
Morner, N . A .  1985. Geoidal  r e sea rch :  g e n e r a l  Newsletter and 
Annual Report  IGCP P r o j e c t  200 (January ,  1986) .  Dep. Geog. 
Durham Univ. 

P e t i j o h n ,  F.J.  1975. Sedimentary rocks .  Harper & Row. 628pp. 
New York. 

P r o s t ,  M.T. 1985. Morphologie e t  dynamique c&i&res ' dans  l a  
r ég ion  de Mana (Guyane' f r a n c a i s e ) .  Congrés SEPANRIT. Cayenne 

Pujos ,  M . ;  Odin, G.S. and Pons, J . C .  1985. P rocessus  
séd imen ta i r e s  e t  é v o l u t i o n  du p l a t e a u  c o n t i n e n t a l  de l a  
Guyane f r a n c a i s e  a u  c o u r s  du Qua te rna i r e  Récent. Dép. d e  
Géol. e t  Océanographie. I G B A .  P r o j e t  CORDET. Univ. d e  
Bordeaux - I. Talence.  

Blackwell  S c i e n t i f i c  P u b l i c a t i o n s .  615pp. Second E d i t i o n  
(1986).  London. 

Environments (1986).  Springer-Verlag.  551pp. Second, Revised 
and Updated Ed. 

Rine,  J . M .  and Ginsburg, R.N. 1985. Depos i t i ona l  f a c i e s  of t h e  
mud shore face  i n  Suriname, Sou th  A m e r i c a .  A mud analogue t o  
sandy, shallow-marine d e p o s i t s .  Comparative Sed. Lab. Univ. 
o f  M i a m i ,  F l o r i d a .  p.633-651. 

r e c o n s t r u c t i o n  o f  a n  a r g i l l a c e o u s  mud b e l t .  Surinam, South 
A m e r i c a .  Ph D dissert ,  Univ. of M i a m i .  222pp. 

young coastal  p l a i n  of Surinam. G e o l .  e n  Mijnbouw 47. De l f t .  

development of t h e  Young Coastal  P l a i n  o f  Suriname. G e o l .  
e n  Mijnbouw. Geol. Mijnb. Ned. 54(4):21-28. D e l f t .  

Rossignol ,  M.  1972. Etude d 'un marais d e  l a  Guyane f r a n c a i s e :  
l e  Marais S a r c e l l e .  Mult. ORSTOM. Cayenne. 

Seur in ,  M .  1975. Etude d 'un cordon l i t t o r a l  a l 'Anse d e  R e m i r e  
(Guyane f r a n c a i s e ) .  Travaux e t  D o c .  d e  Géog. Trop. 22:207- 
216. C.E.G.E.T. Univ. Bordeaux. I .  Talence.  

Turenne, J .F .  1972. C a r t e  pédologique. Mana-St. Laurent  SE e t  
S0/50.000. Notice e x p l i c a t i v e ,  118pp. ORSTOM. 

Turenne, J .F. 1978. Sédimentologie  d e s  p l a i n e s  côtihres. A t l a s  
de l a  Guyane. CNRS/ORSTOM. 

T r i c a r t ,  J. 1977. Aperçus s u r  l e  Qua te rna i r e  amazonien. Suppl.  
Bu l l .  AFEQ, 1977. l ( 5 0 ) .  Maison d e  l a  Géologie. 75005. P a r i s .  

Vann d e r  Hammen Th. 1963. A p a l y n o l o g i c a l  s tudy  o f  t h e  
Quaternary o f  B r i t i s h  Guiana. Le idse  Geol. Med. 29:125-180. 

Vann, J . H .  1959. The geomorphology of t h e  Guiana coast. Proc.  
2nd Coast.  Geom.  Conf. 153-187. 

Vann, J . H .  1980. S h o r e l i n e  changes i n  mangrove area. Z e t s c h r i f t  
f u r  G e o m .  Suppl.  S t t u t g a r t  Z .  Geom. Sppl.  RFA 34. 

Wells, J .T. and Coleman, J . M .  1981. P h y s i c a l  processes and 
f ine -g ra ined  sediment  dynamics, coast o f  Surinam, South 
A m e r i c a .  J .  Sedim. P e t r o l .  51:1053-1068. 

Reading, H.G. Sedimentary Environments and Fac ie s .  1986. 

Reineck, H.E. and Singh,  I . B .  Depos i t i ona l  Sedimentary 

Rine,  J . M .  1980. Depos i t i ona l  environments and Holocene 

Roeleveld,  W. 1968. P o l l e n a n a l y s i s  o f  t w o  p r o f i l e s  i n  t h e  

Roeleveld,  W .  and Van Loon, A . J .  1978. The Holocene 

218 
.- 

LOUIS MARTIN 
ORSTOM, France &i Observat&rio Nacional, Rio de Janeiro, Brazil 
" I T I R O  SUGUÍO 
Universidade de Siio Paulo, Brazil 

Observatbrw Nacional, Rio de Janeiro, Brazil 
JEAN-MARIE FLEXOR 

11 

Relative sea-level reconstruction during the last 7,000 years 
along the States of Paran6 and Santa Catarina coastal plains: 
Additional information derived from shell-middens 

ABSTRACT 

Obviously a shell-midden i s  n o t  t h e  b e s t  evidence for a n c i e n t  
s ea - l eve l  r e c o n s t r u c t i o n  i n  space  and t i m e .  However, w i t h i n  
coastal  areas s u b j e c t e d  t o  a submergence fol lowed by a n  
emergence, i n t e r e s t i n g  and even p r e c i o u s  information can  b e  
supp l i ed  by shell-middens when o t h e r  d a t a  are ve ry  scarce. 
Therefore ,  p o s i t i o n  and f l u c t u a t i o n  t r e n d  o f  t h e  re la t ive 
sea-levels can  b e  d e r i v e d  from t h e  fol lowing information:  , 

a )  geographic  s i t u a t i o n  o f  t h e  shell-midden i n  r e l a t i o n  t o  t h e  
p r e s e n t  sea or l agoona l  area, b )  n a t u r e  and age o f  t h e  
s u b s t r a t e  on which t h e  shell-midden h a s  been cons t ruc t ed ,  
c )  a l t i t u d e  o f  t h e  shell-midden s u b s t r a t e  i n  r e l a t i o n  t o  t h e  
p r e s e n t  h igh - t ide  leve l ,  d )  t i m e s  relative t o  beginning and end 
of s i t e  occupat ion,  as w e l l  as, p o s s i b l e  moments o f  abandonment 
and reoccupat ion,  e )  8 1 3 C  (PDB) va lues  o f  t h e  ca rbona te  s h e l l s ,  
f )  dominant species o f  t h e  mollusc s h e l l s ,  g )  s i ze  o f  t h e  
shell-midden, etc.  Moreover, n e i t h e r  a l l  shell-middens do  n o t  
d e r i v e  i n t e r e s t i n g  information and on ly  one d a t i n g  f o r  each  
shell-midden w i l l  no t  b e  commonly enough. 

Very numerous shell-middens have been found around t h e  
p r e s e n t  bays and paleobays of Paranagus,  Guaratuba and São 
Franc i sco ,  as w e l l  as i n  t h e  San ta  C a t a r i n a  i s l a n d  and n e a r  
t h e  town o f  Laguna. The in fo rma t ion  d e r i v e d  from shell-middens,  
a s s o c i a t e d  w i t h  o t h e r  d a t a ,  al lowed u s  t o  e s t a b l i s h  w i t h  good 
p r e c i s i o n  the  g e n e r a l  t r e n d s  o f  t h e  r e l a t i v e  sea-level changes 
du r ing  t h e  l a s t  7,000 y e a r s  a long  t h e  S t a t e s  of Paraná and 
S a n t a  C a t a r i n a  coastal p l a i n s .  

