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INTRODUCTION 

New Caledonia i s  an  i s l a n d  s t r e t ched  NW-SE, 
400 km long by 50 lan wide i n  the  South West 
P a c i f i c .  The whole i s l and  i s  surrounded by a 
b a r r i e r  reef  enc los ing  a ve ry  wide lagoon, 
e s p e c i a l l y  i n  t h e  south  western and no r the rn  
p a r t s  of t h e  i s l a n d  ( see  f i g . ] ) .  The f l a t  r ee f  
i s  sub-outcropping and emerging on lowest low 
t i d e  i n  t h e  wes tern  p a r t  of t h e  i s l and  ; on 
t h e  o t h e r  hand, i n  t h e  e a s t e r n  p a r t  t h e  bar-  
r i e r  r ee f  i s  not  always outcropping and then  
i t s  upper p a r t  i s  ly ing  some meters below t h e  
sea-level. The lagoon i s  r e p r e s e n t a t i v e  of t h e  
new Caledonian "con t inen ta l  she l f" ,  t h e  bar- 
rier ree f  marking t h e  t r a n s i t i o n  l i n e  be fo re  
t h e  con t inen ta l  s lope  which d i p s  s t e e p l y  t o  
t h e  bas ins  surrounding New Caledonia. 

* 

, 
f 

The coas t  i s  surrounded by f r i n g i n g  r e e f s  
excepc i n  t h e  she l t e red  bays where mangroves 
are o f t e n  found. The f l a t  p a r t s  of t hose  
f r i n g i n g  r e e f s  r ise up i n  a g e n t l e  s lope ,  
from 0.2 t o  1 m above t h e  zero of t he  French 
Navy Survey Department ( 1 ) .  The h ighes t  p a r t  
of those  f l a t  r e e f s  where c o r a l  growth i s  no 
longer  poss ib l e ,  i s  p a r t l y  covered up by t h e  
p re sen t  beach. Above t h a t  one, between 2 and 
4 m u p l i f t e d  beaches are f r equen t ly  found. 
Thei r  a t t r i b u t i o n  t o  Holocene (AVIAS, 1949 
and 1953 j ROUTHIER, 1953) has  been confirmed 

1972 ; BALTZER, 1970 ; COUDRAY and DELIBRIAS, 
1972). Above, t h a t  i s  a t  between 3 t o  6 my 

I 

'2 by more r e c e n t  d a t a  (LAUNAY and RECY, 1970, 

( 1 )  The zero of r e f e r e n c e  used i n  t h i s  paper 

The h ighes t  t i d a l  range being 1.60m i n  N . C a l .  
i s  t h a t  of t h e  French Navy Survey Dept. 

( I )  L a b o r a t o i r e  d e  Géo log ie  Dynamique, U n i v e r s i t é  P i e r r e  et  
4 p l a c e  J u s s i e u ,  75230 P a r i s  Cedex 05, F rance  

sporadic  traces of a#cient sea  levels have 
been radiocarbon da ted .  It w i l l  be  shown t h a t ,  
t hese  d a t e s ,  a t t r i b u t e d  t o  a high sea  l e v e l  a t  
approximately 30,000 BP (LAUNAY and RECY, 
1972), must be s e r i o u s l y  re-examined. 

I - AGES OF THE REEF COMPLEXES 

A) - Upl i f t ed  r ee f  complexes. 

A c o r a l  sample, from an  undercut  near  
Hienghene c o l l e c t e d  a t  an  e l e v a t i o n  of 3.2 ? 
0.3 my gave a radiocarbon d a t e  of 30,300 -t. 
2,700 yea r s  BP ( 1 ) .  The Uranium-Ionium d a t e  
of t h i s  sample, 100,000 yea r s  BP (BERNAT e t  
a l . ,  1976), i s  ve ry  doubt fu l  s i n c e  i t s  mine- 
r a l o g i c a l  composition (74 Z a ragon i t e ,  26 % 
c a l c i t e )  s t roug ly  i n d i c a t e s  t h a t  c r y s t a l l i z a -  
t i o n  of secondary c a l c i t e  has  occured. This  
pu t s  i n  doubt t h e  radiocarbon age as w e l l .  

_/ 

South of New Caledonia and on t h e  I s le  of 
P ines  f r ï n g i n g  r e e f s  were u p l i f t e d .  A Uranium 
-Ionium age of 118,000 yea r s  BP was a t t r i b u -  
ted  t o  a sample of c o r a l  from an  e l e v a t i o n  of 
20 m on t h e  I s l e ,  bu t  t h e  sample might have 
been contaminated s ince  i t  con ta ins  30 Z of 
c a l c i t e .  A l e v e l  of t h i s  age (BLOOM e t  a l . ,  
1973) a t  such a n  a l t i t u d e  would imply an  
u p l i f t  t h a t  might have been produced by t h e  
l i t h o s p h e r i c  bulge due t o  the  unde r th rus t ing  
of t h e  Australo-Indian p l a t e  beneath t h e  Pa- 
c i f i c  p l a t e  a t  t he  l e v e l  of t h e  New-Hebrides 
t r ench  (DUBOIS e t  a l . ,  1973,1974) and which 
i s  r e spons ib l e  of t h e  u p l i f t  of t h e  Loyal ty  
I s l ands .  

