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ARSTRACT 

A r t i f i c i a l  accumulations of brackish-water shells and  
marine organisms constructed by ancient i n h a b i t a n t s  of 
c o a s t a l  regions may, under some cond i t ions ,  be used as 
i n d i c a t o r s  of  p a s t  s e a  l e v e l s .  They a r e  p a r t i c u l a r l y  use fu l  
i n  c o a s t a l  a r e a s  t h a t  have experienced submergence a n d  
emergence once o r  s e v e r a l  t imes.  Assuming t h a t  the ancient  
i n h a b i t a n t s  e s t a b l i s h e d  t h e i r  campsite near a s u i t a b l e  
l o c a l i t y  Lo fy rn i sh  s u f f i c i e n t  s h e l l  Pood and above the 

e s t a b l i s h  c&*horizontal r e l a t i o n s h i p  between she1 1-midden 
s i t e s  a n a '  former lagoonal ,  e s t u a r i n e  o r  marine environments. 
Although s h e l l  middens do not provide d i r e c t  evidence of 
former sea- level  p o s i t i o n s ,  s tudy  o€ t h e i r  s t r a t i g r a p h i c x l  
p o s i t i o n ,  i n t e r n a l  s t r a t i g r a p h y ,  height  , radiocarbon and 
archaeological  age, iauna composition and 3C/ 1 2 C  i so tope  
r a t i o  o€ mollusc s h e l l s  can supply valuable a d d i t i o n a l  
i n Io r m a t  i on w i t  h i n  a. mo re en compass i n  g shore 1 i ne / s e  a- 1 e ve 1 
i n v e s t i g a t i o n  .- ' T h i s  paper d i scusses  s e v e r a l  examples OP 
t h e  use of s h e l l  middens i n  t h e  s tudy of r e l a t i v e  sea- level  
moveincnts along t h e  coast  of  B r a z i l .  

G22T2kA ~ ~ ~ d s  pocumentdre INTRODUCTION 

I l o c a l  high water s p r i n g  t i d e  l e v e l ,  it is poss ib l e  t o  

A r t i f i c i a l  akcumulations msde up of s h e l l s  of brackish-water 
and marine organisms a r e  v e r y  commonly eound i n  c o a s t a l  
regions around t h e  world, as i n  Natal  (South A f r i c a ) ,  
southern Sfadzgascar, eastern Austral i n  ( p a r t i c u l a r l y  the  
' N e w  England' coast  of  N e w  South Wales), Senegal,  middle 
A t l a n t i c  coas t  o€ t he  United S t a t e s .  
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% I n  coastal  B r a z i l ,  b e t w e e n  R i o  d e  J a n e i r o  a n d  R i o  Grande  
d o  S u l ,  s e v e r a l  h u n d r e d s  of g i a n t  s h e l l  middens  (known i n  
t h a t  c o u n t r y  as  ' s a m b a q u i s  ' ( I n d i a n  t e r m i n o l o g y )  h a v e  b e e n  
b u i l t  up by a n c i e n t  i n h a b i t a n t s  o f  t h e s e  areas ,  whose bas ic  
f o o d  w a s  s h e l l f i s h ,  as shown b y  a r c h a e o l o g i c a l  i n v e s t i g a t i o n s  
(Laming-Empgra i r e ,  1 9 6 8 ;  H u r t ,  1 9 7 4 ;  a n d  F a i r b r i d g e ,  1 9 7 6 ) .  
T h e s e  a n c i e n t  i n h a b i t a n t s  h a v e  b e e n  named ' s h e l l f i s h - e a t i n g  
p r e c e r a m i c  I n d i a n s '  ( F a i r b r i d g e ,  op.cit.). The middens  
e x h i b i t  a v a r i e t y  of s h a p e s  a n d  s i z e s ,  r a n g i n g  f rom h u g e  
e l o n g a t e d  ( 3 0 0  x 60 x 6m) o r  e l l i p s o i d a l  ( 8 6  'x 40 x 25 m) 
t o  s m a l l  c i r c u l a r  (10 x 1 % 1.5 m) a c c u m u l a t i o n s .  Some o f  
them o c c u r  as  f a r  as  40 km i n l a n d  f r o m  t h e  p r e s e n t  c o a s t l i n e .  

I t  may b e  assumed t h a t  s i t e  s e l e c t i o n  w a s  d e c i d e d  
p r i m a r i l y  b y  n e a r  o c c u r r e n c e  of s h e l l f i s h  i n  s u f f i c i e n t  
q u a n t i t y  t o  p r o v i d e  n o u r i s h m e n t  o v e r  a l o n g  p e r i o d  o f  t i m e .  
One s h e l l  midden examined  b y  F a i r b r i d g e  (op.cit.) i n  t h e  
S t a t e  o f  S a n t a  C a t a r i n a  was a p p r o x i m a t e l y  20 m h i g h  a n d  
100 m i n  d i a m e t e r ,  r e p r e s e n t i n g  a b o u t  2 .5  b i l l i o n  s h e l l f i s h ,  
t h a t  is a l m o s t  100 s h e l l f i s h  p e r  day  f o r  a g r o u p  o f  100 
p e o p l e  f o r  500 y e a r s .  O b v i o u s l y ,  s h a l l o w  a n d  q u i e t - w a t e r  
bay b o t t o m s ,  l a g o o n a l  and  e s t u a r i n e  z o n e s ,  w i t h  muddy 
s u r f a c e  areas e x p o s e d  d u r i n g  l o w  t i d e s ,  would  h a v e  b e e n  more 
f a v o u r a b l e  from t h i s  s t a n d p o i n t  t h a n  s a n d y  areas a t  t h e .  open  
o c e a n  m a r g i n .  I n  t h e  f o r m e r  case, b i o l o g i c a l  p r o d u c t i v i t y  
is much h i g h e r .  P r e s e n t l y ,  l a r g e  numbers  of p e o p l e  p i c k  up 
c o n s i d e r a b l e  q u a n t i t i e s  o f  m o l l u s c s  f rom areas e x p o s e d  
d u r i n g  low t i d e s  as ,  f o r  i n s t a n c e ,  i n  ce r t a in  p a r t s  of t h e  
Todos  os  S a n t o s  Bay ( S t a t e  o f  B a h i a ,  B r a z i l ) ,  w i t h o u t  
e x h a u s t i n g  t h e  s t o c k .  I t  is p r o b a b l e  t h a t  p a l e o - i n h a b i t a n t s  
c h o s e  c a m p s i t e s  a b o v e  h i g h - t i d e  l e v e l ,  i m m e d i a t e l y  a d j a c e n t  
t o  f a v o u r a b l e  c o l l e c t i n g  g r o u n d s ,  where  t h e  b e s t  c o n d i t i o n s  
of c o m f o r t  a n d  s a f e t y  were f o u n d .  Only  o c c a s i o n a l l y  is 
t h e r e  e v i d e n c e  t h a t  t h e y  w e n t  f a r t h e r  a f i e l d ,  i n  wh ich  case 
o n e  may assume a n  i m p o r t a n t  r e l a t i o n s h i p  b e t w e e n  t h e  s h e l l  
m i d d e n ' s  p o s i t i o n  a n d  t h e  p r e s e n c e  of s h a l l o w - m a r i n e ,  
l a g o o n a l  o r  e s t u a r i n e  z o n e  i n  t h e  v i c i n i t y .  E c o l o g i c a l  
i n v e s t i g a t i o n s  o f  t h e  dominan t  m o l l u s c  s p e c i e s  f o u n d  i n  
t h e  s h e l l  midden w i l l  i n d i c a t e  t h e  p a l e o - e n v i r o n m e n t a l  
c o n d i t i o n s  of t h e  s u r r o u n d i n g ,  area.  

