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LITHOSPHERIC BULGE AND THICKENING 
OF THE LITHOSPHERE WITH AGE 

EXAMPLES IN THE SOUTH-WEST PACIFIC 

- INTRODUCTION : 

The l i t h o s p h e r i c  bulge before  i t s  under- 
t h r u s t i n g  beneath an i s l a n d  a r c  has been 'stu- 
d i ed  i n  s e v e r a l  previous works, Gunn (1943), 
L l i b o u t r y  ( 1  969-1 973), Walcott  ( 1  970) , Hanks 
(1971), Dubois e t  a l  (1973,1974,1975), Watts 
and Talwani ( I  974). Those s t u d i e s  have shown 
t h a t  the  f l e x u r a l  parameter might be computed 
from the e l a s  t i c  p l a t e  d e f l e c t i o n  which the 
l i t h o s p h e r e  i s  a s s i m i l a t e d  t o ,  and t h e r e f o r e  
t o  d e r i v e  i t s  th ickness .  

That th ickness  has been de r ived  t o  be apprcr 
ximately equal  to  the h a l f  of the  l i t h o s p h e r i c  
one a s  i t  can be def ined from the seismic wS- 
ve propagat ions,  i t s  basement being the upper 
boundary of the  low v e l o c i t y  l a y e r .  Turco t t e  
(1974) p o i n t s  o u t  t h a t  a t  25 km deep the tem-  
p e r a t u r e  i s  about 300" C y  from t h a t  observa- 
t i o n  he deduces t h a t  w i th  temperatures lower 
than 300' C y  the l i t h o s p h e r e  would behave 

e l a s t i c a l l y ,  with r e s p e c t  t o  the given t i m e .  

I n  a r e c e n t  work Caldwell e t  a l  (1975, i n  
p r e s s )  show up t h a t  a f t e r  the e l i m i n a t i o n  of 
the sediments,  the  dipping l i t h o s p h e r e  behaves 
as  an e l a s t i c  body. Based on the  s tudy of four  
a r c s ,  Aleut ian ,  K u r i l ,  Bonin and Mariana they 
show up t h a t  the  thickness  of the e l a s t i c  li- 
thosphere i s  found t o  vary between 20 and 29 
km. The good agreement thus obtained shows t h a t  
h o r i z o n t a l  f o r c e s  may be neglected and t h a t  
the  bending li thosphere behaves e l a s  t i c a l l y  i n  
the considered cases .  

The obse rva t ion  suggest ing the  o u t e r  wal l  

of the  N e w  Hebrides t rench  to  p a r t  from the 
t h e o r e t i c a l  model appears t o  be explained (Du- 

b o i s  e t  a l ,  i n  p r e s s )  through the  p l a s t i c  proper- 
t ies  of the extremity of the p l a t e  a t  the  le- 
v e l  of i t s  dipping with a rup tu re  of the  so- 
l i d  c r u s t  i n  s u r f a c e .  

The l i t h o s p h e r i c  th ickness  depends essen- 
t i a l l y  on t h e  c r i t e r i u m  of d e f i n i t i o n  cho- 
sen f o r  t h a t  concept.  We have seen b e f o r e  t h a t  
the  seismology and the  f l e x u r e  gave d i f f e r e n t  
va lues  i n  thickness . _ I f  w e  cons ide r  w i th  Schu- 
b e r t  e t  a l  (1976) a thermal and mechanical so- 
l i d  s t a t e  model, w e  can g ive  with them a third 
d e f i n i t i o n  of the  l i t h o s p h e r i c  th ickness  : i f  
u. i s  t h e  cons t an t  l i t h o s p h e r i c  v e l o c i t y  i n  
sur face  with regard t o  the deep mantle,  w e  
c a l l  l i t h o s p h e r e  the  l a y e r  where the  horizon- 
t a l  v e l o c i t y  u with regard t o  the  same r e f e -  
r e n t i a l ,  i s  such as u> ,  0,95 u. ( f i g . 4 ) .  

