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ABSTRACT 

A de t a i l ed  study, based on the  in te rpre ta t ion  of a e r i a l  photos, 
f i e l d  surveys,  radiocarbon da t ing  and previous experience i n  
Quaternary coas ta l  researches along the  S ta t e s  of São Paulo, 
Rio de Jane i ro ,  Esp í r i t o  Santo, Bahia, Sergipe and Alaggas, 
allowed u s  t o  d is t inguish  two generations of sandy t e r r aces  
associated w i t h  two per iods of sea-levels higher than today. 
The  more in t e rna l  deposi ts  a r e  r e l a t ed  t o  a period when the  
r e l a t i v e  sea-level reached a màximum of 8 m above the present  
l eve l  by about 120,000 years BP.  Numerous radiocarbon ages 
made poss ib le  t o  co r re l a t e  the  more ex terna l  deposi ts  t o  the  
f i n a l  p a r t  of t he  l a s t  g rea t  t ransgressive period, when the  
r e l a t i v e  sea-level reached a maximum of 2.5 t o  3.5 m above the  
present  l eve l  by about 5,100 years BP. 

I n  the  southern half  of t h e  S t a t e  of Santa Catarina coas ta l  
p l a in ,  these sandy deposi ts  have supe r f i c i a l ly  been reworked 
by winds, giving r i s e  t o  severa l  generations of eo l ian  dunes. 

of Bahia may be su i tab ly  applied t o  the  S ta t e s  of Paraná and 
Santa Catarina coas ta l  p la ins .  

The evolutionary scheme previously establ ished fo r  the  S t a t e  

RESUMO 

Um estudo detalhado, baseado na interpretaçâ0 de fo tos  aéreas ,  
levantamentos de campo, dataçces ao radiocarbono e exper igncia 
previa em pesquisas do Quaternário Costeiro ao longos dos 
Estados de São Paulo, Rio de Janeiro,  Esp í r i t o  Santo, Bahia, 
Sergipe e Alagoas, nos  permifiu d i s t ingu i r  duas gera$es de 
te r raços  arenosos associados a dois  períodos de n íve is  mari- 
nhos mais a l t o s  que o a tua l .  O s  depósi tos  mais internos es tão  
relacionados a um período quando o n ive l  r e l a t i v o  do mar a t in -  
giu um máximo de 8 m acima do a t u a l  cerca de 120.000 anos 
passados. Numerosas dataçÕes ao radiocarbono permitiram 
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cor.i-elacionar os  depósitos mais externos 2 par t e  f i n a l  do 
filtimo grande periodo t ransgressivo,  quando o n ive l  r e l a t i v o  
do mar cheaou a um máximo de 2,5 a 3,5 m acima do a t u a l  há 
aproximadamente 5.100 anos passados. 

n a ,  e sses  depósitos arenosos foram superficialmente re t rabalha-  
dos pelo vento dando origem a vár ias  geraçses de dunas eÓlicas. 

Na metado s u l  da p lan íc ie  cos t e i r a  do Est-ado de-Santa  Catari--.. 

O esquema evolut ivo anteriormente estabelecido para o Estado 
da Bahia pode se r  adequadamente apl icado as p lan íc i e s  cos t e i r a s  1 

dos Estados de Paraná e Santa Catarina.  

INTRODUCTION 

The s tudied area is comprised between the  southern extremity 
of I lha  do Cardoso (southern l i m i t  of the  S t a t e  of S%o Paulo = 
25O13'S) and the  town of Torres (northern l i m i t  of t he  S t a t e  
of Rio Grande do Sul = 29"20'S),  a s  it is shown i n  Figure 1. 
Between Paranaguá and the  town of Laguna, the  coas t l i ne  has 
a N-S d i r ec t ion  which changes t o  NE-SW d i rec t ion  southward. 
I n  some places ,  as  i n  Paranaguá area ,  the coas ta l  p l a in  is 
about 60 km wide but i n  o ther  p a r t s ,  Precambrian c r y s t a l l i n e  
rock headlands o r  Paraná Basin Paleozoic o r  Mesozoic 
sedimentary rocks reach the  ocean. 

1 GEOLOGY OF THE COASTAL REGION 

I n  the  S t a t e s  of Paraná and Santa Catarina the  coas t a l  region 
is represented by an elongated s t r i p  of lowlands, l imited 
eastward by the  At lan t ic  Ocean and westward by the  Serra  do 
Mar and Serra  Geral.  Serra  do Mar is usual ly  composed of 
Precambrian c r y s t a l l i n e  rocks (qneisses  and other  metamorphic 
rocks, g ran i t e s ,  e t c )  intruded by Mesozoic diabase dikes .  The 
c r y s t a l l i n e  escarpment of Serra  do Mar disappears i n  the  south 
of Laguna (S ta t e  of Santa Catar ina) ,  being replaced by the  
Serra  Geral composed mostly of Mesozoic b a s a l t i c  lava flows. 

Remnants of cont inental  Neocenozoic deposi ts  (Ter t ia ry?)  
. a re  widespread i n  these s t a t e s ,  being character ized by the  

general  a fos s i l i f e rous  nature and lack of key-beds. They a r e  
represented i n  the  S t a t e  of Paraná by Alexandra Formation 
( B i g a r e l l a e t  al., 19591, and i n  the  S t a t e  of Santa Catarina 
by Iquererim Formation ( B i g a r e l l a e t  al., 1961),  Canhanduva 
sequence (Bigarel la  and Salamuni, 1961),  and Cachoeira layers  
(Bigare l la ,  1975).  

Quaternary deposi ts  of the  coas t a l  region of these s t a t e s  
a re  more o r  l e s s  d i r e c t l y  r e l a t ed  t o  submergence and 
emergence periods of Upper Pleis tocene and Holocene. Among 
them, sandy r idges a re  widespread reaching a width of about 
1 5  t o  20  km, but they a r e  discussed i n  more d e t a i l  elsewhere. 

I 
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Figure 1. Location map of t he  s tudied area and legend of the  
maps (Figures 2-6). 