r e l a t i o n s h i p  b e t w e e n  t h e -  s h e l l '  midden  and  a n e a r b y  a n c i e n t  
l a g o o n ,  e s t u a r y  o r  b a y ,  i t  i s  much more d i f f i c u l t  t o  
e s t a b l i s h  t h e  v e r t i c a l  r e l a t i o n s h i p  b e t w e e n  t h e  a l t i t u d e  o f  
t h e  b a s e  o f  t h e  s h e l l  midden a n d  t h e  p o s i t i o n  of sea l e v e l  
( S L )  d u r i n g  i ts  c o n s t r u c t i o n .  We c a n  o n l y  assume t h a t  
i n i t i a l l y  i t  was above  1 o c a l " h i g h - w a t e r  s p r i n g  t i d e  (HWST) 
l e v e l ,  a v e r y  i m p o r t a n t  a s s u m p t i o n  f o r - i n t e r p r e t i n g  s h e l l  
middens  whose s u b s t r a t e s  are loca - t ed  b e n e a t h  p r e s e n t  h i g h -  
t i d e  l e v e l .  A d e t a i l e d  i n v e s t i g a t i o n  of t h e  s h e l l  m i d d e n ' s  
s u b s t r a t e  a n d  c o m p o s i t i o n  may p r o v i d e  some c r i t e r i a  t o  
e l i m i n a t e  t h e  p o s s i b i l i t y  o f  t h e  s h e l l  middens  h z v i n g  b e e n  
b u i l t  up be low h i g h - t i d e  l e v e l .  P r o b a b l y ,  t h i s  is t h e  case 
w i t h  s h e l l  middens  t h a t  o r i g i n a t e d  as was tedumps  ( m i x t u r e  o f  
she l l s  and  man-made a r t i f a c t s )  be low h o u s e s  wh ich  were b u i l t  
on  p o l e s ,  s t a n d i n g  i n  s h a l l o w  water d u r i n g  h i g h  t i d e s .  
F u r t h e r m o r e ,  when t h e  s h e l l  midden is s i t u a t e d -  n e a r  a 

Whi le  i t  is  r e l a t i v e l y  e a s y  t o  e s t a b l i s h  t h e  g e o g r a p h i c  
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l o w l a n d  ( a n c i e n t  l a g o o n a l  a r e a )  w e  must  a s s u m e ,  as a p o s t u -  
l a t e ,  t h a t  i t s  c o n s t r u c t i o n  o c c u r r e d  n e a r  t h e  m o l l u s c  
c o l l e c t i n g  area. From t h e s e  two a s s u m p t i o n s ,  p r o x i m i t y  o f  
t h e  c o l l e c t i n g  z o n e  a n d  c o n s t r u c t i o n  above  l o c a l  HWST l e v e l ,  
i t  i s  p o s s i b l e  t o  e s t a b l i s h  a r a t h e r  close r e l a t i o n s h i p  
b e t w e e n  g e o g r a p h i c  p o s i t i o n  o f  s h e l l  middens  a n d  a n c i e n t  S L s .  

The main  p u r p o s e  o f  t h i s  p a p e r  is t o  e v a l u a t e  t h e  
u s e f u l n e s s  of s h e l l  middens  f o r  S L - h e i g h t  / s h o r e l i n e  
r e c o n s t r u c t i o n .  The method u s e d  f o r . t h i s  e v a l u a t i o n  is t o  
show how i n f o r m a t i o n  o b t a i n e d  f r o m  t h e  s t u d y  o f  s h e l l  
middens  correlates w i t h  SL data  d e r i v e d  from geo(morph0) -  
l o g i c a l  a n d  b i o l o g i c a l  i n d i c a t o r s  and  how t h a t  i n f o r m a t i o n  
h a s  b e e n  u s e d  i n  t h e  c o n s t r u c t i o n  of  SL c u r v e s  f o r  s e v e r a l  
s e c t o r s  of t h e  S t a t e s  o f  São P a u l o  a n d  B a h i a  

RELATIVE SEA-LEVEL CHANGE DURING THE LAST 7000 YEARS 
ALONG THE BRAZILIAN COAST 

P a p e r s  by M a r t i n  L S u g u i o ,  (1975,  1 9 7 6 a ,  1 9 7 8 ) ;  M a r t i n  et al., 
@ 9 7 9 a ,  197913, 1980);  S u g u i o  & M a r t i n ,  (1976, 1978);  S u g u i o  
et al., (1980) ;  and  B i t t e n c o u r t  et al., (1979), on t h e  c o a s t a l  
p l a i n s  o f  t h e  S t a t e s  of São P a u l o  a n d  B a h i a  p r o v i d e  v e r y  
good knowledge  o f  b o t h  t h e  SL f l u c t u a t i o n s  d u r i n g  t h e  
Q u a t e r n a r y  a n d  t h e  a g e s  o f  a s s o c i a t e d  s a n d y  d e p o s i t s .  An 
e v o l u t i o n a r y  h i s t o r y  o f  t h e s e  r e g i o n s  d u r i n g  t h e  Q u a t e r n a r y  
h a s  b e e n  r e c o n s t r u c t e d  f rom t h i s  i n f o r m a t i o n .  About 
120 O00 y e a r s  ago  t h e  r e l a t i v e  SL (RSL) s t o o d  a b o u t  8 1 2 m 
a b o v e  t h e  p r e s e n t  l e v e l .  Between t h e  e n d  o f  t h i s  t r a n s -  
g r e s s i o n  ( C a n a n é i a  t r a n s g r e s s i o n )  and  t h e  b e g i n n i n g  o f  t h e  
f o l l o w i n g  r e g r e s s i o n  a f i r s t  g e n e r a t i o n  o f  s a n d y  b e a c h  
r i d g e s  w a s  d e p o s i t e d .  D u r i n g  t h e  l a s t  glacial  when SL w a s  
l o w ,  t h e s e  d e p o s i t s  w e r e  c a r v e d  b y  r i v e r s  a n d  a s y s t e m  of 
v a l l e y s ,  some v e r y  l a r g e  a n d  d e e p ,  d e v e l o p e d .  The o r i g i n a l  
w a v e - b u i l t  terrace s u r f a c e s ,  f r e q u e n t l y  marked  by  b e a c h -  
r i d g e  a l i g n m e n t s ,  h a v e  b e e n  p r e s e r v e d  o n l y  i n  i n t e r f l u v i a l  
z o n e s .  When, I ' d u r i n g  t h e  H o l o c e n e ,  SL r e a c h e d  i t s  p r e s e n t  
p o s i t i o n  (&Out 7000 t o  6500 14C y e a r s  a g o ;  S a n t o s  t r a n s -  
g r e s s i o n )  ,I* Che l o w - l y i n g  p a r t s  o f  t h e  a n c i e i i t  terraces  were 
i n v a d e d  by t h e  s ea ,  f o r m i n g  e x t e n s i v e  l a g o o n a l  s y s t e m s .  
About 5000 BP S L - a t t a i n e d  a maximum h e i g h t ,  wh ich  w a s  
c o i n c i d e n t  w i t h  t h e  maximum e x t e n s i o n  of  t h e  l a g o o n a l  areas. 
From t h a t  t i m e  o n ,  RSL f e l l  more o r  less r e g u l a r l y  w i t h  t w o  
i m p o r t a n t  n e g a t i v e  f l u c t u a t i o n s  b e t w e e n  4100 and  3600 BP 
and  3000 a n d  2500 BP. 

1NPORMAT.I.ON TO BE DERIVED FROM SIIELL MIDDENS 

1. D i f f e z e n t  t y p e s  o f  s h e l l - m i d d e n  s i t e s  

F o u r  d i s t i n c t i v e  t y p e s  o f  midden  s i tes  c a n  be r e c o g n i z e d  
( m o d i f i e d  f rom F a i r b r i d g e ,  1 9 7 6 ) .  

Type I 
a l m a y s  a t  t h e  m a r g i n s  o f  z o n e s  f o r m e r l y ,  o r  up t o  t h e  p r e s e n t  
t i m e ,  o c c u p i e d  by l a g o o n s .  Among t h e s e  we-must  look  f o r  the 

is l o c a t e d  on  C a n a n é i a  t r a n s g r e s s i o n  terraces ,  



5- * s h e l l  middens  c o n s t r u c t e d  ' d u r i n g  t h e  p e r i o d  of greatest  
l a g o o n a l  e x t e n t .  I n  g e n e r a l ,  t h e  more i n l a n d  s h e l l  middens  
are smaller  t h a n  t h o s e  s i t u a t e d  n e a r  t h e  p r e s e n t  s t r a n d l i n e .  
Here, a t  t h e  coast ,  f a v o u r a b l e  l i v i n g  c o n d i t i o n s  € o r  m o l l u s c s  
c o n t i n u e  t o  e x i s t  t o d a y .  

