s ,  and vario- 
l i t i c  c l u s t e r s  of pyroxene and p l ag ioc la se  
(An43) a r e  commonly developed. The abundant 
small  v e s i c l e s  a r e  u n f i l l e d .  

B.  - Western sca rp  of t h e  C o r i o l i s  Trough 
(GO 335) 

Rocks dredged from the  western sca rp  com- 
p r i s e  g lassy ,  poorly p o r p h y r i t i c  l avas  of 
two main types.  Those with p i l o t a x i t i c  ground- 
masses and l e s s  than 10 Z phenocrysts a r e  the  
most common and a r e  represented i n  Table II by 
a l l  four  andes i t e  ana lyses .  Their  phenocrysts 
a r e  of o s c i l l a t o r y  zoned p l ag ioc la se  averaging 
An54 toge the r  with aug i t e  and ore  micropheno- 
c r y s t s .  Groundmasses cons i s t  of a f e l t  of 
p l ag ioc la se  m i c r o l i t e s  (An46) wi th  hypers- 
thene, pigeoni te  and o re  ; mafics a r e  acicu- 
l a r  as  i n  the  b a s a l t i c  andes i t e s  of t he  im- 
b r i c a t e  zone and together  w i th  p l ag ioc la se  
may form v a r i o l i t i c  c l u s t e r s .  Vesicles are 
u n f i l l e d  bu t  ore ana pyroxene needles  f r e -  
quent ly  p r o j e c t  across them. 

The second and less dominant petrographic  
type has h y a l o p i l i t i c  groundmasses and be t -  
ween 10 t o  30 Z phenocrysts.  Phyric plagio- 
clase, o s c i l l a t o r y  zoned and w i t h  an average 
An67 composition coex i s t s  with clinopyroxene 
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phenocrysts of f a i n t l y  pleochroic  aug i t e  and 
subca lc i c  aug i t e .  The groundmass c o n s i s t s  of 
f r e sh ,  p a l e  brown g la s s  i n  which are studded 
m i c r o l i t e s  of p l ag ioc la se  together  w i th  ore  
and clinopyroxene granules.  Vesicles  a r e  
p a r t l y  i n f i l l e d  by mic roc rys t a l l i ne  z e o l i t e .  u 

The two p y r o c l a s t i c  rocks from the  w e s -  
t e r n  scarp  comprise d i f f e r e n t  types of brec- 
c ia .  One i s  an autobreccia  o r  ve in  b r e c c i a  i n  
which h igh ly  angular fragments of . f resh  
yellowish m i c r o l i t i c  g l a s s  a r e  veined and 
cemented by mic roc rys t a l l i ne  carbonate.  The 
o t h e r  i s  a p y r o c l a s t i c  b r e c c i a  composed 
mainly of angular  c l a s t s  of f r e s h  pa le  yellow 
m i c r o l i t i c  g l a s s  , occasional ly  wi th  dark red  
"rhyol i toid"  banding. Subordinate c l a s t s  are 
of flow-banded p i l o t a x i t i c  o r  glassy lava .  
The matr ix  i s  of f i n e l y  comminuted angular  
g l a s s  c l a s t s  se t  i n  a f ib rous ,  possibly pu- 
miceous base .  

C .  - Eas te rn  scarp  of t he  Cor io l i s  Trough 
(GO 334 and 333) 

L' 

Rocks from the  upper p a r t  of the  e a s t e r n  
sca rp  (GO 334) range from ankaramite (334 
D5, Table I I )  with abundant aug i t e  pheno- 
c r y s t s  up t o  8 mm i n  length accompanied by 
completely se rpen t in i sed  o l i v i n e  and r a r e  
p l ag ioc la se  (An87, Table I I I ) .  A t  the  o t h e r  
extreme i s  feldsparphyric  basalt :  (334 D 1  , 
Table 11) with 55 Z highly s e r i c i t i s e d ,  labra-  
d o r i t e  l a t h s ,  f r e s h  aug i t e  euhedra ànd serpen- 
t i n i s e d  o l i v i n e .  Po rphyr i t i c  b a s a l t s  average 
about 20 Z p lag ioc la se ,  i n t e n s e l y  s e r i c i t i s e d ,  
together  with subordinate  clinopyroxene and 
pseudomorphed o l i v i n e .  The groundmasses of 
these  l avas  have i n t e r g r a n u l a r  t ex tu res  and 
b a s a l t i c  proport ions of l a b r a d o r i t e ,  aug i t e  
and ore .  Groundmass a l t e r a t i o n  of the anka- 
ramite and f e ldspa rphyr i c  lavas  has  r e s u l t e d  
i n  oxidat ion of t he  ore ,  bu t  i n  the  porphyri- 
t i c  b a s a l t s  t he  p l ag ioc la se  and clinopyroxene 
are a l s o  a f f ec t ed ,  and much i n t e r s t i t i a l  
c h l o r i t e ,  q u a r t z ,  epidote  and carbonate i s  
p re sen t .  The a l b i t e  composition of t h e  pla-  
g ioc l a se  phenocrysts i n  334 D4 (Table I I I )  
i n d i c a t e s  t h a t  t h i s  a l t e r a t i o n  i s  a s soc ia t ed  
wi th  s p i l i t i s a t i o n  of t he  rock. I n  the  highly. 
a l t e r e d  sample 334 D3 micropegmatit ic veins  
of qua r t z ,  untwinned f e ldspa r  and carbonate 
are p resen t .  

'I 

Samples from the  lower p a r t  of t he  ea?- 
t e r n  sca rp  (GO 333) a r e  dominantly of ankara- 
m i t i c  b a s a l t s  and o l iv ine -basa l t s  , with phy- 
r i c  c o n s t i t u e n t s  averaging 25 % aug i t e ,  15 % 
pseudomorphed o l i v i n e  and 5 Z p lag ioc la se .  
Subordinate p o r p h y r i t i c  b a s a l t s  contain 20 Z 
p lag ioc la se  and 10 - 15 Z mafics.  Groundmass 
t ex tu res  are i n t e r g r a n u l a r ,  with p l ag ioc la se  
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f r equen t ly  forming o r i en ta t ed  microphyric 
l a t h s .  Ore and a u g i t e  form abundant s m a l l  
euhedra and granules  and i n  one sample 
(333 D12) small pseudomorphed o l i v i n e  granu- 
l es  a r e  p re sen t .  Most of t he  samples contain 
much secondary c h l o r i t e  and o t h e r  t u rb id  
a l t e r a t i o n a l  m a t e r i a l  i n  t he  i n t e r s t i c e s  of 
t he  groundmass. 