On the o t h e r  hand, those au thors  s tudy 
through t h a t  model the  thus def ined v a r i a t i o n  
i n  thickness  and they conclude t h a t  i t s  th ic -  
kening i s  a f u n c t i o n  of t i m e .  I n  t h i s - n o t e ,  we 
compare some obse rva t ions  c a r r i e d  o u t  i n  two 
subduct ion zones y the  New Hebrides and Tonga 
Kermadec ones. The unde r th rus t ing  l i thospheres  
are d i f f e r e n t  i n  age, which y i e l d s  t o  a diffe- 
rence i n  t h e i r  mechanical behaviour.  

- DATA : 

The North Loyalty l i t h o s p h e r e .  

That p l a t e  d e f l e c t i o n  be fo re  i t s  under- 
t h r u s t i n g  beneath the  New Hebrides has  been 
s tudied  through the  Loyalty a t o l l  emergences y 

(1) Office de la Recherche Scientifique et Technique Outre-Mer, B.P. A5, Nomea Cedex, New Caledonia 
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as a consequence of i t s  deformation. The pre- 
v ious  works which have been made (Dubois e t  
a l  1973,1975) a l low t h e  computation of a f l e -  
x u r a l  parameter of about 76 5 5 km say a thic- 
kness  of t h e  e l a s t i c  l i t h o s p h e r e  of 24.2 2 2.) 
km. 

The Tonga-Kermadec l i t h o s p h e r e .  

~ On t h e  Tonga-Kermadec w e  u s e  ba thymetr ic  
and seismic p r o f i l e s  c a r r i e d  o u t  du r ing  t h e  
GEORSTOM III c r u i s e .  The fou r  p r o f i l e s  ( f i g . ] )  
from 318 t o  321 c r o s s  t h e  a r c  from t h e  35"s  
t o  t h e  23"s.  They have been surveyed wi th  res- 
p e c t  t o  t h e  t rend perpendicular  t o  t h e  t r e n c h  
a x i s ,  t h e  sedimentary l a y e r  i s  t h i n ,  O .  1 s two 
way travel North and 0.4 s . t . w . t .  South. This  
is  t h e  r eason  why t h e  s tudy  of t h e  d e f l e c t i o n  
h a s  been Surveyed a c r o s s  t h e  ba thymetr ic  pro- 
f i l e s  and n o t ,  as Caldwell e t  a l  (1975) sug- 
ges ted  on t h e  a c o u s t i c  basement a f t e r  s t r i p -  
ping sedimentary cover .  

It seems too Chat t h e  p r o f i l e  318 which 
b r i n g s  o u t  t h e  sediment t h i ckness ,  t h e  more 
impor tan t ,  i s  d i f f e r e n t  enough from t h e  others 
t h e  o u t e r  w a l l  of t h e  t rench  i s  a c c r e t i o n a r y  
i n  type (connected w i t h  t h e  sediments on t h e  
unde r th rus t ing  p l a t e  ? )  whi le  on t h e  t h r e e  
o t h e r  p r o f i l e s  w e  have t o  d e a l  w i th  o u t e r  wal l  
non-accretionary i n  type,  as F i s h e r  and Engel 
(1969) assumed through t h e i r  d redging  on the  
Tonga t r ench  c l o s e  t o  t h e  p r o f i l e  321 ( f i g . 2 ) .  

One can  n o t e  too t h a t  t h e  t r ench  dep t  in- 
c r eases  from South t o  North from 7900 m deep 
on 318 t o  10900 m on 321. That deepening of the 
t r ench  wi th  t h e  i n c r e a s e  of t he  d i s t a n c e s  from 
t h e  r o t a t i o n  c e n t e r  of bo th  p l a t e s  u n d e r t h r u s  
t i n g  and o v e r t h r u s t i n g  (he re  t h e  r o t a t i o n  cen- 
ter i s  South of New Zealand) may be observed 
everywhere (Dubois e t  Recy, i n  p r e p . ) .  On 
t h e  o u t e r  w a l l  a f r a c t u r a t i o n  appears which 
has  y e t  been  mentioned p rev ious ly  i n  t h i s  stu- 
dy, a t  t h e  l e v e l  of s e p a r a t i o n  from t h e  theo- 
r e t i c a l  curve.  This f r a c t u r a S i o n  c e r t a i n l y  de- 
pends on t h e  c r u s t  he t e rogene i ty .  It i s  a s  
much impor tan t  as t h e  l i t h o s p h e r e  i s  more he- 
terogeneous,  seamounts, f r a c t u r e s  ( see  p ro f i -  
l e s  319 and 320 c l o s e  t o  t h e  i n t e r s e c t i o n  of 
L o u i s v i l l e  Ridge wi th  t h e  subduct ibn  zone).  

