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INTRODUCTION 

A geomorphological s tudy  of t h e  westem 
and nor the rn  New Caledonian u l t r a m a f i c  mass i f s  
has r e c e n t l y  been rev ived  through an ecologi -  
cal  s tudy  of t h e  mining a r e a  of t h e  t e r r i t o r y  
( J a f f r é ,  Latham 1974, Latham 1975 a and b ) .  
Davis (1925), Avias (1953) and Routh ier  (1953) 
have e s t a b l i s h e d  t h e  o u t l i n e s  of t h e  land- 
form evo lu t ion  of t h e s e  mountains as a s t r a t i -  
g raphic  s c a l e  of t h e  end of t h e  t e r t i a r y  and 
of t h e  qua ternary .  Later on Or lof f  (1968), 
Wirthman (1965) , Saos ( 1  972), Trescases  ( 1  969, 
1973) and t h e  B.R.G.M. team (1965-1975) have 
t r i e d  t o  s ta te  t h e s e  d a t a  i n  d i f f e r e n t  sec- 
t o r s  of t h e  t e r r i t o r y .  When r e v i v i n g  t h i s  
ques t ion  w e  app l i ed  t o  c h a r a c t e r i z e  t h e  
d i f f e r e n t  phases of t h e  landfprm evo lu t ion  
through t h e  r e s i d u a l  elements which were then 

t h e r  i n t o  t h e  t e c t o n i c  evo lu t ion  of t h e s e  
mass i f s  and t o  r econs t ruc t  a pa l eoc l ima t i c  
scheme from t h e  end of t h e  t e r t i a r y  t o  t h e  

1 formed. From t h e s e  d a t a  we t r i e d  t o  go fur-  

b quaternary .  

'I - DESCRIPTION OF THE OBSERVED LEVELS 

S ix  main l e v e l s  have been recognized on 
t h e  Belep, Tiebaghi,  Koniambo and Boulinda 
mass i f s  (Fig.  , I ) .The f i r s t  f o u r  l e v e l s  a r e  
f e r r a l l i t i c  and they f i t  wi th  Davis and 
Rou th ie r ' s  c y c l e  I ; t h e  f i f t h  which i s  b i -  
s i a l l i t i c  f i t s  w i th  the phase II and III of 

Ci t h e s e  authors  and t h e  s i x t h  wi th  the  r ecen t  
a l  l u v i  a l  format i on .  

A - Level I - P l a t e a u  with massive 
hardpan 

Level I i s  p a r t i c u l a r l y  w e l l  developed 
on Tiebaghi and Belep mass i f s .  Only disman- 
t l e d  sc raps  of i t  a r e  found on Boulinda 
mountain and i t  seems t o  be missing on 
Koniambo. It i s  a h e m a t i t i c  and g o e t h i t i c  
massive hardpan l e v e l .  On Tiebaghi and on 
Belep i t s  mean th i ckness  reaches f i v e  meters.  
It o v e r l i e s  ve ry  deep weathered ho r i zons  of 
t he  p e r i d o t i t e s .  Often a dismantlement ap- 
pears  i n  s u r f a c e .  Karst forms can be obser- 
ved on these  p l a t e a u x  : caves,  do l ines  o r  
even ouvala.  A t  t h e  lower limit of t h i s  
hardpan a wa te r  l e v e l  appears and a t  t h i s  
water  l e v e l  con tac t ,  i r o n  s t a l a g t i t e s  have 
been formed showing t h e  p re sen t  i r o n  mobili-  
s a t i o n  p rocess .  

This  l e v e l  i s  probably the  o l d e r  hardpan 
i n d i c a t o r  of t he  t e r r i t o r y .  We can draw a pa- 
r a l l e l  between t h i s  l e v e l  and t h e  f e r r u g i -  
neous hardpan observed i n  the  lower miocene 
l imestone a t  Népoui (Latham 1974). 

B - Level II : Penepla in  wi th  dismantled 
b r e  c c i  a t  e d ha  rd p an s 

The l e v e l  II i s  assumed t o  be a remaking 
of l e v e l  I subdued t o  a cycle  of dismantle- 
ment, e ros ion  and rehardening. P a r t i c u l a r l y  
we l l  developed i n  t h e  Boulinda and Koniarrbo 
mass i f s ,  i t  can be  as c l e a r l y  observed on t h e  
Tiebaghi mountain as i n  t h e  Belep i s l a n d s .  This 
l e v e l  i s  made of mixed b r e c c i a t e d  hardpans and 

( 1 )  Off ice  de  l a  Recherche Sc ien t i f ique  e t  Technique Outre-Mer, B.P. AS, Noumea Cedex, New Caledonia 
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fer rugineous  g rave l s .  One can observe massive 
hardpan boulders  inc luded  i n  those b locks .  
When g e t t i n g  important i n  ex tens ion ,  as f o r  
t h e  Boulinda and Koniambo mass i f s ,  t h i s  phase 
gives t h e  landcape a dented look (Avias 1953) 
due t o  a l a r g e  development of K a r s t i c  r e l i e f .  