The th ree  p y r o c l a s t i c  samples a r e  a l s o  
from the  lower p a r t  of the  e a s t e r n  scarp .  
They r ep resen t  l i t h i c  t u f f  grading t o  pyro- 
c l a s t i c  b r e c c i a  and con ta in  angular/subroun- 
ded c l a s t s  of highly oxidised ankaramitic 
b a s a l t .  Phenocrysts i n  the  l a v a  c l a s t s  (333 
D3, Table I I I )  are dominantly of augi te-  
endiopside composition (Fig.  5) and are ac- 
companied by pseudomorphed o l t v i n e  and p l a -  
g ioc lase .  The matr ix  of the  b r e c c i a s  i s  
poorly so r t ed ,  cons i s t ing  of s i l t  o r  sand- 
s i zed  fragments of pumice and s c o r i a  and 
f i n e r  comminuted g l a s s  shards  probably re- 
p resen t ing  an ash component. Vesicles  i n  the  
pumiceand s c o r i a  have c h l o r i t e  i n f i l l i n g s .  

D. - Comparison of dredged samples with 
rocks from Tanna. Aneitvum and 
Futuna 

There are s t rong  petrographic  s imi la r i t i es  
between the  g lassy ,  v e s i c u l a r  lavas  from the  
imbricate  zone (329) and the  western scarp  of  
t he  C o r i o l i s  Trough (335) and the  s u b a e r i a l  
basa l t i c - andes i t e s  and andes i t e s  of t he  P l e i s -  
tocene-Recent S i w i  Group of Tanna (Carney and 
Macfarlane, i n  prep . ) .  Petrographic  f ea tu res  
i n  common inc lude  hya l ine  t o  p i l o t a x i t i c  
groundmasses i n  which ore  and pyroxene as- 
sume a c i c u l a r  h a b i t s ,  and a high degree of 
v e s i c u l a r i t y  . 
Plag ioc la se  phenocrysts are l a r g e r  and more 
abundant i n  the  Tanna rocks, b u t  o l i v i n e  i s  
c h a r a c t e r i s t i c a l l y  rare o r  absent  i n  a l l  th ree  
l o c a l i t i e s .  Rhyolitoid banding, found i n  glas- 
sy  c l a s t s  from the  dredged p y r o c l a s t i c  brec- 
c ia  335 D5, i s  a l s o  known i n  c e r t a i n  intense-  
l y  welded agglomeratic horizons i n  the  S i w i  
Group. 

The p o r p h y r i t i c  b a s a l t s  from the  eastern 
sca rp  of t he  C o r i o l i s  Trough (334 and 333) 
contain ankaramitic v a r i e t i e s  very s imilar  t o  
those of Futuna, an i s l a n d  loca ted  on the  
c r e s t  of t he  same sca rp  f u r t h e r  t o  the  no r th  
(Fig.  1 ) .  The general  range of fe ldsparphyric ,  
p rophyr i t i c  and ankaramitic b a s a l t s  w i th  
i n t e r c a l a t e d  p y r o c l a s t i c  b r e c c i a s  i s  a l s o  si- 
milar t o  t h a t  of Tanna and Aneityum. 

One c h a r a c t e r i s t i c  f e a t u r e  of t he  e a s t e r n  
C o r i o l i s  Trough dredged samples which i s  no t  

found. i n  the  t e r r e s t r i a l  volcanics  i s  the  
high degree of a l t e r a t i o n  i n  the  groundmass 
of t he  lavas  and the  almost ubiquitous i n f i l -  
l i n g  of v e s i c l e s  i n  the  scoriaceous compo- 
nent  of t h e  p y r o c l a s t i c  rocks.  

3. Phenocryst chemistry 

Microprobe analyses of pyroxenes from 
the  dredged lavas  (Table I I I )  show i n  Figure 
4 a t r end  from endiopside t o  subcalcic  augi- 
t e .  The occurrence of pigeoni te  and hypers- 
thene i n  the  groundmass of andes i t e s  from 
the  western sca rp  of t he  C o r i o l i s  Trough 
suggests s t rong  a f f i n i t i e s  t o  the  p i g e ó n i t i c ,  
s e r i e s  of Kun0 (1968). P l ag ioc la se  pheno- 
c r y s t s  (Fig.  5 )  show a range from andesine 
i n  the  andes i t e s  and b a s a l t i c  andes i t e s  t o  
bytownite i n  the  ankaramitic b a s a l t s .  
Osc i l l a to ry  zoning i n  a p l ag ioc la se  from one 
of the b a s a l t s  extends over a range from 
sod ic  l a b r a d o r i t e  t o  andesine. 

4 .  Geochemistry of t he  lavas  

An AFM p l o t  of l avas ,  quenched g l a s ses  
and phenocrysts from the  dredged samples pre- 
sented i n  Figure 6 shows a broad t rend of 
i r o n  enrichment wi th in  the  t h o l e i i t i c  f i e l d  
of t he  New Hebrides Cen t ra l  Chain lavas  
(Carney and Macfarlane, t h i s  volume). Howe- 
v e r  t he  apparent low peak of i r o n  enrichment 
of t he  Corioli’s Trough b a s a l t s  (e.g.  334 DI) 
may a l s o  be comparable t o  the  “ t h o l e i i t i c  
low-iron” t rend noted i n  lavas  from t h e  out- 
l y ing  e a s t e r n  i s l a n d s  ( including Futuna) and 
Eastern Be l t  of t he  New Hebrides (Carney and 
Macfarlane, t h i s  volume). 