6 l t  
i3 

RESUMO 

Obviamente um sambaqui não 6 a melhor e v i d k c i a  para a 
r econs t rução  d e  a n t i g o s  n i v e i s  marinhos no espaço e no tempo. 
E n t r e t a n t o ,  eni 6reas costeiras submetidas submersão segu ida  
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por emersão, informações i n t e r e s s a n t e s  e mesmo impresc ind íve i s  
podem s e r  fo rnec idas  p e l o s  sambaquis, quando o u t r o s  dados são 
escassos .  P o r t a n t o ,  pos ições  e t endênc ia s  de f l u t u a ç ã 0  dos 
n í v e i s  r e l a t i v o s  do mar podem s e r  o b t i d a s  das  s e g u i n t e s  in fo r -  
mapoes: a )  pos ição  geográ f i ca  do sambaqui em r e l a ç ã o  a mares e 
lagunas  a t u a i s ,  b) na tu reza  e idade  do s u b s t r a t o  sob re  o qua l  
f o i  cons t ru ido  o sambaqui, c )  a l t i t u d e  do s u b s t r a t o  do sambaqui 
em r e l a ç ã o  ao  a t u a l  n í v e l  de maré a l t a ,  d )  momentos de i n í c i o  
e término da ocupaç30 do s í t i o ,  bem como p o s s í v e i s  momentos 
de abandono e reocupação, e )  v a l o r e s  d e s  3C (PDB) de conchas 
c a r b o n s t i c a s ,  f )  e s p é c i e s  dominantes de conchas de molkscos, 
g )  tamanho do sambaqui, e t c .  A l é m  d i s s o ,  nem todos  os sambaquis 
fornecem informaç8e.s i n t e r e s s a n t e s  e somente uma da taçã0  pa ra  
cada sambaqui não ser6 s u f i c i e n t e .  

Numerosos sambaquis foram encontrados nas margens de b a í a s  
a t u a i s  e pa l eoba ía s  nas 6 r e a s  de Paranagus, Guaratuba e São  
Francisco ,  bem como na I l h a  de Santa  Ca ta r ina  e próximo a 
c idade  de Laguna. A s  informaç8e.s fo rnec idas  p e l o s  sambaquis, 
juntamente com o u t r o s  dados,  permitiram e s t a b e l e c e r  com boa 
p r e c i s ã o  as t endênc ia s  g e r a i s  de va r i ações  dos n í v e i s  r e l a t i v o s  
do mar du ran te  os Últimos 7.000 anos ao  longo das  p l a n í c i e s  
c o s t e i r a s  de Paraná e San ta  Ca ta r ina .  

.c 

INTRODUCTION 

A r t i f i c i a l  accumulations made up of  s h e l l s  of brackish-water 
and marine organisms a r e  very f r e q u e n t l y  found i n  c o a s t a l  
a r e a s  around t h e  world. 

J a n e i r o  and Rio Grande do S u l ,  s e v e r a l  hundreds of g i a n t  s h e l l -  
middens ( l o c a l l y  known as sambaquis accord ing  t o  i n d i a n  
terminology) have been 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  of  t h e s e  
a r e a s  whose b a s i c  food was s h e l l f i s h  (Martin and Suguio, 1976; 
Martin e t  al . ,  1982) .  

I t  may be assumed t h a t  s i t e  occupation was decided p r i m a r i l y  
by near  occurrence  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  provide  nourishment over a long pe r iod  of t ime. Obviously, 
sha l low and q u i e t  water bay bottoms, lagoonal  and e s t u a r i n e  
zones,  w i t h  muddy s u r f a c e  a r e a s  exposed dur ing  low t i d e s ,  would 
have been more favourable  than  sandy a r e a s  a t  t h e  open ocean 
margin. I n  t h e  former c a s e ,  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 ighe r .  I t  i s  probable t h a t  p a l e o i n h a b i t a n t s  chose campsi tes  
above h igh - t ide  l e v e l ,  immediately ad jacen t  t o  f avourab le  
c o l l e c t i n g  grounds, where t h e  b e s t  c o n d i t i o n s  of comfort and 
s a f e t y  were found. I n  t h i s  c a s e  one may assume an impor tan t  
r e l a t i o n s h i p  between t h e  she l l -midden ' s  p o s i t i o n  and t h e  
presence of shallow-marine, l agoonal  o r  e s t u a r i n e  zone i n  t h e  
v i c i n i t y .  Eco log ica l  i n v e s t i g a t i o n  of t h e  dominant mollusc 
s p e c i e s  found i n  t h e  shell-midden w i l l  i n d i c a t e  t h e  pa leo-  
environmental  c o n d i t i o n s  of t h e  sur rounding  a r e a .  

I n  c o a s t a l  a r e a s  of B r a z i l ,  between t h e  S t a t e s  of Rio de 
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While it is r e l a t i v e l y  easy t o  e s t a b l i s h  t h e  geographic 
r e l a t i o n s h i p  between t h e  she l l -midden ' s  p o s i t i o n  and a nearby 
anc ien t  lagoon, e s t u a r y  o r  bay, it is 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  between t h e  a l t i t u d e  of t h e  
base of t h e  shell-midden and t h e  p o s i t i o n  of s ea - l eve l  dur ing  
i ts  c o n s t r u c t i o n .  We can only assume t h a t  i n i t i a l l y  it was 
above l o c a l  High-Water Spr ing  Tide (H.W.S.T) l e v e l ,  a very 
important assumption f o r  i n t e r p r e t i n g  shell-middens whose 
s u b s t r a t e s  a r e  loca t ed  beneath p r e s e n t  H.W.S.T. 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  she l l -midden ' s  s u b s t r a t e  and composition 
may provide  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  of 
shell-middens having been b u i l t  up below H.W.S.T. Probably,  
t h i s  is t h e  c a s e  w i t h  shell-middens o r i g i n a t e d  a s  wastedumps 
(mixture of s h e l l s  and man-made a r t i f a c t s )  below houses which 
were b u i l t  on p o l e s  s t and ing  i n  shallow-water du r ing  high- 
t i d e s .  Furthermore,  when t h e  shell-midden is s i t u a t e d  near  
lowland ( a n c i e n t  lagoonal a r e a )  we m u s t  a s s m e ,  a s  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  occurred  near t h e  mollusk c o l l e c t i n g  
a r e a .  From t h e s e  two assumptions,  proximity of t h e  c o l l e c t i n g  
zone and c o n s t r u c t i o n  above l o c a l  H.W.S.T. l e v e l ,  it is 
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  c l o s e  r e l a t i o n s h i p  between 
geographic p o s i t i o n  of shell-middens and a n c i e n t  s e a - l e v e l s .  

INFORMATION TO BE DERIVED FROM SHELL-MIDDENS 

a )  Geographic s i t u a t i o n  

I n  c o a s t a l  a r e a s  sub jec t ed  t o  a submergence pe r iod  followed by 
emergence, l i k e  i n  B r a z i l ,  shell-middens l o c a t e d  f u r t h e r  in land  
were probably a s s o c i a t e d  wi th  a pe r iod  of maximum lagoonal 
e x t e n t ,  obvious ly  when t h e  maximum sea - l eve l  occur red .  

b) S i z e  

I n  g e n e r a l ,  t h e  more in l and  shell-middens a r e  sma l l e r  than  
those  s i t u a t e d  near t h e  p re sen t  s t r a n d l i n e .  I n  f a c t ,  maximum 
lagoonal  ex tens ion  pe r iods  were very s h o r t  and only i n  t h e  
e x t e r n a l  lagoonal  zones t h e  t ime of favourable  cond i t ions  was 
s u f f i c i e n t l y  long  t o  a l low t h e  c o n s t r u c t i o n  of  huge s h e l l -  
middens - 
c )  Faunal composition 

About f i f t y  d i f f e r e n t  s p e c i e s  of mollusks have been i d e n t i f i e d  
w i t h i n  t h e  shell-middens of t h e  B r a z i l i a n  c o a s t  ( B i g a r e l l a ,  
1949 and 19541, bu t  t h e  most dominant s p e c i e s  a r e  very few: 

Anomalocardia b r a s i l i a n a  sp .  
O s t r e a  b r a s i l i a n a  sp.  
O s t r e a  a rbo rea  Chemnitz 

221 



Lucina jamaicens ischemni tz  
Modiolus b r a s i l i e n s i s c h e m n i t z  

Except f o r  O s t r e a  a rbo reawhich  l i v e s  f i x e d  on a e r i a l  r o o t s  
of mangrove t r e e s ,  t h e s e  b iva lves  l i v e  wi th in  sandy o r  clayey- 
sandy sediments depos i t ed  i n  shallow-water lagoons and bays.  
S h e l l  remains of o t h e r  organisms a r e  g e n e r a l l y  very s c a r c e .  
Some shell-middens a r e  composed p r a c t i c a l l y  of one s p e c i e s  
and o t h e r s  show a mixed composi t ion .Ost rea  sp .  and Modiolus 
b r a s i l i e n s i s  a r e  dominant s p e c i e s  wi th in  more in l and  s h e l l -  
middens, and i n  t h i s  case  Anomalocardia b r a s i l i a n a  i s  very 
s c a r c e  o r  completely absen t .  On t h e  o t h e r  hand, shell-middens 
s i t u a t e d  nea re r  t o  t h e  open-sea a r e  formed almost e n t i r e l y  of 
Anomalocardia. 

