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Shore l ine  changes i n  French Guiana a r e  d i scussed  w i t h i n  t h r e e  
temporal scales : present-day dynamic v a r i a t i b n s  , Holocenè 
s h o r e l i n e  changes and L a t e  .Qua te rna ry  s e a - l e v e l  v a r i a t i o n s .  
Some remarks concerning s e a - l e v e l  d a t a  are proposed i n  
conclusion.  

RESUMEN 

Los cambios en  l a  l í n e a  de c o s t a  en l a  Guayana f r a n c e s a  se 
d i s c u t e n  den t ro  de tres escalas en  e l  tiempo: l a s  v a r i a c i o n e s  
dinámicas a c t u a l e s ,  los  cambios en  l a  l í n e a  de c o s t a  du ran te  
e l  Holoceno y l a s  v a r i a c i o n e s  d e l  n i v e l  d e l  mar du ran te  e l  
Cua te rna r io  Tardío.  En conclusiÓn,  se proponen algunas obser-  
vaciones con r e s p e c t o  a d a t o s  s o b r e  e l  n i v e l  d e l  mar. 

INTRODUCTION 

French Guiana c o a s t a l  e v o l u t i o n  i n v o l v e s  some important  
problems concerning s e a - l e v e l  r e s e a r c h  of t h e  n o r t h  of South 
A m e r i c a .  

scales: present-day dynamic v a r i a t i o n s ,  Holocene s h o r e l i n e  
changes and Late Quaternary s e a - l e v e l  v a r i a t i o n s .  

Present-day s h o r e l i n e  changes i n  French Guiana - and w i t h i n  
t h e  Guiana's r eg ion  - are s t r i k i n g  and s p e c i f i c ,  d i r e c t l y  
l i n k e d  wi th  t h e  huge Amazon d i scha rge .  Fine-grained sediments 

Th i s  paper d e a l s  w i t h  s h o r e l i n e  changes wi th in  t h r e e  temporal 
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are trAnsported from t h e  Amazon's mouth t o  t h e  Orinoco d e l t a  
by t h e  z c t i o n  of c u r r e n t s  and swell. Ont- p a r t  of t h i s  immense 
supply moves l i k e  e x t e n s i v e  shoreface-a t tached  mudbanks, t h e r e  
are c o n t i n u a l l y  migra t ing  t o  t h e  W-NW. A t  t h e  same t i m e  
s h o r e l i n e  i s  prograding and r e t r e a t i n g .  

narrow re l ic  beach r i d g e s  which crossed, sub-coas ta l  paralic 
environment. They r e p r e s e n t  re l ic  beach r i d g e s .  

F i e l d  i n d i c a t o r s  of Holocene s h o r e l i n e  changes are c h e n i e r s ,  

An evolu t ionary  morpho-sedimentary model of t h e  s h e l f  d u r i n q  
t h e  past 30.000 y e a r s  i s  proposed by I.G.B.A. r e s e a r c h e r s .  The 
p a r t  o f  g l a c i o - e u s t a t i c  changes i s  s t r e s s e d .  ' 

conclus ion .  

, 

Some remarks concerninq s e a - I e v s l  dati ;  are proposed i n  

1 PRESENT DAY SHORELINE CHANGES 

Present rday  s h o r e l i n e  changes i n  French Guiana are d i r e c t l y  
l i n k e d  wi th  t h e  huge sediment d i s c h a r g e  o f  t h e  Amazon River:  
approximately 250 m i l l i o n  m3 o f  f i n e - g r a i n e d  sediments  are 
t r a n s p o r t e d  annual ly  a long  t h e  Guiana ' s  c o a s t l i n e  by t h e  
e q u a t o r i a l  c u r r e n t  and longshore  c u r r e n t s  c r e a t e d  by trade- 
wind-driven waves (Wells and Coleman, 1977; Rine and Ginsburg, 
1985) .  Evidence f o r  t h i s  nor thwes t  t r a n s p o r t  i s  s u p p l i e d  by 
Nedeco (1968) ,  Allersma (1971) ,  Eisma and Van der Mare1 (l.971) 
and G i b b s  (1976).  