This l e v e l  cannot be given an age and i t  
would be  d i f f i c u l t  t o  f i n d  out any element i n  
i t  t o  be dated.  

C - Level III - PeneDlain and shoulder ing  
wi th  rounded f e r rug ineous  gravels  and 
w i t h  p i s o l i t h i c  hardpan 

The l e v e l  III made of g rave l s  and p i s o l i -  
t h i c  hardpan i s  i n e q u a l l y  found a l l  over the 
mass i f s .  Well developed i n  t h e  Boulinda moun- 
t a i n ,  i t  i s  less developed i n  t h e  Koniambo, 
Tiebaghi and Belep mass i f s .  

This l e v e l  i s  made of a t h i c k  mantle o f  
fe r rugineous  g rave l s ,  with a shiny rounded 
looking, and p resen t ing  mainly g ra ins  between 
1 and 1.25 mm, ove r ly ing  a weathered hor izon  
with a mean depth.  Those g ra ins  may be cemen- 
t ed  t o  give a p i s o l i t h i c  hardpan, as c l e a r l y  
shown i n  t h e  Tiebaghi mountain. The ques t ion  
about t h e  o r i g i n  of those g rave l s  can be 
r a i s e d  : a r e  they  products  der ived  from a re- 
making of t he  l e v e l  II o r  were they made 
t h e r e  ? From t h e i r  l o c a t i o n ,  o f t e n  r i s i n g  
above the  landcape and from t h e i r  i n n e r  s t r u c -  
t u r e  ( fe r rugineous  cover having  turned  e l e -  
ments of d i f f e r e n t  n a t u r e s  i n t o  conc re t ion ) ,  
they are assumed t o  be neoformation products.  

F a r  t oo  few elements d o n ' t  al low us t o  
give an age t o  t h i s  l e v e l .  However, i f  they 
are neoformation elements,  w e  might sugges t  
t h a t  t he  pe r iod  be fo re  t h e i r  genes is  would 
have been marked by an i n t e n s e  scour ing  of 
t hese  a reas ,  which would have taken away any 
p o s s i b i l i t y  of remaking up t o  the  former 
l e v e l .  We have t o  dea l  w i t h  a pe r iod  of s t r o n g  
e r o s i o n  which could be  compared with t h e  p e r i -  
d o t i t e  pebble formations found a t  Mugo 
(Gonord, Trescases  1970). Th i s  formation 
would be given a p l ioqua te rna ry  age by these  
authors .  

D - Level I V  : Shoulder ing  wi th  f e r r u g i -  
neous round g rave l s  and h e m a t i t i c  red 
e a r t h  

The l e v e l  I V  appears  t o  be  a remaking of 
t h e  prev ious  l e v e l .  It  i s  ove r ly ing  t h e  smec- 
t i t e  f l o o r  and it looks p a r t i c u l a r l y  develo- 
ped on t h e  Kafeaté (p l a t eaux)  on Koniambo and 
on t h e  Tiebaghi massif .  

23 6 

I t s  composition i s  an accumulation of 
fe r rugineous  round unpolished g rave l s .  Those 
g rave l s  may b e  found recemented i n  hardpans.  
One can n o t e ,  i n  a s s o c i a t i o n  wi th  those gra- 
ve ly  accumulations,  pockets of r ed  e a r t h  par- 
t i c u l a r l y  r i c h  i n  hemat i te .  The a spec t  
of t h i s  format ion ,  t he  mqrphoscopy of t hose  
fe r rugineous  g rave l s  , t h e  sometimes b r u t a l  
way of coming int,o c o n t a c t  between t h e  forma- 
t i o n  and t h e  weathered rocks,  have y i e l d e d  
t o  assume t h a t  w e  have t o  d e a l  w i t h  a p a r t l y  
allochthonous formation, der ived  from t h e  
previous l e v e l .  

No age can be given wi th  accuracy t o  t h i s  
per iod.  However we must no te  t h a t  i t  d e a l s  
with t h e  l as t  f e r r a l l i t i c  s t a g e  of t h e  u p l i f t  
of those mass i f s .  It i s  o f t e n  found o v e r l y i n g  
a t  only a few meters a g i o b e r t i t e  l e v e l ,  a s  
observed i n  the  Belep i s l a n d s  and t h e  Boulin- 
da mountain. 