By means of a hand smoothing of t h e  bathy- 
m e t r i c  p r o f i l e s ,  w e  o b t a i n  a good scheme of 
t h e  bulge where i t  i s  easy t o  measure the  pseu- 
do wavelength a/Aand the  bulge amplitude ( see  
appendix a ) .  We can a l s o  f i l t e r  t h e  rough da- 
t a  w i t h  a low frequency f i l t e r  which removes 
t h e  s h o r t  wavelengths of t h e  topographica l  
background superposed on t o  t h e  h e r e  s tudied 
phenomenon. 

f i g .  3 )  i s  a symmetrical ( t o  prevent  t h e  
.The f i l t e r  used he re  ( see  appendix b and 

d i f f e r e n c e  i n  phase) l i n e a r  f i l t e r .  It i s  a 
low frequency f i l t e r  which w e  have app l i ed  
w i t h  a cu to f f  frequency corresponding t o  the  
removal of t h e  r e l i e f s  of less than  60 km w i -  
de .  A t  t he  e x t r e m i t i e s  of t he  p r o f i l e s  t o  pre- 
v e n t  t he  removal of one wavelength,  w e  have 
prolongated t h e  p r o f i l e s  t o  60 km more wi th  a 
cons t an t  depth.  

The obta ined  r e s u l t s  i n  the  measurements 
of t h e  d i s t a n c e s  between two success ive  zeros  
and the  corresponding va lues  of t h e  f l e x u r a l  
parameter and of t he  e l a s t i c  model th ickness  
a r e  noted i n  the  Table I. For t h e  t h e o r e t i c a l  
meaning of those parameters,  see Hanks (1971), 
Dubois e t  a l  ( I  974,1975). 5M corresponds to  
t h e  bulge ampli tude.  

I n  s p i t e  of t he  inaccurac i e s  i n  the  rea- 
d ing ,  w e  can assume t h a t  a ve ry  small increase 
of t he  f l e x u r a l  parameter may be shown d i r ec -  
ted South t o  North. That i n c r e a s e  co inc ides  
too wi th  a sma l l  deepening of t h e  bottom : 
5880 m f o r  the p r o f i l e  318, 5940 m f o r  the pro- 
f i l e  319, b u t  5760 m f o r  t h e  321. 

- CORRELATIONS WITH THE AGE CRITERIUM 

Le t  u s  examine those r e s u l t s  through t h e  
prev ious  works made about t he  oceanic  l i t h o s -  
phere.  I t  has been emphasized t h a t  an oceanic  
l i t h o s p h e r e  was deepening w i t h  time and t h a t  
i t  w a s  th ickening  (Parker  and Oldenburg 1973). 
Recently,  Schubert  e t  a l  (1976) proposed a 
coupled thermal and mechanical s o l i d  s t a t e  mo- 
d e l  olf t he  oceanic  l i t h o s p h e r e  and asthenosphe- 
r e  which inc ludes  v e r t i c a l  conduction of h e a t  
w i th  a temperature dependant thermal conducti-  
v i t y ,  h o r i z o n t a l  and v e r t i c a l  advec t ion  of 
hea t ,  v i scous  d i s s i p a t i o n  o r  s h e a r  h e a t i n g  and 
l i n e a r  o r  non l i n e a r  deformation mechanisms 
wi th  temperature and p res su re  dependant cons- 
t i t u t i v e  r e l a t i o n  between shea r  stress and 
s t r a i n  r a t e  ( see  appendix c).. 