One p a r t  of Amazon's o u t p u t  moves i n  suspension;  t h e  o t h e r  
part (some 110 m i l l i o n  m3/y) moves i n  t h e  form o f  v e r y  larqe 
shoreface-a t tached  mudbanks which migra te  c o n t i n u a l l y  w e s t -  
wardly.  Rine and Ginsburg (1985) d e f i n e d  a t y p i c a l  mudbank 
i n  Suriname as up t o  5 m high ,  50 t o  60 km long,  10 t o  20 km 
wide, and o r i e n t e d  a t  o b l i q u e  a n g l e s  t o  t h e  c o a s t l i n e .  I n  

approximately 20 t o  40 km l o n g  (Fro idefond J.M. et al., 1 9 8 5 ) .  
When a mudbank i s  a t t a c h e d  t o  t h e  coast, t h e  s h o r e l i n e  is 

undergoing prograda t ion .  Between t w o  mudbanks - w i t h i n  t h e  
in te rbank.zone  - s h o r e l i n e  i s  undergoing e r o s i o n  and i s  
r e t r e a t i n g .  The s h o r e l i n e  i s  c o n s t a n t l y  changing because t h i r :  
dynamic creates very short-t.erm morphological  v a r i a t i o n s .  
Measure:nents have been taken  of t h e  m i g r a t i o n ' s  ra te  of 
mudbaqks and in te rbank zones along t h e  Guiana 's  c o a s t .  I n  
French Guiana r e c e n t  r e s e a r c h  (CORDET-IGBA Report  , 1985) 
showed t h a t  between 1979 and 1984 mudbanks have moved i n  a 

French Guiana t h e r e  are p r e s e n t l y  6 mudbanks wi th  t 
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W/NW d i r e c t i o n  a t  speeds vary ing  from 250 and 1250 m/y. The 
average  rate of migra t ion  i s  900 m/y (Froidefond J . M .  et al., 
1985; Froidefond J . M .  et al., i n  press).  

i 

Frequency and i n t e n s i t y  of sed imenta t ion  v a r i e s  a long  t h e  

muds are g e n e r a l l y  so f l u i d  t h a t  they  i n t e r a c t  wi th  s u r f a c e  
waves c a u s i n g  them t o  be altered and damped (Rine and Ginsburg, 
1985) .  Within t h e  in te rbank zones,  on t h e  c o n t r a r y ,  wave 
energy is r e l a t i v e l y  h igh  because of  l a c k  of wave dampening, 

Sedimenta t ion ' s  rate varies also d u r i n g  t h e  year :  long  t e r m  
p e r i o d s  o f  h igher  wind speed (December t o  May; Nedeco, 1968; 
A l l e r s m a ,  1971) seems t o  be important  and c o i n c i d e  w i t h  
p e r i o d s  o f  h igh  c o n c e n t r a t i o n s  of  suspended matter w i t h i n  t h e  
coastal waters (Rine and Ginsburg, 1985) .  I n  f a c t ,  d u r i n g  t h i s  

i coast. Within t h e  mudbank zones sed imenta t ion  is h igh  because 
! 

I p roducing e r o s i o n  of  t h e  s h o r e l i n e  and shoreface .  

i 
i 

i 

I 
annual  period of  h igh  winds w e  observed,  w i t h i n  a n  i n t e r b a n k  

I zone of t h e  w e s t  coast (Poin te  Isere),  high-waves ampl i tudes ,  
washover process and heavy eros ion .  