\ 
The t o t a l  a l k a l i e s  v s  s i l i c a  diagram of 

Figure 7 ( i n  which a r e  a l s o  included two 
samples dredged from the  t rench by Luyendyk 
e t  a l ,  op c i t )  suggests  t h a t  t he  dredged , 
samples are r e l a t e d  more t o  the  low-alkali  
Futuna t rend than t o  the  highe‘r-alkali 
f i e l d  of t h e  Tanna lavas .  The Aneityum ande- 
s i t e s ,  and a l s o  those of t he  M t .  W i l l i a m  For- 
mation of Erromango (Colley and Ash, 1971), 
have been a f f e c t e d  by l a t e  hydrothermal a c t i -  
v i t y  which may have caused a l k a l i  leaching ; 
s i m i l a r l y  the  two b a s a l t s  with v a r i a b l e  
a l k a l i  contents  from the  e a s t e r n  scarp  of 
t he  C o r i o l i s  Trough a r e  from a sequence af- 
f ec t ed  by s p i l i t i s a t i o n .  

I n  the  p o t a s h / s i l i c a  diagram of Figure 8 ,  
t he  dredged samples compare once again with 
the  Futuna t rend r a t h e r  than t o  the  higher- 
potash t r end-o f  t h e  Tanna l avas .  The two 
samples from the  imbricate zone may Show a 
displacement towards a potash t r end  even lo-  
w e r  than those from the  Cor io l i s  Trough and 
Futuna. 
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I n  Ti0 content the samples dredged i n  2 t h i s  study range (Table 11) from 0.43 t o  
0.85 Z which compares wi th  t h a t  of Tanna and 
Aneityum but may be s l i g h t l y  lower than Futu- 
na  (0.82 - 0.96 X) ; these ranges are  appro- 
p r i a t e  t o  e i t h e r  t he  ca lc -a lka l ine  o r  t he  
" I s l and  Arc Tholei i te"  s e r i e s  of Jakeû and 
G i l l  (1970). Na20/K20 ranges of 2 t o  2.5 f o r  

the Cor io l i s  Trough (excluding 334 D5, which 
has a value of 35) compare with those of 2-3 
f o r  Futuna, 2-6 f o r  samples from the  imbri- 
c a t e  zone and 1-6 f o r  t he  Tanna and Aneityun 
lavas  ; the more r e s t r i c t e d  ranges f o r  the 
C o r i o l i s  Trough and Futuna rocks a re  appro- 
p r i a t e  to  the  ca lc -a lka l ine  s e r i e s  of Jakes 
and G i l l ,  while those from the  imbricate 
zone and TannaIAneityum span both the ealc-  
a l k a l i n e  and " I s l and  Arc Tho le i i t e "  s e r i e s  of 
those authors .  The d i f f i c u l t i e s  of c l a s s i f y i n g  
rocks on such c r i t e r i a  a re  we l l  demonstrated 
by the  sample 335 D4 (from the andesi te  suc- 
cession of t he  wes tem scarp of the Cor io l i s  
Trough) i n  which microprobed i n t e r s  t i t i a l  
g l a s s  wi th  a d i s t i n c t l y  a l k a l i n e  Na20/K O 

r a t i o  of 1.00 (according t o  the parameters 
of Jakes and White, 1969) coex i s t s  with au- 
g i t e  and subca lc i c  aug i t e  phenocrysts typ i -  
c a l  of an o v e r a l l  t h o l e i i t i c  mineralogy. 

2 

5. Palaeontology of dredged t u f f s  and limes- 
tones 

The dredged t u f f s  con ta in  a r i c h  forami- 
n i f e r a l  microfauna of which the dominant 
species  a re  p lanktonic  ( f auna l  determina- 
t i o n s  by G.W. Huges ; see  Table IV). Only 
the l a t t e r  have an age range which i s  s u f f i -  
c i e n t l y  r e s t r i c t e d  t o  be of p rec i se  s t r a t i -  
graphic value.  Although these s t r a t i g r a p h i c  
ranges a r e  based only upon the  ava i l ab le  
foraminifera ,  and the  number of species is  
r e s t r i c t e d  and poorly represented i n  a s i n g l e  
t h i n  sec t ion ,  they a re  i n  good agreement wi th  
i d e n t i f i c a t i o n s  on the  nearby i s l ands  (Carney 
and Macfarlane, i n  prep) .  The species  found 
i n  the t u f f s  a r e  c h a r a c t e r i s t i c  of muddy t o  
s i l t y  sediments deposited i n  deep water. Of 
the  l imestones,  only GO 333 1 1  and 12 contain 
the  l a r g e r  benthonic foramini fe ra  which a r e  
usua l ly  found i n  an inne r  she l f  r e e f a l  en- 
vironment (Hughes, 1973). The rock mat r ix  i s  
organic and calcareous wi th  fragments of 
hermatypic calcareous algae and i s  t y p i c a l  of 
an inne r  she l f  r e e f a l  environment ; a medium 
t o  high-energy regime i s  suggested by the 
lack of any inorganic contaminants. 

A. - Foramini fe ra l  evidence bear ing  on the  
age pf t he  dredged samples - 
a summary 
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Faunal i d e n t i f i c a t i o n s  (Table IV) sug- 
gest  t h a t  samples dredged from the imbrica- I 

t e  zone of t he  t rench and from the ax i s  of 
t he  Cor io l i s  Trough are  of P l e i s tocene  age, 
those from the western sca rp  of the Cor io -  
l i s  Trough are  of l a t e  Pl iocene,  and rocks 
from the e a s t e r n  scarp of t h i s  trough a r e  
probably no o l d e r  than the  Middle Pliocene. 
These f indings a r e  summarised, and samples 
wi th  d iagnos t ic  species  a re  l i s t e d ,  as 
follows : 

G0330D (Samples 2,3,4) : From the upper p a r t  
of the imbricate zone - Ple i s tocene .  
G0335D (Samples 13-15) : Westem scarp of 
Cor io l i s  Trough - l a t e  Pl iocene.  
G0331D (Samples 5-10) : Axial zone of Corio- 
l i s  Trough - Ple i s tocene .  
G0336D (Samples 16-21) : Axial zone of t he  
C o r i o l i s  Trough - Pleis tocene.  
G0333D (Samples 11-12) : Eastern  scarp of 
t he  C o r i o l i s  Trough - Upper Miocene to  
Recent. 
GT13D (Sample 3 A) : Eastern  Scarp of t he  
Cor io l i s  Trough - Lower t o  Middle Pliocene. 
GT13D (Sample 6) : Eastern  Scarp of t he  
Cor io l i s  Trough - l a t e  Middle t o  e a r l y  Upper 
Pliocene. 