d )  12C/13C r a t i o s  of carbonate  s h e l l s  

S l 3 C  (PDB) measurements f o r  carbonate  s h e l l s  show a spectrum 
of va lues  changing a s  a func t ion  of t h e  in f luence  of 
c o n t i n e n t a l  environmental  cond i t ions  du r ing  t h e  carbonate  
formation. S h e l l s  from lagoonal  organisms show s 1 3 C  (PDB) 
va lues  between those  f o r  f reshwater  (= 13'/00) and those  f o r  
marine organisms (r Oo/oo) .  A t  t h e  same t ime,  t h e  & I 3 C  (PDB) 
va lues  f o r  carbonate  s h e l l s  from a lagoon change as a func t ion  
of t h e i r  geographic s i t u a t i o n  w i t h i n  t h e  lagoon (Flexor  e t  
a l . ,  1979) .  S h e l l s  from o u t e r  zones (nea re r  t h e  open-sea of  
a lagoon) only  show s l i g h t l y  nega t ive  $ I 3 C  (PDB) va lues ,  while 
those  from i n n e r  zones a r e  c l e a r l y  c h a r a c t e r i z e d  by more 
negat ive  va lues .  I n  t h e  l a t t e r  c a s e ,  carbon de r ived  from 
decomposition of land  p l a n t s  has been c e r t a i n l y  inco rpora t ed  
by t h e  molluscs w i t h i n  t h e i r  carbonate  s h e l l s .  Deeper and 
inne r  p o r t i o n s  of t h e  lagoons a r e  c h a r a c t e r i z e d  by a poor 
water c i r c u l a t i o n  t h a t  propi t ia tes  an accumulation of l a r g e  
q u a n t i t i e s  of p l an t -de r ived  o rgan ic  mat te r .  T h i s  i s  independent 
of water s a l i n i t y  and e x p l a i n s  why t h e  carbonate  s h e l l s  of 
lagoonal  organisms e x h i b i t  6 1 3 C  (PDB) va lues  c h a r a c t e r i z e d  by 
a s t r o n g  land in f luence .  Conversely,  a t  t h e  same l o c a l i t y ,  b u t  
a t  d i f f e r e n t  moments, t h e  S l 3 C  (PDB) va lues  change accord ing  
t o  t h e  i n c r e a s e  o r  decrease  of t h e  lagoonal  a r e a .  I n  such case ,  
t h i s  parameter w i l l  be a good i n d i c a t o r  of t h e  lagoonal  
o s c i l l a t i o n s  and t h u s  i n d i r e c t l y  of s ea - l eve l  f l u c t u a t i o n s  
(Martin et al . ,  1985) .  

Taking i n t o  cons ide ra t ion  t h e  example i n  F igure  1, it i s  
q u i t e  p o s s i b l e  t o  f i n d  a t  "A", "B" and "C" shell-middens of 
s i m i l a r  age bu t  wi th  q u i t e  d i f f e r e n t  & 1 3 C  (PDB) va lues  f o r  
carbonate  s h e l l s  be ing ,  f o r  example, very nega t ive  i n  "A" and 
s l i g h t l y  nega t ive  i n  "C". On t h e  o t h e r  hand, whi le  i n  "B" 
and "C" shell-middens e x h i b i t  d i f f e r e n t  ages ,  t h e  l e a s t  
nega t ive  I 3 C  (PDB)  va lues  correspond t o  pe r iods  of g r e a t e s t  
l agoonal  e x t e n t  and v ice-versa .  
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Maximum lagoonal extent: 
Shell-middens in A.Band C 

Intermediary lag. extent: ir 
Shell-middens in BandC 

Present lagoonal extent: 
Shell-middens Only in c illll 

In  A = shell-middens of only 

In B and one C-shell-middens age O f  

... ......... 
Ocean ward v 

Figure  1. V a r i a t i o n s  of she l l -midden ' s  ages  a s  a f u s k t i o n  of 
changes i n  lagoonal  e x t e n s i o n s ,  a long  t h e  S r a z i l i a n  c o a s t ,  
dur ing  t h e  Holocene. 

e )  Dated p o r t i o n  of shell-midden 

I f  t h e  b a s a l  and c e n t r a l  p o r t i o n  has  been da ted ,  it i s  p o s s i b l e  
t h a t  t h e  ob ta ined  age corresponds t o  t h e  beginning of t h e  s i t e  
occupation. On t h e  o t h e r  hand, i f  t h e  da t ed  sample comes from 
t h e  she l l -midden ' s  s u r f a c e ,  w e  can know t h e  end of t h e  s i t e  
occupation. 

occupation could correspond t o  t h e  maximum lagoonal  e x t e n t  and 
then  t o  high sea - l eve l  pe r iod .  I f  we can e s t a b l i s h  t h e  end of 
t h e  s i t e  occupat ion ,  t h i s  probably corresponds t o  t h e  lagoonal  
d e s i c c a t i o n ,  t h a t  is low sea - l eve l  pe r iod ,  and t h e  reoccupat ion  
could be r e l a t e d  t o  another  h igh  sea-levP-1 pe r iod .  

f )  Types -of s u b s t r a t e s  

P le i s tocene  marine t e r r a c e s  - This  s i t u a t i o n  corresponds t o  
shell-middens l o c a t e d  on t h e s e  terraces a t  t h e  margins of zones 

I n  more in l and  shell-middens t h e  d u r a t i o n  of t h e  s i t e  
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formerly or presently occupied by lagoons. Among these we must 
look for the shell-middens cons'tructed during the Holocene 
maximum lagoonal extent period. 

necessarily been constructed after the Holocene maximum sea- 
level stands, and in some cases their positions on the terraces 
can provide additional data on sea-levels. 
Ancient lagoonal deposits - They are located on these 

deposits in front of sandy marine terraces. Hence, they must 
have been constructed after a period of high sea-level, 
probably during the ensuing lowering of sea-level. One must be 
cautious because the substrate of lagoonal organic clays is 
liable to have been subjected to compaction, thus diminishing 
the height of the midden's base. 
Crystalline rocky hills - These shell-middens are located 

at the margins or centers of ancient lagoons or bays, and 
their ages are very changeable. However, those situated more 
-inland may have been constructed when the lagoon reached its 
greatest extent. 

Holocene marine terraces - These shell-middens have 

RELATIVE SEA-LEVEL FLUCTUATIONS DURING THE LAST 7,000 YEARS 
ALONG THE EASTERN/SOUTHEASTERN BRAZILIAN COAST 

Relative sea-level fluctuations curves for the last 7,000 years 
have been constructed for several sectors of the Brazilian 
coast (Martin et al.., 1979, 1980 and 1983; Suguio et al., 1980) 
These curves indicate that: 
a) Present-day mean sea-level was surpassed for the first time 
about 6,500-7,000 years BP; 
b) By about 5,100 years BP sea-level had risen to about 4-5 m 
above the today's mean sea-level; 
c) At about 3,800 years BP, sea-level experienced a lowstand 
and was positioned slightly below today's mean sea-level; 
d) At 3,600 years BP. sea-level rose to 2.5-3.5 m above today's 
leve 1 ; 
e) At 2,700 years BP, sea-level experienced again a lowstand 
dropping slightly below present-day mean sea-level; 
f) By about 2,500 years BP, a third highstand was reached. At 
this time sea-level rose 2-2.5 m above today's mean sea-level, 
and since then it has been progressively dropping. 
In summary, it is possible to recognize along the eastern/ 

southeastern Brazilian coast, during the Holocene, three main 
phases of submergence (7,000-5,100 years BP; 3,800-3,600 years 
BP and 2,700-2,500 years BP) separated by three main emergence 
periods (5,100-3,800 years BP; 3,600-2,700 years BP and 2,500 
years BP to the, present - Figure 2a). 