. ,\ 

I n  conclus ion:  

- The m o s t  s t r i k i n g  phenomenon i n f l u e n c i n g  t h e  present-day 
coastal e v o l u t i o n  i s  t h e  supply o f  t h e  enormous m a s s  o f  f i n e -  
g r a i n e d  sediments  d i scharged  by t h e  Amazon River  and carried 
s t e a d i l y  w e s t w a r d  by t h e  combined a c t i o n  of  s w e l l  and c u r r e n t s .  
- Mudbanks and in te rbank zones move westwardly a l o n g  t h e  French 
Guiana shoreface .  Evidence of t h i s  northwest  t r a n s p o r t  is  also 
s u p p l i e d  by t h e  d e f l e c t e d  mouths of several r i v e r s  (Sinnamary, 
I racoubo,  Mana...). 
- Rine and Ginsburg (1985) showed how t h e  s t a c k i n g  of 
sediments  from migrant mudbanks creates on t h e  s h o r e f a c e  a 
v e r t i c a l  sequence of  laminated and massive muds w i t h  
d i s c o n t i n u i t y  f e a t u r e s  and, on t h e  c o a s t a l  p l a i n ,  a dynamic 
h o r i z o n t a l  sequence of  mud marshes and sand c h e n i e r s .  

. a  

2 HOLOCENE SHORELINE VARIATIONS 

French Guiana Holocene c o a s t a l  p l a i n  is roughly s i t u a t e d  
between O and 5 m h igh  and i s  composed of  marine c l a y s  
(Demerara Forrnation) , w a t e r f r o n t  rr,angrove and S W B I : I : ~ ~ R I I ~ .  The 
l a t te r  is c r i s s - c r o s s e d  by narrow c h e n i e r s  t h a t  arc shal low - 
based perched sandy r i d g e s  which rest on c l a y .  

Cheniers  have a g e n e r a l  d i s p o s i t i o n  roughly paral le l  t o  t h e  
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p r e s e n t  s h o r e l i n e .  Two major systems of  c h e n i e r s  have been 
recognized i n  French Guiana owing t o  t h e i r  morphological  
s i t u a t i o n  and t o  t h e i r  p e d o l o g i c a l  e v o l u t i o n .  The "old" 
c h e n i e r s  are g e n e r a l l y  s i t u a t e d  between t h e  marine c l a y s  of  
t h e  Mara Phase (8000/6000 BP) and t h o s e  of  t h e  Moleson Phase 
(2600/1300 BP) . "Recent" c h e n i e r s  are of t h e  Moleson Phase 
(2600/1300 BP)  . "Recent" c h e n i e r s  are s e p a r a t i n g  t h e  Moleson 
c l a y s  from t h o s e  of  t h e  Comowine Phase (1000 BP t o  P r e s e n t ) .  

We observed,  however, t h a t  c h e n i e r s  d i s p o s i t i o n  c o u l d  be 
much mnre c o n p l i c a t e d ,  p a r t i c u l a r l y  w i t h i n  t h e  e s t u a r i e s  
environment. On t h e  west c o a s t ,  f o r  i n s t a n c e ,  c h e n i e r s  
d i s p o s i t i o n  are r a t h e r  complex i n  c h a r a c t e r  ( P r o s t  M.T., 1987) .  
Furthermore,  i n  t h e  present-day c h e n i e r s  format ion  c o n t i n u e s  
t o  occur  i n  t h e  i n t e r b a n k  zones ( f o r  i n s t a n c e ,  a l o n g  a part 
of  t h e  w e s t  c o a s t ) .  Cheniers '  formation t a k e s  p l a c e  i n  a 
narrow zone around h i g h  water l e v e l ;  r i d g e s  migrate westwardvy 
by b e a c h d r i f t i n g .  When more sand is be ing  removed t h a n  
depos i ted ,  c h e n i e r s  are eroded,  p a r t i c u l a r l y  d u r i n g  h i g h s  winds 
p e r i o d  and high-waves ampli tudes.  