I n  t h i s  model, i n  a d d i t i o n  t o  t h e  numeri- 
c a l  va lues  of t h e  medium p r o p e r t i e s ,  t he  li- 
thospher ic  v e l o c i t y  va lues  of t he  p l a t e  i n  s ~ -  
f a c e ,  the temperatures a t  t h e  s u r f a c e  and a 
g r e a t  depth  a r e  a r b i t r a r i l y  chosen ( t o  i n t e -  
g r a t e  t h e  d i f f e r e n t i a l  equat ion  g i v i n g  the  tem- 
p e r a t u r e  d i s t r i b u t i o n ) .  The model determines 
the  depth and age dependant temperature,  hori- 
zon ta l  and v e r t i c a l  v e l o c i t y  and v i s c o s i t y  
s t r u c t u r e  of t h e  l i t h o s p h e r e  and as thenospheE 
P a r t i c u l a r l y  w e  can d e r i v e  the  oceanic  f l o o r  
topography, t he  oceanic  h e a t  flow and the  li- 
thosphere th ickness  a s  func t ion  of t he  age 
of t he  ocean f l o o r .  The r a t e  of growth of t he  
li thosphere dec reases  w i t h  age. 

I n  t h e i r  t h e o r i t i c a l  work Schubert  e t  a l  
(1976) were arguing,  on t h e i r  model, about 
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applying o r  n o t  t he  Newton's l a w  on s o l i d  de- 
format ions  ( p r o p o r t i o n a l i t y  between t h e  s tress 
d e v i a t o r  and t h e  v e l o c i t y  deformat ion) .  I n  la-  
bo ra to ry  on deformed o l i v i n e  t h a t  behaviour 
has never been observed, because they are non 
Newtonian p rocesses  based on  t h e  d i s l o c a t i o n  
movements (Weertman 1970) which a r e  p r e v a i l k g  
r a t h e r  than d i f f u s i o n  between the g r a i n s  un- 
d e r  t h e  app l i ed  stresses (Nabarro 1948). The 
per ido  t i  t i c  f l e x u r a l  nodules show sub-grained 
s t r u c t u r e s  and d i s l o c a t i o n  dens i  t i e s  equal t o  
those of t he  l a b o r a t o r y  samples. Therefore ,  
w e  can  expec t  t he  non Newtonian behaviour t o  
be p r e v a i l i n g  i n  the  as thenosphere where the  
p e r i d o t i t i c  nodules are supposed t o  fo'rm. 

A s  f o r  Schuber t  e t  a l ,  from 1000 km to- 
wards t h e  r i d g e ,  s ay  a t  10 M.y, ( spreading  rá- 
te  of 10 cm/y), t h e  d i s l o c a t i o n  mechanism i s  
p r e v a i l i n g  w i t h  regard t o  a r e l a t i v e l y  cold 
mantle.  Thence, i t  is t he  non-Newtonian model 
which w i l l  'be appl ied  t o  the case w e  a r e  s tu -  
dy ing ,  t h a t  of the New Hebrides and Tonga K e r  
madec. ( f i g .  5 ) .  

The empi r i ca l  curve  of the water depth - 
( a g e ) l / 2  g iven  by Parsons and S c l a t e r  (1976) 
( f i g . 6 )  i n d i c a t e s  an age Òf 33 M.y f o r  t he  
North ,Loyalty l i t h o s p h e r e  and wi th in  100 t o  
125 M.y f o r  t h a t  o f ' t h e  P a c i f i c  bas in  under- 
t h r u s t i n g  benea th  Tonga Kermadec. 

The non Newtonian models g ive  correspon- 
d i n g  th i cknesses  ranged between 61.8 and 67.5 
km f o r  t he  New Hebrides and 90.6 t o  109.7 km 
f o r  t he  Tonga Kermadec w i t h  regard  t o  the cho- 
sen  v a l u e s  of t h e  a c t i v a t i o n  volume ( see  Table 
II and f i g .  5 ) .  

We can p o i n t  o u t  t he  de r ived  va lue  of t he  
North Loyal ty  li thosphere th ickness  which i s  
i n  agreement wi th  the  va lue  de r ived  from the 
s tudy  of t h e  d i s p e r s i o n  of Rayleigh waves 
(Dubois 1969). 

hhen comparing t h e  th i ckness  va lues  be t -  
ween Tonga Kermadec and North Loyal ty ,  w e  find 
a r a t i o  1.466 to  I .578 and I .5U8 t o  1.625 w i t h  
r e s p e c t  t o  t h e  a c t i v a t i o n  volume. 