I n -  
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RECONSTRUCTION OF THE RELATIVE SEA-LEVELS DURING THE LAST 
7,000 YEARS ALONG THE STATES OF PARANA AND SANTA CATARINA 
COASTLINES 

1 STATE OF PARANA COASTAL PLAIN 
i 
í 
I '  

I n  s t r a i g h t  l i n e  t h e  S t a t e  of  Paraná c o a s t a l  p l a i n  i s  less than 
100 km long. The r e c o n s t r u c t i o n  of  a n c i e n t  s e a - l e v e l s  f o r  t h e  
las t  7,000 y e a r s  w a s  i n s u f f i c i e n t  t o  d e l i n e a t e  a f l u c t u a t i o n  
curve  wi th  a g r e a t  p r e c i s i o n .  Never the less ,  some informat ion  
al lowed u s  t o  e s t a b l i s h  a s u i t a b l e  average curve.  

:1 a) A l t i t u d e  of  maximum Holocene h igh  sea- leve l  

I n  Paranaguá bay t h e  summit of  o u t e r  p o r t i o n  of P l e i s t o c e n e  
marine terrace ( R i o  do Maciel ,  I l h a  do Mel, e tc)  is s i t u a t e d  
about  2 . 5  m above t h e  p r e s e n t  h igh- t ide  l e v e l .  Alignments o f  
sandy r i d g e s  are c l e a r l y  v i s i b l e  on t h e  s u r f a c e  of  t h e s e  
terraces and, t h e n ,  t h e  maximum Holocene h igh  s e a - l e v e l  has  
never been h i g h e r  t h a n  2 . 5  m above t h e  p r e s e n t  l e v e l .  

b) F i r s t  ep isode  of h igh  sea- leve l  

I n  Paranagus area t h e r e  are narrow lowlands carved i n  
P l e i s t o c e n e  marine terraces, w i t h  t h e  same o r i e n t a t i o n  of  
a n c i e n t  sandy r i d g e s ,  p r e s e n t l y  d r a i n e d  by t i d a l  channels  
( R i o  I t ibere ,  Rio dos Almeidas, R i o  Guaraguaçu and R i o  do 
Maciel). I n  t h e s e  lowlands,  carved  i n  P l e i s t o c e n e  terraces, 
w e  f i n d  pa leo lagoonal  d e p o s i t s  w i t h  mollusc s h e l l s  r e c o r d i n g  
a n c i e n t  h igh  s e a - l e v e l s  above t h e  p r e s e n t  l e v e l .  A sample 
c o l l e c t e d  a t  t h e  border  of  R i o  Guaraquaçu i n d i c a t e d  an  age of 
5,400k230 y e a r s  BP (Bah, 1271) .  The 13C (PDB) v a l u e  
(+ 0.86O/oo) of  t h i s  sample s u g g e s t s  a c o n t i n e n t a l  i n f l u e n c e  
p r a c t i c a l l y  a b s e n t ,  showing t h a t  they  l i v e d  under c o n d i t i o n s  
of h igh  s e a - l e v e l .  

pa leo lagoonal  d e p o s i t s  w e r e  d a t e d  as 5,820f220 y e a r s  BP (Bah 
1 2 7 9 ) .  B i g a r e l l a  (1975) a l so  d a t e d  mollusc s h e l l s  from 
pa leo lagoonal  d e p o s i t s  r e c o r d i n g  a n c i e n t  h igh  s e a - l e v e l s :  

I n  t h e  R i o  S a i  Guaçu area, mollusc s h e l l s  sampled from 

Guaratuba (sample Bi-5).  . . . . . . . . . . .5,770*150 y .  BP 
- R i o  Vermelho ( P r a i a  do  L e s t e )  ..._.. 5,6902200 y.  BP 
- R i o  Boguaçu (Guaratuba: Bi-4) .  . . . . .4,390*300 y.  BP 

These ages  s u g g e s t  t h a t  between 5,800 y e a r s  BP and 4,400 y e a r s  
BP, approximately,  t h e  s e a - l e v e l  w a s  h i g h e r  t h a n  it is today 
b u t  n o t  having c r o s s e d  2.5 m above t h e  p r e s e n t  l e v e l .  

i n t e r e s t i n g  a d d i t i o n a l  information.  Mollusc s h e l l s  from t h e  
shell-midden of R i o  Cacatu (no  1 7  of  B i g a r e l l a ,  1 9 5 0 ) ,  t h e  
innermost of  t h e  Paranagus r e g i o n ,  have been d a t e d  as 5,050t 

Numerous shell-middens found i n  t h i s  reg ion  supply wi th  some 
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220 y e a r s  BP (Bah. 1392) .  The geographic  p o s i t i o n  of  t h i s  
shell-midden i i idicatks t h a t  its c o n s t r u c t i o n  would have been 

. p o s s i b l e  only  d u r i n g  t h e  maximum lagoonal  e x t e n t  corresponding 
t o  t h e  maximum e l e v a t i o n  of  t h e  sea- leve l .  A s  t h e  d a t e d  s h e l l s  
were c o l l e c t e d  near  t h e  s u r f a c e  of t h e  shell-midden, t h i s  age 
probably i n d i c a t e s  t h e  end of s i t e  occupat ion.  S e v e r a l  mollusc 
s h e l l s  sampled from d i f f e r e n t  l e v e l s  of  t h e  shell-midden o f  
R i o  São Joao  (na 11 of  B i g a r e l l a ,  1950) ,  s i t u a t e d  a t  t h e  margin 
of a n c i e n t  B a í a  d e  Nhundiaquara, i n d i c a t e d  t h e  fo l lowing  ages:  

Sampling l e v e l  i n  r e l a t i o n  
t o  shel l -midden 's  s u r f a c e  

125 - 150 c m  
150 - 200 c m  

175 c m  
B a s e  

Ages ( y e a r s  BPI 

4.960fllO ( S i .  1022) 
4,810t100 (S i .  1023) 
4,6702 90 (S i .  1024) 
4,890f210 (Bah. 1393) 

Above l i s t e d  ages  sugges t  t h a t  t h e  s i t e  occupat ion began 
about  5,000 y e a r s  BP. On t h e  o t h e r  hand, it appears  t h a t  t h i s  
s i t e  has  been abandoned about  4,700 y e a r s  BP, when t h e  r e l a t i v e  
s e a - l e v e l  probably lowered, p r o p i t i a t i n g  t h e  d e s i c c a t i o n  of  
t h e  lagoon and provoking t h e  migracion of  t h e  i n h a b i t a n t s .  
. Shell-middens of G o m e s  and Saquarema (no 11 and 10  of  
B i g a r e l l a ,  1950) a l s o  s u p p l i e d  w i t h  very  i n t e r e s t i n g  d a t a .  
They are s i t u a t e d  one another  a t  very  s h o r t  d i s t a n c e ,  b u t  t h e y  
have been c o n s t r u c t e d  under d i f f e r e n t  c o n d i t i o n s .  The s h e l l -  
midden of  G o m e s  is s i t u a t e d  on P l e i s t o c e n e  sandy terrace a t  a 
border  of  an  a n c i e n t  lagoonal  zone. Probably,  a t  t h e  beginning 
of i n s t a l l a t i o n  of  t h e  shell-midden t h e  r e l a t i v e  s e a - l e v e l  has  
been above p r e s e n t  l e v e l  and t h e  area i n  f r o n t  of  it w a s  
occupied by a lagoon. S e v e r a l  mollusc s h e l l s  sampled from 
d i f f e r e n t  l e v e l s  have been d a t e d  by Rauth (19681, as fol low: 

Sampling l e v e l  i n  r e l a t i o n  
t o  she l l -midden ' s  s u r f a c e  Ages ( y e a r s  BPI 

25 - 75 c m  
100 - 150 c m  
250 - 300 c m  

Base 

+ 
+ 4,490-140 

4,490- 80 
4,860* 70 
4,890+ 70 

These ages  sugges t  t h a t  t h e  s i t e  occupat ion began between 
5,000 and 4,900 y e a r s  BP. I t  h a s  been abandoned about  4,500 
y e a r s  BP as a consequence o f  r e l a t i v e  s e a - l e v e l  drop. 