E - Level V : The anc ien t  a l l u v i a l  Dla in  

The l e v e l  V spreads a t  t h e  bases  of t h e  
mass i f s .  It corresponds t o  t h e  anc ien t  a l l u -  
v i a l  p l a i n  formation, se t  a f t e r  t h e  l a s t  up- 
l i f t .  During t h e  u p l i f t ,  o t h e r  ep isodes  of 
s t a b i l i t y  may have occurred as h igh  a l l u v i a l  
l e v e l s  w i tnes s  i t ,  wi th  g i o b e r t i t e s  i n  t h e  
Boulinda and Belep massifs .  However, t h e  
most developed l e v e l  i s  t h e  anc ien t  a l l u v i a l  
p l a i n  which i s  found a t  5 t o  10 meters up t o  
the p re sen t  water l e v e l .  It i s  formed w i t h  
b l ack  c l a y  i n  s u r f a c e  and a green one i n  
depth,  a non t ron i t e  type c l a y  over ly ing  e i -  
t h e r  t h e  rock pebbles.  The l a t t e r  be ing  rela- 
t i v e l y  s l i g h t l y  weathered. I n  t h e  c layey  
format ion ,  f i n e  fe r rugineous  g rave l s  , s i l i -  
c i f i e d  element d e b r i s  o r  l a s o  s i l i c i f i c a -  
t i o n s  i n  p l a c e  and g i o b e r t i t e  hor izons  are 
observed. G i o b e r t i t e  o f t e n  appears a t  t h e  
boundary between clayey ho r i zon  and t h e  
pebble bed. Gypsum has a l s o  been added t o  
t h i s  format ion  (Routh ier  1953). F e r r a l i t i c  
allochthonous over lappings  wi th  mainly hema- 
t i t e s  can be observed t o o  over t h i s  a l l u v i a l  
p l a i n .  

The l a s t  important u p l i f t  of t h e  mass i f s  
ended by t h e  s e t t l i n g  of t h i s  anc ien t  a l l u -  
v i a l  p l a i n  du r ing  a pe r iod  marked by a sea 
l e v e l  s l i g h t l y  h i g h e r  than  t h e  p re sen t  one. 
And as t h e  l a s t  i n p o r t a n t  sea l e v e l ,  h i g h e r  
than t h e  p r e s e n t  one i s  assumed t o  be  
120.000 yea r s  BP i n  age (Lalou e t  a l ,  Bloom 
e t  a l  1974, Bernat e t  a l  1976) one can thus  
der ived  t h i s  anc ien t  a l l u v i a l  p l a i n  s e t t l i n g  
t o  b e  of t h e  same age. 
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F - Level V I  : The r ecen t  a l l u v i a l  
terrace 

The l e v e l  V I  appears t o  be  t h e  p re sen t  
a l l u v i a l  t e r r a c e .  It i s  made of materials 
be longing  t o  mean t e x t u r e  i n  i t s  i n l and  p a r t  
and of very f i n e  c l ay  i n  t h e  mangrove. Those 
materials are mostly s t i l l  no t  w e l l  t r a n s f o r -  
med from a mine ra log ica l  po in t  of view. We 
have n o t  found i n  t h e  rocks any accumulation 
of g i o b e r t i t e  o r  o t h e r  neogenet ic  minera ls  
t h a t  could  be  observed i n  t h e  prev ious  l e v e l s .  

The beginning  of t h i s  formation s e t t l i n g  
i s  r ecen t .  It might have begun dur ing  t h e  
holocene high sea l e v e l .  It i s  going on pre- 
s e n t l y .  

II - COMPARISON OF THESE LEVELS WITH PREVIOUS 
WORKS - Attempt of s t r a t i g r a p h i c a l  scale 

I n  s h o r t ,  s i x  l e v e l l i n g  s u r f a c e s  can be 
observed i n  those  massifs. They correspond 
t o  s i x  s t a b i l i t y  phases which would have 
occured between t h e  miocene age and t h e  pre- 
s e n t  time. This  s tudy  l e d  us t o  a subdiv i -  
s i o n  of t h e  penepla in  as suggested by  Davis 
and Routh ier  i n t o  geomorphological l e v e l s .  
This  hypo thes i s  w a s  y e t  p a r t l y  assumed by 
Wirthmann and Trescases .  We have t r i e d  he re  
t o  give p r e c i s e  det .a i ls  about these subdivi-  
s i o n s  through ínorphological c h a r a c t e r i s t i c s  
(Table I ) .  

