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ABSTRACT 

After the deposition of the sediments of the Barrw 'as 
Formation under a semi-arid climate, in an epoch during which 
the sea level was lower than today's, the climate changed to 
humid. It is probable that this change marked the end, in a 
strict sense, of the deposition of those m t s .  A transgression 
occurred which eroded a part of the Barreiras Formation. The 
limit reached by the sea is marked in some places by a line of 
old coastal cliffs. After this transgressive event the climate 
became drier while sandy braided river deposits formed at the 
base of these cliffs. The climate became humid again duxing the 
penultimate transgression (120,000 years B.P.), while the sea 
eroded part or locally all of these continental deposits, In 
the last phase of this transgression, terraces 6 to 8 m higher 
than today's mean sea level were formed. From this time on,the 
region south of Salvador no longer suffered climatic variations 
of the types mentioned above, as is demonstrated by the 
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prese rva t ion  of  t h e  crests of beach r i d g e s  b u i l t  up dur ing  t h e  

t e rmina l  phase of t h e  penul t imate  t r ansg res s ion .  On t h e  o t h e r  
h a m ,  no r th  o f  Salvador  t h e  c l imate  would have been d r y e r  ( l i k e  
it is  today)  s i n c e  t h e  sand depos i t s ,  bo th  c o n t i n e n t a l  and 
marine,  have been s l i g h t l y  reworked by t h e  wind. 

Between 120,000 and 7 ,000  yea r s  B.P., t h e  sea l e v e l  
remained below today ' s  mean l e v e l .  L a t e r  it o s c i l l a t e d  above 
and below it. I f ,  i n  f a c t ,  the climate d i d  no t  vary appreciably 
a f t e r  120,000 yea r s  B.P . ,  it i s  probable  t h a t  smal l  oscillations 
occurred .  For in s t ance ,  t h e  formation of t h e  dunes n o r t h  of 

Salvador  and t h e  depos i t i on  of sandy sediments  (with the age of 
13,000 yea r s  B.P.) i n  t h e  s m a l l  v a l l e y s  imply a c l ima te  slightly 
d r i e r  t han  today ' s .  

INTRODUCTION 

The a rea  covered by t h i s  paper  extends from the  

l o c a l i t y  c a l l e d  Conde south  t o  I lheus ,  inc luding  approximately 
the  reg ion  between t h e  1 2 O  and 15O p a r a l l e l s  of south  l a t i t u d e  
a long  t h e  coast of Bahia (Fig. 1). 

From t h e  climatic p o i n t  of view, it i s  p o s s i b l e  t o  
c h a r a c t e r i z e  t h i s  p a r t  of t h e  c o a s t  i n  t e r m s  of t h e  va lues  of 
temperature  and humidity necessary f o r  t h e  ex i s t ence  of  t h e  
cocoa c u l t u r e e x i s t i n g  the re .  So, accord ing  t o  the d a t a  of 
t h e  Sec re t a ry  of Planning,  Science and Technology of t h e  State 
of Bahia (BAHIA. SEPLANTEC, 1 9 7 7 b t h e r e  i s  a climatic f r o n t i e r  
s i t u a t e d  south  of Todos os Santos  Bay, s epa ra t ing  a t  t h e  coas t  
two regions:  t he  southern  reg ion  wi th  a water  d e f i c i t  below 
50 nun, favourable  t o  t h e  cocoa c u l t u r e ,  and t h e  nor thern  region 
tYith a w a t e r  d e f i c i t  above t o  50 mm unfavourable t o  t h e  cocoa 
c u l t u r e  (F ig .  2 ) .  A t  t h e  p re sen t  t i m e ,  wi th  t h e  except ion of 
some small l i t t o r a l  dunes a c t i v e  today,  a l l  t h i s n o r t h e r n  coast 
i s  covered by a vege ta t ion  s u f f i c i e n t l y  w e l l  developed t o  avoid 
a t r a n s p o r t a t i o n  by the  wind of t h e  numerous sand depos i t s  
e x i s t i n g  t h e r e .  The p resen t  r e - t r anspor t a t ion  of t h e  sands of 
some d e p o s i t s  i s  n o t  t h e  consequence of a c l i m a t i c  v a r i a t i o n ,  
b u t  it i s  a r e s u l t  o f  t h e  an thropic  a c t i o n  r e s u l t i n g  from 

d e s t r u c t i o n  of  vege ta t ion .  As w i l l  be shown la te r  i n  t h i s  
work, climatic d i f f e r e n c e s  between these  two zones have also 
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1 UNDIFFERENTIATED QUATERNARY 

- FAULT 

@ ITAPARICA ISLAND 

@ SALIN& DA MARGARIDA 

Figure 1 - Geological map of t h e  coast of the S t a t e  of Bahia 
between Conde and Ilhéus 
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,-wo: CURVES OF E O U U  WATER DEFICIT 

@ CONCIE 

@ ILHÉUS 

@ ITACIYIRIY 

@ ITAPARICA ISLAND 

@ SALVADOR 

@ TODOL oa "nos BAY 

Figure 2 - Characterization of the climatic regions as a function 
of favourability to cocoa culture 
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o c c u r r e d i n  o the r  periods of t he  Quaternary h i s to ry .  