s i t u a t e d  i n  f r o n t  o f  P l e i s t o c e n e  marine terrace above which 
t h e  shell-midden of  G o m e s  w a s  cons t ruc ted .  The f i r s t  idea i s  
t h a t  t h e  s i t e  of  Saquarema has  been occupied a f t e r  t h a t  o f  
G o m e s .  I n  f a c t ,  it is p o s s i b l e  t h a t  due t o  s e a - l e v e l  drop  
t h e  s i t e  of  G o m e s  became less i n t e r e s t i n g  and t h e  i n h a b i t a n t s  

The shell-midden of  Saquarema rests on lagoonal  d e p o s i t s  
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d i s l o c a t e d  t o  s t a y  n e a r e r  t o  t h e  h a r v e s t i n g  p l a c e  of  t h e  
molluscs  which t h e y  used f o r  t h e i r  nourishment.  S e v e r a l  samples 
c o l l e c t e d  from d i f f e r e n t  l e v e l s  have been d a t e d  by Rauth (1962) 
as fo l low:  

Sampling l e v e l s  i n  r e l a t i o n  
t o  shel l -midden 's  s u r f a c e  Ages ( y e a r s  BPI 

100 - 150 c m  
200 c m  
680 c m  
800 c m  
850 c m  

+ 
4,060: 70 
3,900- 70 
4,310+ 70 
4,070+ 70 
4,370i 70 

I t  seems t h a t  t h e  s i t e  w a s  occupied between 4,400 y e a r s  BP 
(perhaps  b e f o r e  t h i s  t i m e ,  because mollusc s h e l l s  from t h e  
basal p o r t i o n  were n o t  d a t e d )  and .4 ,000  y e a r s  BP. S i m i l a r l y ,  
it is p o s s i b l e  t h a t ,  as a consequence of  r e l a t i v e  s e a - l e v e l  
drop  about  4,000 y e a r s  BP, t h i s  s i t e  became less i n t e r e s t i n g  
and w a s  abandoned. 

c)  I n d i c a t i o n  o f  r e l a t i v e  s e a - l e v e l  change between 4,000 and 
3,600 y e a r s  BP 

I n  Caiobá area, B i g a r e l l a  (1975) d a t e d  mollusc s h e l l s  sampled 
from c l a y e y - s i l t y  d e p o s i t s  s i t u a t e d  below t h e  p r e s e n t  s e a - l e v e l  
and covered by l i t t o r a l  sands.  T h i s  sample,  conta ined  w i t h i n  
a t r a n s g r e s s i v e  sequence,  was d a t e d  as 3,830+120 y e a r s  BP. 
Then, it is p o s s i b l e  t o  assume t h a t  about  3,800 y e a r s  BP, t h e  
r e l a t i v e  s e a - l e v e l  w a s  below p r e s e n t  s e a - l e v e l  and w a s  r i s i n g  
u n t i l  r e a c h i n g  t h e  maximum l e v e l .  S e v e r a l  o t h e r  rad iocarbon 
a g e s  o b t a i n e d  near  t h i s  area provided  o t h e r  i n t e r e s t i n g  
a d d i t i o n a l  in format ion .  

The shel l -midden of  Joao Godo (no  29 o f  B i g a r e l l a ,  1950) 
w a s  s t u d i e d  by Rauth (1969) from an  a r c h e o l o g i c a l  viewpoint .  
I t  is located i n  Antonina area and w a s  c o n s t r u c t e d  on 
c r y s t a l l i n e  rocks  surrounded by emerged lagoonal  d e p o s i t s .  
S e v e r a l  samples  c o l l e c t e d  from d i f f e r e n t  l e v e l s  w e r e  d a t e d  as 
f o 1 l o w  : 

Sampling l e v e l s  i n  r e l a t i o n  
t o  shel l -midden 's  s u r f a c e  Ages ( y e a r s  BPI 

100 - 125 c m  
150 - 200 c m '  
225 - 250 c m  
225 - 250 c m  

250 - 300 c m  
I n t e r r u p t i o n  

2,9802130 ( S i .  1026) 
3,000f 90 ( S i ,  1027) 
3,360+. 80 ( S i .  1028) 
3,3OOf 90 ( S i .  1 0 2 8 A )  

4,740* 90 (Si .  1029) 

As it is i n d i c a t e d  above, t h e  rad iocarbon a g e s  s u g g e s t  t h a t  
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t h e r e  w a s  an  i n t e r r u p t i o n  i n  t h e  s i t e  occupat ion.  I n  f a c t ,  it 
appears  t h a t  t h i s  s i t e  w a s  occupied about  4,800 y e a r s  BP f o r  
t h e  f i r s t  t i m e  and reoccupied  between 3,300 and 3,000 y e a r s  
BP. The f i r s t  abandonment of  t h i s  s i t e  w a s  probably r e l a t e d  t o  
s e a - l e v e l  drop ,  fol lowed by t h e  reoccupat ion  by about  3,300 
y e a r s  BP when t h e  sur rounding  area w a s  drowned once aga in ,  and 
t h e  second abandonment occurred  due t o  s e a - l e v e l  drop  a f t e r  
3,000 y e a r s  BP. 

The shell-midden of  Macedo (no  52 of  B i g a r e l l a ,  1950) a l s o  
provided i n t e r e s t i n g  d a t a .  T h i s  shell-midden w a s  s t u d i e d  by 
Hurt  and B l a s i  (1960) from an  a r c h e o l o g i c a l  viewpoint .  I t  is 
l o c a t e d  on a sandy terrace whose summit is  about  1.6 m above 
t h e  p r e s e n t  h i g h - t i d e  l e v e l .  T h i s  terrace is s i t u a t e d  i n  f r o n t  
of  P l e i s t o c e n e  marine terrace. Between t h e  P l e i s t o c e n e  terrace 
and t h e  shell-midden s i t e  t h e r e  are lagoonal  d e p o s i t s  formed 
when t h e  s e a - l e v e l  w a s  h i g h e r  t h a n  it is today.  Probably,  t h z  
a n c i e n t  i n h a b i t a n t s  h a r v e s t e d  t h e i r  nourishment from t h i s  
paleolagoon.  Then, t h e  s e a - l e v e l  w a s  about  1.6 m above t h e  
p r e s e n t  sea- leve l .  S e v e r a l  samples c o l l e c t e d  from d i f f e r e n t  
l e v e l s  i n d i c a t e d  t h e  f o l l o w i n g  ages:  

Sampling l e v e l s  i n  r e l a t i o n  
t o  shel l -midden 's  s u r f a c e  Ages ( y e a r s  BP) 

75 - 125 c m  
125 - 225 c m  
225 - 275 c m  
275 - 325 c m  
325 - 400 c m  
400 - 475 c m  
475 - 550 c m  
550 - 650 c m  
Near t h e  base 

3,310* 60 (P. 482) 
3,340+ 60 (P-  483) 
3,270* 50 (P. 485) 
3,370* 60 (P. 486) 
3,280* 60 (P. 487) 
3,360* 70 (P. 488) 
3,420i 60 (P. 489) 
3,500* 60 IP. 500) 
3,67Of18O (Bah. 1265) 

These ages  s u g g e s t  t h a t  t h i s  s i te  w a s  occupied between 3,600 
y e a r s  BP and 3,366 y e a r s  BP. 