T y p e  II s h e l l  middens  are s i t u a t e d  on  S a n t o s  t r a n s g r e s s i o n  
terraces .  T h e s e  terraces h a v e  b e e n  d e p o s i t e d  as b e a c h  r i d g e s  
d u r i n g  t h e  r e g r e s s i v e  p h a s e s  t h a t  f o l l o w e d  t h e  SL maxima, 
i n  p a r t i c u l a r  t h e  5100 ßP  maximum. Type  I I  s h e l l  middens  
h a v e  n e c e s s a r i l y  b e e n  c o n s t r u c t e d  a f t e r  t h e  maximum I I o l o c e n e  
SL s t a n d s ,  and  i n  some cases t h e i r  p o s i t i o n  on  t h e  terraces 
c a n  p r o v i d e  a d d i t i o n a l  d a t a  o n  S L s .  

Type Ir1 s h e l l  middens  are s i t u a t e d  on a n c i e n t  l a g o o n a l  
d e p o s i t s  i n  f r o n t  o f  s a n d y  terraces. ' Hence ,  - t hey  must  h a v e  
b e e n  c o n s t r u c t e d  a f t e r  a p e r i o d  o f  h i g h  SL ,  p r o b a b l y  d u r i n g  
t h e  e n s u i n g  l o w e r i n g  o f  SL. One must be c a u t i o u s  w i t h  tj7pe 
I I I  m i d d e n s ,  b e c a u s e  t h e  s u b s t r a t e  of l a g o o n a l  o r g a n i c  c l a y s  
is l i a b l e  t o  h a v e  b e e n  s u b j e c t e d  t o  c o m p a c t i o n ,  t h u s  
d i m i n i s h i n g  t h e  h e i g h t  o f  t h e  m i d d e n ' s  b a s e .  

T y p e  I V  shel l  middens  are l o c a t e d  o n  r o c k y  h i l l s  a t  t h e  
m a r g i n s  o r  c e n t r e s  o f  a n c i e n t  l a g o o n s  or b a y s .  T h e i r  age 
v a r i e s  w i d e l y .  C l e a r l y ,  t h o s e  s i t u a t e d  more i n l a n d  may h a v e  
b e e n  c o n s t r u c t e d  when t h e  l a g o o n  r e a c h e d  its g r e a t e s t  e x t e n t .  

2 .  F a u n a l  c o m p o s i t i o n  of s h e l l  middens  

i lbout  f i t t y  d i f f e r e n t  s p e c i e s  o f  m o l l u s c s  h a v e  b e e n  i d e n - t i -  
l i e d  w i t h i n  t h e  s h e l l  m i d d e n s  b u t  t h e  most dominan t  s p e c i e s  
XT(? v e r y  l e w ;  a c c o r d i n g  t o  1 3 i g a r e l l a  (1049)  t h e s e  are:  

A no m a  1 oc a r d i  a b r a  s i 1 i a n a  Cime 1 i n  
O s t r e a  B r a s i l i a n a  s p .  
O s t r e a  a r b o r e a  Chemni t z  
L u c  i n a  j a ma i c e n s i s Che m i l i  t z 
H o d i o l  u s  b r a s i l i e n s i s  C h m " t Z  

E x c e p t  Tor O s t r e a  a r b o r e a . ,  which  l i v e s  f i x e d  on aer ia l  r o o t s  
o f  inangrove t rees ,  t h e s e  b i v a l v e s  l i v e ' w i t h i n  s a n d y  o r  
c 1 ay  e y --s a n  dy se dime n t s d e  p o s  i t  e d i n sh a l  low-wat e r 1 a g o o n s  ~ 

a n d  b a y s .  Shell r e m a i n s  o f  o t h e r  o r g a n i s m s  are g e n e r a l l y  
n e g l i g i b l e .  Some middens  are composed  p r a c t i c a l l y  o f  o n e  
mol lusc .  s p e c i e s ,  o t h e r s  show .a mixed  c o m p o s i t i o n .  OS t r e a  
s p .  and  M o d i o l u s  b r a s i l i e n s i s  are dominan t  s p e c i e s  w i t h i n  
more i n l a n d  s h e l l  m i d d e n s ,  a n d  i n  t h i s  case A n o m a l o c a r d i a  
is  v e r y  scarce o r  c o m p l e t e l y  a b s e n t .  On t h e  o-ther h a n d ,  
s h e l l  middens  s i t u a t e d  n e a r e r  t o  the open  sea kcre fo rmed  
almost en t i  r e l y  O f  Anoma.1 oca r d i  a 

3. I 2 C / l  3 C  r a t i o s  o f  c a r b o n a t e  shells f r o m  s h e l l  middens  

6 '  3~ ( P D B )  measu remen t s  f o r  c a r b o n a t e s  show a s p e c t r u m  o f  
v a l u e s  v a r y i i i g  as a f u n c t i o n  o f  t h e  i l i f l u e n c e  o f  c o n t i n e n t : i l  
e n v i r o n m e n t a l  c o n d i t i o n s  d u r i n g  t h e  c a r b o n a t e  f o r m a t i o n .  
S h e l l s  f r o m  l a g o o n a l  o r g a n i s m s  .show 6 "C {PDB) v a l u e s  
be tween  t h o s e  f o r  f r e s h - w a t e r  o r g a n i s m s  (z 13 o/cn) a n d  
t h o s e  for  m a r i n e  o r g a n i s m s  (z O ' / b o ) . -  A t  t h e  same t i m e ,  
t h e  ~ I ' c  ( P D ß )  v a l u e s  f o r  , c a r b o n a t e  s h e l l s  f r o m  a l agoo l i  

l 

I 

J 

F i g u r e  1. %e v a r i a t i o n s  o f  t h e  s h e l l  middens  as a f u n c t i o n  

c h a n g e  as a f u n c t i o n  of t h e i r  g e o g r a p h i c  p o s i t i o n  w i t h i n  i t  
( P l e x o r  e t . a l . ,  1 9 7 9 ) .  S h e l l s  f r o m  o u t e r  z o n e s  ( n e a r e r  t h e  
o p e n  s e a )  o f  a l a g o o n  show o n l y  s l i g h t l g  n e g a t i v e  6 1 3 C  (PDB) 
v a l u e s ,  w h i l e  t h o s e  f r o m  i n n e r  z o n e s  are c l e a r l y  c h a r a c t e r -  
i z e d  b y  more n e g a t i v e  v a l u e s  ( T a b l e  1). I n  t h e  l a t t e r  case, 
c a r b o n ,  d e r i v e d  f r o m  d e c o m p o s i t i o n  of  l a n d  p l a n t s ,  h a s  b e e n  
i n c o r p o r a t e d  b y  t h e  m o l l u s c s  w i t h i n  t h e i r  c a r b o n a t e  s h e l l s .  
D e e p e r  a n d  i n l i e r  p o r t i o n s  o f  t h e  l a g o o n s  are c h a r a c t e r i z e d  
b y  a p o o r  water c i r c u l a t i o n  p r o p i t i a t i n g  a n  a c c u m u l a t i o n  o f  
l a r g e  q u a n t i t i e s  of p l a n t - d e r i v e d  o r g a n i c  mat ter .  T h i s  is  
i n d e p e n d e n t  o f  water s a l i n i t y  and  e x p l a i n s  why t h e  c a r b o n a t e  
s h e l l s  o f  l a g o o n a l  o r g a n i s m s  p r e s e n t  613C (PDB) v a l u e s  
c h a r a c t e r i z e d  b y  a s t r o n g  l a n d  i n f l u e n c e .  

moments,  t h e  613C (PDB) v a l u e s  c h a n g e  a c c o r d i n g  t o  t h e  
i n c r e a s e  o r  decrease of t h e  l a g o o n a l  area. I n  t h i s  case, 

o f  lagö-ohal e x t e n t .  
1 

I 

C o n v e r s e l y  a t  t h e  same l o c a l i t y ,  b u t  at d i f f e r e n t  
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c h i s  p a r a m e t e r  w i l l  b e  a good i n d i c a t o r  o f  t h e  l a g o o n a l  
a 
1 osc i l l a t ions  and  t h u s  i n d i r e c t l y  of SL f l u c t u a t i o n s  ( T a b l e  2 ) .  

