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THERMAL STRESSES AT THE OCEANIC-CONTINENTAL MARGIN 
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Dissimilar temperature profiles beneath oceans and continents give rise to thermoelastic stresses 
at and adjacent to the oceanic-continental margin. Computations of the magnitude and orientation of the 
maximum shear stress field reveal a zone of shear dipping beneath the continent from the margin. 

One of the impor tant  observa t ions  emerg ing  
f r o m  the many recen t  m e a s u r e m e n t s  of the t e r -  
r e s t r i a l  heat  flux is  that, on the ave rage ,  the 
amount of heat  conducted to the sur face  of the 
ear th  f r o m  the in t e r io r  i s  about the same in both 
continental  and oceanic  reg ions .  The i m p l i c a -  
t ions of this  near ly  un i form surface  flux a r e  s ig -  
nificant.  The continental  c rus t  has a g r e a t e r  
th ickness ,  and, at l eas t  near  the sur face ,  has  a 
far  g r ea t e r  abundance of the heat producing r a -  
dioact ive e l emen t s  than does the oceanic  crus t .  
If we a t t r ibute  most  of the p r e sen t  flux to r a d i o -  
genic heat  product ion,  we a re  led to infer  that 
much of the oceanic  heat  is  produced at s o m e -  
what g r e a t e r  depths than is  the continental  heat.  
This  in turn imp l i e s  that at a specif ied depth, 
higher  t e m p e r a t u r e s  exis t  under oceans  than un-  
der  continents.  

MacDonald [1] noted that d i s s i m i l a r  t e m p e r a -  
ture  p rof i l es  under continents and oceans  would 
lead to a concentra t ion  of t h e r m o e l a s t i c  s t r e s s  
at the i r  common margin .  His main i n t e r e s t  in 
this  r e spec t ,  however ,  was in the t empora l  
changes in the e l a s t i c  field,  which give an e s t i -  
mate of the e l a s t i c  s t ra in  energy  annually a v a i l -  
able for  ear thquakes .  In this  r e p o r t  I wish to 
cen ter  at tention on the instantaneous dis t r ibut ion 
of the t he rma l  s t r e s s  and d i sp lacements ,  at and 
adjacent  to the ocean ic -cont inen ta l  marg in ,  
which a r i s e  f r o m  the d i s s i m i l a r  t e m p e r a t u r e  
p ro f i l e s  in these  reg ions .  

The d i f f e rences  in t e m p e r a t u r e  beneath con-  
t inents  and oceans  s e rve  as  a par t ia l  control  on 
the e levat ion of the continental  sur face  r e l a t i ve  
to the oceanic  sur face .  While the t e m p e r a t u r e  
f ie ld  of the ear th  is  most  a s s u r e d l y  t ime  depen-  
dent, the t e m p e r a t u r e  d i f f e rences  between con-  
t inents  and oceans  a r e  much l e s s  so. An equi l ib -  

r i u m  t e m p e r a t u r e  f ie ld  a r i s i ng  f r o m  constant  
heat  product ion at p r e sen t  r a t e s  i s  r a t h e r  c h a r -  
a c t e r i s t i c  of the t e m p e r a t u r e  d i f fe rences  that 
ex is t  over  long per iods  of the t ime dependent 
f ie lds  computed by MacDonald. Accordingly ,  I 
have obtained t e m p e r a t u r e s  for  the t h e r m o e l a s -  
t ic  ana lys i s  by numer i ca l l y  solving 

-div[-K(T) grad T(x, y,  z)] + A(x,  y, z) = 0 , 

where  A is  the local  heat  product ion steady at 
p r e sen t  r a t e s ,  K the t he rm a l  conductivi ty,  and T 
the t e m p e r a t u r e .  The dis t r ibut ion of heat  
sou rce s  A(x, y, z) fol lows the continental  and 
oceanic  models  set  for th  by Clark  and Ring-  
wood [2], each of which y ie lds  a sur face  flux of 
1.2 × 10-6 c a l / c m 2 s e c .  Of th is  flux, 0.5 comes  
f r o m  below 400 km depth. 

Using the t e m p e r a t u r e  prof i le  at the cont inen-  
t a l - o c e a n i c  junction as  a r e f e r e n c e ,  one finds 
the continent becom es  a cen ter  of r e l a t i ve  con-  
t rac t ion  ( lower t e m p e r a t u r e s  than margin)  and 
the ocean a cen ter  of r e l a t i ve  expansion (higher 
t e m p e r a t u r e s  than margin) .  These  t e m p e r a t u r e  
d i f f e rences  a r e  shown in fig. 1. The t h e r m o -  
e l a s t i c  d i sp lacement  and s t r e s s  f ie lds  that a r i s e  
f r o m  such a dis t r ibut ion of di latat ion can be 
computed by a convenient  method outl ined by 
Mindlin and Cheng [3]. 