For t h e  computation of t h i s  r e l a t i o n  i n  
t h e  case  of t h e  e l a s t i c  model t h i ckness  i s  
1.42 0 . 1 2 ,  lower than t h e  p rev ious  va lues .  

W e  can assume the  r e l a t i o n s  i n  th i ckness  
between both  cases  are ve ry  s imilar ,  which 
would i n d i c a t e  t h a t  t h e r e  i s  a p ropor t iona l i t y  
between t h e  elas t i c  li thosphere  th i cknesses  
and those obta ined  from t h e  coupled thermal 
and mechanical s o l i d  s t a t e  model. 

- Appendix a - 
- Li thosphe r i c  bu lge  

The d e f l e c t i o n  equat ion  of an e l a s t i c  
t h i n  s h e e t  s e m i  i n f i n i t e  where a h o r i z o n t a l  
f o r c e  Nb and ver t ical  f o r c e  Pb are a p p l i e d  
on the  f r e e  boundary is  : 

i n  which h = [ ( p m  - pw)g/4 

a =  ( A 2  + Nb/4 r p 2  
ß = ( A 2  - Nb/4 r) 

where CT = Poisson ' s  r a t i o  
E = Young's modulus 
H = t h i ckness  of l i t h o s p h e r i c  p l a t e  
pm, pw = d e n s i t i e s  above and below 

Pb, Nb = v e r t i c a l  and h o r i z o n t a l  

r = f l e x u r a l  r i g i d i t y  
g = average g r a v i t y  

the  p l a t e  r e s p e c t i v e l y  

f o r c e s  on the  age of t h e  p l a t e  r e s p e c t i v e l y  

The d i s t a n c e  between the  two f i r s t  ze ros  
i s  very  n e a r  of T / X  (Dubois e t  a l  1975). If 
t h i s  va lue  i s  known we can deduce A and H. 
For  t h e  New Hebrides and Tonga Kermadec t h i s  
d i s t a n c e  i s  r e s p e c t i v e l y  of 239 2 10 km and 
312 2 5 km. 

The maximal ampli tude of t h e  s i m p l i f i e d  
form of 5 i s  equa l  t o  : 

For t h e  two considered cases  : 

<M Tonga - - (Pb A )  Tonga 

CM N.H. (Pb A) N.H. 

I f  t he  f o r c e s  app l i ed  on Tonga and New 
Hebrides p l a t e s  are .equal va lues  t h e  amplitu- 
des  r a t i o  of t h e  bulge  w i l l  be equa l  t o  t h e  
f l e x u r a l  parameters r a t i o  1 / A .  

I n  our  example <M Tonga/<M N.H. = 240/150 
= 1.6 when t h e  f l e x u r a l  parameter r a t i o  i s  
1.30, t h i s  i n d i c a t e s  t h a t  t he  s t r e s s e s  f i e l d s  
a r e  d i f f e r e n t .  
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- Appendix b - 
- F i l t e r i n g  

To remove the  ba thymetr ic  background we 
computed and app l i ed  t o  t h e  d a t a  a l i n e a r  and 
symmetrical  numerical  f i l  ter (Behannon and 
Ness, 1965).  

This f i l t e r  c o n s i s t s  of a series of ponde- 
rai c o e f f i c i e n t s  Wk de termining  t h e  t r a n s f e r  
functcon W ( f )  of t h e  f i l t e r  which, i n  i t s  
most gene ra l  express ion ,  i s  a complex number 
which may b e  w r i t t e n  as fo l lowing  : 

The purpose be ing  a reducing  of t h e  h igh  
f requencies  wi thout  phase displacement,  we 
use a symmetrical f i l t e r  whose response i n  
frequency i s  : 

Wk (x)  cos  2nfkAx 
N w ( f )  = wo + 2 Ck = * 

It i s  demonstrated t h a t  f o r  an i d e a l  low 
frequency f i l t e r  (w i th  a sha rp  c u t  o f f  f r e -  
quency) the  pondera l  c o e f f i c i e n t s  a r e  given by 

f c  
w k =  sin nkp , where p = __ i s  t h e  r a t i o  nk f s  

of t h e  c u t  o f f  frequency t o  the  sampling fre- 
quency. 