.-  4 5 



2 
'- 

< 

2 PHYSIOGRAPHY OF THE COASTAL PLAINS 

A s  a f u n c t i o n  o f  t h e  p h y s i o g r a p h y ,  it is p o s s i b l e  t o  d i v i d e  
t h e  coas ta l  r e g i o n  o f  t h e  S t a t e s  o f  P a r a n á  and  S a n t a  C a t a r i n a  

a )  N o r t h e r n  sector  - T h i s  sector goes from I l h a  d o  Cardoso  
i n t o  t h r e e  sectors  ( F i g u r e  1): I 

(25O13'S) t o  t h e  town o f  Barra Velha  (26O4O'S), which is 
c h a r a c t e r i z e d  by t h e  o c c u r r e n c e  o f  t h r e e  g r e a t  bays :  P a r a n a g u s ,  
G u a r a t u b a  and São F r a n c i s c o .  The coastal  p l a i n  s i t u a t e d  a t  
t h e  f o o t  o f  t h e  S e r r a  d o  Mar e s c a r p m e n t  p r e s e n t s  i t s  g r e a t e s t  
deve lopment  w i t h i n  t h i s  sector .  
b )  Median sector - T h i s  sector is l i m i t e d  between t h e  town o f  
Barra Velha  and Garopaba area (28OOO'S). T h i s  p o r t i o n  o f  t h e  
c o a s t l i n e  is c h a r a c t e r i z e d  by t h e  p r e s e n c e  o f  Precambr ian  
c r y s t a l l i n e  r o c k s  i n t e r r u p t i n g  Q u a t e r n a r y  coastal  p l a i n s .  T h i s  
sector  is a l so  c h a r a c t e r i z e d  by t h e  S a n t a  C a t a r i n a  I s l a n d ,  
where ,  f o r  t h e  f i r s t  t i m e ,  e o l i a n  dunes  f i e l d s  become 

I 

i m p o r t a n t .  
c )  S o u t h e r n  sector  - T h i s  sector  is compr ised  between Garopaba 
area and t h e  town o f  T o r r e s  (29 '29 'S) ,  which i s  c h a r a c t e r i z e d  
by v a s t  coas ta l  p l a i n s  w i t h  e x t e n s i v e  l a g o o n s  and  p a l e o l a g o o n s .  
T h i s  area is a l so  c h a r a c t e r i z e d  by f r e q u e n t  and  i m p o r t a n t  
e o l i a n  d e p o s i t s  b e l o n g i n g  t o  s e v e r a l  g e n e r a t i o n s  o f  dunes .  

3 CLIMATE OF THE COASTAL PLAINS 

The S t a t e s  o f  P a r a n á  and  S a n t a  C a t a r i n a  coas ta l  r e g i o n s  are 
a l m o s t  e n t i r e l y  c h a r a c t e r i z e d  by a s u b t r o p i c a l  c l imate ,  w i t h  
c o l d  w i n t e r  and  w a r m  summer. Whi le  mean a n n u a l  t e m p e r a t u r e s  
are h i g h e r  t h a n  2OoC i n  most o f  t h e  B r a z i l i a n  t e r r i t o r y ,  i n  
t h e s e  s ta tes  t h e y  are less t h a n  1 8 O C .  The mounta inous  areas 
o f  t h e  S e r r a  d o  Mar and  S e r r a  Geral p r e s e n t  t h e  h i g h e s t  
p r e c i p i t a t i o n  v a l u e s  o f  B r a z i l ,  r e a c h i n g  f r e q u e n t l y  t o  maximum 
p r e c i p i t a t i o n  h i g h e r  t h a n  5,000 "/year i n  many places. 

MARINE AND LAGOONAL DEPOSITS 

I 

t 

A d e t a i l e d  s t u d y ,  b a s e d  on t h e  i n t e r p r e t a t i o n  o f  a e r i a l  p h o t o s  

e x p e r i e n c e  o b t a i n e d  s t u d y i n g  c o a s t a l  areas o f  t h e  S ta tes  o f  
São P a u l o ,  R i o  d e  J a n e i r o ,  E s p í r i t o  S a n t o ,  B a h i a ,  S e r g i p e  and  
Alagoas  (Dominguez, 1983;  Dominguez et a 1 . , 1 9 8 1 a ,  1981b,  1982,  
1983;  B i t t e n c o u r t  et a 1 . , 1 9 7 9 a ,  197923, 1982a ,  1982b;  M a r t i n  
and S u g u i o ,  1975,  1976;  M a r t i n  et a 1 . , 1 9 7 8 ,  1979a ,  1979b,  1980,  
1981,  1982,  1983,  1984b,  1985,  1986;  S u g u i o  and M a r t i n ,  1976a ,  
1976b,  1978a ,  1978b, 1982a ,  198213; S u g u i o  et a 1 . , 1 9 8 0 ,  1982,  
1984a)  a l l o w e d  u s  t o  d i s t i n g u i s h  t w o  g e n e r a t i o n s  o f  coastal  
sandy d e p o s i t s  a s s o c i a t e d  w i t h  t w o  p e r i o d s  o f  h i g h  s e a - l e v e l s .  
The i n n e r  d e p o s i t s  began t h e i r  s e d i m e n t a t i o n  when r e l a t i v e  

and f i e l d  s u r v e y s ,  s u p p o r t e d  by r a d i o c a r b o n  a g e s  and  p r e v i o u s  l 
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s e a - l e v e l  w a s  a b o u t  8 m above  t h e  p r e s e n t  l e v e l .  Wood f r a g m e n t s  
sampled  f r o m  a r g i l l a c e o u s  d e p o s i t s  a t  t h e  b a s e  o f  t h e s e  s a n d s  
have  a minimum a g e  o f  35.000 y e a r s  BP ( D u a r t e ,  1 9 8 1 ) .  Though 
n o t  any d a t i n g  h a s  been  done ,  w e  t h i n k  t o  b e  log ica l  t o  a s s i g n  
a n  a g e  o f  a b o u t  120 ,000  y e a r s  BP t o  t h i s  h i g h  s e a - l e v e l  i n  
compar ison  w i t h  t h e  cora ls  d a t e d  i n  t h e  S t a t e  o f  B a h i a ,  I n  
f a c t ,  s a n d y  terraces t o  which is a s s i g n a b l e  t h e  h i g h  s e a - l e v e l  
o f  120 ,000  y e a r s  BP o c c u r  almost c o n t i n u o u s l y  from t h e  S t a t e  o f  
P a r a í b a  t o  R i o  Grande d o  S u l .  Thanks t o  s e v e r a l  r a d i o c a r b o n  
a g e s  i t  w a s  p o s s i b l e  t o  a s s i g n  t h e  o u t e r  d e p o s i t s  t o  t h e  f i n a l  
p o r t i o n  of t h e  l as t  g r e a t  t r a n s g r e s s i v e  e p i s o d e ,  whose maximum 
l e v e l  h a s  been  a t t a i n e d  a b o u t  5,100 y e a r s  BP ( M a r t i n  et a l . ,  
t h i s  v o l u m e ) .  T h e r e  a re  a l so  some m a r i n e  g r a v e l  d e p o s i t s  which 
c a n  b e  p r o b a b l y  c o r r e l a t e d  w i t h  120 ,000  y e a r s  BP sandy 
terraces. 