The c h e n i e r ' s  sands  have local o r i g i n e  (Lafond L.R., 1967; 
Xrook L.,  1968; Turenne J.F., 1978; Froidefond J . M .  and al., 
1985) .  The a n a l y s i s  of g r a i n - s i z e  d i s t r i b u t i o n  have been done 
i n  t h e  ORSTOM-Center (Cayenne) as w e l l  as p r e l i m i n a r y  remarks 
on m i n e r a l o g i c a l  composi t ion and on shape,  roundness  and 
s u r f a c e  t e x t u r e  of q u a r t z  g r a i n s  of " r a w "  samples.  Sandy 
formations are roughly similar as w e l l  as i n  present -day  
beaches and i n  c h e n i e r s .  Heavy minera l  composi t ion s h o u l d  be 
d e f i n e d  t o  supply  f u r t h e r  in format ion ,  b u t  t h e r e  is no doubt  
t h a t  c h e n i e r s  r e p r e s e n t  re l ic  beach r i d g e s .  

morphology i n  Suriname w a s  created by la teral  s t a c k i n g  of 
mudbank d e p o s i t s  (marshes) s e p a r a t e d  by i n t e r b a n k  beaches  
( c h e n i e r s )  . Migra t ion  o f  mudbanks i s  probably ' I a  p r o c e s s  t h a t  
has  occurred annual ly  f o r  t h e  l a s t  3.500 years"  (Rine ,  1980) .  
I f  w e  accepted  R i n e ' s  conclus ion  t h a t  means t h a t  v e r t i c a l  
changes on s e a - l e v e l  d u r i n g  Holocene are only  one componenet 
among o t h e r s  factors which i n f l u e n c e  French Guiana ' s  s h o r e l i n e  
evolu t ion .  

Rine and Ginsburg (1985) claimed t h a t  c h e n i e r  p l a i n  

3 LATZ QUATEWJAR'I SEA-LEVEL CZANGES 

An evolu t ionary  morpho-sedimentary node1 of  t h e  French Guiana 
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s h e l f  d u r i n g  t h e  La te  QLaternm-y is 
(1977);  J e a n t e t  D. (1982) and Pujos  

proposed by Bouysse et a l .  
and Odin (1986) .  It i m p l i s s  

major s e a - l e v e l  changes and accocn t s  f o r  t w o  t r a n g r e s s i o n s  and 
one r e g r e s s i o n .  The Amazon River c o n t r o l s  t h e  sedimentary 
p a t t e r n  of t h e  s h e l f  i n  r e l a t i o n  wi th  g l a c i o - e u s t a t i c  s ea - l eve l  
changes. 

During a h igh  sea - l eve l  (30.0CO BPI t h e  suspended load  of 
t h e  Amazon was discharged by t h e  Guiana 's  c n r r e n t  ove r  t h e  
i n n e r  s h e l f  i n  t h e  form of  a massive mud wedge. Th i s  " f o s s i l e "  
mud i s  p r e s e n t l y  below t h e  p r e s e n t  mud wedge. A s  t h e  f o s s i l e  
2nd t h e  mcdern mud p r e s e n t  similar c h a r a c t e r i s t i c s  Pujos  and 
Odin t h i n k  t h a t  palecgeographical  ecv i ronmen t ' s  c c n d i t i o n s  
w e r e  s i m i l a r  t o  t hose  of present-day. 

t h e  p r o c e s s  was modified. The s h o r e l i n e  r e g r e s s e d  t o  t h e  
s k e l f  edge and t h e  Amazon sediments w e r e  d i r e c t l y  channeled 
o n t o  t h e  a b y s s a l  p l a i n  v i a  t h e  Amazon cone and deep s e a  fan.  
On t h e  p l a t f o r m  t h e r e  a r e  remains of a b a r r i e r  r e e f  (17.000/ 
12.0CO BP) and re l ic t  f a c i e s  ( r u b i f i e d  coa r se -g ra ined  s s n d s  
of t h e  Maroni 's  d e l t a ,  f i n e  t o  ve ry  f i n e  "verdine" sands,  e t c ) .  
When t h e  s e a - l e v e l  w a s  nea r  p r e s e n t  30 m i s o b a t h ,  t h e  suspended 
l o a d  o f  t h e  Amazon begins  to accumulate aga in ,  a t  about  8.000 
BP (Pu jos  a r d  Odin, 1986) .  