6. Age r e l a t i o n s h i p s  between dredged sam- 
p l e s  and t e r r e s t r i a l  volcanism 

Table V presents  t he  r e s u l t s  of a series 
of age determinations on lavas  from Tanna 
and Futuna. The l a t t e r ' s  age of 1.80 + 0.05 
m.y. i s  cons i s t en t  with i t s  pos i t i on  at the 
c r e s t  of a 3000 m high escarpment, the lower 
p a r t  of which i s  occupied by lavas  and t u f f s  
f o r  which fo ramin i f e ra l  age determinations 
(GT13D) discussed above i n d i c a t e  an age no 
older  than Middle Pliocene. 

The e a r l i e s t  i n  s i t u  lavas  ye t  dated 
from t h i s  a r e a  a r e  the s u b a e r i a l  b a s a l t i c  
sequences of t he  Green H i l l  Volcanics on 
Tanna. Thei r  age of 2.5 m y .  (Table V) re- 
presents  t he  i n i t i a l  emergence of t h i s  
Cent ra l  Chain i s l a n d  and post-dates a 
major t e c t o n i c  phase i n  the  c e n t r a l  p a r t  of 
New Hebrides dated a t  approximately 4.0 
m y .  which i s  thought (Carney and Macfarlane, 
t h i s  volume) t o  r e l a t e  t o  the  onset t he re  of 
the subduction regime a t  p resent  respons ib le  
f o r  t he  Cent ra l  Chain volcanism. 

The age r e l a t i o n s h i p s  between the Tanna 
and C o r i o l i s  Trough lavas  may be of some 
s ign i f i cance  i n  determining the  var ious  s t a -  
ges i n  the  emplacement of t he  "new" l i t h o s -  
phere beneath t h i s  p a r t  of the New Hebri- 
des. Recent es t imates  of the r a t e  of conver- 
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gence of t he  eastwards-moving l i t hosphe re  a t  
t h e  New Hebrides Trench by Dubois e t  a l  ( i n  
p re s s )  average between 10 and 1 2  cms/yr.. 
Assuming a convergence of 10 cms/yr, and 
i n f e r r i n g  t h a t  the  incep t ion  0.f t he  C o r i o l i s  
Trough volcanism i n  the  Middle t o  Upper Pl io-  
cene (about 3-4 m.y.) coincided 'with the  ar- 
r i v a l  of l i t hosphe re  some 300 kms beneath i t ,  
i t  can be ca l cu la t ed  from Pascal 's  (1974) 
observations on t h e  d ip  of t h e  Benioff Zone 
t h a t  t he  l i t hosphe re  was i n  p o s i t i o n  beneath 
Tanna by about 5-6 m.y. and had f i r s t  com- 
menced i t s  descent a t  about 7-8 m.y. These 
estimates suggest t h a t  e a r l y  Pl iocene forma- 
t i o n s  should unde r l i e  the Green . H i 1  Volca- 
n i c s  of Tanna, and i t  i s  i n t e r e s t i n g  here  
t o  n o t e  the  occurrence,  beneath the  in fe r -  
r ed  s t r a t i  graphic a l l y  equiva1ent"P l a t  eau 
Formation" of Erromango, of conglomerates 
con ta in ing  l ava  c l a s t s  dated (Colley and 
Ash, 1971) a t  between 4-9 t o  5-5 m.y. 

n a  i s l a n d  a major f a u l t i n g  episode took p l ace  
which w a s  probably r e l a t e d  t o  u p l i f t  of t h e  
e a s t e r n  shoulder of t he  C o r i o l i s  Through. 
This  t e c t o n i c  event i s  presumably a conse- 
quence of r i f t i n g  and may have been responsi-  
b l e  on Tanna f o r  a Pl io-Pleis tocene t i l t i n g  
and down-faulting of t he  eas t e rn  margin of 
t he  Green H i l l  Volcanics (Carney and Mac- 
Farlane,  i n  p rep . ) .  Subsequent volcanisms 
on Tanna at  0-7 (Table V) and about 0-2 
m.y. were a s soc ia t ed  with r eg iona l  u p l i f t  
and eastwards t i l t i n g  of t h e  i s l a n d .  These 
movements suggest a low-amplitude warping of 
t h e  c r u s t  which may, i n  a general  way, be  
a s soc ia t ed  wi th  f u r t h e r  tectonism wi th in  
o r  along t-he C o r i o l i s  Trough. 

Following the  1-8 m.y. volcanism on Futu- 

7. Conclusions 

The dredged rocks comprise a sequence of 
e x t r u s i v e  b a s a l t s  , basa l t i c - andes i t e s  and 
andes i t e s .  A submarine o r i g i n  f o r  t he  sam-  
p l e s  from the  eastern scarp  of t he  C o r i o l i s  
Trough i s  implied by t h e  s p i l i t i s a t i o n  of 
some of them, however t h e  occurrence of reef  
l i m s t o n e  c l a s t s  i n  the  dredge hauls  of 
GO 333 may a l s o  suggest a per iod of emer- 
gence e i t h e r  during o r  a f t e r  t he  volcanism. 
Samples from the  western sca rp  and the  in- 
b r i c a t e  zone i n  c o n t r a s t  do no t  show t h i s  
a l t e r a t i o n ,  and many have u n f i l l e d  v e s i c l e s .  