The r e l a t i ve  d i sp lacement  f ie ld  r e v e a l s  a 
genera l  upward d i sp lacement  on the oceanic  
side,  hor izonta l  d i sp lacement  at the juncture  t o -  
ward  the continent,  and downward movement  on 
the continental  side. The re  i s  an apparent  s i m i -  
l a r i ty  between these  d i sp l acemen t s  and the f r e -  
quently hypothesized mantle  convect ion.  How- 
e v e r ,  the max imum hor izonta l  t h e r m o e l a s t i c  
d i sp lacement  i s  only about 1 km, fa r  shor t  of 
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Fig.  1. T e m p e r a t u r e  at depth beneath continent and ocean re la t ive  to t e m p e r a t u r e  at s a m e  depth beneath mar g in .  
Values  shown on con tours  a r e  in deg r ee s  cent igrade .  

t he  d i s p l a c e m e n t s  s u g g e s t e d  by  c o n v e c t i o n  c u r -  
r e n t  a d v o c a t e s .  The  r e l a t i v e  v e r t i c a l  d i s p l a c e -  
m e n t  r e s u l t s  in  a m a x i m u m  n e t  s e p a r a t i o n  of 
a b o u t  1.4 k in ,  w i th  t h e  o c e a n i c  r e g i o n  s t a n d i n g  
h i g h e r .  A s  M a c D o n a l d  n o t e s ,  t h i s  t h e r m a l  e f f e c t  
o b v i o u s l y  m u s t  be  o f f s e t  by  p h a s e  o r  c o m p o s i -  
t i o n a l  d i f f e r e n c e s  w h i c h  e l e v a t e  t he  c o n t i n e n t s  
a b o v e  t he  o c e a n s .  

The  f i e l d  of m a x i m u m  p o s i t i v e  s h e a r  s t r e s s  
i s  s h o w n  in  f ig .  2. T h e  f i e l d  i n d i c a t e s  s t r o n g  
n o r m a l  s h e a r i n g  a t  t he  s u r f a c e  of the  e x p a n d i n g  
o c e a n  a n d  s t r o n g  r e v e r s e  s h e a r i n g  a t  t h e  s u r f a c e  

of the  c o n t r a c t i n g  c o n t i n e n t .  At  l ong  d i s t a n c e s  
f r o m  the  m a r g i n ,  the  m a g n i t u d e s  of t h e s e  r e -  
s p e c t i v e  s h e a r s  d i m i n i s h  w i th  d e p t h ,  e a c h  r e a c h -  
ing  a nu l l  a t  l e s s  t h a n  100 k m  dep th ,  a n d  t h e n c e  
i n c r e a s i n g  a g a i n  bu t  w i th  o p p o s i t e  s e n s e .  The  
s h e a r  s t r e s s  r e a c h e s  a l o c a l  m a x i m u m  a t  a b o u t  
200 k m ,  a n d  t h e r e o n  d i m i n i s h e s  r e g u l a r l y  w i th  
d e p t h  in e a c h  r e g i o n .  

The  nu l l  z o n e s  t h a t  e x i s t  b e n e a t h  m i d - c o n t i -  
n e n t  a n d  m i d - o c e a n  do no t  s i m p l y  c o n n e c t  a t  t he  
c o n t i n e n t a l  m a r g i n .  R a t h e r ,  t he  c o n t i n e n t a l  nu l l  
z o n e  t u r n s  u p w a r d  a n d  i n t e r s e c t s  the  s u r f a c e  

600 400 

SENSE OF SHEAR: 

MARGIN 
200 200 

Normal 

Reverse , ~ "  
......  i iiiiiiiiiiiiiii 

400 

CONTINENT 
600 2000 Km 

THERMAL STRESSES AT THE OCEANIC-CONTINENTAL MARGIN 117 

Fig. 2. Field of maximum posit ive shea r  s t r e s s .  The length of a l ine is proport ional  to the magnitude of the shear  
s t r e s s ;  the or ienta t ion  of a l ine indicates  the dip of the shea r  plane. The grea tes t  shear  s t r e s s  shown is 1.1 × 109 

dynes /cm2;  the o thers  a re  scaled accordingly.  
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quite near  the margin .  This  i s  the locus of the 
major  c i r c u m - P a c i f i c  t r a n s c u r r e n t  faulting, and 
happily, the t h e r m o e l a s t i c  f ie ld  would contr ibute 
no dip sl ip motion the re  due to the surface  null. 
The zone of normal  shear  which appea r s  at the 
surface  of the ocean bends downward near  the 
marg in  to merge  with the reg ion  of no rma l  shear  
beneath the null on the continental  side. The 
changing or ienta t ion of the max imum shear  plane 
in this  zone is  a l so  of in te res t .  The dip angle in-  
c r e a s e s  f r o m  about ten deg ree s  at the marg in  to 
fo r ty - f ive  d e g r e e s  500 km inland. The s im i l a r i t y  
in genera l  f ea tu re s  of this  zone to the loci  of 
ear thquake hypocen te r s  in the c i r c u m - P a c i f i c  
s e i s m i c i t y  belt  i s  s t r iking.  The sense of the 
computed shea r s  in this  zone is  normal .  The 
sense of the c i r c u m - P a c i f i c  shear  at depth is  
not, however ,  un ive r sa l ly  ag reed  upon; Wilson 
[4] has  suggested normal ,  and Benioff [5] has  
suggested r e v e r s e .  

The max imum t h e r m o e l a s t i c  shear  s t r e s s  in 
this  model  was 1.1 × 109 dynes /cm2,  occu r r ing  
at the surface  of the continent about 600 km in-  

land. The magnitude of the shear  s t r e s s  in the 
zone dipping f r o m  the marg in  beneath the cont i -  
nent i s  nea r ly  0.4 × 109 d y n e s / c m  2 over  much of 
the zone. This  s t r e s s ,  though s izeable ,  is  l e s s  
than the 1.0 × 109 dynes / cm2  o rd ina r i ly  con-  
s ide red  n e c e s s a r y  for faulting. However ,  as  an 
addit ional  i nc remen t  to other  tec tonic  s t r e s s e s ,  
the t h e r m o e l a s t i c  s t r e s s  may wel l  be the agent 
which l oca l i ze s  mt/ch c rus ta l  ins tabi l i ty  near  the 
continental  margin .  

This  r e s e a r c h  was supported by the National 
Science Foundation under Grant  GP-3833. 
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