T a k i n g  i n t o  c o n s i d e r a t i o n  t h e  example  i n  F i g u r e  1, i t  
is q u i t e  p o s s i b l e  t o  f i n d  a t  ' X ' ,  ' Y '  and  ' Z '  s h e l l  m i d d e n s  
o f  similar age b u t  w i t h  q u i t e  d i f f e r e n t  613C (PDB) v a l u e s  
f o r  c a r b o n a t e  s h e l l s :  v e r y  n e g a t i v e  i n  ' X '  and  s l i g h t l y  

e n e g a t i v e  i n  ' Z '  . Where, i n  'Y' a n d  ' Z '  s h e l l  m i d d e n s  
e x h i b i t  d i f f e r e n t  a g e s ,  t h e  l ea s t  n e g a t i v e  3C (PDB) v a l u e s  
c o r r e s p o n d  t o  p e r i o d s  of greatest l a g q o n a l  e x t e n t  a n d  
v i c e - v e r s a .  

G e n e r a l l y ,  w e  do  n o t  lrnow t h e  paleo-RSL p o s i t i o n  w i t h  
r e s p e c t  t o  t h e  p r e s e i i t  l e v e l .  However,  w e  know i f  it was 
lowcr o r  ' h i g h e r  a n d  so w e  c a n  d e d u c e  w h e t h e r  SL w a s  ( o r  h a d  
b e e n )  r i s i n g  o r  f a l l i n g  a n d  a p p r o x i m a t e  t h e  t i m e  t h a t  a 
maximum o r  minimum was r e a c h e d .  

COMPARISON OP SEA-LEVEL DATA WITH SHELL-MIDDEN DATA 

1. C a n a n é i a - I g u a p e  r e g i o n  

The  C a n a n 6 i a - I g u a p e  s e d i m e n t a r y  p l a i n  h a s  t h e  s h a p e  of a 
l a r g e  c r e s c e n t  a n d  c o v e r s  an  area of a b o u t  2500 km2. Its 
o u t e r  p o r t i o n  i s  p r e s e n t l y  d r a i n e d  by a l a g o o n a l  s y s t e m  and  
water c o u r s e s  s u b j e c t e d  t o  t i d a l  i n f l u e n c e .  A large p a r t  o f  
t h e  p l a i n  is o c c u p i e d  by  r e m n a n t s  of more o r  less d i s s e c t e d  
P l e i s t o c e n e  terraces a n d  by p r e s e n t l y  d r i e d - o u t  a n c i e n t  
l a g o o n a l  areas ,  a t  t h e  f a r  i n l a n d  m a r g i n s  of w h i c h  s e v e r a l  
shell  m i d d e n s  h a v e  b e e n  f o u n d .  

a )  I n f o r m a  t i o n  f u r n i s h e d  b y '  d a t i n g  g e o l o g i c a l  s a m p l e s  

S h e l l  debris  a n d  wood f r a g m e n t s  f r o m  l i t t o r a l  m a r i n e  o r  
l a g o o n a l  d e p o s i t s  h a v e  b e e n  d a t e d ,  a n d  t h i s  i n f o r m a t i o n ,  
when a s s o c i a t e d  w i t h  t h e  n a t u r e  of t h e  s e d i m e n t s ,  i n d i c a t e s  
t h a t  ( P i g .  2 8 ) :  

a )  a b o u t  G G O O  t o  6500 BP, RSL r e a c h e d  a p p r o x i m a t e l y  i ts 

b) a b o u t  5400 BP, RSL w a s  a b o u t  1 . 5  in a b o v e  p r e s e n t  l e v e l :  

c )  a b o u t  4400 BP, RSL was ' a b o u t  2 m h i g h e r  t h a n  p r e s e n t  

p r e s e n t  l e v e l  and  i t  was r i s i n g ;  

level b u t  i t  was f a l l i n g .  H e n c e ,  b e t w e e n  5406 and  4 4 0 0  
BP, RSL p a s s e d  t h r o u g h  a maximum h e i g h - t  wh ich  , a c c o r d i n g  
t o  m o r p h o l o g i c a l  da t a ,  mus t  h a v e  been 3 . 5  t o  4 m a b o v e  
t h e  p r e s e n t  o n e ;  

a s e c o n d  maximum of a b o u t  3 m a b o v e  p r e s e n t  l e v e l ;  
be tween  4400 a n d  3700 BP it p a s s e d  t h r o u g h  a minimum: .. 

r e g u l a r l y  t o  i ts  p r e s e n t  l e v e l .  U n f o r t u n a t e l y  we h a v e  
i n s u f f i c i e n t  d a t a  f o r  d e t a i l i n g  t h i s  r e t u r n .  

d )  b e t w e e n  3800 and  3700 B P ,  RSL rose v e r y  r a p i d l y  r e a c h i n g  

e )  n i t e r  t h e  s e c o n d  maximum, RSL r e t u r n e d  more o r  less 
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A -  INFORMATION FURNISHED BY THE GEOLOGICAL SAMPLES 

I 
I 

b )  Information furnished b y  dating shell middens 

A s  i n d i c a t e d  above ,  be tween  5400 a n d  4400 BP RSL w a s  a lways  
h i g h e r  t h a n  a t  p r e s e n t ,  a t t a i n i n g  a maximum o f  3.5 t o  4 m 
above  p r e s e n t  l e v e l .  One may e x p e c t  t h a t  t h i s  h i g h  SL 
o c c u r r e d  con temporaneous ly  w i t h  t h e  maximum l a g o o n a l  e x t e n t  
and  t h a t  t h e  s h e l l  middens  s i t u a t e d  more i n l a n d  s h o u l d  d a t e  
t h i s  p h a s e  ( T a b l e s  3 and  4 ) .  A n a l y s i s  o f  t h e  m a j o r i t y  of 
t h e s e  s h e l l  middens  shows t h a t  o n l y  a SL h i g h e r  t h a n  t h e  
p r e s e n t  one  c a n  e x p l a i n  t h e i r  p o s i t i o n s  ( P i g .  2B). More- 
o v e r ,  t h e  a g e s  o f  t h e  s h e l l  middens  s i t u a t e d  f a r  f rom t h e  
p r e s e n t  s t r a n d l i n e  l i e  be tween 5200 and 4800 BP. 

Thus ,  w e  b e l i e v e  t h a t  t h e  maximum l a g o o n a l  e x t e n t  
o c c u r r e d  d u r i n g  t h i s  p e r i o d ,  p r o b a b l y  a t  a b o u t  5000 UP. 
Moreover  by 4100 U P  RSL was p r o b a b l y  no more t h a n  0 .5  m 
above  t h e  p r e s e n t  l e v e l ,  and  a r o u n d  3800 BP it  may even  h a v e  
been  l o w e r .  T h i s  c o n f i r m s  t h e  c o n c l u s i o n  r e a c h e d  above  on 
Lhe b a s i s  o f  g e o l o g i c a l  e v i d e n c e  t h a t  SL r e a c h e d  a minimum 
be tween  4100 and 3800 BP. 