(1 )  Measurement made by Professor  K I G O S H I ' S  
Laboratory,  Kagushin Un ive r s i ty  - Tokyo. 

tarie C u r i e  ( P a r i s  V I ) ,  

(2) 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. A5, Noumea Cedex, New Ca ledon ia  
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B) - Data on t h e  b a r r i e r  reef 

A l l  t h e  a v a i l a b l e  d a t a  on t h e  b a r r i e r  reef  
o r i g i n a t e  from a unique borehole ,  9 m deep, 
on Tenia  I s l e t  (Western Barrier Reef).  The 
formations are non indurated and holocene i n  
age. They over lay  a 320,000 year  o l d  c o r a l  
formations (COUDRAY, 1973). The sea-level, a t  
t h a t  t i m e ,  i s  assumed t o  be 5 o r  6 m higher  
t h a n  t h e  present  one (BLOOM e t  a l . ,  1973,1974). 
The r e s u l t i n g  subsidence of t h e  western bar- 
r i e r  r e e f  appears  t o  have been about  14 m f o r  
t h e  las t  120,000 years  according t o  t h e  Tenia 
I s l e t  d a t a ,  i f  it i s  assumed t h a t  t h e  upper 
p a r t s  of t h i s  formation r e p r e s e n t  a f l a t  reef  
which w a s  near  sea-level, i . e .  + 5 m a t  129,  
120,000 years  B.P. 

Observat ions c a r r i e d  o u t  on t h e  shores  and 
i n  t h e  lagoon support  t h i s  hypothesis .  They 
reveal t h a t  t h e  l i v i n g  r e e f s  are  found very  
s l i g h t l y  below sea-level. The f l a t  reefs,  on- 
l y  p a r t i a l l y  active,  are found i n  t h e  t i ga l  
range. Thei r  t o p s  could have formed dur ihg  
t h e  higher  sea- levels  of t h e  Hblocene, expla i -  
ning why t h e  m a j o r i t y  now l i e  above c u r r e n t  
mean sea-level. On t h e  o t h e r  hand, observa- 
t i o n s  made i n  t h e  south east of New Caledonia,  
on t h e  I s le  of P ines  and i n  t h e  Loyal ty  Is- 
l a n d s  ( a l l  u p l i f t e d  r e e f s )  show thy  are  n o t  
dismantled by erosion.  They behave j u s t  a s  
k a r s t s  ; run-off i s  absent  and i n f i l t r a t i o n  
prevents  s u r f a c e  erosion.  I n  t h e  contex t  of 
t h e  sea-level chronology of BLOOM e t  a1.,1973, 
1974, t h e  r e s i s t a n c e  of t h e  reef  t o  e ros ion ,  
impl ies  t h a t  t h e  a n c i e n t  r e e f ,  which should be 
found a t  + 5 m, has a c t u a l l y  subsided t o  -9 m. 

C) - Data on t h e  f r i n g i n g  r e e f  of t h e  
e a s t e r n  c o a s t .  

a )  Surface samples. 

Data concerning t h e  f l a t  f r i n g i n g  r e e f  are 
more numerous (Table I ) ,  b u t  t h e  r e s u l t s  a r e  
n o t  always coherent .  

- 
South of New Caledonia,  a t  + 2 m, a cont i -  

nuous undercut  running s e v e r a l  k i lometers  can 
be  observed i n  a n c i e n t  u p l i f t e d  reef  comple- 
xes above t h e  present  f l a t  r e e f .  Two rad iocar -  
bon age measurements on c o r a l s  which have 
grown i n  t h e  undercut  a f t e r  i t s  formation,  a t  
Tara (Tara,  1, 2, 3) and a t  Touaourou (69 Tou 
15) gave n e t l y  d i f f e r e n t  r e s u l t s  though made 
on sampleq from n e a r l y  a t  t h e  same l e v e l  
(LAUNAY, RECY, 1972 ; COUDRAY, DELIBRIAS, 
1973). New radiocarbon measurements made on 
t h e  samples Tara 2 , 3  exhib i ted  younger ages  - 
and ages  c l o s e r  t o  those  found by COUDRAY and 
DELIBRIAS ( 1  973) f o r  equiva len t  l e v e l s  a t  
Touaourou and a l s o  a t  Touho. The i s o l a t e d  co- 
r a l  sample 69 T l c o l l e c t e d  a t  Touho on t h e  

2 90 

f l a t  r e e f ,  w a s  found t o  have a n  age  substan- 
t i a l l y  o l d e r  than  c o r e  d r i l l e d  samples from 
t h e  upper p a r t  of t h a t  formation. T h i s  ind i -  
cates t h a t  i n t e r p r e t a t i o n s  of radiocarbon 
ages  of i s o l a t e d  c o r a l  samples should be made 
w i t h  caut ion .  For example, t h e  newly determi- 
ned c o r e  age series i n  t h i s  area shows t h a t  
one cannot conclude t h a t  t h e  south  e a s t e r n  
p a r t  of New Caledonia w a s  u p l i f t e d  during t h e  
Holocene, as previous ly  supposed by LAUNAY 
and RECY ( 1  972). 

b )  Core survey of t h e  upper p a r t  of 

1 .  Composition 

t h e  Touho f r i n g i n g  r e e f .  