Two shell-middens from R i o  Boguaçu ( B a i a  de Guaratuba, S t a t e  
of  P a r a n á ) ,  cor responding  t o  no  50 and 51 of  B i g a r e l l a  (1950), 
s u p p l i e d  wi th  very i n t e r e s t i n g  a d d i t i o n a l  data. The s h e l l -  
midden no 51 reposes  on an  i s l a n d  formed of  lagoonal  d e p o s i t s .  
A t  t h e  r i v e r  margin shell-midden has  been eroded,  showing t h a t  
i n  t h i s  p l a c e  its s u b s t r a t e  is submerged (below p r e s e n t  sea- 
l e v e l ) .  Mollusc s h e l l s  c o l l e c t e d  a t  p r e s e n t  s e a - l e v e l  have 
been d a t e d  as 3,92Oi19O y e a r s  BP (Bah. 1272). The 5 I 3 C  (PDB: 
v a l u e  of  t h e s e  s h e l l s  w a s  -3.56'/00. The shell-midden no 50 
i s  l o c a t e d  about  1 ,200  m f r o h  no 51, and i s  s i t u a t e d  on 
lagoonal  d e p o s i t s  whose summit is about  1.3 m above t h e  p r e s e n t  
s e a - l e v e l .  Mollusc s h e l l s  sampled from t h e  lower p o r t i o n  ( n o t  
on t h e  base) of  t h e  shell-midden were d a t e d  as 3,290%90 y e a r s  
BP (Bah. 12731, and S l 3 C  (PDB) v a l u e  w a s  -0.6O/oo. T h i s  v a l u e  
is c l e a r l y  less  n e g a t i v e  than  t h a t  of  no 51. Flexor  e t  a l . .  
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(1979) demonstrated t h a t  g13C (PDB) va lue  is a good i n d i c a t o r  
f o r  lagoonal  o s c i l l a t i o n s ;  t h u s ,  it is posskble  t o  conclude 
t h a t  about  3,300 y e a r s  BP t h e  land  i n f l u e n c e  w a s  much less 
important  t h a n  about  3,900 y e a r s  BP and, consequent ly ,  t h e  
r e l a t i v e  s e a - l e v e l  was h igher  i n  t h e  former case t h a n  i n  t h e  
l a t t e r  case. So, a s e a - l e v e l  r ise  w a s  produced between 3,900 
and 3,300 y e a r s  BP, b u t  t h i s  e l e v a t i o n  could  be h i g h e r  t h a n  
1 . 3  m above t h e  p r e s e n t  l e v e l .  

Mollusc s h e l l s  sampled from lagoonal  d e p o s i t s  o f  a paleo-  
lagoonal  a r e a  o c c u r r i n g  a t  s o u t h  of  t h e  shell-middens no 50 
and 51 have been d a t e d  as 3,160*170 y e a r s  BP (Bah. 1277) and 
2,9702170 y e a r s  BP (Bah. 1278) .  A s  t h e s e  s h e l l s  w e r e  
p r a c t i c a l l y  c o l l e c t e d  from t h e  s u r f a c e  l e v e l s  it is p o s s i b l e  
t o  conclude t h a t  t h e  paleolagoon w a s  d e s i c c a t e d  about  3,000 
y e a r s  BP a f t e r  a r e l a t i v e  s e a - l e v e l  drop. 

d )  I n d i c a t i o n  of  r e l a t i v e  s e a - l e v e l  change between 3,000 and 
2,500 y e a r s  BP 

The shell-midden of I l h a  d a s  Rosas ( B a i a  de Antonina,  S t a t e  of  
Paraná)  gave some informat ion  about  t h i s  o s c i l l a t i o n  which 
has  a l so  been evidenced i n  o t h e r  sectors of  probably below 
t h e  p r e s e n t  l e v e l  between 3,000 and 2,500 y e a r s  BP. 
- A t h i r d  h igh  s e a - l e v e l  occur red  b e f o r e  2,500 y e a r s  BP. 

2 STATE OF SANTA CATARINA COASTAL PLAIN 

Ancient  s e a - l e v e l  r e c o n s t r u c t i o n s  dur ing  t h e  l a s t  7,000 y e a r s  
f o r  t h e  S t a t e  of  S a n t a  C a t a r i n a  c o a s t a l  p l a i n  were i n s u f f i c i e n t  
t o  d e l i n e a t e  a f l u c t u a t i o n  curve  f o r  s e v e r a l  sectors o f  
r e s t r i c t e d  dimensions.  Never the less ,  w e  o b t a i n e d  a c e r t a i n  
pieces of  in format ion  which al lowed u s  t o  have a good 
knowledge o f  t h e  r e l a t i v e  s e a - l e v e l  changes f o r  t h e  l a s t  
7,000 y e a r s  i n  t h i s  s e c t o r  of  t h e  B r a z i l i a n  c o a s t .  

a )  F i r s t  ep isode  of  h igh  s e a - l e v e l  

The downstream p o r t i o n  of  t h e  R i o  I ta ja i -Açu v a l l e y  i s  
occupied by a sandy marine terrace p r e s e n t i n g  conspicuous 
a l ignments  of  a n c i e n t  beach-r idges.  Within i n n e r  p o r t i o n  of  
t h i s  terrace, a t  t h e  margin o f  t h e  r i v e r ,  w e  s t u d i e d  a n  o u t c r o p  
which f u r n i s h e d  v e r y  impor tan t  d a t a .  A t  t h e  base  o f  t h e  o u t c r o p  
t h e r e  are lagoonal  and/or bay bottom c layey  d e p o s i t s .  Mollusc 
s h e l l s  sampled from t h e s e  sediments  have been d a t e d  as 5,580+ 
240 y e a r s  BP (Bah. 1290) .  These d e p o s i t s  are covered by sha l low 
marine sands .  The lower p o r t i o n  o f  t h i s  terrace corresponds 
t o  a t r a n s g r e s s i v e  phase and t h e  upper p a r t  w i t h  t h e  sandy 
r i d g e s  t o  a r e g r e s s i v e  phase.  Between t h e s e  t w o  p h a s e s , t h e  
r e l a t i v e  s e a - l e v e l  w a s  a t  a maximum. The lagoonal  d e p o s i t s  
r e c o r d  a n  a n c i e n t  s e a - l e v e l  s i t u a t e d  about  1.0f0.5 m above 
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t h e  p r e s e n t  l e v e l .  A f t e r  5,580 y e a r s  BP t h e  r i s i n g  s e a - l e v e l  
w a s  a t  a maximum of  a t  l e a s t  3 . 0  m above t h e  p r e s e n t  l e v e l .  
This  l e v e l  (+3 In) is i n d i c a t e d  by t h e  summit of t h i s  ou tcrop ,  
b u t  dur ing  t h e  maximun it is  p o s s i b l e  t h a t  t h i s  l e v e l  w a s  
s l i g h t l y  h i g h e r  because t h i s  ou tcrop  i s  n o t  a t  t h e  innermost 
p o r t i o n  o f  t h i s  sandy marine coastal p l a i n .  

t h e  s h o r e l i n e ,  w i t h i n  R i o  I ta ja í -Açu v a l l e y ,  provided very 
i n t e r e s t i n g  information about  t h e  per iod  of  maximum l e v e l .  
I n  f a c t ,  due t o  t h e i r  geographica l  p o s i t i o n s ,  t h e i r  
c o n s t r u c t i o n  could  have been p o s s i b l e  only d u r i n g  t h e  maximum 
lagoonal  e x t e n t ,  d u r i n g  t h e  Holocene. A t  t h i s  epoch, t h e  R i o  
I ta ja i -Açu v a l l e y  w a s  a v a s t  "ria" . The shell-midden of  

Two shell-middens p r e s e n t l y  l o c a t e d  about  30 and 2 2  km frori  

Gaspar,  s i t u a t e d  about  30 km from 
s t u d i e d  by Piazza  (1966a) from an  
o b t a i n i n g  t h e  fo l lowing  ages:  

5,320+350 y e a r s  BP ( S i .  
5,270-300 y e a r s  BP ( S i .  + 

t h e  p r e s e n t  s h o r e l i n e ,  w a s  
a r c h e o l o g i c a l  viewpoint ,  

362e) 
362a) 

W e  v i s i t e d  another  shell-midden s i t u a t e d  about  8 km downstream 
from Gaspar,  a t  t h e  l e f t  margin of t h e  Rio I ta la í -Açu near  
I l h o t a  v i l l a g e .  T h i s  shell-midden i s  s i t u a t e d  on a n c i e n t  
f l u v i a l  d e p o s i t  ( P l e i s t o c e n e  ? )  a t  t h e  margin of p r e s e n t l y  
swampy lowland, probably r e p r e s e n t i n g  an a n c i e n t  lagoonal  
zone. Sample SC-16 c o l l e c t e d  from t h i s  shell-midden w a s  d a t e d  
as 5,340*210 y e a r s  BP (Bah. 1357) .  