1 PROPERTIES AND DISTRIBUTION OF PLEISTOCENE MARINE TERRACES 

P r e s e n t l y  t h e s e  s a n d y  terraces are w h i t i s h  on  t h e  s u r f a c e  and 
brownish  t o  b l a c k i s h  i n  t h e  d e p t h .  The d a r k  c o l o u r s  c a n  b e  
a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  e p i g e n e t i c  o r g a n i c  matter which 
is i m p r e g n a t i n g  t h e  g r a i n s .  S h a l l o w  m a r i n e  o r i g i n  o f  t h e s e  
d e p o s i t s  c a n  b e  a s s u r e d  by  t h e  p r e s e n c e  of Callichirus burrows,  
which c a n  b e  a t t r i b u t e d  t o  m a r i n e  a r t h r o p o d s  whose l i f e  zone  is 
t h e  i n f r a t i d a l  zone  (Suguio  a n d  M a r t i n ,  1976b;  S u g u i o  et al., 
1984;  R o d r i g u e s  et al . ,  1 9 8 4 ) .  T h i s  o r i g i n  i s  a l so  e n s u r e d  by 
s y n g e n e t i c  s e d i m e n t a r y  s t r u c t u r e s ,  l i k e  low-angle  a n d  
h e r r i n g b o n e  c r o s s - b e d d i n g s .  On t h e  s u r f a c e  o f  t h e  terraces it  
is  p o s s i b l e  t o  d i s t i n g u i s h  v e s t i g e s  of a l i g n m e n t s  o f  a n c i e n t  
s a n d y  r i d g e s ,  which are much more d i s s i p a t e d  t h a n  upon t h e  
Holocene terraces. T h i s  d i f f e r e n c e  c a n  b e  e a s i l y  r e c o g n i z e d  on 
aer ia l  p h o t o s  ( M a r t i n  et al., 1 9 8 1 ) .  A t  t h e  i n n e r m o s t  p o r t i o n s  
of t h e  coas ta l  p l a i n s ,  t h e  a l t i t u d e  of t h e s e  terraces r e a c h  
a b o u t  9 .5  m ,  and oceanward,  it d e c l i n e s  u n t i l  a b o u t  2 . 5  m ,  as 
i n  t h e  P a r a n a g u s  area n e a r  t h e  c o n t a c t  w i t h  t h e  Holocene 
terraces. 

t h e  P l e i s t o c e n e  m a r i n e  terraces a re  v e r y  w e l l  d e v e l o p e d  
f o r m i n g  a b o u t  20 km wide  band as i n  P a r a n a g u s  and  J o i n v i l l e  
r e g i o n s  ( F i g u r e s  2 and  3 ) .  

Velha  - G a r o p a b a ) ,  when t h e y  are found o n l y  i n  t h e  p r o t e c t e d  
area a t  b a c k s i d e  of m a s s i v e s  o f  Precambr ian  c r y s t a l l i n e  r o c k s  
( F i g u r e s  4 ,  5 and  6 ) .  

These  terraces are o n c e  a g a i n  d e v e l o p e d  w i t h i n  t h e  s o u t h e r n  
sector (Garopaba - T o r r e s ) ,  g i v i n g  o r i g i n  t o  8 t o  10 km wide 
band as i n  Sombr io  area ( F i g u r e  9 ) .  I n  t h i s  sector t h e y  have  
s u p e r f i c i a l l y  been  reworked by  wind and  i m p o r t a n t  f o s s i l  dune  
f i e l d s  e x i s t  as i n  Laguna and J a g u a r u n a  areas ( F i g u r e s  4 and  5 ) .  
On t h e  o t h e r  hand,  i n  t h e  Araranguh a n d  Sombrio r e g i o n s  i t  is 

W i t h i n  t h e  n o r t h e r n  sector ( I l h a  d o  C a r d o s o  - B a r r a  Velha)  

They are much less d e v e l o p e d  w i t h i n  t h e  median sector  (Barra 
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F i g u r e  3 .  Geologic m a p  of Barra Velha  r e g i o n  ( S t a t e  of S a n t a  
C a t a r i n a ) .  
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possible  t o  d is t inguish  c l ea r ly  the  alignments of ancient  
sandy r idges  (Figure 9 ) .  

, 

2 PROPERTIES AND DISTRIBUTIOK OF ANCIENT MARINE GRAVEL 
DEPOSITS 

I 

f 

I n  severa l  places along the  coas ta l  p la ins  of the  S ta t e s  of 

marine gravel deposi ts .  They represent  ancient  sea-levels 
c l ea r ly  higher than it is today and they a r e  older  than t h e  
Holocene. There a re  no absolute  ages fo r  these deposi ts  but 
i t  seems t h a t  most of them could be a t t r i bu ted  t o  h i g h  sea- 
leve l  of 120,000 years  BP.  

Paraná and Santa Catarina , there  a r e  some remnants of ancient  I 

a )  Morro do Sambaqui 

I n  Matinhos area (southern pa r t  of the  S t a t e  of Paraná) ,  
between the  Morro do Escalvado and Morro do Sambaqui, t he re  
is a r e s t r i c t e d  outcrop of an ancient marine gravel  deposi t  
which was probably or ig ina ted  through inc ip ien t  reworking of 
a co l luv ia l  deposi t  by the  waves. T h i s  deposi t  is s i tua t ed  
between 1 2  and 13 m above the  present  sea-level and was 
described by Bigarel la  and Fre i re  (1960). I f  the  reconstruct ion 
of ancient  sea-level done by Bigarel la  (1975) is co r rec t ,  t h i s  
l eve l  is higher than t h a t  of 120,000 years BP. However, u n t i l  
a more de t a i l ed  study about t h i s  problem we prefer  t o  co r re l a t e  
t h i s  deposi t  w i t h  the  Pleis tocene sandy te r race  of 120,000 
years BP. 