s e d i m e c t a t i o n  took p l a c e  on t h e  French Guiana s t a b l e  margin 
a d j a c e n t  t o  a n  o l d  peneplain and stress t h e  Amazon R i v e r ' s  
c o n t r o l s  on t h e  c o a s t l i n e  evo lu t ion .  Sedimentat ion was 
cont inuous:  f i ne -g ra ined  sediments from Amazon accumulate 
d u r i n g  h igh  sea - l eve l s  a r d  autochtonous sands  and r e e f  
ccmplexes develop du r ing  low sea - l eve l s .  

s e a - l e v e l  changes a r e  done by Pujos  and Odin (1986) .  The 
a u t h o r s  stress t h a t  between 20.000 and 17.000 BP c l i m a t i c  
c c n d i t i o n s  w e r e  d r i e r .  I n  French Guiana " t h e r e  are more 
c l i m a t i c  c o n t r a s t s  w i th  sudden worsening o f  drought  c c n d i t i o n s " ,  
thereby a l lowing  t h e  ex tens ion  o f  savanna t o  t h e  de t r imen t  of 
t h e  f o r e s t .  That co inc ides  with " i n t e n s e  evacua t ion  of 
c c n t i n e n t a l l y - d e r i v e d  sediments". The r e g i o n  which is a t  
p r e s e n t  o v e r l a i n  by seawater masses is t r a n s e c t e d  by r i v e r  
v a l l e y s  a d  l o c a l l y  occupied b) lagoons.  Prom about  12.000 BP 
t o  t h e  p r e s e n t ,  dEring sea-level r i s i n g ,  t h e  climate becomes 
g r a d u a l l y  s i m i l a r  t o  t h e  p r e s e n t  and t h e r e  are e x t e p s i o n  of 
f o r e s t s  a r d  mangroves a t  t h e  expense o f  ssvannas (Pujos  and 
Odin, 1986) .  

During low g l a c i o - e u s t a t i c  seû l e v e l  S t i l l s t a n d s  (-10C/-9G m) 

T h i s  evo lu t iona ry  model shows how t h e  e p i c o n t i n e n t a l  

Rerrarks concerning p a l e o c l i m ~ ~ t i c  v a r i a t i o n s  c o r r e l a t e d  wi th  
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F igure  1. French>Guiana Coas t a l  Plain, J u l y  1986. Prograding.and r e t r e a t i n g  area. 
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4 DISCUSSION 

S h c r e l i n e  changes jn French Guiana i n v o l v e s  s e v e r a l  problems 
ccnce rn ing  sea - l eve l  research.  s t u d i e s  of  t h e  Holocene c o a s t a l  
p l a i n  and of t h e  c c n t i n e r t a l  s h e l f ,  based on f i e l d  r e c o r d s ,  
showed a v a r i e t y  of s h o r e l i n e  &anges i n d i c a t o r s .  

On one hand, t h e  morpho-sedimentary model o f  t h e  French 
Guiana s h e l f  evo lu t ion  from t h e  L a t e  Quaternary t o  8.000 BP 
draws a t t e n t i o n  t o  g l a c i o - e u s t a t i c  s e a - l e v e l  changes.  The 
v a r i a t i o n s  on t h e  Alrazon R ive r ' s  supply are connected w i t h  
t h e s e  changes. During Hclocece, a f te r  t h e  maximum s e a - l e v e l  
rise of 6.000 BP, Brinkman a r d  Pons (1968) i n d i c a t e  a " s t a b l e "  
sea - l eve l .  But r e l a t i v e  sea - l eve l  changes i n  Suriname Coast 
must be r ega rded  wi th  cau t ion  because u n t i l  now t h e  p a r t  of 
r e l a t i v e  changes i n  land l e v e l  l a c k s  o f  d e f i n i t i o n .  