I n  t h e  Touho area, about  t e n  c o r e  d r i l -  
l i n g s  from 5 t o  10 m ( I ) ,  were made i n  t h e  
f r i n g i n g  reef  which i s  several hundred meters 
wide t h e r e  ( see  f i g .  2 ) .  I n  genera l ,  t h e  f l a t  
reef e l e v a t i o n  varies from 0.2 m t o  1 m bet-  
ween t h e  f a l l i n g  s l o p e  of t h e  f r i n g i n g  reef  
and t h e  shore.  Some of t h e  d r i l l i n g s  a r e  i n  
shal low depress ions  0.5 m deep. From t h e  s tu-  
dy of t h e  cores  i t  can be  a s c e r t a i n e d  t h a t  
t h e  upper p a r t  of t h e  f r i n g i n g  . r e e f ,  a t  least  
t o  t h e  bottom of t h e  deepes t  c o r e  (-12 m), 
c o n s i s t s  of organogenous sands and c o r a l  de- 
b r i s  i n t e r s p e r s e d  wi th  cont inuous c o r a l  mas -  
s e s .  These are unusual i n  t h e  inner  p a r t  of 
t h e  r e e f  (near t h e  shore)  and i n c r e a s e  i n  
number and th ickness  toward i t s  o u t e r  p a r t .  
C o r r e l a t i o n s  between t h e  l i t h o l o g i c a l  sequen- 
c e s  of t h e  d i f f e r e n t  d r i l l i n g s  are n o t  e a s i l y  
d iscernable .  

The fol lowing schematic d e s c r i p t i o n s  of 
t h e  S 4  and S5 cores ,  made r e s p e c t i v e l y  i n  t h e  
o u t e r  and inner  p a r t s  of t h e  f r i n g i n g  reef  
( s e e  f i g .  2) show t h e  extremes i n  t h e  varia- 
t i o n  of t h e  l i t h o l o g i c a l  sequences : 

! ! 
! Touho S 5 (shore s i d e )  ! 
! Depth L i  thology ! 
! (from s u r f a c e )  ! 

! 00-00.10 alluvium ! 
1 ! 
;00.10-02.00 sand g r a i n s  and c o r a l  d e b r i s  ! 

1 ! 
! i 06,50-08.00 f i n e  organogenous d e b r i s  

!08.00-10.40 organogenous d e b r i s  
! ! ,10.40-10.50 c o r a l  mass ! 
-! 10.50-11.10 organogenous and c o r a l  d e b r i s !  
I ! 

! 

I--------------------------------------------l 

102.00-06-50 organogenous d e b r i s  ! 

1 

11.10-12.00 c o r a l  mass 

( 1 )  The d r i l l i n g s  were performed by OMNIUM 
TECHNIQUE. 
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! ! 
! Touho S 4 (lagoon s i d e )  ! ,  
! li tho l o g i c a l  depth  ! 
! ! 
! ! 
! 00-0.40 f l a t  r ee f  .. 
! ! 

! ! 
! 0.60-0.90 indurated organogenous sand ! 
1 ! 
* 0.90-1 .O0 c o r a l  mass ! ! 
! 1.00-2.20 induraked organogenous sand ! 
! and c o r a l  branches ! 
1 ! 

! 
! 2.40-3.10 indurated organogenous sand ! 
! ! 
! ! 
! ! 

1 

0.40-0.60 d e b r i s  of c o r a l  branches 

2.30-2.40 c o r a l  mass 

3.10-4.50 c o r a l  mass 

2.  Age de termina t ions  and s t a b l e  

Samples t o  be radiocarbon dated were se lec-  

i so tope  measurements ( t a b l e  1 1 ) .  

t e d  i n  t h e  massive c o r a l  from the  cores .  The 
samples a r e  of a r agon i t e  without  any t r a c e  of 
c a l c i t e .  Measurements of i s o t o p i c  r a t i o s  of 
160 /180 ,  1 2 C / 1 3 C  were a l s o  made. The f o l l o -  
wing conclusions can be drawn from these  r e -  
s u l t s  : 

- The samples a r e  a l l  holocene i n  age. The- 
r e  i s  no cont inuous age v a r i a t i o n  with depth,  
n e i t h e r  among t h e  co res  nor even wi th in  any 
s i n g l e  one. 

- Mineralogy shows up t h a t  non r e c r y s t a l l i -  
s a t i o n  has  occured which would have t r ans f  or-  
med a ragon i t e  i n t o  c a l c i t e .  

p re ted  i n  terms of c r y s t a l l i s a t i o n  a t  o r  near  
i s o t o p i c  equi l ibr ium wi th  the  marine environ- 
ment when us ing  a v a i l a b l e  va lues  f o r  t h e  iso-  
t o p i c  composition of water .  The paleotempera- 
t u r e s  equat ion  ( 1 )  (CRAIG, 1965) : 

- The s t a b l e  i so tope  con ten t s  can be i n t e r -  

t = 16.9 - 4.2 (6  - A) + 0.13 (6 - A)' 

i v e s  temperatures  (OC) a s  a func t ion  of t h e  
" 0  content  of t h e  carbonate  (6) and of t he  
water  (A). 