The Quaternary w a s  a geological period marked by 
g r e a t  v a r i a t i o n s  of c l imate  and ocean l e v e l .  These phenomena 
fcund expression i n  the  formation of sedimentary depositswhich 
occur along t h e  coas t  of t he  S t a t e  of Bahia (TRICART & CARDOSO 

DA SILVA,  1968; MARTIN e t  a l . ,  1978a; BITTENCOURT e t  aZ.,1978) 
The ob jec t ive  of t h i s  paper i s  t o  endeavour t o  recons t ruc t  the  
h i s to ry  of t h e  Quaternary events i n  the  northern ha l f  of the  
Bahian coas t  from the  po in t  of view of i t s  paleogeographic and 
pa leoc l imat ic  evolu t ion ,  s t a r t i n g  from the  c h a r a c t e r i s t i c s  of 
t he  aforementioned depos i t s .  

EVIDENCE L E F T  BY THE GREAT TRANSGRESSIVE EVENTS 

Along the  coas t  of t he  S t a t e  of Bahia, the  most 
anc ien t  t r ansg res s ive  episode, a t  the  maximum of which the  
r e l a t i v e  l e v e l  of t he  sea  was supe'rior t o  the  present  mean 
l e v e l ,  eroded during i t s  course t h e  ex te rna l  f r o n t a l  p a r t  of 
t he  Te r t i a ry  sediments of t h e  Barre i ras  Formation. The l i m i t  , 
achieved by t h e  sea  a t  i t s  maximum height  is represented by 
coas t a l  c l i f f s  carved i n  t h e  Barre i ras  d e t r i t i c  sediments. 
Af te r  t h i s  event ,  a second t ransgress ion  with maximum l e v e l  
super ior  t o  t h e  present  mean sea  l e v e l ,  here  denominated as 
the  penultimate t ransgress ion ,  l e f t  sand t e r r a c e s ,  the  tops 
of which are s i t u a t e d  from 6 t o  8 m above the  present  mean sea  
l e v e l  CMARTIN et a l . ,  1978al. 1 4 C  dat ings  of wooden remnants 
found i n  c l ay  i n t e r c a l a t i o n s  i n  these  depos i t s  show t h a t  t he  
t r ansg res s ive  episode i s  o lde r  than 35 ,000  years  B.P. It i s  
probable t h a t  it might have occurred around 120,000 years  B.P. 

From I t a p a r i c a  I s l and  south,  the  su r face  of t h e  sand 
t e r r a c e s  l e f t  by the  penultimate t ransgress ion  i s  marked by 
the  presence of wel l  defined beach qidges. This f a c t  i nd ica t e s  
t h a t  t he  reg ion  t o  the  south of I t a p a r i c a  I s l and  (Fig. 1) d id  
not  s u f f e r  r a d i c a l  c l ima t i c  va r i a t ions  t h a t  might have caused 
the  disappearance or a t  least  an important decrease i n  t h e  
vege ta t ion .  I n  e f f e c t ,  such a v a r i a t i o n  would have stimulated 
a reworking of  t he  upper p a r t  of t h e  sand t e r r a c e s  by t h e  wind 
with t h e  consequent disappearance of t h e  beach r idges .  On t h e  
cont ra ry ,  i n  t h e  region t o  t h e  nor th  of Salvador such r idges  
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are n o t  found, dunes e x i s t i n g  i n s t e a d  of  them.This demonstrates 
t h a t  no r th  o f  Salvador,  a f t e r  t h e  pehul t imate  t r ansg res s ion ,  
t h e  climate w a s  d r i e r  than t o  t h e  south .  A t  the p r e s e n t  t i m e  
t h e  dunes are f i x e d  by t h e  vege ta t ion ,  i n d i c a t i n g  t h a t  a t  t h e  
moment of  t h e i r  formation t h e  climate w a s  d r i e r  t han  it i s  a t  
p re sen t .  Th i s  c l imat ic  v a r i a t i o n  no r th  of  Sa lvador  occasioned 
a cons ide rab ly  impor tan t  decrease  i n  t h e  vege ta t ion  t o  t h e  
p o i n t  which permi t ted  sand mob i l i za t ion  by t h e  wind, r e s u l t i n g  
i n  t h e  d isappearance  o f  t h e  beach r idges .  