It appears t h a t  f o u r  phases of u p l i f t  
s t a b i l i s a t i o n  marked i n  f i e l d  by f o u r  d i f f e -  
r e n t  geomorphological l e v e l s  correspond t o  
t h e  Davis and Routhier ' ,s  cyc le  I. These 
l e v e l s  would agree  wi th  t h e  f i r s t  t h r e e  
l e v e l s  s t u d i e d  by Trescases and Wirthmann. 
L a t e r  on, t h e  anc ien t  a l l u v i a l  p l a i n  and t h e  
r ecen t  a l l u v i a l  terrace a r e  i n  agreement w i t h  
t h e  l e v e l s  p rev ious ly  observed by these  
authors .  

Thence, i t  appears t h a t  t h e  s t r a t i g r a p h y  
w e  have e s t a b l i s h e d  on those  mass i f s  through 
fo l lowing  t h e  genera l  scheme given by t h e  
prev ious  au tho r s ,  h a s  y i e lded  t o  go f u r t h e r  
i n  t h i s  scheme i n  b r i n g i n g  more accu ra t e  
d e t a i l s ,  p a r t i c u l a r l y  about t h e  mass i f s  t h e m  
se lves .  

III - DISTRIBUTION OF THE LEVELS I N  THE 
MASSIFS AND ITS TECTONIC CONSEQUENCES 

The d i s t r i b u t i o n  of t h e s e  l e v e l s  and t h e  
dec reas ing  i n  a l t i t u d e  g rad ien t ,  t h a t  can be  
observed a long  from t h e  c e n t e r  of t h e  i s l a n d  
t o  i t s  Northern p a r t  r ise  t h e  ques t ion  of t h e  
u p l i f t  of those mass i f s .  

Davis and Routhier assumed t h e  i s l a n d  t o  
be  turned  i n t o  a penepla in ,  when occurred an 
u p l i f t  phase dur ing  which a warping movement 
d i r e c t e d  South West took p l ace .  Th i s  bent  
would have been demonstrated by t h e  penepla in  
s lope ,  towards t h e  sea and t h e  s l o p e  of t h e  
basement of some massifs .  These obse rva t ions  
are no t  i n c o n s i s t e n t  w i th  t h e  hypothes is  of 
a t r a n s v e r s e  subsidence of t h e  i s l a n d s .  The 
s l o p e  of t h e  Tiebaghi and Be lep ' s  p l a t e a u x  
does confirm t h i s  hypo thes i s .  On t h e  Boulinda 
massif we can observe a n o t i c e a b l e  d i f f e r e n c e  
i n  a l t i t u d e  between t h e  loca ted  i n l a n d  l e v e l s  
and those set  c l o s e  t o  t h e  sea. But t h e  sym- 
metry of t hose  l e v e l s  i n  r e l a t i o n  wi th  t h e  
o l d e s t  l e v e l  ( s ee  Fig.  3) imp l i e s  t h e  u p l i f t  
t o  have occurred  by s t e p s  and n o t  a t  t h e  
same time. Besides those  s t e p s  are s e t t l e d  
t h e  same way though i f  no te  a t  t h e  same a l t i -  
tude,  on t h e  f o u r  s t u d i e d  mass i f s .  This  hypo- 
t h e s i s  w a s  y e t  cons idered  by Carroue and 
E s p i r a t  i n  t h e i r  geo log ica l  b u l l e t i n  on Poya 
i n  1967. We can thus assume t h a t  t h e  u p l i f t  
of t hose  massifs occurred i n  f o u r  s t e p s ,  fit- 
t i n g  wi th  Davis phase II o r  Avias and 
Rou th ie r ' s  phases II and II b .  However, t h e  
amplitudes i n  a l t i t u d e  of those s t e p s  vary  
from a massif t o  another  i n  dec reas ing  
Northward. Garnier (1867) a l r eady  noted  t h e  
cons tan t  decrease,  as f a r  as going t o  t h e  
North, of t h e  a l t i t u d e ' s  i n  formations of 
same ages and n a t u r e s .  Those conclus ions  were ' 
resumed by Davis and Routh ier  who assumed a 
l o n g i t u d i n a l  warping. The g rad ien t  i n  a l t i t u -  
de has  been confirmed by our  obse rva t ions .  It 
would have a l s o  a f f e c t e d  a l l  t h e  s t e p s  of 
t h e  u p l i f t  (see F ig .  4 ) .  Even i f  t h e  g rad ien t  
i n  a l t i t u d e  from a massif  t o  another  were n o t  
s t r i c t l y  l i n e a r  as Routh ier  a l r eady  noted  i t ,  
t h e  importance of t h i s  phenomenon would imply 
a gene ra l  t e c t o n i c  explana t ion .  Dubois e t  a l  