( I )  The oxygen 18 va lues  a r e  obtained from 
mass spec t romet r ic  measurements of CO2 

gaz. For carbonates ,  t h e  CO' i s  l i b e r a t e d  by 
r e a c t i o n  with phosphoric ac id  a t  25°C ; f o r  
water ,  t h e  COZ i s  prepared by e q u i l i b r a t i o n  
wi th  t h e  sample a l s o  a t  25°C. These va lues  
must be expressed wi th  r e spec t  t o  the  same 
working s tandard .of  gazeous COZ.  I n  t h i s  s tu-  
dy, va lues  of A and a r e  expressed wi th  res- 
pec t  t o  a working s tandard which was ca l ib ra -  
ted  a g a i n s t  CO2 der ived from t h e  PDB carbona- 
te  s tandard.  

Resu l t s  shown i n  t h e  fol lowing t a b l e  g i v e  t h e  
extreme v a l u e s  : 

. .  ! ! 
Sample 6180 ! A ~ ' O  !calCu- ! 

! ! c o r a l / !  wa te r / ! l a t ed  ! Age !- 
! number ! PDB ! PDB ! t o c  ! ! 
! ! ! ! ! ! 
! ! ! ! '  ! ! 
! Touho, 
! s9  (1) 
! 
! 
! 

! Touho 
! s4 (5.) 
! 
! 
! 

1 

! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 

-3.34 ! -0.2:: ! 38'1 ! 3140k160 ! 
(max) ! ! ! ! 

! ! ! 
! -0.7::::! 35O5 ! ! 
! ! ! ! 
! ! ! ! 

-4.64 ! -0.2:' ! 31"3 ! ! 
(min) ! ! ! 

! ! ! ! 
! -0.7::::! 28'9 ! 2660+ 60 ! 
! ! ! ! 

.. average i so tope  composition of t h e  oceanic  
sea  water (CRAIG, 1961). 

water measured i n  the  approaches of Noumea. 

.e., 
**** i s o t o p i c  composition of t h e  P a c i f i c  sea 

Since t h e  ca l cu la t ed  temperatures  are rea- 
sonable ,  w i th  respect t o  the  p re sen t  tempera- 
t u r e  of t he  c o r a l  environment, it appears  
t h a t  t he  c o r a l  carbonate  c r y s t a l l i s e d  under 
condi t ions  near  equi l ibr ium wi th  d i s so lved  
carbonate .  I f  one cons iders  t h e  gene ra l  evo- 
l u t i o n  of t h e  l 8 0  conten t  of t he  carbonate  as 
a func t ion  of radiocarbon age,  one f i n d s  
( t a b l e  11)  t h a t  t h i s  change w a s  on t h e  o rde r  
of 1 2 ,  between 6000 and 1500 yea r s  BP. The 
r e s u l t i n g  apparent  thermal change would aboÜt 
4 , Z " C .  This  r e p r e s e n t s  a miximum v a r i a t i o n  
s ince ,  dur ing  t h i s  per iod an  i n f l u x  of water 
der ived from po la r  i c e  and having a ve ry  low 
oxygen 18 contentamay have s t i l l  occurred.  

The ef,fect of t h e  r ise  i n  temperature  can  
thus  be added t o  t h e  e f f e c t  of t h e  lowering 
of t h e  i s o t o p i c  composition of s i n c e  i t  ap- 
pears from t h e  paleotemperature  equat ion  t h a t  
both e f f e c t s  i n f luence  t h e  heavy i so tope  con- 
t e n t s  of t h e  carbonates  i n  t h e  same sense.  
The c o r a l s ,  t he re fo re ,  seem t o  have recorded 
a l o g i c a l  and reasonable  change of t h e  holo- 
cene c l i m a t i c  condi t ions, .  This  suppor ts  t h e  
s i g n i f i c a n c e  of t h e  i s o t o p i c  record  of t h e  
c o r a l  samples. 

The I 3 C  con ten t s  show no p a r t i c u l a r  ten- 
dancy, however they  suggest  t h e  c o r a l s  t o  be  
f r e e  from i s o t o p i c  exchange a f t e r  t h e  dea th  
of t he  organisms. 

D) - Data on the  f r i n g i n g  r ee f  of t h e  wes- 
t e r n  coas t .  

291 
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D) - Data on t h e  f r i n g i n g  r ee f  of t h e  
western coas t .  

a )  Core d r i l l i n g s  from Poya. 

I n  t h e  Prowy bay a r e a  (Poya), no t  ve ry  f a r  
from t h e  Croix-Haute cape, a series of con t i -  
nuous co re  d r i l l i n g s  were made t o  determine a 
p l ace  t o  bu i ld  a wharf ( 1 )  ( s ee  f i g .  3 ) .  