T a b l e  5 shows tpa t  t h e  o l d e s t  s h e l l  midden ( E s t a l e i r o  
= 3690 2 80 I3P) is s i t u a t e d  on t h e  P l e i s t o c e n e  terrace 
which  may b e  a n  i n d i c a t i o n  o f  a h i g h  l a g o o n a l  l e v e l .  T h i s  
h y p o t h e s i s  seems t o  b e  c o n f i r m e d  b y  t h e  6 1 3 C  (PDB) v a l u e  O P  
i t s  s h e l l  c a r b o n a t e .  I n  f a c t ,  t h i s  v a l u e  is much l e s s  
n e g a t i v e  t h a n  Tor s h e l l s  o f  Sambaquinho, which  was 
c o n s t r u c t e d  i n  t h e  s a m e  area when SL can  have  been  a t  most 
0 . 5  m above  p r e s e n t  l e v e l .  E v i d e n t l y ,  a r o u n d  3700 BP RSL 
w a s  well above  t h e  p r e s e n t  l e v e l .  I t  was s t a t e d  above  t h a t  
s i n c e  3700 BP RSL r e a c h e d  a s e c o n d  maximum s i t u a t e d  3 ni 
above  t h e  p r e s e n t  o n e .  The a g e  of t h e  Boguacu-I s h e l l  
midden (3080 2 55 BPI ,  wh ich  w a s  c o n s t r u c t e d  when SI, c a n n o t  
h a v e  been  more t h a n  2 .5  m above  p r e s e n t  l e v e l ,  shows t h a t  
a t  a b o u t  3100 BP, ,  t h e  maximum of 3 in was a l r e a d y  p a s s e d .  The 
i n f o r m a t i o n  f rom t h e  G u a r a p a r i  and  Sambaquinho s h e l l  middens  
i n d i c a t e  t h a t  RSL a t  a b o u t  2300 and  1500 BP h a s  n o t  been  more 
t h a n  1 m and  0 . 5  m r e s p e c t i v e l y  above  p r e s e n t  l e v e l .  

c) Information furnished 6 1 3 C  ( P D B )  values 

As d i s c u s s e d  a b o v e ,  6 I 3 C  (PDB) v a l u e s  can  b e  u s e d  as 
an i n d e x  t o  m a r i n e  v e r s u s  c o n t i n e n t a l  i n f l u e n c e s ,  ' and 
as i n d i r e c t  e v i d e n c e  of SI, change  ( P i g .  2C). ßelow, w e  
d i s c u s s  6 1 3 C  (PDB)  v a l u e s  o b t a i n e d  € o r  s h e l l  s a m p l e s  €rom 
t h r e e  g r o u p s  o f  middens  i n  t h e  Canan6ia- Iguape  coastal  p l a i n  
( A . ,  B and C i n  F i g .  3 ) .  The  f i r s t  two g r o u p s  ( A  and  B) 
c o n c e r n  s h e l l  middens  c o n s t r u c t e d  i n  t h e  p e r i o d  5200-4200 
BP and  5200-1800 BP r e s p e c t i v e l y ;  t h e m i d d e n s  of g roup  C 
were b u i l t  be tween  3800 and  1500 'BP. . ~ - 

 roup A We t a k e  t h e  example  01 s e v e n  s h e l l  middens  o f  
r e g i o n  A of t h e  Canxng ia  coastal  p l a i n  ( P i g .  3 ) .  The T i r s t  
s i x  have  a g e s  r a n g i n g  f rom 5200 t o  '42OO'BP ( T a b l e  2 ) .  I t  
would be i n t e r e s t i n g  t o  h.ave i n f o r m a t i o n  on a s h e l l  midden 
c o n s t r u c t e d  a b o u t  4100 U P ,  when SL canno t  have  been  h i g h e r  
t han  0 . 5  m above  t h e  p r e s e n t  l e v e l .  We c o u l d  t h e n  compare 
6°C (PDB) v a l u e s  o f  c a r b o n a t e  s h e l l s  formed i n  . the same 
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F i g u r e  3. Canangia- Iguape  Q u a t e r n a r y  coastal  p l a i n  ( S t a t e  
o f  São P a u l o ,  B r a z i l ) .  

g e o g r a p h i c  p o s i t i o n  be tween  5200 and  4100 BP, encompass ing  . 
t h e  f i r s t  Holocene  r e g r e s s i v e  p h a s e .  P o r  want o f  a s h e l l  
midden d a t e d  4100 BP we have  c o n s i d e r e d  a n o t h e r  a b o u t  1000 
y e a r s  o l d ,  when SL w a s  q u i t e  s i m i l a r  t o  t h a t  a t  4100 BP. 
I t - i s  assumed t h a t  6 1 3 C  (PDB) v a l u e s  of s h e l l  c a r b o n a t e  
f rom s h e l l  middens  of b o t h  a g e s  are comparable .  

When p l o t t e d  as a f u n c t i o n  o f  t i m e  ( c u r v e  1 i n  F i g . 2 C ) ,  

510 . 



t h e  dl3C(PDI3) v a l u e s  show a maximum between 5200 and 5100 BP 
and d e c r e a s e  r a p i d l y  u n t i l  a b o u t  4800 BP, t h e n  s l o w l y  u n t i l  
4200 BP, w h e r e a f t e r  a n o t h e r  r a p i d  d e c r e a s e  is  n o t i c e d .  
These  6 1 3 C  (PDB) d i f f e r e n c e s  can  b e  i n t e r p r e t e d  b o t h  i n  terms 
o r  chang ing  l a g o o n a l  e x t e n t  a n d ,  assuming cons tan t  ( l o c a l )  
t i d e  r a n g e ,  i n  terms of c h a n g i n g  RSL as f o l l o w s ;  

a )  the m:tsimum l a g o o n a l  e x t e n t ,  and  t h u s  t h e  SL maximum 
p r o b a b l y  o c c u r r e d  be tween 5200 and  5100 BP; 

b )  t h e  maximum was f o l l o w e d  b y  a r a p i d  d e c r e a s e  i n  l a g o o n a l  
e x t e n t ,  which i s  i n d i c a t i v e  o f  a q u i c k  SL l o w e r i n g  
be tween 5100 and  4800 BP; 

c )  l a g o o n a l  e x t e n t '  and  hence  RSL were s t a t i o n a r y  be tween 
4800 and  4200 BP;  and  

d )  l a g o o n a l  e x t e n t  r educed  r a p i d l y  a f - t e r  4200 BP 
s u g g e s t i n g  an e q u a l l y  r a p i d  SL l o w e r i n g .  

Group ß Here w e  have  c o n s i d e r e d  t h r e e  s h e l l  middens  from 
t h e  same area o f  t h e  i n l a n d  p o r t i o n  o f  t h e  I g u a p e  coastal  
p l a i n  ( a r e a  I3 i n  F i g .  3 ) .  Prom t h e s e  d a t a  ( T a b l e  6 )  one  
may d e r i v e  a c u r v e  o f  v a r i a t i o n  o f  6 1 3 C  (PDB) which shows 
t h a t  t h e  maximum w a s  w e l l .  e s t a b l i s h e d  be tween 5200 and  5100 
BP and  t h a t  t h e  f l u c t u a t i o n  w a s  v e r y  r a p i d  be tween 5100 and  
4800 BP ( c u r v e  2 i n  P i g .  2 C ) .  

G r o u p  c We have  c o n s i d e r e d  f o u r  s h e l l  middens i n  t h e  same 
area ( ~ r e n .  C i n  P i g .  3)  o f  t h e  Canang ia  coastal  p l a i n ,  whose 
ages r a n g e  Irom 3800 t o  1500 BP ( T a b l e  7 ) .  The c o r r e s p o n d i n g  
6 '  'C (P I )B) -va r i a t ion  c u r v e  i s  g i v e n  i n  F i g u r e  2 C ( c u r v e  3 ) .  
Between 3800 and  3500 BP, v a l u e s  i n c r e a s e  v e r y  r a p i d l y  a n d  
1:hen d e c r e a s e .  P u t  i n  terms O P  RSL i t  migh t  be t h a t  t h e r e  
w a s  a r a p i d  r ise be tween 3800 and 3500 BP f o l l o w e d  by  a d r o p .  