(1974) when i n t e r p r e t i n g  t h e  e r o s i o n  rate com- 
puted  by B a l t z e r  and Trescases (1971), assu- 
med t h a t  an u p l i f t i n g  movement of 1000 m due 
t o  t h e  c o n t i n e n t a l  unloading, would cor res -  
pond t o  an erosion. of 9 O00 m of u l t r amaf i c  
material. Butthey used i n  t h a t  hypothes is  an 
e l a s t i c  model. More r ecen t  d i scuss ions  wi th  
Dubois, when us ing  a v i s c o  e l a s t i c  model 
which i n t e g r a t e s  t h e  n o t i o n  of t i m e  a s  sug- 
ges ted  by Walcott (1970), l e d  us t o  assume 
t h a t  t h e  th i ckness  of t h e  i n i t i a l  u l t r a m a f i c  
mantle might have been much weaker. In f a c t  

ves ,  m u l t i p l i e s  approximately t h r e e  t i m e s  t h e  
e f f e c t  of a f o r c e  o p e r a t i n g  up on such a mo- 
d e l  dur ing  about 20 m i l l i o n  yea r s .  That would 
l e a d  us thus t o  an age f a r  much reasonable  
i n  th-e New Caledonian con tex t .  

Walcot t ,  applying t h e  Nadai 's  r e l a x a t i o n  cur- I 

Thence, t h e  d i s t r i b u t i o n  of t hose  l e v e l s  
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has shown t h a t  t h e  u p l i f t  occurred by s t e p s  
and t h a t  i t s  o r i g i n  may be expla ined  through 
.a c o n t i n e n t a l  unloading process  when app l i ed  
t o  a v i s c o - e l a s t i c  model. 

I V  - AN ATTEMPT OF PALEOCLINATIC RECONSTRUC- 
T I O N  - 

The pedogenetic i n t e r p r e t a t i o n  of those 
l e v e l s  l e d  us t o  a p a l e o c l i m a t i c  scheme n e a r  
t o  t h a t  p re sen ted  by T e r c i n i e r  (1962) : hot  
humid pe r iods  from t h e  end of t e r t i a r y  t o  
t h e  beginning  of qua ternary ,  followed by sub- 
a c t u a l  much a r i d  c l ima te .  The a n a l y s i s  of 
t h e  geochemical formation cond i t ions  of t h e  
neogenet ic  products ,  p lus  t h e  s tudy  of t h e  
p re sen t  c l ima te ,  give us f u r t h e r  p r e c i s i o n s .  

A s tudy  of t h e  pluviometry which a f f e c t s  
t h e  Boulinda massif ,  un fo r tuna te ly  dur ing  t o o  
s h o r t  a t ime ( 1  y e a r ) ,  showed a g rad ien t  i n  
t h e  p r e c i p i t a t i o n s ,  n e a t l y  observed a s  a func- 
t i o n  of t h e  a l t i t u d e  (Latham, J a f f r é  1976). 
Th i s  g rad ien t  i s  unchanged whatever t he  sea- 
sons may be and i s  n o t  due only t o  hu r r i ca -  
nes which impl i e s  t h a t  a dry ing  up of t h e  
c l ima te  i n  t h e  p l a i n  i s  no t  e v i d e n t l y  asso- 
c i a t e d  w i t h  a drought pe r iod  on t h e  massifs .  
This  i s  a main p o i n t  t o  exp la in  t h e  preser -  

, va t ion  on those  mass i f s  of a f l o r a  o f t e n  very 
s p e c i f i c  and showing q u i t e  a l o t  of a r c h a i c  
s p e c i e s .  

The pe r iod  du r ing  which t h e  f i r s t  f o u r  
r eve l s  were formed, has been marked by d i f f e -  
r e n t  c l i m a t i c  phases.  The r e l i c s  of t h e  most 
humid pe r iod  are only known, the  l a t t e r  ha- 
v ing  probably des t royed  t h e  l e s s  s t a b l e  e l e -  
ments which could have been formed dur ing  
d r y e r  pe r iods .  The re l ics  a r e  mainly f e r r u g i -  
neous hardpans and f i n e  g rave l s  as a l s o  s i l -  
c r e t e s .  Through t h e  fe r rugineous  products  
one can d i s t i n g u i s h  t h e  hemat i t e ,  t h e  g e o t h i t e  
and t h e  more o r  less w e l l  c r y s t a l l i z e d  i r o n  
hydroxides.  The c l i m a t i c  meanjng of hemat i te  
a s  r e l i c s  of a drought pe r iod  was  a ques t ion  
r a i s e d  s e v e r a l  times (Van Houten 1961, Walker 
1967, Schwertman 1971). Though t h a t  hypothes is  
has been r e c e n t l y  c a l l e d  i n  ques t ion  (Walker 
1974), i t  i s  n e v e r t h e l e s s  i n  a good'agreement 
wi th  t h e  .New Caledonian context .  P r e s e n t l y  we 
can f i n d  t h i s  minera l  under a pu lve ru len t  s t a -  
t e  i n  dry a r e a s  when t h e  s o i l s  of more humid 
a reas  contair? j u s t  g o e t h i t e  and not  w e l l  
c r y s t a l l i z e d  hydroxides (Latham 1975 b)  . 