I 

b) Porto da Passagem 

A t  the  backside of the  l a t e  Club de Caiobá (S ta t e  of Paraná) ,  
there  is a l s o  a gravel  deposi t  formed through inc ip ien t  
reworking of a co l luv ia l  deposi t  (Bigarel la ,  1975). T h i s  
deposi t  is recording an ancient sea-level about 8 m above the  
present  l eve l ,  so  i t  is i n  agreement w i t h  the  a l t i t u d e  of 
120 ,000  years  BP sea- level .  Perhaps, the  difference of 
a l t i t u d e  between the  Morro do Sambaqui and Porto da Passagem 
gravel deposi ts  could be explained by d i f fe rences  i n  wave 
energies  i n  these places .  

c )  Morro de I ta jubá  

Between Barra Velha and Picar ras ,  i n  northern port ion of Morro 
de I ta jubá ,  there  is a gravel  t e r r ace  or iginated by p a r t i a l  
reworking of a regol i th .  Also i n  t h i s  case,  the  gravel depos i t  
could record an ancient  sea- level  about 8 m above t h e  present  
l eve l  (Bigarel la ,  1975) .  

AWAn' W 

Figure 4. Geologic map of P icar ras  - I t a j a í  region (S ta te  of 
Santa Catar ina) .  
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3 PROPERTIES AND DISTRIBUTION OF HOLOCENE MARINE AND LAGOONAL 
DEPOSITS 

a )  Sandy d e p o s i t s  

I n  t h e  o u t e r  s i d e  o f  t h e  P l e i s t o c e n e  m a r i n e  terraces, and 
v e r y  f r e q u e n t l y  s e p a r a t e d  from them by swampy l o w l a n d s ,  t h e r e  
a r e  lower sandy terraces commonly c o n t a i n i n g  a b u n d a n t  m o l l u s c  
s h e l l s  which  c a n  be  d a t e d  by 1 4 C  method a n d ,  u n d e r  f a v o u r a b l e  
c o n d i t i o n s  c a n  g i v e  p o s i t i o n s  of a n c i e n t  s e a - l e v e l s .  
D i f f e r e n t l y  f rom t h e  P l e i s t o c e n e  m a r i n e  terraces,  t h e s e  
d e p o s i t s  a re  n o t  i n  g e n e r a l  impregnated  by  s e c o n d a r y  o r g a n i c  
mat ter .  Al ignments  o f  s a n d y  r i d g e s  are v e r y  c o n s p i c u o u s l y  
v i s i b l e  on a e r i a l  p h o t o s ,  m o s t l y  i n  n o r t h e r n  a n d  median sectors 
o f  t h e  coas ta l  p l a i n s ,  b u t  i n t e n s i v e  wind r e w o r k i n g  a f f e c t e d  
t h e  s u r f a c e s  o f  t h e  terraces i n  t h e  s o u t h e r n  sector. 

less d e v e l o p e d  t h a n  P l e i s t o c e n e  terraces. They are o n l y  2 t o  
3 km wide a n d  c a n  f r e q u e n t l y  b e  r e d u c e d  t o  a n a r r r o w  band a s  
i n  t h e  r e g i o n  be tween Ubatuba ( I l h a  d e  Säo F r a n c i s c o )  and  t h e  
town o f  Barra Velha  ( F i g u r e  3 ) .  They c a n  b e  c o m p l e t e l y  a b s e n t  
a s  i n  t h e  P i c a r r a s  area ( F i g u r e  4 ) .  

The Holocene m a r i n e  terraces a re  v e r y  d i s c o n t i n u o u s  w i t h i n  
t h e  median sector  b u t  l o c a l l y ,  t h e y  c a n  b e  v e r y  w e l l  d e v e l o p e d  
l i k e  i n  t h e  R i o  I t a l a í - A ç u  v a l l e y  ( a b o u t  7 km w i d e ) ,  T i j u c a s  
r e g i o n  ( a b o u t  5 km w i d e )  and Enseada  d a  P i n h e i r a  ( F i g u r e s  4 ,  5 
and  6 ) .  

I n  t h e  s o u t h e r n  sector t h e y  have  l i t t l e  development  up  t o  
Morro d o s  C o n v e n t o s ,  b u t  t h e y  become more i m p o r t a n t  w i t h  5 
t o  6 km n e a r  t h e  town o f  Sombrio ( F i g u r e  9 ) .  

I n  t h e  n o r t h e r n  sector t h e  Holocene  m a r i n e  terraces are much Baía das Tijucas 
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b )  Clayey  a n d / o r  s i l t y  d e p o s i t s  

Around t h e  b a y s  o f  t h e  n o r t h e r n  sector ( P a r a n a g u á ,  G u a r a t u b a  
and São F r a n c i s c o ) ,  a s  w e l l  a s  i n  t h e  p e r i p h e r y  of lagooi i s ,  
s o u t h w a r d  from I l h a  d e  S a n t a  C a t a r i n a ,  t h e r e  a re  more o r  less 
sandy c l a y e y  a n d / o r  s i l t y  d e p o s i t s  formed d u r i n g  t h e  h i g h  
s e a - l e v e l s  when t h e  l a g o o n a l  e x t e n t  w a s  g r e a t e r  t h a n  t o d a y .  
They v e r y  f r e q u e n t l y  c o n t a i n  m o l l u s c  s h e l l s ,  which  are 
sometimes so  a b u n d a n t ,  l i k e  i n  Laguna area, a n d  e c o n o m i c a l l y  
e x p l o i t a b l e .  S i m i l a r l y ,  r e l a t e d  t o  t h e  o c c u r r e n c e  o f  paleo- 
l a g o o n s  and p a l e o b a y s  t h e r e  a r e  numerous s h e l l - m i d d e n s ,  some 
o f  them o f  huge d i m e n s i o n s  ( a b o u t  50 m h i g h ) .  

F i g u r e  5. G e o l o g i c  map o f  T i j u c a s  r e g i o n  ( S t a t e  of S a n t a  
C a t a r i n a ) .  