In summary, r a d i o c a r b o n  d a t i n g  o f  s h e l l  d e b r i s  and  
f o s s i l  wood f r a g m e n t s  from b o t h  s e d i m e n t a r y  d e p o s i t s  and  
s h e l l  middens ,  as w e l l .  as i n f o r m a t i o n  o n  6 I 3 C  (PDB) o f  car- 
b o n a t e  s h e l l s  from s h e l l  middens  h a s  a l l o w e d  us  t o  e s t a b l i s h  
w i t h  s u f f i c i e n t  a c c u r a c y  a f l u c t u a t i n g  RSL c u r v e  f o r  t h e  
Canan6ia- Iguape  r e g i o n  ( F i g .  2 D).  

2.  S a n t o s - l t a n h a é m  r e g i o n  

The San tos - I t anha6m coastal  p l a i n  h a s  t h e  same c h a r a c t e r -  
i s t i c s  as t h e  Canane ia - Iguape  area. A l a g o o n a l  s y s t e m  
o r i g i n a t e d  d u r i n g  e a c h  h i g h  SL p e r i o d  and s h e l l  middens ,  
soine o C them d a t e d  by r a d i o c a r b o n  method,  were e s t a b l i s h e d  
a t  t h e  m a r g i n s  of p a l e o - l a g o o n s .  

a )  ~ n f o r m a t i o n  f r o m  g e o l o g i c a l  a n d  b i o l o g i c a l  S o U r C e s  

A l a r g e  number o f  r a d i o c a r b o n  d a t e s  of s h e l l  d e b r i s  and  
Coss i1  wood f r agmen t s  c o n t a i n e d  i n  l a g o o n a l  and s h a l l o w -  
m a r i n e  d e p o s i t s ,  as w e l l  as of v e r m e t i d  i n c r u s t a t i o n s ,  
a l l o w e d  us  t o  d e l i n e a t e  a r a t h e r  a c c u r a t e  c u r v e  o f  RSL 
f l u c t u a t i o n s  ( F i g .  4 A ) .  T h i s  c u r v e  is v e r y  s imi la r  t o  t h a t  
f o r  Cananéia- Iguape  , t hough  some d i f f e r e n c e s  i n  a m p l i t u d e  
are a p p a r e n t .  
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F i g u r e  4 .  9.kç'onstruction of r e l a t i v e  s e a - l e v e l  f l u c t u a t i o n  
c u r v e  %,O? t h e  p a s t  7000 y e a r s  i n  t h e  I tanhagm-Santos  
r e g i o d  ( S t a t e  o f  São P a u l o ,  B r a z i l ) .  

b )  I n f o r m a t i o n  f u r n i s h e d  b y  d a t i n g  s h e l l  m i d d e n s  

Dated  s h e l l  middens are much less numerous t h a n  i n  t h e  
Cananhia- Iguape  area, b u t  t h e y  are i m p o r t a n t  f o r  c o r r o b o r a t -  
i n g  Lhe i n f o r m a t i o n  d a t e d  f rom g e o l o g i c a l  s amples  ( P i g .  45; 
T a b l e  8 ) .  

s i t u a t e d  i n  an i n n e r  p o r t i o n  o f  t h e  I t anhaem pa leo - l agoon .  
P o s s i b l y ,  t h e r e f o r e ,  t h e y  were c o n s t r u c t e d  d u r i n g  maximum 
l a g o o n a l  e x t e n t .  However, i f  t h i s  h y p o t h e s i s  is correct , 
t h i s  maximum l a g o o n a l  e x t e n t  c o u l d  b e  d i f f e r e n t  from t h a t  
p r e v i o u s l y  d e f i n e d .  The 613C (PDB) v a l u e s  o f  t h e  s h e l l s  
from t h e s e  middens are much more n e g a t i v e  t h a n  t h o s e  of t h e  
samples  d a t i n g  t h e  h i g h  SL p e r i o d  of C a n a d i a - I g u a p e .  I n  
f a c t ,  t h e  6 1 3 C  (PDB) v a l u e s  o f  t h e  I tanhagm s h e l l  middens 
are q u i t e  s i m i l a r  t o  t h a t  of t h e  Momuna s h e l l  midden 

The R i o  P r e t o ,  Araraft ,  a n d  Mundo Novo s h e l l  middens are 
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( T a b l e  3 ) ,  which has a b o u t  t h e  same age. Thus ,  p o s s i b l y  
abou t  4600 BP t h e  c o n t i n e n t a l  i n f l u e n c e  i n  t h e  i n n e r  p o r t i o n  
o f  t h e  I t anhae"  pa l eo - l agoon  was v e r y  s t r o n g ,  p e r h a p s  b e c a u s e  
tll'e maximum had  p a s s e d  and  t h e  pa l eo - l agoon  was b e g i n n i n g  
Lo d r y  o u t .  

The shel l  middens  A229 and  Mar Casado ( T a b l e  8 ) ,  
l o c a t e d  o n  a Holocene  terrace,  o b v i o u s l y  were c o n s t r u c t e d  
a1ter t h e  t r a n s g r e s s i o n  maximum, when SL was p r o b a b l y  less 
t h a n  3.5 m and  3 m r e s p e c t i v e l y ,  above t h e  p r e s e n t  l e v e l .  

The  Maratu; s h e l l  midden,  which h a s  been  c o m p l e t e l y  
d c s t r o y e d ,  h a s  f u r n i s h e d  t h e  most i n t e r e s t i n g  i n f o r m a t i o n  
( F i g .  4 ~ ) .  The b a s e  of t h i s  midden was l o c a t e d  be low 
p r e s e n t  SI,. T h i s  f a c t  c a n n o t  b e  a t t r i b u t e d  t o  s u b s t r a t e  
s u b s i d e n c e  due t o  t h e  s h e l l  m i d d e n ' s  w e i g h t ,  b e c a u s e  i n  
t h a L  case t h e  c e n t r a l  p o r t i o n  would have  sunk  more t h a n  i t s  
m a r g i n s ,  t h e r e b y  d e f o r m i n g  t h e  s h e l l  midden ' s  l a y e r s .  N o  
d e f o r m a t i o n  w h a t e v e r  was n o t i c e d .  Two s a m p l e s  f rom t h i s  
s h e l l  midden d a t e d  a t  t h e  b e g i n n i n g  o f  r a d i o c a r b o n  i n v e s t i -  
g a t i o n s  i n d i c a t e d  a g e s  of 7330 i: 1300 BP (Gif -15)  and  7800 
i: 1300 BP (Gif -16)  (Laming - E m p e r a i r e ,  1968).  These  v a l u e s ,  
now known t o  b e  i n  e r r o r ,  c o i n c i d e d  w i t h  a p e r i o d  when RSL 
was d e f i n i t e l y  lower t h a n  t o d a y ,  s o  t h a t  i n i t i a l l y  t h e s e  
two a g e s  were t h o u g h t  t o  b e  c o n s i s t e n t  w i t h  known SL c u r v e s .  
However, a r c h a e o l o g i c a l  r ema ins  w i t h i n  t h e  Maratuá she l l  
midden s u g g e s t e c l  t h a t  i ts  c o n s t r u c t i o n  must  have  o c c u r r e d  
more r e c e n t l y .  Two r a d i o c a r b o n  ages were o b t a i n e d  f o r  t h e  
s m c  s a m p l e s  and  i n d i c a t e d  ages o f .  3925 f 145 BP (Bah-382) 
and 3865 i: 9 5  BP (Gi f -9185) ,  which are more i n  k e e p i n g  w i t h  
modern d a t a .  I t  is now p o s s i b l e  t o  i n f e r  t h a t  RSL a b o u t  
3800 B P  was lower t h a n  t q d a y ,  as w e  h a v e  also o b s e r v e d  i n  
th(-: Canan6i.a-Iguape r e g i o n .  