I n  l e v e l  I ,  t h e  hardpan p r e s e n t s  a cer- 
t a i n  p o r o s i t y . I t  i s  made of s t r a t i f i e d  r ed  co- 
r e s ,  r i c h  i n  hemat i te  surrounded by more o r  
l e s s  opened channels ,  coa ted  by b lack  goethi-  
t e .  It would be i n  agreement wi th  Maignien's 

r e l a t i v e  hardpans (1958),  t h e  i r o n  of t h i s  
hardpan would la te r  on under t h e  e f f e c t s  of 
humid c l ima tes  and thanks t o  o rgan ic  m a t e r i a l ,  b 

have been d iso lved  and transformed t o  give 
t h e  landscape i t s  p resen t  k a r s t i c  a spec t  
and t o  impregnate those pores  and channel 
w i th  goe th i t e .  

d 

During t h e  s e t t l i n g  of l e v e l s  II and III 
hot  humid c l imates  would have p r e v a i l e d .  
Only t r a c e s  of hemat i te  are found i n  t h e  e l e -  
ments formed i n  those l e v e l s .  The hardpans 
would have been formed i n  medium w i t h  tempora- 
r y  a l t e r n a t e  hydromorphy, as observed presen- 
t l y  i n  t h e  p l a i n  of t h e  lakes  o r  i n  d i f f e r e n t  
d o l i n e s .  

A t  l e v e l  I V ,  t h e  red s o i l s  r i c h  i n  hemati- 
t e  reappear ,  we have seen p rev ious ly  t h a t  they 
were p a r t l y  der ived  from t h e  l e v e l  III. Howe- 
ve r  they have evolved i n  s i t u  t o  ge t  r i c h  i n  
hemat i te .  The cond i t ions  of t h i s  minera l  
formation a r e  then f u l f i l l e d  (Schwertman 
1971). S o i l s  a r e  o f t e n  of l i t t l e  depth and 
o v e r l i e  upon a weathered hor izon  r i c h  i n  
smec t i t e  and w i t h  a b a s i c  r e a c t i o n .  We must 
no te  t h a t  t h e  only f i n e  e a r t h  i s  found wi th  
a h e m a t i t i c  predominance, t h e  f e r rug ineous  
f i n e  g rave l s  a r e  g o e t h i t i c .  

i 

The f i r s t  g r e a t  u p l i f t  and t h e  s e t t l i n g  
of t h e  ancient  a l l u v i a l  p l a i n  were narked, 
f i r s t  by a rough sedimenta t ion ,  then  wi th  a 
f i n e r  sediment at i on. Vert i s  01s deve loped 
w i t h i n  those f i n e  sediments as a l s o  giober- 
t i t e  and opale r e s i n i t e  accumulations.  Rela- 
t i v e l y  a r i d  c l ima tes  then p r e v a i l e d  on the 
Western coas t .  Those c l ima tes  would have a l -  
lowed those carbonate and opale  accumulations 
as a l s o  gypsum and e o l i a n i t e  format ions  (Avias, 
Coudray 1965) though a l l  those elements have 
n o t  been proved t o  be contemporaneous. We can 
too  probably a t t r i b u t e  t o  them the  formations 
of broad r av ines  of e ros ion  a s  one can obser- 
ve on t h e  Tiebaghi massif  and i n  t h e  Belep 's .  
During t h a t  pe r iod  a r e l a t i v e l y  humid c l ima te  
w a s  probably p reva len t  on t h e  mass i f s  a l l o -  
wing t h e  s u r v i v a l  of t h e  vege ta t ion  and t h e  
maintenance of wa te r  bea r ing  beds which 
permited t h e  formation of t h e  neogene t i c  pro- 
ducts  of t he  p l a i n .  