CHARACTERISTICS AND DISTRIBUTION O F  MANGROVES AND COASTAL 
MARSHES 

Around p r o t e c t e d  m a r g i n s  o f  t i d a l  c h a n n e l s  and  b a y s ,  where 
t h e  t i d a l  a c t i o n  is v e r y  c o n s p i c u o u s ,  t h e r e  a re  mangroves 
and  coas ta l  m a r s h e s  c o n s t i t u t e d  d o m i n a n t l y  by c l a y e y  s i l t y  
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s e d i m e n t s  v e r y  r i c h  i n  o r g a n i c  matter.  I 

The s o u t h e r n m o s t  l i m i t  o f  o c c u r r e n c e  o f  mangrove s w a m p s  a l o n g  
t h e  B r a z i l i a n  coast is  l o c a t e d  a t  t h e  s o u t h e r n  e x t r e m i t y  of t h e  
I l h a  d e  S a n t a  C a t a r i n a  ( F i g u r e  6 ) .  T h e r e  a re  more or  less 
d e v e l o p e d  rnangroves n o r t h w a r d  of t h i s  p ? i n t ,  a t  t h e  m a r g i n s  o f  
t h e  b a í a s  d e  P a r a n a g u s ,  G u a r a t u b a  and  S a o  F r a n c i s c o  a n d  a r o u n d  
t h e  I l h a  de S a n t a  C a t a r i n a .  Southward ,  t h e  t y p i c a l  mangrove 
trees are almost e n t i r e l y  r e p l a c e d  by grasses l i k e  S p a r t i n a .  

I 

QUATERNAR.Y CONTINENTAL DEPOSITS OF THE STATES OF PARANA AND 
SANTA CATARINA COASTAL PLAINS 

1 COLLUVIO-ALLUVIAL DEPOSITS 

The S t a t e s  of P a r a n á  a n d  S a n t a  C a t a r i n a  coastal  p l a i n s  are 
a l so  c h a r a c t e r i z e d  by  e x t e n s i v e  c o n t i n e n t a l  d e p o s i t s ,  
e s s e n t i a l l y  t e r r i g e n o u s  o f  d i f f e r e n t  o r i g i n  a n d  a g e .  A t  t he  
f o o t  o f  t h e  S e r r a  d o  Mar e s c a r p m e n t  t h e r e  are c o l l u v i a l  ramps 
r e p r e s e n t i n g  e p i s o d e s  of g e n e r a l i z e d  mass-movement phenomena. 
The a l l u v i a l  d e p o s i t s  a re  formed o f  g r a v e l s  and  c l a y e y - s i l t y  
s e d i m e n t s .  I n  g e n e r a l ,  t h e  coarse a l l u v i a l  d e p o s i t s  are o l d e r  
t h a n  t h e  f i n e  a l l u v i a l  d e p o s i t s .  Former d e p o s i t s  c o r r e s p o n d  t o  
s e m i a r i d  p a l e o c l i m a t i c  c o n d i t i o n s  w h i l e  t h e  l a t t e r  have  been  
formed u n d e r  p r e s e n t  c o n d i t i o n s .  I n  c e r t a i n  areas, l i k e  Garuva ,  
J o i n v i l l e ,  Turvo  and  P r a i a  Grande,  t h e s e  c o l l u v i o - a l l u v i a l  
d e p o s i t s  are p a r t i c u l a r l y  w e l l  d e v e l o p e d  a n d  may be more 
a n c i e n t  t h a n  t h e  Q u a t e r n a r y .  

2 EOLIAN DEPOSITS 

The coas ta l  d u n e s  are v e r y  w e l l  d e v e l o p e d  w i t h i n  t h e  s o u t h e r n  
h a l f  of t h e  S t a t e  of S a n t a  C a t a r i n a ,  m o s t l y  f rom t h e  I l h a  d e  
S a n t a  C a t a r i n a  southward .  I t  is possible t o  d i s t i n g u i s h  a t  
least  t h r e e  g e n e r a t i o n s  of coas ta l  dunes :  a )  a n c i e n t  d u n e s ,  
b )  Holocene d u n e s  f i x e d  by  v e g e t a t i o n  a n d  c)  ac t ive  d u n e s  
( F i g u r e  7 ) .  

a )  A n c i e n t  d u n e s  - They are m o s t l y  c o n s t i t u t e d  by r e d d i s h  
c o l o u r e d  s a n d s ,  c o v e r e d  by  m o r e  or less d e n s e  v e g e t a t i o n  
and  s u b j e c t e d  t o  i n t e n s i v e  p e d o g e n e t i c  processes. I n  some 
p l a c e s  it is p o s s i b l e  t o  r e c o g n i z e  t h e  n a t u r e  o f  t h e  
s u b s t r a t e ,  formed o f  P l e i s t o c e n e  m a r i n e  s a n d s .  O b v i o u s l y ,  t h e y  
a r e  more r e c e n t  t h a n  120,000 y e a r s  BP. I n  o t h e r  places, it 
is p o s s i b l e  t o  lower t h a n  t o d a y .  Then, t h e y  are  o l d e r  t h a n  
7,000 y e a r s  BP. 
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F i g u r e  6 .  Geologic map o f ' I l h a  d e  S a n t a  C a t a r i n a  ( s o u t h e r n  
p o r t i o n )  area ( S t a t e  o f  S a n t a  C a t a r i n a ) .  
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Figure 7. Geologic map of Imbituba/Laguna area (State of 
Santa Catarina). 
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b)  Holocene dunes f ixed by vegetation - These sands a r e  
composed of whit ish t o  yellowish coloured sands. They r e s t  
upon Pleistocene o r  Holocene marine t e r r aces ,  ancient dunes 
and ancient  lagoonal deposi ts  a s ,  fo r  example, i n  Laguna da 
Conceicão, Paulo Lopes and Garopaba do Sul  areas .  They a re  
covered by vegetation and t h e i r  migration stopped but they 
can be reac t iva ted  by an t ropic  influence.  
c )  Active dunes - They a r e  formed only of w h i t i s h  coloured 
sands and represent  t he  outermost band of eo l ian  deposi ts  
ex i s t ing  i n  t he  coas t a l  p la ins .  

3 FLUVIO-LAGOONAL DEPOSITS 

When a r i v e r  flows i n t o  a lagoon, t he  f l u v i a l  sediments form 
an intralagoonal  de l t a .  Thus, during the  pas t  thousands of 
years ,  t he  Rio Tubarä0 constructed an intralagoonal  d e l t a  
with a considerable area,  which p a r t i a l l y  f i l l e d  the  vas t  
lagoon s i tua t ed  a t  south of Laguna (S ta t e  of Santa Catar ina) .  
T h i s  d e l t a  is s t i l l  ac t ive  (Figure 8 ) .  