To avoid impor tan t  o s c i l l a t i o n s  i n  the  res- 
ponse of t h e  f i l t e r  due t o  t h e  sharp  cu t  off  
frequency, we extend t h e  t r a n s f e r  func t ion  by 
a s i n e  func t ion  which has  the  same va lue  and 
d e r i v a t i v e  f o r  P as t h e  t r a n s f e r  func t ion  and 
which i s ,  as a l s o  i t s  d e r i v a t i v e ,  equa l  t o  
ze ro  f o r  a c e r t a i n  va lue  of  t h e  frequency. The 
pondera l  c o e f f i c i e n t s  are thus  given by : 

sin cos nk h . xk (p+h) , where h i s  the 
1-4 kL hL r k .  

w k =  

a b s c i s s a  corresponding t o  114 per iod  of t h e  
s i n e  func t ion .  

To normalize t h e  ga in  t o  t h e  u n i t  a t  t he  
o r i g i n ,  w e  use  a c o r r e c t i o n  c o e f f i c i e n t  : 

N A = 1 - (Lo + 2 CkZl  Lk), where Lk i s  t h e  

c o e f f i c i e n t  computed from t h e  previous  formula. 
The co r rec t ed  pondera1 c o e f f i c i e n t  becomes : 

W k = L k +  ~ , and t h e  response i s  f r e -  
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quency of  t h e  f i l t e r  i s  : 

W(p) = Wo + 2 Ck,* W k  cos  nk p, where p r  

i s  the  reduced absc i s sa .  

N f 

We compute a f i l t e r  w i th  60 c o e f f i c i e n t s .  
We t ake  h = 1/60, which removes almost a l l  
t h e  o s c i l l a t i o n s  c lose  t o  t h e  c u t  o f f  wave- 
length  t h a t  w e  chose equa l  t o  60 k i lome te r s  
w i th  a sampling of 1 k i lome te r .  We are l i m i -  
t ed  i n  t h e  number N of c o e f f i c i e n t s  of t h e  
f i l t e r  f o r ,  as i n  a simple smoothing, t h e  
f i l t e r i n g  i s  made on s l i p p i n g  t h e  f i l t e r  
along t h e  curve t o  be f i l t e r e d  and on 
apply ing  i t  t o  2 N + 1 p o i n t s  (here  N = 60) 
of t h i s  curve whose t h e  N f i r s t  and N l a s t  
p o i n t s  a r e  thus  e l imina ted .  To avoid t h i s  
problem w e  have e m p i r i c a l l y  extended t h e  
curves t o  be f i l t e r e d  of 60 p o i n t s  on bo th  
s i d e s  t o  which are given t h e  va lues  of t h e  
extreme p o i n t s  of each curves.  Besides 
be fo re  computing t h e  f i l t e r i n g  w e  smoothed 
handly t h e  s e a  bo t ton  i n  removing the  l a r g e  
montains which a r e  surimposed t o  the  bulge .  

- Appendix c - 
The thermal and mechanical model of 

Schubert e t  a l  r ewr i t en  from Schubert  e t  a l .  

Two dimensional shea r  flow, v iscous  d i s -  
s í p a t  ion ,  v a r i a b l e  thermal conduc t i v i  t y  . The 
model i nc ludes  t h e  two dimensional f low of 
a medium w i t h  a Newtonian o r  non Newtonian 
temperature and p res su re  dependant rheology 
forced  t o  deform w i t h  h o r i z o n t a l  v e l o c i t y  
at g r e a t  depth.  