These d r i l l i n g s  showed ( s e e  f i g .  4) t h e  
ex i s t ence  of an  anc ien t  r i s e  modeling t h i n  and 
more o r  less  indurated d e t r i t i a l  m a t e r i a l s  
(sands and sandstone) .  

When submerged, t h e  depress ions  of t h i s  ri- 
se w e r e  f i l l e d  wi th  p r imar i ly  c l a y  m a t e r i a l ,  
whi le  t h e  upper p a r t s  gay' bases  f o r  c o r a l  
growths. 

Core S 9 ,  p a r t i c u l a r l y  r i c h  i n  w e l l  p reser -  
ved c o r a l  m a t e r i a l ,  has  been chosen f o r  a more 
d e t a i l e d  study. 

That core ,  loca ted  on t h e  f l a t  reef  s i d e  
and i s o l a t e d  from t h e  f r i n g i n g  reef  by a chan- 
n e l ,  encountered 8.70 m of c o r a l  formation 
( see  d e t a i l e d  s e c t i o n  f i g .  5 ) .  This  formation 
c o n s i s t s  a l t e r n a t e l y  of massive c o r a l  banks 
and of d e t r i t i c  l a y e r s  conta in ing  s h e l l  and 
c o r a l  deb r i s .  The samples s tud ied  come from 
both  these  l e v e l s  ( see  f i g .  5 ) .  

b) Age de termina t ions  and s t a b l e  i so-  
tope measurements ( t a b l e  I I I ) .  

The age p r o f i l e  i s  roughly coherent  w i th  
depth  and d e a l s  w i th  t h e  i n t e r v a l  5,400 t o  
1,300 BP corresponding t o  t h e  growth of appro- 
ximately 7 meters of c o r a l .  The lowest sample, 
S 9 (H) a t  -24,9 m, il o lde r  than  t h e  rad io-  
carbon d e t e c t i o n  l ï m i t .  The oxygen 28 conten t  
v a r i a t i o n  i s  on t h e  order  of 0.5 %,. Calcula- 
t e d  temperatures  f a l l  w i th in  t h e  same range as 
t h e  preceeding samples. The carbon 13 con ten t s  
a s  w e l l  a s  t h e  minera logica l  a s says  of c o r a l ,  
conta in ing  exc lus ive ly  a ragon i t e ,  show t h a t  
t h e  o r i g i n a l  i s o t o p i c  compositions has  been 
conserved. 

II - DISCUSSION 

A genera l  tandancy f o r  age t o  correspond 
wi th  depth  may be observed i n  t h e  cores  from 
t h e  Touho and Poya f r i n g i n g  r e e f s .  But t h e  
l ack  of a r igourous  chronologica l  order  as a 
f u n c t i o n  of t h e  sample depth  i s  c h a r a c t e r i s t i c  
of reworkings and of a l lochtonous  inpu t s ,  
which may occur dur ing  t h e  cons t ruc t ion  of a 
c o r a l  f l a t .  Age anomalies i n  t h e  c o r a l  mass 
proper may be explained by t h e  growth of re- 

(1) D r i l l i n g s  were performed by t h e  BACHY Com- 
pany f o r  D e  ROUVRAY'S f i rm.  
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cent  c o r a l  i n  t h e  depress ions  i n  o l d e r  c o r a l  
f l a t s  e.g. Touho S 4 ( 6 ) ,  and a l s o  by t h e  ac- 
cumulation of s h e l l  m a t e r i a l  from above which 
i s  trapped i n  c revasses  i n  t h e  c o r a l ,  e .g .  
Poya S 9 (F). 

The growth of a reef  complex t akes  p l a c e  
dur ing  s e v e r a l  thousand years .  During t h i s  pe- 
r i o d  s i g n i f i c a n t  reworking may occur i n  t h e  
s o l i d  phase o r  even i n  t h e  l i q u i d  phase (b i -  
carbonate  produced by t h e  d i s s o l u t i o n  of pre- 
e x i s t i n g  m a t e r i a l ) .  Thus c o r a l  i s  a marker no t  
e a s i l y  used i n  t h e  s tude  of sea l eva1  changes 
dur ing  t h e  Holocene. Since c o r a l  growth occurs  
a t  v a r i o u s  depths ,  it i s  apparent  t h a t  on ly  
ages found f o r  samples of t h e  h ighes t  e leva-  
t i o n s  should be considered i n  sea- leve l  s tu-  
d i e s  of t h e  Holocene. Never the less  i t  i s  a 
good marker i n  t h e  age de te rmina t ion  of ,an- 
c i e n t  h igh  sea levels. I n  t h i s  ca se  t h e  inac-  
curacy due t o  t h e  mixing of c o r a l  of d i f f e r e n t  
ages  i s  of t h e  same order  as t h e  e r r o r  i n  ra- 
d iometr i c  da t ing .  