Pe t rog raph ica l ly  , t h e r e  a re  some s i m i l a r i t i e s  
between the  andes i t e s  and basa l t i c - andes i t e s  
from the  western sca rp  and imbricate  zone, 
and both l o c a l i t i e s  have y i e lded  i d e n t i c a l  
l ava  types t o  those of t h e  Pleistocene-Recent 
Siwi Group of Tanna. The e a s t e r n  scarp  ba- 
s a l t i c  sequences a r e  similar t o  those on 

\ 

Futuna i s l a n d .  

Geochemically the  dredged l avas  a l l  l i e  
on t h e  low-iron, l o r a l k a l i e s  t r e n d  of Futu- 
na ,  and thus  d i f f e r  from the  Tanna s u i t e  
which, while more " t h o l e i i t i c "  i n  i t s  iron- 
enrichment, i s  a t  t h e  same t i m e  more alka- 
l i e s - r i ch .  The lavas from the  C o r i o l i s  
Trough i n t e r a r c  bas in  have a t h o l e i i t i c  
mineralogy, however t h e i r  N a / K  ranges are 
more appropriate  t o  those of a l k a l i n e  and 
ca l c -a lka l ine  rocks.  I n  t h e i r  low-potash 
trend when compared wi th  the  Tanna rocks, t h e  
C o r i o l i s  Trough and Futuna lavas  show a nega- 
t i v e  c o r r e l a t i o n  of potash content  with d i s -  
tance away from the  t rench ; t h i s  has been 
noted previously by Mallick (1973) f o r  t h e  
i s l ands  of Gaua and Mere Lava i n  t h e  n o r t h  of 
t he  archipelago,  and has been a t t r i b u t e d  by 
Carney and Macfarlane ( t h i s  volume) t o  t h e  
l a r g e r  degrees of p a r t i a l  mel t ing beneath 
the  i n t e r a r c  bas ins  t o  t h e  e a s t  of t he  
Cen t ra l  Chain. 

Assuming a constant  convergence ra te  of 
10 cms/yr f o r  l i t hosphe re  a t  t h e  New Hebrides 
Trench, t h e  incep t ion  of t he  C o r i o l i s  Trough 
i n t e r a r c  b a s i n  a t  about 3-4 m.y. can be ex- 
t r a p o l a t e d  backwards i n  t i m e  t o  i n d i c a t e  the  
commencement of t h e  present  subduction regi-  
m e  a t  about 7-8 m y .  The f i r s t  thermal 
e f f e c t s  of t h i s  subduction were probably f e l t  
beneath the  Cen t ra l  Chain i s l a n d  of Tanna 
a t  about 5-6 m y .  These age ranges are i n  
approximate agreement with a major t e c t o n i c  
phase i n f e r r e d  elsewhere t o  have a f f e c t e d  
the  c e n t r a l  p a r t  05 t he  New Hebrides a t  about 
4-0 m y .  Subsequent t e c t o n i c  movements af- 
f e c t i n g  t h e  southern i s l a n d s  of t h e  Cen t ra l  
Chain may be r e l a t e d  t o  warping a s soc ia t ed  
with t h e  development of t he  adjacent  C o r i o l i s  
Trough i n t e r a r c  bas in .  
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Table I - Dredgings d e t a i l s  
1 I l l ! ! 

! DREDGING ! I ! I n i t i a l  S a t e l l i t e  ! Fina l  S a t e l l i t e  l ! 
! ! STRUCTURAL UNIT ! NATURE ! pos i t ion  o f ' t he  dredge ! pos i t ion  of the dredge ! DEPTHS I N  METFRS:: ! 

! ! ! ! Latitude ! Longitude ! Latitude ! Longitude ! I n i t i a l  Final ! 
! Locality no ! ! I-------------------------l-------------------------l-------------------i 

1 ! 
! 
! 
! 

L 

GO 329 D ! Imbricate zone 

GO 330 D ! Frontal  a rc  
GO 335 D ! West hors t  of the 

I 

! Corio l i s  Trough 
! 

! Corio l i s  Trough 
GO 331 D ! Axial zone of the 

GO 336 D ! I' 

G T I  3 ! East Horst of the 
! Corio l i s  Trough 

GO 333 D ! 
! 

GO 334 D ! " 

! 

II 

II 

I I  

! Basal t ic  andesites ! 20'48'5 S i !68"56'8 E ! 20°47'0 S ! 168'59'9 E ! 
! and Tuff ! ! ! ! ! 
! Tuff ! 20"35'8 S ! 169"!9'6 E ! 20"34'8 S ! !69"21'3 E ! 
! Andesites, Pyro- ! ! ! ! ! 
! c l a s t i c  brecc ia  and! 20'38'0 S ! !69"56'6 E ! 20"38'4 S ! 169'55'0 E ! 
! Tuff ! ! ! ! ! 
! Tuff ! 20°00'8 S ! !70°15'2 E ! 20°00'8 S ! !70"!4'5 E ! 
! ! ! I ! ! 
! Tuff ! 20"39'5 S ! !70°03'0 E ! 20°40'0 S ! 170°05'6 E ! 
! Tuff ! !9"30'8 S ! !70°00'5 E ! 19'28'0 S ! 170°07' E ! 
! ! ! r ! ! 
! Basalt ,  Pyroclas- ! !9"59'5 S ! !70"21'6 E ! 19"59'6 S ! 170"22'8 E ! 
! t i c  breccia,  Tuff ! ! ! ! ! 
! Biocalcarenite ! !9"59'4 S ! !70°22'6 E ! 19'59'7 S ! 170'23'0 E ! 
! ' !  ! I ! ! 