Conservation of mass r e q u i r e s  a v e r t i c a l  
t r a n s p o r t  w i t h  v e l o c i t y  V t o  ba lance  the  
v a r i a t i o n  i n  h o r i z o n t a l  mass f l u x  due t o  the  
charge i n  u (x)  w i th  age on d i s t a n c e  from 
t h e  r idge .  The temperature equat ion  inc ludes  
advec t ion  of hea t  by both  t h e  h o r i z o n t a l  
and v e r t i c a l  n o t i o n s ,  t h e  v iscous  d i s s i p a -  
t i o n  of t he  flow and v a r i a b l e  thermal  con- 
duc t i v i  t y  . 
The conse rva t ion  of mass i s  : ?-E + -  a =O ( I )  a x  a y  
The temperature equa t ion  : 

(21 
au 
ay 

T- 
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p = d e n s i t y  
Cp = s p e c i f i c  h e a t  
K = thermal conduc t iv i ty  
T = shea r  stress p a r a l l e l  t o  a h o r i z o n t a l  
s u r f a c e  

The r h e o l o g i c a l  l a w  connec t ing  shea r  
stress and s t r a i n  rate : 

(E*+ PV*) - - -  Bn -rn exp I- } (3)  RT 
au 
ay T 

- -  

E* = a c t i v a t i o n  energy 
V* = a c t i v a t i o n  volume 
p = pres su re  
R = gaz cons t an t  
Bn = p r o p o r t i o n a l i t y  f a c t o r  
n = 1 f o r  Newtonian flow 
n > 1 f o r  non Newtonian flow he re  

n = 3 (deformation of o l i v i n e )  

(4)  - =  o 
a y  

The boundary cond i t ions  are : 

(5)  
u = uo, T = To,  V = O on y = O 
u + O ,  T + T m  a s y - t m  

System 1 - 5 i s  so lved  by a method of 
suc  ces  s i  ve approximation. From tempe rat U r e  

r e p a r t i t i o n  i t  i s  deduced hea t  flow r e p a r t i -  
t i o n ,  t h e  s e a  bottom p r o f i l e  and t h e  l i t h o s -  
phe r i c  t h i ckness  as func t ion  of t i m e .  
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Table I 

: I T / X  km : I /  X km h km : < M  m. 

I *  

New Hebrides : 239 f 10 : 76.0 k 3 . 2  : 24.2 2 1.3 : 150 

smoothing : 306 2 5 : 97.4 2 1 .6  : 3 3 . 6 +  0.8 : 240 2 5 
318 

f i l t e r i n g  : ? 

240 
Tonga 

smooting .* 310 & 5 1 98.7 2 1 .6  ; 34.2. & 0.8 : 
31 9 

f i l t e r i n g  : 312 99.3 ’ 34.5 

Kermadec 

snioothing : 310 2 5 98.7 5 1.6 ; 34.2 & 0.8  : 240 k 5 
321 

f i l t e r i n g  : 316 : 100.6 35.0 

Table II 

: Sea f l o o r  : age : th ickness  km : th ickness  km 
: depth m. : M.y. : W+ = 30 cm3/mole : V* = 101 cm3/mole 

New Hebrides : 4500 : 33 : 61.8 67.5 

: 5800 : 100 : 90.6 101.8 

: 5950 : 125 : 97.5 109.7. 
Tonga Kermadec : 

t . 

7 
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175' 1800 

Fig. 1 - Tonga and Re&adec Trenches - Bathymerrry and 
loca t ion  of GEORSTOM III Eas t  p r o f i l e s .  
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Fig.  2 - Bathymetric p r o f i l e s  of GEORSTOM III East c ru ise .  
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Fig.  3 - Bathymetry of GEORSTOM ZII East  p r o f i l e s  a f t e r  
f i l t e r i n g .  ( *  P r o f i l e  318 i s  r a b a t t e d  on a l i n e  
perpendicular  t o  the  t rench) .  
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Fig. 4 - Comparison between the lithospheric thickness 
from Schubert e t  a l  (1976)  and the e l a s t i c  
model ( th is  paper). 
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Fig. 5 - Newtonian and Non-Newtonian mde l  curves from 
Schubert e t  a l  (1976). 
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BATHYMETRY OF THE O C E A N  FLOOR 

AS A F U N C T I O N  OF ( A G E )  lh 

from PARSONS and SCLATER (1976) - - 
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Fig. 6 -The empirical cuTve of the water depth- 
from Parsons and Sclater ( 1  976) .  
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