On t h e  o t h e r  hand, Rine and Ginsburg (1985) demonstrated 
t h a t  c h e n i e r  c o a s t a l  p l a i n  of Suriname was formed by la teral  
s t a c k i n g  o f  mudbanks d e p o s i t s  s e p a r a t e d  by i n t e r b a n k  beaches,  
dynamic t h a t  has  probably ocurred s i n c e  3.500 BP. Moreover, 
present-day ccastal evo lu t ion  c l e a r l y  shows t h a t  s h o r e l i n e  
changes are d i r e c t l y  linked-up wi th  t h e  sedimentary inpu t  
of t h e  Amazon River and wi th  c o a s t a l  hydro-dynamic ccn.ditions. 

D i sc r imina te  t h e  na tu re  of s ea - l eve l  changes i n  French 
Guiana is s t i l l  extremely d i f f i c u l t .  W e  need much more 
r e s e a r c h  on paleogeographical  and p a l e o e c o l o g i c a l  environment 
and on present-day c o a s t a l  a r e a  e v o l u t i o n .  Only d e t a i l e d  and 
r igourous  s t u d i e s  wi th in  t h e  r e g i o n a l  c c n t e x t  may provide 
new SL d a t a  and reassessment of e x i s t i n g  s t u d i e s .  On one hand, 
IGCP P r o j e c t s  6 1  a r d  200 have shown t h a t  no p a r t  o f  t h e  e a r t h ' s  
c r u s t  can  be considered s t a b l e  and t h a t  t h e  r e l a t i o n s h i p  
between e u s t a t i c  change and i s o s t a t i c  movemeEts is ve ry  
complex. On t h e  o t h e r  hand, t h e  concept of g e o i d a l  e u s t a s y  
shows t h a t  e u s t a s y  a s  a world-wide phenomenon "can no longer  
be r ega rded  as v a l i d "  (O. Von P la s sche ,  1 9 8 6 ) .  Curves based 
i n  d e t a i l e d  s t u d i e s  (eg. Brinkman and Pons, 1968) b u t  without  
c c n s i d e r i n g  geo ida l  v a r i a t i o n s  must be r e f e r r e d  t o  wi th  very 
h igh  c a u t i o n .  I n  t h e  B r a z i l i a n  ccast, on t h e  c c n t r a r y ,  h igh  
s e a - l e v e l s  are i n t e r p r e t e d  as due t o  v a r i a t i o n s  i n  t h e  geoid 
s u r f a c e  (Mart in  et al., 1979-1980). Furthermore,  Newman W.S. 
(1985) demonstrate ,  owing t o  an e l e v a t i o n  v s .  t i m e  s l o t  of 
mere t h a n  4000 radiocarbon-dated s e a  l e v e l  i n d i c a t o r s  f o r  t h e  
p a s t  16.0CO y e a r s ,  t h a t  t h e  magnitude of " e u s t a t i c "  s e a - l e v e l  
r ise i s  exceed by bo th  neo tec ton ic  as well as g e o i d a l  chanqes 
i n  l e v e l .  

r 
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Morner A.N.  (1986) stress t h a t  dynamic sea l e v e l  changes 
( l i n k e d  wi th  v a r i o u s  meteoro logica l ,  h y d r o l o g i c a l  and 
oceanographic f a c t o r s )  may occur very  r a p i d l y  (rates i n  t h e  
o r d e r  of some 100 "/y). Changes i n  oceanic  c i r c u l a t i o n  
system may induced dynamic sea- leve l  changes o f  a wide, 
gecgraphica l  e x t e n s i o n  (Morner, 1986) .  They a l s o  lead t o  a 
r e d i s t r i b u t i o n  of  t h e  h e a t  s t o r e d  i n  t h e  oceans ,  and may have a 

a c l i m a t i c  e f f e c t .  
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