A t  Touho a level which d a t e s  from 5.000 
years  BP a t  t h e  bottom t o  1.500 yea r s  BP a t  
t h e  top i s  found between -8 m and t h e  s u r f a c e  
a t  +0.8 m'. These same ages are found between 
-13.3 m and t h e  submerged s u r f a c e  of t h e  r ee f  
a t  -6.3 m. Thus t h e  dated holocene p r o f i l e s  a t  
Touho S. 4 and Poya S 9 a r e  of v i r t u a l l y  t h e  
same th ickness  and correspond t o  the  same ran-  
ge of ages .  The p r o f i l e s  a r e  no t  found on t h e  
same level a t  these  tow l o c a t i o n s  s ince  c o r e  
S 9 i s  from t h e  s lope  of t h e  r e e f .  

The f l a t  reef  su r faces  a r e  of dead c o r a l .  
The present  p r o f i l s  of t h e  f l a t s  r e e f s  were 
formed about  1500 years  ago. Thus it  appears  
t h a t  sea- leve l  has  s l i g h t l y  decreased s i n c e  
then. This  ag rees  wi th  t h e  drop i n  sea- leve l  
of one t o  two meters between approximately 
500 t o  1500 yea r s  BP f roun  by previous au tho r s  
(BALTZER, 1970 ; LAUNAY and RECY, 1970, 1972; 
COUDRAY and DELIBRIAS, 1972). 

S ix  thousand yea r s  ago, t h e  f r i n g i n g  r ee f  
was s t i l l  growing a t  approximately -8 m. I n  
l i g h t  of t h e  v e l o c i t y  of t h e  holocene sea- 
level r ise be fo re  6000 yea r s  BP, i t  i s  impro- 
bable  t h a t  reef  growth began long be fo re  t h i s  
d a t e  and a t  a f a r  lower l e v e l .  D r i l l i n g s  and 
observa t ions  made by d i v e r s  show the  o u t e r  s i -  
d e  of t h e  f r i n g i n g  r ee f  on t h e  e a s t  coas t  of 
New Caledonia i s  th i cke r  than  15 m. 

The holocene growth probably rests on a n  
anc ien t  r ee f  .whose age i s  no t  known. The s i m i -  
l a r i t y  of t h e  Tenia i s l e t  t o  t h e  b a r r i e r  r ee f  
would suggest  t h a t  t h i s  anc ien t  f r i n g i n g  r ee f  
w a s  formed 120,000 yea r s  ago, corresponding a 
high sea  level of +5 m (BLOOM e t  a l .  , 1973). 
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Neglect ing t h e  e f f e c t  of e r o s i o n  on t h g  c o r a l  
e l e v a t i o n  i t  seems t h a t  t h e  subsidence of ap- 
prowimately 14 m i n  t h e  l o s t  120,000 y e a r s  i s  
n o t  confined t o  t h e  area of c o n t i n e n t a l  f l e -  
x u r e  seen on t h e  b a r r i e r  reef, b u t  would have 
a f f e c t e d  a l l  of New Caledonia.  This  would n o t  
inc lude  t h e  southern  p a r t  and t h e  I s le t  of P i -  
nes  which were u p l i f t e d .  Such a n  i n t e r p r e t a -  
t i o n  would not  a g r e e  w i t h  t h e  age of 105,000 
y e a r s  measured a t  +3.2 m on t h e  c o r a l  from a 
remnant f l a t  reef  a t  Hienghene, b u t  t h i s  re- 
s u l t  i s  ques t ionable ,  as discussed above. On- 
l y  a d r i l l i n g  survey on t h e  f r i n g i n g  reef and 
t h e  de te rmina t ion  of ages  wi th  Ionium-Uranium 
on t h e  lower l e v e l s  would so lve  t h i s  problem 
w i t h  more accuracy. 

' CONCLUSIONS 

T h i s  s tudy,  which needs f u r t h e r  informa- 
t i o n s  on s e v e r a l  p o i n t s ,  sugges ts  t h e  f o l l o -  
wing hypotheses : 

- A genera l  subsidence of approxima- 
t e l y  14 m may have a f f e c t e d  t h e  e n t i r e  cont i -  
n e n t a l  p la teau  of N e w  Caledonia during t h e  
l a s t  120,000 years .  This  subsidence r e p r e s e n t s  
t h e  l a s t  p a r t  of a genera l  qua ternary  episode 
of 200 m which could have t h e  formation of t h e  
b a r r i e r  r e e f ,  t h e  inondat ion  of t h e  lower val- 
l e y s  and major c o a s t  l i n e  re t reat  (phase III 
of t h e  physiographic model of ROUTHIER, 1953). 

ness ,  i s  u n d e r l a i n  by a subsided a n c i e n t  r e e f  
platform.  

- Although t h e  holocene d e p o s i t s  are 
found o r  2 meters above t h e  c u r r e n t  sea-level, 
t h e r e  i s  no evidence which proves t h a t  these  
d e p o s i t s  have undergone s i g n i f i c a n t  ver t ica l  
displacement s i n c e  t h e y  may have been formed 
dur ing  t h e  per iod of h igh  sea- level  which came 
t o  a c l o s e  near 1.500 BP. 

- The holocene r e e f ,  15 m i n  thick-  
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T A B L E  I 

Mineralogic. isotopic  and radiometric radiocarbon data, on the f r inging 
reef of the New Caledonia South Eastern Coast. 