4 

It seems t h a t  s i n c e ,  as B a l t z e r  and Dugas 
(1976) suggested i t ,  t h a t  c l ima te  would have 
obviously gone on i n  those a r e a s ,  w i t h  howe- 
v e r  a more humid tendancy p r e s e n t l y .  The lat-  
t e r  hypothes is  i s  based on t h e  f a c t  t h a t  we 
have not  found any au th igen ic  carbonates  i n  
the  recent  a l l u v i a l  t e r r a c e .  il 

The Table II summarizes the  p a l e o c l i m a t i c  
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e v o l u t i o n  of t hose  mass i f s  from t h e  miocene 
age t o  t h e  p re sen t  t ime. Thus i t  appears 
t h a t  a f t e r  f e r r a l l i t i c  phases more o r  l e s s  
i n t e n s e  up t o  t h e  p l e i s t o c e n e ,  t h e  more re- 
cent  c l ima tes  which a f f e c t e d  t h e  i s l a n d  were 
of more a r i d  types .  That a r idness  which rea- 
ched i t s  maximum i n  i n t e n s i t y  dur ing  t h e  gio- 
b e r t i t e  and t h e  gypsum format ions ,  would 
tend  t o  l e s s e n  p r e s e n t l y .  

I f  we compare those d a t a  w i t h  t h e  Austra- 
l i a n  con t inen t  ca se ,  we can de r ive  t h a t  a 
long f e r r a l l i t i c  pe r iod  covered t h e  end of t h e  
t e r t i a r y  t o  t h e  beginning  of t h e  qua ternary  
(Jessup 1961, Galloway, Van de Graaf 1962, 
Mulcahy, Churchward 1973). A f t e r  those humid 
t r o p i c a l  pe r iods  , drye r  per iods  took p l ace  
which would have allowed t h e  carbonated s o i l s  
and v e r t i s o l  format ions  (Mc Ar thur ,  Bettenay 
1960, Blackburn, Sharpenseel 1973), Conjoin- 
t l y ,  i n  t h e  F i j i  i s l a n d s ,  f e r r a l l i t i c  geomor- 
pho log ica l  l e v e l s  were evidenced (Dickinson 
1965). Those l e v e l s  would have s e t t l e d  a t  
t he  end of t h e  Cenozoic. Those conclus ions  
l ead  us t o  assume t h a t  t h e  suggested paleo- 
c l i m a t i c  scheme, though very s u c c i n t ,  appears 
reasonable  r ega rd ing  t h e  d a t a  given by t h e  
neighbouring t e r r i t o r i e s .  

CONCLUSION 

Thus. t h i s  s tudy  has  allowed t o  know and 
c h a r a c t e r i z e  morphologi c a l  l y  and miner a l  ogi- 
c a l l y  s i x  main geomorphological l e v e l s  on 
t h e  Northern and Western mass i f s  of New 
Caledonia. The survey of t hose  l e v e l s  b r i n g s  
f u r t h e r  accu ra t e  d e t a i l s  t o  t h e  s t r a t i g r a p h i -  
c a l  d a t a  p rev ious ly  given b y  Davis - Routh ier  
and Trescases .  T h e i r  d i s t r i b u t i o n  has shown 
t h a t  t h e  u p l i f t  of t h e  mass i f s  w a s  c a r r i e d  
on by s t e p s  and t h a t  i t s  o r i g i n  might be i n  a 
c o n t i n e n t a l  unloading process  when a s s o c i a t e d  
wi th  a v i s c o - e l a s t i c  model. The i r  n a t u r e s  
a l low t o  e s t a b l i s h  a pa leoc l ima t i c  scheme 
wi th  humid t r o p i c a l  phases from the  end of 
t he  t e r t i a r y  t o  t h e  beginning  of t h e  qua tema-  
ry ,  followed by r e l a t i v e l y  a r i d  phases du r ing  
t h e  p l e i s t o c e n e  ; a scheme coherent enough 
wi th  regard  t o  t h e  given r e s u l t s  i n  t h e  a r e a .  

The ques t ion  about t h e  p o s s i b i l i t y  of 
ex tending  t h i s  scheme t o  t h e  whole i s l a n d  may 
be r a i s e d .  A t  f i r s t  s i g h t ,  t h e  problem ap- 
pears  more complex i n  t h e  l a r g e  South massif 
where a b reak ing  t e c t o n i c  might have modified 
t h e  geometr ica l  r a t i o s  e x i s t i n g  between t h e  
d i f f e r e n t  l e v e l s .  A f u r t h e r  knowledge of t hose  
l e v e l s ,  connected w i t h  t h e  s tudy  of t h e  bed 
rock weather ing  face',  would probably l ead  us 
t o  a b e s t  unders tanding  of t h e  r eg ion .  
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! I 

! PRESUMED AGE ! 
I I ! ! 