Therefore ,  it seems l o g i c a l  t o  t h i n k  t h a t  a l s o  i n  t h i s  area 
t h e  Holocene maximum, as i n  o t h e r  s e c t o r s  of t h e  B r a z i l i a n  
coast, occur red  about  5,100 y e a r s  BP. 

b )  Second and t h i r d  ep isodes  of  h igh  s e a - l e v e l s  

Near Barra Velha, a t  t h e  margin of  R i o  I tapocu ,  w e  found a 
very  i n t e r e s t i n g  outcrop.  The lower p o r t i o n  of t h i s  outcrop,  
s l i g h t l y  above t h e  p r e s e n t  sea- leve l ,  is  c o n s t i t u t e d  by clayey 
d e p o s i t s ,  which are covered by shal low marine sands.  The lower 
p o r t i o n  r e p r e s e n t s  a t r a n s g r e s s i v e  phase whi le  t h e  upper p a r t  . 
corresponds t o  r e g r e s s i v e  phase,  and t h e  maximum l e v e l  i s  
s i t u a t e d  between them. Wood fragments  sampled from t h e  c l a y  
have been d a t e d  as 3,520*180 y e a r s  BP, when t h e  r e l a t i v e  
s e a - l e v e l  w a s  about  1.550.5 m above t h e  p r e s e n t  l e v e l .  I n  
comparison w i t h  o t h e r  areas, it i s  p o s s i b l e  t o  t h i n k  t h a t  t h e  
maximum w a s  produced about  3,600 y e a r s  BP. 

The shell-midden of  Ponta  das A l m a s ,  s i t u a t e d  a t  t h e  margin 
of  Laguna da Conceicao ( I l h a  de  Santa  C a t a r i n a ) ,  w a s  s t u d i e d  
from an  a r c h e o l o g i c a l  viewpoint  by both  P iazza  (196633) and 
Hurt (1974).  I t  is c o n s t i t u t e d  by a l i t t l e  shell-midden "B" 
a b u t t e d  a g a i n s t  t h e  p r i n c i p a l  shell-midden "A". S e v e r a l  
t r e n c h e s  opened d u r i n g  t h e  a r c h e o l o g i c a l  r e s e a r c h e s  allowed 
u s  t o  o b t a i n  a p a r c i a l  p r o f i l e  of  t h e  shell-midden "A" and 
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complete p r o f i l e s  of  t h e  shell-midden "B" and of  terrace 
s i t u a t e d  between t h i s  shell-midden and t h e  p r e s e n t  lagoon. This  
shell-midden i s  s i t u a t e d  p a r t i a l l y  on b locks  of  c r y s t a l l i n e  
rocks  and p a r t i a l l y  on compacted r e d d i s h  co loured  e o l i a n  sands.  
The most a n c i e n t  age o b t a i n e d  by Piazza  is 4,29Of4O0 y e a r s  BP 
( S i .  222) .  A t r e n c h  revea led  an  occurrence o f  a notch carved 
i n  e o l i a n  sands  a t  t h e  southern  margin of  t h e  shell-midden "A". 
The summit of t h i s  notch is  s i t u a t e d  about  2.6 m above t h e  
p r e s e n t  lagoonal  h igh- t ide  l e v e l .  Mollusc s h e l l s  sampled from 
an  a n c i e n t  beach, i n  f r o n t  of  t h e  notch,  were d a t e d  as 3,620f 
100 y e a r s  BP ( I .  2627),  accord ing  t o  Hurt  (1974) .  A second 
d a t i n g  accomplished by Piazza  on s h e l l s  of t h e  shell-midden "A" 
i n d i c a t e d  an age  o f  3,690*100 y e a r s  BP ( S i .  ? )  . The mollusc 
s h e l l s  sampled from t h e  a n c i e n t  beach could  have two o r i g i n s :  
a )  They could have been reworked from t h e  shell-midden "A" 
d u r i n g  t h e  h igh  s e a - l e v e l  which carved t h e  notch i n  t h e  e o l i a n  
sand. I n  t h i s  c a s e ,  t h i s  h igh  s e a - l e v e l  could  n o t  he  t h a t  of 
3,600 y e a r s  BP b u t  t h a t  of 2,500 y e a r s  BP;  b )  They could  have 
been o r i g i n a t e d  from t h e  a r e a  where t h e  a n c i e n t  i n h a b i t a n t s  
harves ted  th-mxfhment. T h i s  area would have beeftertter-jed- 
d u r i n g  low-t ides  and p a r t  o f  s h e l l s  would have been t r a n s p o r t e d  
and d e p o s i t e d  on t h e  beaches.  T h i s  could e x p l a i n  s imilar  a g e s  
i n d i c a t e d  by t h e  s h e l l s  of t h e  shell-midden "A" (3,690*100 
y e a r s  BP) and of  t h e  a n c i e n t  beach (3,620+100 y e a r s  BP). I n  
t h i s  case t h e  e r o s i o n a l  notch could  have been carved i n  e o l i a n  
sands  d u r i n g  h igh  s e a - l e v e l  of  3,600 y e a r s  BP. T h i s  hypothes is  
w a s  r e i n f o r c e d  by t h e  f a c t  t h a t  Hurt evidenced t h e  e x i s t e n c e  
of  another  h igh  s e a - l e v e l  p e r i o d  a f t e r  t h a t  o f  notch e r o s i o n ,  
when r e l a t i v e  s e a - l e v e l  w a s  about  2.0f0.5 m above t h e  p r e s e n t  
l e v e l .  T h i s  h igh  s e a - l e v e l  occur red  b e f o r e  2,400*250 y e a r s  BP 
(Si .  111). I n  f a c t ,  t h i s  age could  correspond t o  t h e  s i te  
reoccupat ion.  

I n  summary, it is p o s s i b l e  t h a t :  

- About 4 ,300  y e a r s  9p t h e  s i t e  w a s  a l r e a d y  occupied: 
- The lagoonal  l e v e l  (= s e a - l e v e l )  was a t  a maximum s i t u a t e d  

2.620.5 m above t h e  p r e s e n t  l e v e l  about  3,600 y e a r s  BP; 
- The shell-midden s i t e  was abandoned, f o r  t h e  f i r s t  t i m e ,  

d u r i n g  a c e r t a i n  unknown epoch, probably due t o  r e l a t i v e  
s e a - l e v e l  drop: 

- Before 2,4OOf250 y e a r s  BP, w i t h  t h e  s i t e  reoccupat ion ,  t h e  
lagoonal  l e v e l  w a s  once aga in  e l e v a t e d  u n t i l  a maximum s i t u a t e d  
2.0f0.5 m above t h e  p r e s e n t  l e v e l .  

The shell-midden of  Carnica,  s t u d i e d  from an  a r c h e o l o g i c a l  
viewpoint  by Hurt (19741, is c o n s t i t u t e d  by t w o  j o i n e d  s h e l l -  
middens. The most important  w a s  named Carnica "I" and t h e  
s u b s i d i a r y  one was des igna ted  Carn ica  " I A " .  They have been 
e s t a b l i s h e d  upon lagoonal  d e p o s i t s  p a r t i a l l y  covered by e o l i a n  
sands .  f n  areas which a r e  n o t  covered by e o l i a n  sands  it is 
p o s s i b l e  t o  see some al ignments  of  sandy r i d g e s  on aer ia l  
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photos ,  which probably correspond t o  a n c i e n t  lagoonal  shore- 
l i n e s .  

The excavat ions  accomplished by Hurt (1974) showed t h a t  
t h e  lagoonal  sediments  s i t u a t e d  below t h e  shell-midden c o n t a i n  
bank o f  s h e l l s ,  some one i n  l i f e  p o s i t i o n  ( c l o s e d  v a l v e s ) .  
Three radiocarbon ages of  t h e s e  s h e l l s  i n d i c a t e d  t h e  fol lowing:  

-!- 3 , 3 0 0 ~ 1 5 0  y e a r s  BP (L.  1164B) 
3,350-110 y e a r s  BP ( I .  2620) 
3,4OOf150 y e a r s  BP (L. 1164) 

M o l  
t h e  

usc  s h e l l s  and c h a r c o a l s  sampled from d i f f e r e n t  l e v e l s  of 
same p r o f i l e  gave t h e  fo l lowing  ages:  

Height above t h e  
shel l -midden 's  base  Ages ( y e a r s  BP) 