! Sample n' ! Alti tude ! Calcite- i 6'*0/ i 6I3C/ ! ! Age 14c(ans mesuré BP) I i Référence 
! Place ! zéro S H ! Aragonite ! 
! Nature 1 en !-----------------I . P D B  ! P D B  ! ! I 

! ! ! C % !  A %  ! ! ! ! ! 
! ! ! ! ! ! ! ! 
! ! ! !  ! ! ! ! ! 
! '69 Tou IO cora l  
I Touaourou 
! i n  growth posi t ion 
! 
! 
! Tara 2 cora l  
I sub i n  s i t u  
! 
! 
! Tara 3 coral  
! i n  growth posi t ion 
! 
! 
! Tara I coral  
! i n  growth posi t ion 
! 
! 69 Tou 15 
! Touaourou cora l  
! sub in s i t u  
! 
! 
! 
! 69 T 1 Touho 
! coral  apparently 
! i n  s i t u  
! 

! 
! +1.8+0.2 
! 
I 

l 

! 
! +I  z0.3 
! 
! 
! 
! +0.6+0.2 
! 
! 
! 

! 
! 
! 

! 
! 
! 
! 
! + I  20.5 
! 
! 

! +2.1+0.2 

! +2 zo.2 

! !  
! !  
! !  
! !  
! !  
! !  
! O !  
I !  
! !  
! !  
! O !  
! !  
! !  
! !  
! O 1  
! !  
! !  
! !  
! I  
! !  
! !  
! !  
! !  
! !  
I !  
! !  

! ! ! ! ! 
! 4380+llO (A) ! COUDRAY e t  ! 

! ! ! ! DELIBRIAS ! 
! 1973 ! ! ! ! 

! ! ! ! ! 
! ! ! ! ! 

I l 

100 (D) ! -3.IO(C) ! -0.72(C) ! 73405140 (B) ! ! 
! ! ! 49705120 (C) ! ! 
! ! ! ! ! 
! 

100 (D) ! 
! 
! 
! 

100 (D) ! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 

! ! ! ! 
! 
! ! ! ! 54705 90 (c)  ! ! ! 

! ! ! ! 

-4.03(C) ! I -0.75(C) ! 6300+140 (B) ! 

-3.53cC) I +0.59(C) i 7360+170 (B) i LAUNAY e t  ! 
! ! ! RECY, 1972 ! 
! ! ! ! 
! ! ! ! 
! ! 3970+110 (A) ! COUDRAY e t  ! 

! ! DELIBRIAS ! 
! ! ! 1973 ! 

! ! ! 
! ! ! COUDRAY e t  ! 
! ! 5400+120 (A) ! DELIBRIAS ! 
I ! ! 1973 ! 
! ! ! ! 

1 

I 

(A) DELIBRIAS C. ,  Laboratoire du C.N.R.S. de GIF sur  YVETTE 

(B) KIGOSHI K., Université Kagushuin, TOKYO 

(C) FONTES J .C. ,  Laboratoire de Géologie Dynamique, Université 

(D) A.M.D.E.L.. (Australian Mineral Development Laboratories) 

(E) MELIERES F., Laboratoire de Géologie Dynamique, Université 

P. e t  M. CURIE 

P. e t  M. CURIE. 

b 

, 

Y 

I 

L' 
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T A B L E  II 

4 

! 
! TOUHO S4 ( I )  coral  
! 
! 
! TOUHO 54 (2) coral  
! 
! 
! TOUHO 54 ( 3 )  coral  
! 
! 
! TOUHO 54 ( 4 )  coral  
! 
! 
! TOUHO 54 ( 5 )  coral  
! 
! 
! TOUHO S4 ( 6 )  coral  
! 
! 
! TOUHO S4 ( 7 )  coral  
! 
! 
! TOUHO S6 ( I )  coral 
! 
! 
! TOUHO 56 (2) cora l  
! 
! 
! TOUHO S6 ( 3 )  coral  
! 

! TOUHO S8 ( 1 )  coral  
! 
! 
! TOUHO S9 ( I )  coral  
! 

i TOUHO s9 (2) cora l  

I 

l 

! 

! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
1 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 
! 

O. OE 

o. 35 

o. 95 

2.15 

3.15 

4.20 to .4 .30  

7.70 

1.00 t o  1.50 

3. 10 

3.95 

7.95 

0.20 

2.90 

! 
! + 0.18 
! 
! 
! - 0.09 
! 
! 
! - 0.69 
! 
! 
! - 1 .89 
1 

! - 2 . 8 9  
! 

! - 3.94 to - 4.04 
! 
! 
! - 7.95 
! 
! 
! - 0.40 to - 0.90 
! 
! 
! - 250 
! 
! 
! - 3.35 
! 
! 

I 

! 
! 
! 
! 
! 

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

! 
! 
! 
! 
! 
! 
! 
! 
! 
! 