3 .  S a l v a d o r  r e g i o n  

On a sector  o1 t h e  coast w i t h  homogeneous c o n d i t i o n s  i n  t h e  
n o r t h e r n  p a r t '  o1 S a l v a d o r  ( S t a t e  of B a h i a ) ,  66 r e c o n s t r u c -  
t i o n s  0 . C  f o r m e r  RSL p o s i t i o n s  mere made. I?rom t h e s e  d a t a  
we havc  d e l i n e a t e d  a v e r y  a c c u r a t e  c u r v e  o f  RSL change  
( F i g .  5 ) ,  which shows t h a t :  

a )  Lhe p r e s e n t  l e v e l  was c r o s s e d  a b o u t  7000 BP; 
b) a b o u t  5100 BP, RSL was a t  a maximum, some 4 . 7  i: 0 . 5  m 

c )  abou t  3900 RP, RSL r e a c h e d  a minimum, l o w e r  t h a n  a t  

d )  a b o u t  3600 UP, RSL a t t a i n e d  a s e c o n d  maximum, l o c a t e d  

d) nbout  2700 BP, IISL had  f a l l e n  t o  a s e c o n d  minimum, n e a r  

f )  a b o u t  2500 UP, RSL reAched '  a t h i r d  maxi.mum s i t u a t e d  

g )  s i n c e  t h i s  t i m e ,  RSL h a s  r e t u r n e d  p r o g r e s s i v e l y  t o w a r d  

above  t h e  p r e s e n t  l e v e l ;  

13 rc se 11 t ; 

more t h a n  3 m above t h e  p r e s e n t  l e v e l ;  

p r e s e n  L l e v e l  ; 

a b o u t  2 . 5  m above  t h e  p r e s e n t ;  a n d  

t h e  p r e s e n t  l e v e l .  
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F i g u r e  5 .  R e l a t i v e  s e a - l e v e l  f l u c t u a t i o n  c u r v e  f o r  t h e  
S a l v a d o r  r e g i o n  ( S t a t e  o1 B a h i a )  wiLh i n d i c a t i o n  o 
P e d r a  O c a  s h e l l  midden 

T h i s  c u r v e  p r e s e n t s  c h a r a c t e r i s t i c s  q u i t e  s i m i l a r  
t h a t  O P  t h e  S a n t o s  r e g i o n  ( P i g .  4 )  w i t h  some s m a l l  v a r  
i n  a m p l i t u d e .  

t h e  

t o  
a t i o n s  

I n  t h e  S a l v a d o r  r e g i o n  SL w a s  low a b o u t  2700 BP ,  which 
was n o t  e v i d e n c e d  i n  t h e  S a n t o s  r e g i o n .  P e r h a p s ,  t h e  
a b s e n c e  o f  d a t a  f o r  t h i s  p e r i o d  i n  t h e  S a n t o s  r e g i o n  is 
i n d i r e c t  e v i d e n c e  01 a lower SL. I n  f a c t ,  i f  SL h a s  been  
lower, t h e  e v i d e n c e  mu,st p r e s e n t l y  b e  submerged.  

A t  one  t i m e  t h e r e  were numerous s h e l l  middens a round  
Todos os  S a n t o s  b a y ,  b u t  u n f o r t u n a t e l y  t h e  g r e a t  m a j o r i t y  
o f  them h a v e  b e e n  d e s t r o y e d .  I t  h a s  been  p o s s i b l e  t o  o b t a i n  
i n f o r m a t i o n  a b o u t  t h e  P e d r a  O c a  s h e l l  midden ( C a l d e r o n ,  
19F4)  l o c a t e d  i n  t h e  sector  s t u d i e d  by  Mar t in  et al. ( 1 9 7 9 a ,  
1080). P r e s e n t l y ,  t h e  lower par t  o f  t h e  non-eroded p o r t i o n  
o f  t h i s  s h e l l  midden is s i t u a t e d  0 . 8  m above h i g h - t i d e  l e v e l  
( M a r t i n  et al., 1 9 7 9 ~ ) .  Two a g e s  o b t a i n e d  f rom b a s a l  s h e l l s  
i n d i c a t e d  ages o f  2830 2 130 BP (Gif -878)  and 2630 t 110 BP 
(Si -470) .  Thes'e d a t a  c o n f i r m  t h e  o c c u r r e n c e  of a l o w  SL 
p o s i t i o n  at.:-kVjout 2700 BP, which is a l s o  e v i d e n t  f rom o t h e r  
d a t a .  1 "  . I  

.) " 

FINAL CONSIDERATIONS . 

I t  is clear t h a t  s h e l l  middens are n o t  t h e  b e s t  too l  f o r  
r e c o n s t r u c t i n g ,  i n  s p a c e  and  t i m e ,  t h e  p o s i t i o n s  o f  fo rmer  
SLs .  In P a c t ,  i n  p r a c - t i c e  i t  is n o t  p o s s i b l e  t o  e s t a b l i s h  
d i r e c t l y  t h e  v e r t i c a l  r e l a t i o n s h i p  between t h e  b a s e  o f  a 
s h e l l  midden a n d  SL. The o n l y  t h i n g  o f  which w e  are more 
01: less c e r t a i n  is  t h a t  t h e  b a s e  of t h e  s h e l l  midden was 
above  l o c a l  HWST l e v e l  a t  t h e  b e g i n n i n g  O P  i t s  c o n s t r u c t i o n .  
I f  we p o s t u l a t e  t h a t  t h e  p a l e o - i n h a b i t a n t s  e s t a b l i s h e d  
t h e i r  c a m p s i t e s  n e a r  t h e  m o l l u s c  h a r v e s t i n g  p l a c e ,  i t  is 
e a s y  t o  e s t a b l i s h  t h e  g e o g r a p h i c a l  r e l a t i o n s h i p  between t h e  
shell middens and  an a n c i e n t  l a g o o n a l ,  < e s t u a r i n e  o r  sha l low-  
mar ine  zone .  S h e l l  middens l o c a t e d  f u r t h e r  i n l a n d  were 
p r o b a b l y  a s s o c i a t e d  w i t h  a p e r i o d  o f  maximum l a g o o n a l  
e x t e n t ,  o b v i o u s l y  when a SL maximum o c c u r r e d .  N e v e r t h e l e s s ,  
i t  is n e c e s s a r y  t o  a s c e r t a i n  t h a t  coastal  p r o g r a d a t i o n  was 
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u n r e l a t e d  t o  i n t e n s e  c o n t i n e n t a l  s e d i m e n t a t i o n ,  b u t  r a t h e r  
t o  a RSL change .  P l a i n l y ,  o n l y  o n e  d a t i n g  is i n s u f f i c i e n t ,  
xnd one  must have  a s t a t i s t i c a l l y  s i g n i f i c a n t  se r ies  o f  
d a t e s  i n  o r d e r  t o  i n t e r p r e t  c o r r e c t l y  t h e  p e r i o d  o f  maximum 
l a g o o n a l  e x t e n t .  On t h e  o t h e r  h a n d ,  t h e  s h e l l  middens whose 
s u b s t r a t e s  :ire l o c a t e d  b e n e a t h  p r e s e n t  h i g h - t i d e  l e v e l  
s u g g e s t ,  il' compac t ion  c a n  b e  r u l e d  o u t ,  a p e r i o d  of lower 
SI,. V a l u e s  o1 6 1 3 C  (PDB) f o r  c a r b o n a t e  shells g i v e  u s  
a d d i t i o n a l  i n f o r m a t i o n  a b o u t .  t h e  h i g h  o r  l o w  S L  p o s i t i o n s ,  
as well as  abou t  t h e  t r e n d  of SL change .  

The a u t h o r s  w i s h  t o  e x p r e s s  t h e i r  t h a n k s  t o  D r .  Thomas R.  
F a i r c h i l d  Tor r e v i s i o n  of t h e  E n g l i s h  t e x t ,  

T a b l e  1. V a r i a t i o n  of 6 I 3 C  ( P D R )  as a f u n c t i o n  of p o s i t i o n  
of the s a m p l e s  w i t h i n  a pa leo - l agoon ,  coastal  p l a i n  
of t h e  S t a t e  of SAo P a u l o ,  B r a z i l  ( F l e x o r  e t  al., 
1 9 7 9 ) .  