4700 

1900 

2050 

2440 

2160 
2690 

2150 

1440 

! 4000 ! 
! ! 
! 1500 ! 
! ! 
! 1330 ! 
! ! 
! 1940 ! 
! ! 
! 1900 ! 
! 1750 ! 
! ! 
! 1340 ! 
! ! 
! 1140 ! 
! ! 

i 

Table II - Chemical analyses 
! ! ! ! ! ! ! ! ! 
! ! GO 329 D5 ! GO 329 D6 ! GO 335 D6 f GO 335 D7 ! GO 335 D 8  ! GO 335 D9 ! GO 334 D I  ! GO 334 D5 ! i i 
---------! ------_----! --_--------! -----------! -----------! -----------! ----------- ! - ~ ~ - ~ - ~ ~ - - ~ - ~ ~ - ~ ~ - ~ ~ ~ - - !  
! ! ! ! ! ! ! ! ! ! ! ! 
! Sioz  % ! 54.40 ! 54.30 ! 60.00 ! 60.50 ! 60.40 ! 60.80 ! 49.70 ! 47.90 ! 50.11 ! 52.73 ! 
! Al203 % ! 15.00 ! 15.10 ! 13.95 ! 13.80 ! 13.80 ! 13.85 ! 16.05 ! 11.15 ! 18.56 ! 15.79 ! 
! Fe203 % ! 3.25 ! 3.80 ! 2.15 ! 2.40 ! 2.40 ! 1.90 ! 3.80 ! 2.75 ! 5.89 ! 6.03 ! 
! Fe O % ! 6.20 ! 5.75 ! 5.85 ! 5.65 ! 4.85 ! 5.40 ! 5.30 ! 4.40 ! 5.74 ! 6.27 ! 

5 ! Ca O % ! 8.95 ! 9.25 ! 4.65 ! 4.80 ! 4.30 ! 4.25 ! 7.40 ! 13.15 ! 9.98 ! 7.63 ! 
! Na20 % ! 3.30 ! 3.tO ! 4.40 ! 4.35 ! 3.85 ! 3.95 ! 3.30 ! 1.75 ! 2.44 ! 3.50 ! 
! K 2 0  % ! 0.84 ! 0,84 ! 2.35 ! 2.45 ! 2.55 ! 2.40 ! 1.30 ! 0.05 ! 1.39 ! 0.64 ! 
! Ti02 % ! 0.85 ! 0.81 ! 0.79 ! 0.80 ! 0.71 ! 0.71 ! 0.59 ! 0.42 ! 0.90 ! 1-65 ! 
! Mno X ! 0.18 ! 0.28  ! 0.19 ! 0.09 ! 0.56 ! 0.23 ! 0.15 ! 0.15 ! 0.15 ! 0.26 ! 

* ! P2O5 % ! 0.17 ! 0.15 ! 0.40 ! 0.41 ! 0.36 ! 0.44 ! 0.09 ! 0.05 ! 0.14 ! 0.30 ! 
! H20- % ! 0.72 ! 1 . 1 1  ! 0.95 ! 0.51 ! 1.37 ! 1.05 ! 0.81 ! 3.09 ! 1.28 ! 0.85 ! 
! H20+ % ! 1.29 ! 1.20 ! 1.84 ! 1.55 ! 2.77 ! 2.37 ! 2.99 ! 1.87 ! 0.63 ! 0.47 ! 
! ! ! ! ! ! ! ! ! ! ! ! 
! Total % ! 99.25 ! 99.94 ! 99.27 ! 99.06 ! 99.48 ! 98.85 ! 99.09 ! 99.84 ! 100.31 ! 99.82 ! 
! ! ! ! ! I ! ! ! I ! ! 

P ! M g O  % !  4.10 ! 4.25 ! 1.75 ! 1.75 ! 1.55 ! 1.50 ! 7.60 ! 13.20 ! 3.10 ! 3.50 ! 

4 

Y .  
i 

4 

b 

Table III - Microprobe analyses 
! ! ! ! ! ! 
! GO 329 D 7 ! GO 333 D 3 ! GO 334 D 4 ! GO 334 D 5 ! GO 335 D 4 ! 

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
! 24 ! 23 ! 20 ! 167 ! 170 ! 174 ! 116 ! 117 ! 121 ! 146 ! 151 ! 152 ! 2 ! 6 ! 14 ! 

! Si02 ! 56.27! 52.37! 51.59 ! 52.411 52.53! 48.94 ! 66.82! 51.96! 51.89 ! 46.47! 51.15! 52.30 ! 51.58! 48.55! 50.23 ! 
! Ti02 ! 0.05! 0.22! 0.34 ! 0.17! 0.19! 0.59 ! O.OZ! 0.30! 0.28 ! 0.03! 0.31! 0.26 I 0.08! 0.87! 0.53 ! 
! A1203 ! 27.35! 0.88! 1.69 ! 2.46! 2.06! 14.03 ! 20.28! 2.91! 2 . 6 0  ! 33.20! 2.52! 1.92 ! 30.31! 5.20! 4.50 ! 
! Cr203 ! O.OZ! 0.031 0.06 ! ! ! ! ! ! ! ! ! ! O.Ol! 0.051 0.17 ! 
! Fe0 ! 0.64! 24.33! 14.21 ! 4.86! 6.06! 10.36 ! O.Il! 6.4!! 7.10 ! 0.79! 6.99! 6.05 ! 0.86! 14.43! 1 1 . 1 1  ! 
! MgO ! 0.05! 20.70! 13.78 ! 17.47! 18.04! 7.63 ! 0.05! 16.97! 16.67 ! 0.36! 17.85! 16.91 ! 0.14! !2.33! 16.26 ! 
! Ca0 ! 9.84! !.93! 18.20 ! 22.26! 20.73! 11.61 ! 0.69! 21.88! 21.25 ! 17.19! 20.22! 22.05 ! 13.36! 17.951 17.50 ! 
!Na20 ! 5.82! 0.04! 0 . 3 3 !  0.19! 0.17! 1 . 8 9 !  10.85! 0.20! 0 . 2 0 !  1.56! 0.17! 0 . 2 0 !  3.71! 0.35! 0 . 2 5 !  
! K20 ! 0.35! 0.01! 0.08 ! 0.01! 0.03! 0.74 ! O.Io! 0.031 0.02 ! 0.04! O.OO! 0.00 ! 0.07! O.OZ! 0.01 ! 