I 

I 

! - 8.43 (+0.5 -0.1) ! 
1 %  ! 
! I 

! - 0.98 (+0.7 -0.1) ! 
! ! 
! ! 
! - 3.68 (+0.7 -0.1) ! 
! ! 

o c  
100 A 

o c  
!O0 A 

o c  
100 A 

o c  
100 A 

o c  
!O0 A 

o c  
100 A 

o c  
100 A 

o c  
100 A 

o c  
100 A 

o c  
100 A 

o c  
100 A 

o c  
!O0 A 

o c  
100 A 

I 

! - 4.69 
! 

! - 4.38 
! 
! 
! - 4.25 
! 
! 
! - 4.04 

! 
! - 4.64 
! 
! 
I - 4.42 
! 
! 
! - 3.64 
! 
! 
! - 3-57 
! 
! 
! - 3.97 
! 
! 

! 
! 
! - 3.85 
! 
! 
! - 3.34 
! 
! 
! - 3.95 
! 

I 

I 

I - 3 8 9  

I 

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

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

I 

1 

- 0.73 

- 1.02 

- 1.99 

- 1-15 

- 1 - 5 0  

- 0.45 

- 0.29 

+ 0.34 

+ 0.14 

- 1-56 

- 0.39 

- 0.05 

- ! .35 

! 
! 1540 L 120 
! 
! 
! 2550 2 9 0  
! 
! 
! 2 1 ! 0 +  140 
! 
! 
! 2200 5 130 
! 
! 
! 2660 2 90 
! 
! 
! 2170 120 
! 
! 
! 6025 5 200 
! 

! 5730 L 150 
! 
! 
! 4070 !O0 
! 
! 
! 5470 2 130 
! 
! 

! 
! 
! 3 1 4 0 5  160 
! 
! 
! 3190 2 200 
! 

I 

! 5 5 0 0 5  110 

I ! ! l ! 

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

! 
! 
! 
! 
! 
! 
! 
! 

I 

I 

T A B L E  III 

I 
~~~ 

I ! ! ! ! ! ! 
! ! Depth of the ! ! ! ! Age 14c ! 
! Sample no ! sample Level i n  meter i c a l c i t e  ! PDB ! & l 3 C /  PDB i years BP ! 
! ! i n  the d r i l l i n g  ! ! Z Aragonite I ! ! 

I l ! ! ! ! ! ! 

! ! ! ! 100 A ! ! ! ! 
! ! ! ! ! 

! ! ! 100 A ! ! ! ! 
! ! ! ! ! ! 
! Poya S9 (C) s h e l l  t e s t s  ! 1.60 t o  2.70 ! - 6.55 t o  7.95 ! o c  ! - 1.29 ! - 1.06 ! 1955 5 165 ! 

! ! ! 100 A ! ! ! I 
I l I ! ! ! ! I 
! Poya S9 (D) coral  ! 3.05 ! - 8.30 ! o c  ! - 2.58 ! - 0.48 ! 1635 _f. 220 ! 
! ! ! ! IO0 A ! ! 
! ! ! ! ! ! ! ! 

! ! ! 100 A ! ! ! I 

! ! ! ! ! ! ! ! 
! Poya S9 (FI s h e l l  t e s t s  ! 6.5 t o  7.25 ! -11.75 t o  12.50 ! O C ! - 1.77 ! - 1.54 ! 515 ! 
! ! ! ! 100 A ! ! ! ! 
I l ! ! ! ! ! ! 
! Poya S9 (J) coral  ! 7.30 ! - 12.55 ! o c  ! - 3.57 ! - 1.09 ! 5330 2 300 ! 
I l ! ! 100 A ! ! ! ! 
! ! ! ! ! ! ! ! 
! Poya S9 (F) cora l  ! 8.05 - 13.30 ! o c  ! - 3.70 ! - 0.06 ! 5 4 1 0 5  I l 0  ! 
I I l I ! ! 100 A ! ! 

I l ! Poya S9 (A) coral  1.05 - 6.30 ! D C  ! - 3.92 ! - 0.65 ! 1315 L 170 ! 

I I I 

I ! Poya S9 (B) coral  ! 1.30 - 6.55 ! o c  ! - 3.54 ! - 1.05 ! 16502 50 ! 
I 

I I 

I 

I l 

! Poya S9 (E) s h e l l  t e s t s  ! 3.25 to 6 ! - 8.50 t o  11.25 ! O C ! - 0.54 ! - 1.64 ! 1995 _f. 165 ! 
I 

I 

1 I ! .  ! ! 
! Poya S9 (H) ! ! I ! 
! indurated sand ! 19.65 ! - 24.90 ! o c  ! 

! 100 A 
! ! 

I 
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GENETIC HYPOTHESIS ON THE ANCIENT AND RECENT REEF COMPLEXES IN NEW CALEDONIA 

Fig.. 1 - Loca l i ty  map. 
- __.- 

296 



J 

c 

F i g .  2 

F i g .  3 

F i g .  2 and 3 - Settlement of the d r i l l i n g s .  
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GENETIC HYPOTHESIS ON THE ANCIENT AND RECENT REEF COMPLEXES I N  NEW CALEDONIA 

Figure 4 SONDAGES DE L A  B A I E  DE P O R W Y  ( P O Y A )  
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figure 5 

..i ... OEERIS CORALLIENS ET COQUILLIERS 
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