Samp 1 e Radiocarbon 611Cpo~ Distance from the  
age ( B P I  Im open sea  (km) 

Itapoã I I I  5245 zk 125 - 0.63 5 
J a t a i  tuba 5240 + 150 - 3.26 20 
Vapumauva 11 5080 + 60 - 0.06 1 
Pariquera Acu 5035 + 140 - 3.88 24 
Vapumauva I 4680 + 115 - 0.12 2 
A l  95 4636 + 100 - 6.17 1 8  
Uba tuba 3870 + 100 - 0.02 ? 

Al23 3715 + i30 - 5.69 33 

T a b l e  2.  V a r i a t i o n  of 6 I 3 C  (PDß) as a f u n c t i o n  of age w i t h i n  
the same p o r t i o n  of a pa leo - l agoon ,  coastal  p l a i n  
o€ t h e  S ta te  o f  S ã o . P a u l o ,  B r a z i l  ( F l e x o r  et al., 
1 9 7 9 ) .  

Radi ocarbpn age (BP) 6l3cPDB o/c,  . .  Sample 

Itapoã I I I  5245 1 1 2 5  - 0.63 
Guaxi x i  51101  70 - 0.48 
JuruvaGva I 50102 115 - 0.76 
JuruvaGva I I I 4970 k 150 - 1.34 
JuruvaGva I I  4305 t 140 - 2.07 
Itapoã I I  4215 140 - 2.27 

Vami ranga 1 0 1 5 2  70 - 3.81 

T a b l e  3. G e n e r a l  c h a r a c t e r i s t i c s  of s h e l l  middens 

Shel l  midden Radiocarbon Laboratory Nature o f  Pos i t ion  i n  613CpDB 

c o n s t r u c t e d  be tween 5400 a n d  4400 BP 

age ( B P )  number s u b s t r a t e  the  paleo- o/w 

1 agoon 

Itapoã I I I  5245 i: 125 Bah-365 P.T. Outer - 0.63 
J a t a i  tuba 5240 2 150 Bah-396 P.T. Inner - 3.26 
Guaxi xi 5110 k 70 Bah-370 P .T. Outer - 0.48 
Va p uma dva 5080 f 60 Bah-365 P.T. Outer - 0.06 
Pariquera A s u  5035 k 140 Bah-295 P .T. Inner - 3.88 
JuruvaÚva I 5010 I 115 Bah-359 P.T.  Outer - 0.76 
JuruvaGva I I I  4970 1 110 Bah-361 P.T. Outer - 1.34 

P .T. Outer ---- Batata1 4920 f 100 1.9186 

R.das Pedras I 4860 i- 100 Bah-343 C.B.  Inner - 3.17 
Momuna 4790 k 100 Bah-308 P.T. Inner  - 5.39 
R.das Pedras I I I  4750 f 110 Gif-3641 P.T. Inner  - 4.67 

4710 i- 145 Bah-300 
Rio Comprido 4560 f 110 Gif-3646 C.B.  Outer ---- 
Cananéi a 4340 k 110 Gif-3435 P.T. Outer - 1.28 

4300 k 140 Bah-302 

(P.T.= Pleistocene Terrace; C.B.  = Crystall ine Basement; Bah =Laborat- 
or io  de Fisica Nuclear Aplicada, Universidade Federal da Bahia, Brazj 1; 
Gif = Laboratoj redes Faibles Radioactivités, Gif-sur-Yvette, France and 
I = Isotopes, USA) 

T a b l e  4 .  S h e l l  middens  c o n s t r u c t e d  be tween 5000 and  3700 
BP o_l?>:Holocene terraces and  l a g o o n a l  d e p o s i t s  

Shel l  midden' Radiocarbon Laboratory Pos i t i on  o f  6 1 3 $ p ~ ~  

Vapumafiva I I  4680 f 110 Bah-362 < + 3.5m - 0.72 

Boguayu I I  4160 & 100 Bah-303 < + 1.5m - 1.39 

Ararapira I I  4175 _+ 100 Bah-290 < + 0.5m - 1.67 
Ubatuba 3870 2 100 Bah-294 < + 2.0m - 0.02 

/W sea  l eve l  age (BPI nunber 

FiBbrega 4380 1 160 SPC-21 < + 3.5m ---- 

4120 1 100 Gif-3436 

Ararapira I 3790 i: 110 Gif-3437 < Om -___ 
(SPC = Centro de Pesquisa Geocronol6gicas do Ins t i tu to  de 
Geocisncias, Universidade de São Paulo, Brazil) 
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T a b l e  5 .  She l l -middens  c o n s t r u c t e d  s i n c e  3700 BP.  

She l l  midden Radiocarbon Laboratory Nature of  Pos i t ion  of 6 1 3 C p ~ ß  
age ( ß P )  number s u b s t r a t e  s e a  leve l  O h  o 

E s t a l e i r o  
Fosfasa I 
Perei ri nha 
Boguaçu I 
Boguaçu I I I  

Pindu 
Guarapari 
R. das Minas 
Sambaquinho 
I t a p i  tangui 
Vami ranga 

3690 -I- 80 
3350 i 135 
3330 i- 125 
3080 rf 55 
3220 i: 90 
3090 i 110 
3090 2 120 
2285 -I- 45 
1850 rf 100 
1500 I 120 
1490 5 120 
1015 5 70 

Bah-367 
ßah-340 
Bah-286 
Bah-785 
ßah-307 
G i  f-3645 
Bah-348 
Bah-368 
G i  f-3643 
ßah-292 
ßah-293 
Bah-369 

P .T. 
P.T.  
H.T. 

H.T. 

H.T. 

C.ß. 
L .  
H.T. 

L.  
H.T. 

P.T. 

Om 

> Om 

> Om 

< + 2.5111 
< + 3.0m 

> om 
< -+ l m  
< + 0.5m 
< + 0.5m 
< + 1.5m 
i n d e f i n i t e  

- 0.65 
- 1.80 
- 0,09 
- 3.57 
- 3.25 

- 4.31 
- 2.24 
---- 

- 2.61 
- 4.45 
- 3.81 

( I I  .T. = Iloloccnc Tci-racc and I,. = I,agoonxl). 

T a b l e  G. 6 l 3 C p ~ ~  v a l u e s  of c a r b o n a t e  s h e l l s  from t h r e e  s h e l l  
middens c o n s t r u c t e d  i n  t h e  same i n n e r  zone  of t h e  
Iguape  coastal  p l a i n  

Shel l  midden Radiocarbon age (BP) 

J a t a i  tuba 5250 f 150 - 3.26 
Pariquera Açu 5040 i 140 - 3.88 
Momuna 4790 2 115 - 5.81 

-.. - - 
T a b l e  7 .  6 ’ 3 C p n ~  v a l u e s  of c a r b o n a t e  s h e l l s  from f o u r  s h e l l  

middens o f  t h e  CananBia  coastal  p l a i n  

She1 1 midden Radiocarbon age (ßP) 6’3cPDß o/m 

Fosfasa I I  !3790 i: 110 - 2.63 
E s t a l e i r o  3490 -c 60 - 0.67 
Guarapari 2285 I 45 - 2.24 
Sambaquinho 1500 i 120 - 2.61 

1 

I 

i 

T a b l e  8 .  G e n e r a l  c h a r a c t e r i s t i c s  o f  t h e  d a t e d  s h e l l  middens 
of t h e  San tos - I t anhaém coastal  p l a i n  

Shel l  midden Radiocarbon Laboratory Nature of Pos i t ion  of 3CpDB 
age (BP1 number s u b s t r a t e  sea  leve l  O / O O  

---- Piatagüera 4930 i 100 1-4491 C.B .  > Om 
Rio Pre to  4635 2 100 ßah-231 P.T. > Om - 6.07 
Ararari 4630 2 130 ßah-296 C . B .  > Om - 5.29 
Mundo Novo 4575 i 110 Bah-446 C.ß.  > Om - 8.91 
A229 4520 2 130 ßah-328 P.T. < + 3.5m - 2.98 
Mar Casado . 4400 1: 130 Gif-1194 H.T. < + 3.5m ---- 
Maratuá 3925 -+ 145 Rah-382 L. < Om ---- 

3865 2 95 1-9185 
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