! Tota l  !100.39!100.52!100.28 ! 99.83! 99.81! 95.79 ! 98.92!100.66!100.01 ! 99.64! 99.21! 99.69 !!00.12! 99.75!100.44 ! 

! S i  ! 2.5291 1.964! 1.946 ! 1.923! 1.930! ! 2.953! 1.9031 1.915 ! 2.151! 1.900! 1.931 ! 2.3481 !.847! 1.862 ! 
! A l  ! 1.449! 0.039! 0.075 ! 0.106! 0.089! ! 1.056! 0.126! 0.113 ! 1.8!1! O.l!O! 0.084 ! 1.626! 0.233! 0.197 ! 
! T i  ! 0.0021 0.006! 0.010 ! 0.005! 0.005! ! O.OOl! 0.008! 0.008 ! O.OOl! 0.009! 0.007 ! 0.003! 0.0251 0.015 ! 
! Fe ! 0.0241 0.7631 0.448 ! 0.149! 0.!86! ! 0.004! 0.196! 0.219 ! 0.031! 0.217! 0.187 ! 0.033! 0.459! 0.345 ! 

! Mg ! 0.0031 1.157! 0.775 ! 0.955! 0.988! ! 0.003! 0.926! 0.917 ! 0.025! 0.988! 0.931 ! 0.009! 0.699! 0.899 ! 
! Ca ! 0.474! 0.078! 0.736 ! 0.875! 0.8161 ! 0.033! 0.859! 0.840 ! 0.8531 0.805! 0.873 ! 0.652! 0.732! 0.695 ! 
! Na ! 0.508! O.OG3! 0.024 ! 0.0!4! 0.0121 ! 0.930! 0.014! 0.014 ! 0.140! 0.012! 0.014 ! 0.327! 0.0261 0.018 ! 
! K  ! 0.0201 0.000! 0.004 ! O.OOO! O.COI! ! 0.0061 O.OOl! 0.001 ! 0.002! O.oOO! 0.000 ! 0.004! O.OOl! 0.000 ! 

! Total ! 5.010! 4.0!1! 4.020 ! 4.027! 4.027! ! 4.986! 4.033! 4.027 ! 5.0141 4.041! 4.027 ! 5.002! 4.024! 4.033 ! 

! ! ! ! I ! ! ! ! ! ! ! ! ! ! ! ! 

! ! ! ! ! ! ! I ! ! ! ! ! ! ! ! I  ! 

I C r  ! O.OOl! O.OOl! 0.002 ! ! ! ! ! ! ! I ! ! O.OOO! 0.002! 0.002 ! 

I ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

! ! ! ! ! ! I. I ! ! ! ! ! ! ! ! ! 
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

24 : plagioclase phenocryst - 23 : pyroxene phenocryst - 20 : pyroxene groundmass - 167 : pyroxene phenocryst - 
170 : pyroxene groundmass - 174 : glass  inclusion i n  pyroxene - 116 : plagioclase average - 117 : pyroxene groundmass - 
121 : pyroxene phenocryst - 146 : plagioclase phenocryst - 151 : pyroxene groundmass - 152 : pyroxene phenocryst - 

2 : plagioclase phenocryst - 6 : pyroxene groundmass - 14 : pyroxene phenocryst. 

Analytical  method : The minerals and the glasses i n  the th in  sec t ions  were analysed with a 9-spee t rowter  A.R.L. e lec t ron  
micropobe a t  Smithsonian Ins t i t u t ion ,  Department of Mineral Sciences. This system uses correc t ions  based on the method of 

Bence and Albee (1968). A l l  readings a re  corrected by on-line PDP-! ! computer. A 15 KV acce lera t ing  po ten t i a l ,  O. 15. A 
beam curren t  and !O seconds count tim were used during the analyses. 7 analyses were made on GO 329 D specimens, 16 
analyses on GO 335 D specimens. 22 analyses on GO 334 D specimens and 24 analyses on GO 333 D spech"e .  1 1 1  
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Table I V  - Foraminifera iden t i f i ca t ions  by G.W. HUGHES 

PLANKTONIC SPECIES : 

Globigerinella aequ i l a t e ra l i s  
Globorotalia acostaensis acostaensis 

pseudopima 
crassaformis oceanica 
c u l t r a t a  c u l t r a t a  

menardii 
(kummerform) 

falconensis 
h i r su t a  
humeros a 

tosaensis 
truncatulinoides 
tumida 

multicamerata 

elongata 
i m a t u r a  
obliquus 
ruber 
s accu l i f e r  

t r i l obus  

f lexuosa 

Globigerinoides conglobatus 

forma g~ 

Pul len ia t ina  obl iqui locula ta  
Sphaeroidinella dehiscens dehiscens 

Sphaeroidinellopsis subdhiscens 
Orbulina universa 
Candeina n i t  i da  

i m a t u r a  

BENTHONIC SPECIES : 
Textu lar ia  sp. c f .  s a g i t t u l a  
Pyrgo depressa 

murrhyena 
SP . 

Spiroloculina sp. 
T r i  loculina oblonga 
Lagena l aev i s  

Orthomorphina sp. 
Rectoglandulina to r r ida  
F issur ina  exsculpta 

marginata 
SP * 

Sphaeroidina bulloides 
Bolivina robusta 

SP * 
Rectobolivina papula 
Euvigerina aculea ta  
Siphouvi gerina in t e r rup t  a 
Operculinella venosa 
Cycloclypeus carpenter i  
Planulina wue l l e r s to r f i  
Pleuros tomel l a  a l te rnans  
Class idul ina  laev iga ta  
Globocassi dulina ob longa 
Melonis a f f i n i s  
Ceratobulimina pac i f i ca  

su l ca t a  sp i ca t a  

C 
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Table V - Age determinations of lavas from Tanna and Futuna is lands.  

! Sample ! Location ! Formation ! Nature m(g) ! K % ! 40 t o t a l  ! 40A* ! 40Ac ! ! m.y.B.P. K'A age i Mean value jPa1eont.i ! ! ! 
! ! ! ! ! ! 
! ! ! ! ! ! ! ! ! .. ! ! ! ! 