4 PEAT DEPOSITS 

Total  o r  p a r t i a l  desiccat ion of ancient  lagoonal a reas  a s  
a consequence of r e l a t i v e  sea- level  drop gave o r ig in  t o  
swampy lowlands favourable t o  form pea t  deposi ts .  Similar ly ,  
some badly drained lowlands gave o r ig in  t o  peat  deposi ts .  
Neither of them resu l ted  i n  thicky deposi ts  because v e r t i c a l  
movements a r e  p rac t i ca l ly  n u l l  within Holocene time sca l e  i n  
these areas .  Between Jo inv i l l e  and Itapocu, fo r  example, t he re  
a r e  extensive pea t  deposi ts  present ly  covered by f o r e s t  
(Figure 3 ) .  

EVOLUTION OF THE STATES OF PARANA AND SANTA CATARINA COASTAL 
PLAINS DURING THE QUATERNARY 

The evolut ive scheme developed f o r  t he  S t a t e  of Bahia l i t t o r a l  
zone and va l id  fo r  most of t he  eas te rn  and southeastern coas ta l  
p l a ins  of Braz i l ,  w a s  scheduled with a grea t  precis ion by 
Mar t ine t  al. (1983 and t h i s  volume). This moael i s  cons t i tu ted  

e ight  s tages:  
Sedimentation of Pliocene cont inenta l  deposi ts  (Barreiras  
Formation) ; 
Maximum of t h e  Ancient Transgression (older  than 120,000 
years B P ) ;  
Sedimentation of t he  post-Barreiras cont inental  deposi ts ;  
Maximum of the  Penultimate Transgression (about 120,000 
years  B P ) ;  
Construction of t he  Pleis tocene marine t e r r aces ;  

18 
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f) Maximum of the Holocene Transgression (about 5,100 years 
BPI i 

g) Construction of intralagoonal deltas at the mouth of the 
most important rivers; 

h) Construction of the Holocene marine terraces. 

Paraná and Santa Catarina coastal plains. 

Stage 1 - Several continental deposits, locally named 
Alexandra, Cachoeira, Canhanduva and Iquererim (Bigarella, 
19751, probably Tertiary in age, have been deposited under 
semiarid conditions (bajada environment). 

This model remains almost entirely valid for the States of 

Stage 2 - There are not dated evidences of the Ancient 
Transgression in the area. However, the remnant of an ancient 
sandy marine terrace situated in Itapema could be related to 
the Ancient Transgression, as well as the ancient marine 
gravel deposits of Matinhos (State of Paraná), whose summits 
are situated about 13 m above the present sea-level according 
to Bigarella (1975). This idea is reinforced by occurrence of 
sandy marine terraces older than 120,000 years in the State 
of Rio Grande do Sul (Villwock et al ., this volume). 

Stage 3 - Continental deposits formed after the Tertiary and 
before the 120,000 years BP. Marine terraces are not still 
known in this area. However, probably the undifferentiated 
Quaternary deposits could be, at least in part, included 
within this stage. 

Stage 4 - During the maximum of the Penultimate Transgression 
(about 8 m above the present level), the previous continental 
deposits have been partially eroded and the sea reached the 
foot of the Precambrian rock escarpments. 

Stage 5 - Extensive sandy terraces have been formed after 
the maximum of the Penultimate Transgression along the States 
of Paraná and Santa Catarina littoral zones. These deposits 
were superficially reworked by winds giving origin to huge 
eolian dune fields. 

Stage 6 - During the maximum of the Holocene Transgression, 
deeply eroded Pleistocene terraces were invaded by the sea 
with formation of many estuaries, bays and lagoons. Then, 
barrier island/lagoonal systems have been developed and 
paleoindians constructed many shell-middens at the border of 
these shallow-water bodies. 

Stage 7 - When the barrier-islands isolated the lagoons from 
the open sea, the rivers flowing into these lagoons 
constructed intralagoonal deltas. With exception of Rio 
Tubarao, which formed an intralagoonal delta filling üp, in 

I 

1 

I 

part, the lagoonal system of the Laguna area (Figure 8), there 
are not any other extensive intralagoonal deltas in this area. 

Stage 8 - The maximum of the Last Transgression was followed 
by formation of sandy marine terraces. In southern half of 
this coastal plain the sandy deposits were superficially 
reworked by winds giving rise to important eolian dune fields. 
Some of dunes became completely inactive after being fixed by 
vegetation but others are still active. 

CONCLUSIONS 

Like in the most part of the previously studied Brazilian 
littoral zones, the coastal plains of the States of Paraná 
and Santa Catarina were also formed as a consequence of 
relative sea-level changes and paleoclimatic fluctuations 
during the Quaternary. 

followed the maximum levels of the two last transgressive 
episodes (120,000 and 5,100 years BP). While the maximum 
height of the Pleistocene Transgression was similar in the 
most of the studied Brazilian littoral zones (about 8 m), 
the altitude of the relative sea-level during the Holocene 
was clearly lower in these states than in other sectors. 
The southern half of the State of Santa Catarina is 

characterized by important eolian dune fields, where it is 
possible to recognize at least three generations of dunes. 
The oldest of them were deposited between 120,000 and 7,00C1 
years EF. The second generation is constituted by dunes 
formed after 5,000 years BP, which is inactive because it is 
fixed by vegetation. These dunes are locally covered by still 
active dunes. 

Extensive sandy terraces record the regressive phases which 

ACKNOWLEDGEMENTS 

It is a pleasure to thank Fundação de Amaparo 
Estado de Sa"o Paulo (FAPESP) for financial support (Processo 
82/1818-7) during field surveys. 

Pesquisa do 

REFERENCES 

Bigarella, J.J. 1975. Topics for discussion (International 
Symposium on the Quaternary). Boletim Paranaense de Geo- 
ciencias. 33:171-276. Curitiba. ~ A 

Bigarella, J.J. & Freire, S.S. 1960. Nota sobre a ocorrencia 
de cascalheiros marinhos no litoral do Paraná. Boletim 
Universidade do Paraná, Geologia. 3:22. Curitiba. 