530 c m  
380 c m  
380 c m  

60 c m  

3,210+150 ( A .  917) s h e l l  
3,370*150 (A. 918) c h a r c o a l  

3,310+150 ( A .  912) s h e l l  
-3 ,370~100 ( A .  919) s h e l l  __ 

Another sample c o l l e c t e d  0.5 m below t h e  s u r f a c e  of  another  
p r o f i l e  has  been d a t e d  as 3.O4Of50 y e a r s  BP (A.  883/2).  I t  
appears  t h a t  t h e  s i t e  began t o  be occupied about  3,300 y e a r s  
BP; w a s  i n t e r r u p t e d  about  3,000 y e a r s  BP probably as a 
consequence o f  accentua ted  s e a - l e v e l  drop. S i m i l a r l y ,  it seems 
t h a t  t h e  lagoonal  d e p o s i t s  which c o n s t i t u t e  t h e  shel l -midden 's  
s u b s t r a t e ,  have been eroded d u r i n g  a new p e r i o d  of  r e l a t i v e  
s e a - l e v e l  e l e v a t i o n .  The p r i n c i p a l  shell-midden w a s  p a r t i a l l y  
eroded and t h e  c o l l a p s e d  s h e l l s  w e r e  spread  on t h e  beach 
s u r f a c e  by t h e  waves. During t h e  maximum of  h igh  s e a - l e v e l  
p e r i o d ,  t h e  lagoonal  l e v e l  w a s  s i t u a t e d  about  0.5 m below t h e  
preceding  h igh- leve l  per iod .  Mollusc s h e l l s  sampled from a 
hear th-s tone  d i r e c t l y  upon t h e  hagoonal terrace w i t h i n  t h e  
shell-midden " I A "  w e r e  dated as 2,460*110 y e a r s  BP (A.  959) .  
I t  seemç t h a t  t h i s  s i t e  w a s  reoccupied a f t e r  t h i s  epoch which 
must correspond approximately t o  t h e  maximum of  t h e  las t  h igh  
s e a - l e v e l .  Another sample collected from near  t h e  top of  t h e  
p r i n c i p a l  shell-midden i n d i c a t e d  a n  age of  2 , 250f100 y e a r s  
BP (A.  914) .  

F i n a l l y ,  near  t h i s  p l a c e ,  t h e r e  i s  a lagoonal  terrace very  
r i c h  i n  mollusc s h e l l s  whose summit i s  s i t u a t e d  below t h e  
terrace upon which t h e  shell-middens were cons t ruc ted .  Sample 
c o l l e c t e d  from near  t h e  t o p  o f  t h i s  terrace w a s  d a t e d  as 
2,500f170 y e a r s  BP (Bah. 1380) .  A t  t h i s  moment t h e  s e a - l e v e l  
must have been s i t u a t e d  2.&0.5 m above t h e  p r e s e n t  l e v e l .  

I n  summary, it is p o s s i b l e  t h a t :  

- About 3,400*150 y e a r s  BP t h e  s e a - l e v e l  w a s  dropping and 
w a s  s i t u a t e d  2.5*0.5 in above t h e  p r e s e n t  l e v e l ;  
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- The f i r s t  occupat ion of  t h e  Carnica occurred  between 
3,300 and 3,000 y e a r s  BP. I t  would seem t h a t  t h i s  s i t e  w a s  
t h e n  abandoned as a consequence of  important  r e l a t i v e  sea- leve l  
drop;  

- A t  about  2,500 y e a r s  BP, t h e  r e l a t i v e  s e a - l e v e l  rose once 
aga in  and a t  t h a t  t i m e  it w a s  s i t u a t e d  2.0f0.5 m above t h e  
p r e s e n t  l e v e l ,  p r o p i t i a t i n g  t h e  s i t e  reoccupat ion:  

i 

Based on t h i s  information and on t h a t  p r e v i o u s l y  obta ined  
from o t h e r  s e c t o r s  of t h e  B r a z i l i a n  coast, it is p o s s i b l e  t o  
r e c o n s t r u c t  t h e  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 s  d u r i n g  t h e  
Holocene a l o n g  t h e  S t a t e  of S a n t a  C a t a r i n a  c o a s t l i n e  as fo l low 
(Figure  2 c ) :  

- The r e l a t i v e  s e a - l e v e l  c u t  t h e  p r e s e n t  l e v e l  f o r  t h e  f i r s t  
t i m e  about  6,500 y e a r s  BP; 

- About 5,100 y e a r s  BP t h e  r e l a t i v e  s e a - l e v e l  w a s  a t  t h e  
f i r s t  maximum s i t u a t e d  about  3.5 m above t h e  p r e s e n t  l e v e l ;  

Between 4,100 and 3,800 y e a r s  BP t h e  s e a - l e v e l  w a s  probably 
below t h e  p r e s e n t  l e v e l ;  

- About 3,600 y e a r s  BP t h e  r e l a t i v e  s e a - l e v e l  w a s  a t  t h e  
second maximum s i t u a t e d  about  2.5*0.5 m above t h e  p r e s e n t  
l e v e l  ; 

w a s  p r o b l a b l y  below t h e  p r e s e n t  l e v e l ;  

a t  t h e  t h i r d  maximum s i t u a t e d  2.0f0.5 m above t h e  p r e s e n t  
l e v e  1. 

- Between 2,900 and 2,700 y e a r s  BP t h e  r e l a t i v e  s e a - l e v e l  

- About 2,500 y e a r s  BPI t h e  r e l a t i v e  s e a - l e v e l  w a s  probably 

CONCLUSIONS 

I n  s p i t e  of  t h e  f a c t  t h a t  shell-middens are n o t  t h e  best 
i n d i c a t o r  o f  a n c i e n t  r e l a t i v e  s e a - l e v e l  p o s i t i o n s ,  t h e y  can 
c o n t r i b u t e  w i t h  i n t e r e s t i n g  a d d i t i o n a l  d a t a  i n  coastal areas 
s u b j e c t e d  t o  submergence fol lowed by emergence. I n  g e n e r a l ,  
t h e  a c c u r a t e  p o s i t i o n  of  a n c i e n t  s e a - l e v e l  a t  t h e  beginning 
of  shel l -midden 's  c o n s t r u c t i o n  is unknown b u t  one can deduce 
whether i t  w a s  h igher  or lower than  today. S i m i l a r l y ,  it is 
p o s s i b l e  t o  estimate t h e  f l u c t u a t i o n  t r e n d  through t h e  t i m e .  

Therefore ,  even i n  t h e  c o a s t a l  p l a i n s  of  t h e  S t a t e s  of 
Paraná and S a n t a  C a t a r i n a ,  where only  few g e o l o g i c a l  and 
b i o l o g i c a l  a n c i e n t  sea- leve l  evidence has  been recorded,  it 
w a s  p o s s i b l e  t o  d e l i n e a t e  a c c u r a t e  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 s  owing t o  information d e r i v e d  from s h e l l -  
middens, v e r y  abundant i n  t h e  area. The c u r v e s  show close 
resemblance wi th  t h o s e  of  p r e v i o u s l y  s t u d i e d  sectors o f  t h e  
B r a z i l i a n  coast, b u t  they  are remarkably s h i f t e d  downward. 
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Evidence of sea level 1 fluctuation in the Rio Grande do Sul 
Continental Shelf, Brad  

ABSTRACT 

Through detailed bathymetric surveying, echobathymetric 
records and bathymetric profiles traced perpendicularly to the 
coastline, all carried out on the Rio Grande do Sul continental 
shelf, was evidence-d the presence of f i v e  distinct sarins 
terraces, situated respectively at depths Qf 20-25 m, 32-45 m, 
50 m, 60-75 m and 80-90 m. 
The Rio Grande do sul continental shelf marine terraces 

were probably formed during the holocenic transgression. This 
transgression has not occurred in a continuous way, being 
interrupted by countless little regressions. During the 
regressive phase the shelf, previously drowned, started getting 
clastic sediments which were reworked and selected with the 
reactivation of the transgressive phase resulting a higher 
concentration of coarse clastics and bioclastics in the old 
coastlines of that time. 
Some of these terraces are well preserved whereas others 

are not. This is due to the fast rebeginning of the 
transgressive process. If the transgression develops fast we 
shall see that the scarp will be preserved with only a 
smoothing on the beach rides. If the transgression is slow 
we shall have total or partial destruction of it. 

continental shelf are disposed from Torres to Chu$ being 
better preserved between Torres and Rio Grande whereas in the 
southern area they are disguised mainly by the influence of 
La Plata River drainage and by the dynamics of water mass 
circulation of the region. 
The presence of these terraces is related probably to old 

coastlines formed when the sea level temporarily stabilized 
on these surfaces during the great holocenic transgression. 

The marine terraces found on the Rio Grande do Sul 
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