! ! 
! OBSERVED LEVELS ! 
! 

! ! ! ! I 
! Pla t eaux  wi th  massive hardpans ! cyc le  I of D ,  A and R ! Level I : penepla in  ! Lower Miocene ! 

! ! ! 

CORRELATION 
AVIAS, TRESCASES, WIRTHNANN 

! 
! CORRE LAT I O N  

DAVIS ,  ROUTHIER 

I------------------------------, 

! ! ! ! ! 
! Peneplain wi th  b recc ia t ed  ! Phase I I a  of A and R ! ! ! 
! dismantled hardpans ! dent ing  of the  penepla in  ! ! ! 

! 1---------------------------------------------1 . Pl ioqua te rna ry  ! ! 
! ! I ! ! 
! Peneplain and shoulder ings  wi th  ! 
! rounded i r o n  g rave l s  and ! 
! p i s o l i t h i c  hardpans ! 

I 
Mue0 formation of GONORD and 

' TRESCASES ! 
I ! )___________________--------------------------I ! 
! I ! ! ! 
! Shouldering wi th  round i r o n  I ! Level II b or piedmont l e v e l  of T ! ! 
! grave l s  and r ed  l a t e r i t i c  e a r t h  ! ! ! ! 
! 
! ! ! 
! Older a l l u v i a l  p l a i n  ! Phase III c o a s t a l  and ! Level I I c  of con t inen ta l  spreading  ! ! 
I ! f l u v i a l  p l ioqua temary  ! ! ! 

I ! ! 
! ! 

! ! formations 
! ! ! 
! ! ! ! ! 
! Recent a l l u v i a l  u l a i n  ! Phase I V  of D and R ! Phase III of T ! Recent ! 

phase I I b  rough erosion !________________--_--------------------------I 1 i About !20.000 BP i 

Table II - CLIMATE EVOLUTION RELATED TO NEOGENETIC PRODUCTS 

! Level ! Pedogenesis ! Neogenetic products  ! Type of c l ima te  ! ! Age 

! ! ! ! ! ! 
! Miocene ! I  ! f e r r a l l i t i s a t i o n  ! Hematit ic massive hardpan ! con t ra s t ed  c l ima te  ! 

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

! ! II ! f e r r a l l i t i s a t i o n  ! Goeth i t i c  b recc ia t ed  hardpan ! Perhumid c l imate  ! Pl ioquaternary  ! ! ! ! I 
! ! ! ! ! ! 

! ! III ! f e r r a l l i t i s a t i o n  ! Goeth i t i c  rounded i r o n  grave ls  ! ! 
! ! ! ! I 

! ! ! ! hemat i t i c  red  e a r t h  ! 
! ! ! ! ! 
! ! ! ! ! 

! ! ! ! ! ! 

7 

! 
! 

! ! I V  ! f e r r a l l i t i s a t i o n  ! Round i r o n  g rave l s  and ! con t ra s t ed  c l ima te  

! 
! 
! 120.000 BP ! V  ! b i s i a l l i t i s a t i o n  ! Smect i tes ,  g i o b e r t i t e ,  opa le ,  ! Subarid c l imate  on t he  c o a s t a l  ! 
! ! ! ! gypsum ! p l a i n  and.humid i n  t h e  mountain ! 

! ! ! ! 
! Holocene ! V I  ! b i s i a l l i t i s a t i o n  ! Smect i tes  
! ! '  ! ! 

! ! 

! and humid i n  the  mountain ! 
! con t ra s t ed  c l ima te  i n  t h e  p l a i n  ! 
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Fig. 1 

a 

C 

b 

\ 

d 
1 

Fig. 2 - Morphoscopy of characterist ic  elements of the 
f i r s t  four l e v e l s .  2 a massive iron pan; 
2 b brecciated hard pan; 2 c ferrugineous 
rounded shiny gravels; 2 d .ferrugineous round 
unpolished gravels. 
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LEVEL IT[ SURFACE WITH ROUND I R O N  O R A V l L S A N O  O O L I T I C  HARO PAN 

LEVEL P 

LEVEL I 

LEVEL II P E N E P L A I N  W l l H  CONCLOMERATlC OlSMAHTLEO HARO PAN 

LEVEL III SURFACE WITH ROUNOEO I R O N  GRAVELS ANO PISOLITHIC H A R O  PAN 

PLATEAU W I T H  MASSIVE HARO PAN 

OLOER ALLUVIAL P L A I N  W I T H  CIOBERTITE 
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A L T I T U D I N A L  DISTRIBUTION O F  FERRALLITIC A N D  M A G N E S I C  LEVELS 
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