Bigarella, J.J. & Salamurri, R. 1961. Ocorrência de sedimentos 

20 21 



I\ 

continentais na regi20 litoranea de Santa Catarina e sua ra, Y. de A. & Flexor, J.M. 1982. Sobre a validade da utili- 
zação do termo delta para designar as planicies costeiras 
associadas 2s desembocaduras dos grandes rios brasileiros. 
XXXII Congresso Brasileiro Geologia, 2 (Breves ComunicayGes) : 
p.92. Salvador. 

Duarte, G.M. 1981. Estratigrafia e evolução do plano costeiro 
norte da Ilha de Santa Catarina. Dissertação de Mestrado, 
Universidade Federal do Rio Grande do Sul. 

Martin, L.; Bittencourt, A.C.S.P.; Flexor, J.M. & Vilas-Boas, 
G.S. 1984a. Evidencia de um tectonism0 quaternário nas costas 
do Estado da Bahia. XXXII Congresso Brasileiro Geologia, Anais 
1:19-35. Rio de Janeiro. 

Différenciation sur photographies aériennes des terrasses 
sableuses pléistoc&es et holocènes du littoral de l'état de 
Bahia (Brésil). Photo-Intérprétation, 3: fasc. 4/5. Paris. 

Primeira ocorrência de corais pleistocenicos da costa brasi- 
leira - Dataçã0 do máximo da penúltima trangressão. Ciencias 
da Terra. 1:16-17. Salvador. 

J.M. 1978. Introdução ao estudo do Quaternário do litor21 da 
Bahia, trecho Salvador-Ilhéus. Revista Brasileira Geociencias, 
9:309-320. São Paulo. 

Martin, L.; Bittencourt, A.C.S.P.; Vilas-Boas, G.S & Flexor, 
J.M. 1980. Mapa geológico do Quaternário Costeiro do Estado 
da Bahia. Governo do Estado da Bahia, SME, 2 folhas escala 
1:250.000, texto em ingles, portugues e francês, 57pp. Salva- 
dor. 

Martin, L.; Dominguez, J.M.L.; Suguio, K.; Bittencourt, A.C.S.P. 
& Flexor, J.M. 1983. Schéma de la sédimentation quaternaire 
sur la partie centrale du littoral brésilien. Cahier ORSTOM, 
Série Géologie, 13(1):59-81. Paris. 

Martin, L.; Flexor, J.M. Blitzkow, D. & Suguio, K. 1985. Geoid 
change indications along the Brazilian coast during the last 
7,000 years. Proceedings Vth 
Congress, Tahiti, 2. 

& Guimaraes, M.M.M. 1979a. Courbe de variation du niveau 
rélatif de la mer au cours de 7000 dernières années sur un 
sécteur hamog2ne du littoral brésilien (nord de Salvador). 
Proceedings 1978 International Symposium on Coastal Evolution 
in the Quaternary, 264-274. São Paulo. 

marine Quaternary geology - The ancient strandlines. 
International Symposium on the Quaternary Proceedings, Acade- 
mia Brasileira de Ciências. 47:249-262. Rio de Janeiro. 

Martin, L. & Suguio, K. 1976. fitude préliminaire du Quaternaire 
marin - Comparaison du littoral de São Paulo et Salvador, 
Brésil. Cahier ORSTOM, Série Géologie. 8:33-47. Paris. 

Martin, L.; Suguio, K. & Flexor, J.M. 197933. Le Quaternaire 

n 

Martin, L.; Bittencourt, A.C.S.P. & Vilas-Boas, G.S. 1981. 

Martin, L.; Bittencourt, A.C.S.P. & Vilas-Boas, G.S. 1982. 

Martin, L.; Bittencourt, A.C.S.P.; Vilas-Boas, G.S.  & Flexor, 

h 

International Coral Reef 

Martin, L.; Flexor, J.M.; Vilas-Boas, G.S.; Bittencourt, A.C.S.P 

Martin, L. & Suguio, K. 1975. The State of Sgo Paulo coastal 

s ignif icaçzo paleoclimática. Boletim Paranaense Geograf ia, 
4/5:179-187. Curitiba. 

Bigarella, J.J.; Marques Filho, P.L. & Ab'Saber, A.N. 1961. 
Ocorrência de sedimentos remanescentes nas fraldas da Serra 
do Iquererim (Garuva, SC). Boletim Paranaense Geografia, 
4/5:82-93. Curitiba. 

Ocorrgncia de depósitos sedimentares continentais no litoral 
do Estado do Paraná (Formação Alexandra). Instituto Biologia 
e Pesquisas Tecnológicas, Notas Preliminares e Estudos. 
1:7. Curitiba. 

Bittencourt, A.C.S.P.; Dominguez, J.M.L.; Martin, L. & Ferrei- 
ra, Y. de A. 1982a. Evolução do "delta" do Rio São Francisco 
(SE/AL) durante o Quaterngrio - Influêcia das variações do 
nível do mar. Atas IV SimpÓsio do Quaternário no Brasil, 
p.49-68. Rio de Janeiro. 

Bittencourt, A.C.S.P.; Martin, L.; Dominguez, J.M.L. &i Ferrei- 
ra, Y. de A. 198235. O Quaternário Costeiro do Estado de Ser- 
gipe. XXXII Congresso Brasileiro Geologia, Boletim 2 (Breves 
Comunicações), p.92. Salvador. 

Bittencourt, A.C.S.P.; Martin, L.; Vilas-Boas, S. & Flexor, J. 
M. 1979a: Quaternary marine formations of the coast of the 
State of Bahia, Brazil. Proceedings 1978 International 
Symposium on Coastal Evolution in the Quaternary, 232-253. 

Bigarella, J.J.; Salamuni, R. & Marques Filho, P.L. 1959. 

são Paulo. 

L. 1979b. Geologia dos depósitos quaternários do litoral 
do Estado da Bahia. Textos Básicos, 1:l-21. Salvador. 

Dominguez, J.M.L. 1983. Evo1ução quaternária da planície 
costeira associada h foz do Rio Jequitinhonha (BA) - Influgn- 
cia das variações do nível do mar e da deriva litorgnea de 
sedimentos. Dissertaçâ0 de Mestrado, Instituto de Geociên- 
cias, Universidade Federal da Bahia, 73pp. Salvador. 