. !  ! IA I - ! -  i 36A i 40A totalX (A'g) ! ! ! ! 

! TAC 105 ! TANNA ! Melen ! ol iv ine  ! 5.147 ! 1.06 ! 132.6 ! 5.8 % ! O.938x!O1' ! 0.085 ! ! ! 
! I ! Tukosmeru ! b a s a l t  ! ! ! ! ! I ! 0.090+ O.OIS! Pleis-  ! 

! -  ! -  ! - ! -  ! 5.334 ! - ! 317.9 ! 7.2. Z ! I.IO~XIO" ! 0.100 ! (may be older)! ! 
! , !  ! Volcanics ! ! ! ! , !  ! ! ! ! tocene ! 

! ! ! ! ! ! ! ! ! ! ! I I 

! TAC 100 ! TANNA ! Melen ! porphyri t ic  6.106 ! 0.37 ! 304.1 ! 3.0 % ! 2.209x1011 ! 0.580 ! ! ! 

! -  ! -  - 1 -  i 6.098 i - ! 305.2 ! 3.3 % ! 2 . 7 0 0 ~ 1 0 ~ ~  ! 0.700 ! ! ! 

' ! FMAC 56 ! FUTUNA ! Futuna ! hornblende! 5.093 ! 1.09 ! 483.3 ! 39.0 % ! 2 . 0 1 9 ~ 1 0 ~ ~  ! 1.79 ! ! ! 

! ! ! Tukosueru ! b a s a l t  ! ! ! ! ! ! ! 0.650 2 O.!OO! Pleis-  ! 
I I ! Volcanics ! 1 I ! ! ! ! ! ! tocene ! 

! ! ! ! ! ! ! ! ! ! ! ! ! 
! ! ! ! ! ! ! ! ! ! ! ! ! 

5 !  ! ! Volcanics ! basa l t ic -  ! ! ! ! ! ! ! ! Plio-  ! 
! ! ! ! andesi te  ! ! ! ! ! ! ! 1.80 2 0.05 ! Pleis-  ! 

! tocene ! ! ! ! ! ! 4.892 ! - ! 352.2 ! 16.5 % ! 2 . 0 3 5 ~ 1 0 ~ ~  ! 1.80 ! 
C !  ! ! ! ! ! ! ! ! I ! 1 ! 

! ! ! ! ! ! ! ! ! ! ! ! 
i i TAC 64 ! TANNA ! Green H i l l !  aphyric ! 5.210 ! 0.94 ! 349.9 ! 15.7 % ! 2 . 3 8 0 ~ 1 0 ~ ~  ! 2.44 ! ! ! 

I ! Volcanics ! b a s a l t  ! ! ! ! ! ! ! 2.45 2 0.05 ! Plio-  ! 
! ! ! ! ! 4.778 ! - ! 354.5 ! 16.8 % ! 2 . 3 8 6 ~ 1 0 ~ ~  ! 2.45 ! ! cene ! 
! ! ! ! ! ! ! ! ! ! ! ! ! 

Analyt ical  techniques : 

The Potassium-Argon ages have been car r ied  out i n  the  associated C.N.R.S.-C.E.A. Laboratory of the Centre des Faibles  Radioact ivi tés ,  
Gif-sur-Yvette, 91, France. 

They have been determined by comparison between the given samples and some gaseous s tandards,  ca l ibra ted  themselves against  interna-  
t i o n a l  mineral standard Bern 4M (Bocquet e t  a l  1974). The Potassium analyses were c a r r i e d  out by the atomic absorpt ion method, t he  accu- 
racy being b e t t e r  than 2 X. For  the Argon measurements, the mass-spectrometric volumetric method was used (without i so topic  d i l u t i o n  with 
38  A). Each measurement on a mineral Argon sample i s  followed by a cont ro l  measurement on an atmospheric Argon sample under the  saue 
pressure,  i n  order  t o  determine the  i so topic  response of the mass-spectrometer (which leads t o  measured 40/36 r a t ions  d i f fe ren t  from 
the exact  value 295,5. 

A l l  36 A mineral s igna l s  are assumed t o  be due t o  atmospheric contamination. 
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F i g .  2 - Dredgings and p r o f i l e s  l o c a t i o n s .  

F i g .  1 - The New Hebr ides  a r c  and p r o f i l e s  on S c r i p p s  
0.1. b a t h y m e t r i c  map - 1 : subduc t ion ,  2 : 
i m b r i c a t e  zone, 3 : s u m i t  of  t h e  t r e n c h  
s l o p e ,  4 : o l d e r  v o l c a n i c s ,  5 : P l i o c e n e  - 
Recent v o l c a n i c s ,  6 : a c t i v e  v o l c a n i c  l i n e ,  
7 : c r a t e r s ,  8 : h o r s t  and t r o u g h  zone. 
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Fig .  3 - Dredging p o s i t i o n s  on a s e i s m i c  r e f l e x i o n  p r o f i l e  - 
1 : u n c o n s o l i d a t e d  t u f f ,  2 : a c o u s t i c  basement,  
3 : p r o b a b l e  l a v a  and t u f f  s u c c e s s i o n s .  
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Fig. 7 - Alkalies versus SiO2 dia- 
gram of dredged samples 
and of rocks from Tanna, 
Aneityum, Futuna islands. 

Fig.  8 - K O versus Si0 diagram 2 o f  dredged samples and of 
rocks from Tanna, Aneityum, 
Futuna islands. 

Field boundaries : (from Carney 
and Macfarlane, in prep) 

Tanna basalts and andesites; c Aneityum basalts. 

0 Futuna lavas 0 

‘Y’ ..-. : :  .... 

As 

.G 
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Aneityum andesites 

SYMBOLS 

in Fig.6 with the addition o f :  

Glass from Cpx in GO333 03 
(Table III) 

Basaltic racks dredged from the 
imbricate tane by Luyendyk e t  
al (1974) -see Table II . 
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