Dominguez, J.M.L.; Bittencourt, A.C.S.P. & Martin, L. 1981a. 
Esquema evolutivo da sedimentação quaternária nas feições 
deltaicas dos rios São Francisco (SE/AL) , Jequitinhonha (BA) , 
Doce (ES) e Paraíba do Sul (RJ)! Revista Brasileira de Geo- 
ciencias. 11:227-237. Sao Paulo. 

O papel da deriva litorânea de sedimentos arenosos na cons- 
trução das planicies costeiras associadas a desembocaduras 
dos rios São Francisco (SE/AL), Jequitinhonha (BA), Doce (ES) 
e Paraiba do Sul (RJ) . Revista Brasileira Geoci&cias, 
13:98-105. São Paulo. 

Dominguez, J.M.L.; Martin, L. & Bittencourt, A.C.S.P. 1981b. 
EvoluFão Paleogeográfica do delta do Rio Jequitinhonha du- 
rante o Quaternário - Influência das variações do nível do 
mar. IV SimpÓsio Quaternário no Brasil, Atas, 69-82. Rio de 
Janeiro. 

Dominguez, J.M.L.; Martin, L.; Bittencourt, A.C.S.P.; Ferrei- 

Bittencourt, A.C.S.P.; Vilas-Boas, G.S.; Flexor, J.M. & Martin, 

n 

Dominguez, J.M.L.; Bittencourt, A.C.S.P. & Martin, L. 1985. 

I 

I 

l 

I 

22 

.. 
23 



marin du littoral brésilien entre Cananéia (SP) et Barra de 
Guaratiba (RJ). Proceedings 1978 International Symposium on 
Coastal Evolution in the Quaternary, p.296-331. São Paulo. 

Martin, L.; Suguio, K. & Flexor, J.M. 1986. Relative sea-level 
reconstruction during the last 7,000 years along the States 
of Paraná and Santa Catarina coastal plains - Additional 
information derived from shell-middens. This volume. 

Martin, 1.; Suguio, K . ;  Flexor, J.M.; Bittencourt, A.C.S.P. 
& Vilas-Boas, G.S. 1980. Le Quatérnaire marin brésilien 
(littoral pauliste, sud-fluminense et bahianais). Cahier 
ORSTOM, Série Géologie. 9(1):95-124. Paris. 

Azevedo, A.E.G. 1984b. EvoluFão da planície costeira do Rio 
Paraíba do Sul (RJ) durante o Quaternário - InfluGncia das 
variações do nível do mar. XXXIII Congresso Brasileiro Geolo- 
gia, Anais 1:84-97. Rio de Janeiro. 

Rodrigues, S. de A.; Suguio, K. & Shimizu, G.Y. 1984. Ecologia 
e paleoecologia de Callichirus major SAY (1818) (Crustacea, 
Decapoda, Thalassinidea). Anais Sem. Reg. Ecol. 4:499-519. 
sä0 Carlos (SPI. 

Suguio, K .  & Martin, L. 1976a. Brazilian coastline Quaternary 
formations - The States of São Paulo and Bahia littoral zone 
evolutive shemes. International Symposium on Continental 
Margins of Atlantic Type, Anais Academia Brasileira de Ci2n- 
cias. 48:325-334. Rio de Janeiro. 

Callianassa nas formações quaternárias do litoral paulista 
e sua utilização na reconstrução paleoambiental. Boletim IG, 
Instituto de Geociencias, USP. 7:17-26. São Paulo. 

Suguio, K .  & Martin, L. 1978a. Quaternary marine formations of 
the State of São Paulo and southern Rio de Janeiro. 
Proceedings 1978 International Symposium on Coastal Evolution 
in the Quaternary Special Publication 1, 55pp. Sa"o Paulo. 

cies sedimentares quaternárias do litoral do Estado de Sa"o 
Paulo. XXIX Congresso Brasileiro Geologia, Anais 1:295-305. 
Ouro Preto. 

Quaternary sea-level changes and coastal evolution in Brazil. 
Symposium on Holocene Sea Level Fluctuations: Magnitude and 
Causes. Department of Geology, University of South California, 
p.166-181. Columbia. 

level fluctuations for delta construction along the Brazilian 
coast. Geo-Marine Letters. 1(3/4):181-185. 

"delta" do Rio Doce (ES) durante o Quaternário - Influência 
das varia$es do nível do mar. IV SimpÓsio Quaternário no 
Brasil, Atas: p.93-116. Rio de Janeiro. 

P. 1984a. Quaternary emergent and submergent coasts - 

Martin, L.; Suguio, K . ;  Flexor, J.M.; Dominguez, J.M.L. & 

Suguio, K .  & Martin, L. 197633. Presença de tubos fósseis de 

A 

Suguio, K .  & Martin, L. 1978b. Mecanismos de gênese das planí- 

Suguio, K.  & Martin, L. 1982a. Progress in research on 

Suguio, K.  & Martin, L. 1982b. Significance OB Quaternary sea- 

Suguio, K . ;  Martin, L. & Dominguez, J.M.L. 1982. Evoluçgo do 

Suguio, K . ;  Martin, L.; Dominguez; J.M.L. & Bittencourt, A.C.S. 

.- 

Comparison of the Holocene sedimentation in Brazil and south- 
eastern United States. Anais Academia Brasileira Cigncias. 
56(2):163-167. Rio de Janeiro. 

fluctuatiocs during the past 6,000 years along the coast of 
State of Sao Paulo. In: N.A. M6rner (ed.) Earth rheology, 
isostasy and eustasy, p.471-486. John Wiley & Sons. 

Suguio, K . ;  Rodrigues, S .  de A.; Tessler, M.G. & Lambooy, E.E. 
1984b. Tubos de ophiomorphas e outras feições de bioturbação 
na Formação Cananéia, Pleistoceno da planície costeira de 
Cananéia-Iguape, SP. In: L.D. Lacerda et al. (org,) Restin- 
gas: origem, estrutura, processos: p.111-112. Niterói (RJ). 

Horn Filho, N.O.; Bachi, F.A. & Dehnhardt, B.A. 1986. Geology 
of Rio Grande do Sul coastal province. This volume. 

Suguio, K . ;  Martin, L. & Flexor, J.M. 1980. Sea-level 

Villwock, J.A.; Tomazelli, L.J.; Loss, E.L.; Denhardt, E.A.; 

.. . . -  . 
L" i 

24 
_ -  

25 