F i n a l l y ,  t h e  most r e c e n t  evidence i s  related t o  t h e  
l a s t  g r e a t  t r a n s g r e s s i v e  ep isode ,  i n  t h e  Holocene, represented  
by marine sand  t e r r a c e s  and lagoon d e p o s i t s ,  coral r e e f s ,  a l g a l  
and V e ~ m c P < d a c  i n c r u s t a t i o n .  The l a t t e r  p a r t  of this t r a n s ~ s j o n  

i s  w e l l  known from numerous 1 4 C  d a t i n g s  (MARTIN e t  nZ.,  197823). 
The p resen t  zero  l e v e l  was c u t  f o r  t h e  f i r s t  t i m e  around 7,000 
yea r s  B.P. Afterwards,  t h e  r e l a t i v e  sea l e v e l  passed through 
maxima n o t  exceeding 5.0 m above t h e  p r e s e n t  mean sea l e v e l  
around 5,200, 3,500 and 2 , 4 0 0  yea r s  B.P. and through minima 
around 3,800 and 2,700 yea r s  B.P. 

CONTINENTAL DEPOS ITS 

Northeas t  from Salvador,  i n  t h e  I t a c i m i r i m  reg ion  [Fig. 
l), a t  t h e  f o o t  of  t h e  coastal c l i f f s  carved f n  t h e  Barreiras 
sediments,  sand d e p o s i t s  con ta in ing  g rave l  a r e  found, t h e  tops  
of which a r e  s i t u a t e d  betwen 15 and 20 m above sea level. The 
c o n t i n e n t a l  sands w e r e  i n  p a r t  eroded dur ing  t h e  penultimate 
t r ansg res s ion ,  t h e  marine terraces formed a t  t h a t  t i m e  being 
supported d i r e c t l y  a g a i n s t  t h e i r  e x t e r n a l  f r o n t a l  p a r t .  These 
c o n t i n e n t a l  d e p o s i t s  appeared between t h e  penul t imate  and 
an tepenul t imate  t r ansg res s ions .  On t h e  borders  of t h e  Todos os 
Santos Bay, i n  t h e  reg ion  o f  S a l i n a s  da Margarida and Saubara 
(F ig .  l), t h e r e  are impor tan t  sand d e p o s i t s  conta in ing  grave ls  
and having c o n t i n e n t a l  c h a r a c t e r i s t i c s ,  t h e s e  d e p o s i t s  being 
s i t u a t e d  a t  t h e  base  of  t h e  eroded Cretaceous sediments. 
Information i s  n o t  a v a i l a b l e  f o r  t h e  d a t i n g  of  t h e s e  depos i t s :  
however, it i s  probable t h a t  they  are contemporary with those 
n o r t h e a s t  of Salvador.  Taking i n t o  account t h e i r  ex ten t ,  

c h a r a c t e r i s t i c s  and p o s i t i o n  a t  t h e  base of sedinentaxy foxn?ations 
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r i c h  i n  sand,  MARTIN e t  aZ., 1978a, cons ider  t h a t  thesematerials 
probably w e r e  depos i t ed  i n  t h e  form of  bra ided  r i v e r  depos i t s ,  
whjch impl i e s  f o r  t h e i r  formation c l i m a t i c  condi t ions  t o t a l l y  
d i f f e r e n t  from t h e  p r e s e n t  ones: climate of t h e  semi-ar id  type  
wi th  r a r e  and v i o l e n t  r a i n f a l l s .  

I n  t h e  c o a s t a l  r eg ion  of Salvador  t h e r e  a r e  o t h e r  
types  of c o n t i n e n t a l  sediments which, un l ike  t h e  previous ones,  
were depos i ted  af ter  t h e  penul t imate  t r ansg res s ion .  There are 
f l u v i a l  d e p o s i t s  of s m a l l  e x t e n t  which a r e  found i n  the s m a l l  
v a l l e y s  carved i n  t h e  Precambrian basement rocks.  There are 
sands of va r i ed  g r a i n  s i z e ,  t h e  g r a i n s  being very angular ,  
i n d i c a t i n g  d e p o s i t i o n a l  Condi t ions d i f f e r e n t  from t h e  p r e s e n t  
ones. I n  e f f e c t ,  t h e  p re sen t  s m a l l  w a t e r  courses  t r a n s p o r t  

only f i n e  p a r t i c l e s ,  and do n o t  have s u f f i c i e n t  competency t o  
t r a n s p o r t  sand. This  v a r i a t i o n  i n  energy should correspond t o  
a per iod  of  lower base  l e v e l  and t o  a climate s l i g h t l y  d r i e r  
than  t h e  p r e s e n t  one. Meanwhile, t h i s  per iod  of drier climate 
d i d  not  achieve t h e  i n t e n s i t y  of t h e  prev ious ,  above-mentioned 
one, s i n c e  t h e  major p a r t  of t h e  a l t e r a t i o n  mantle t h a t  e x i s t e d  
above t h e  c r y s t a l l i n e  rocks remained i n  s i t u .  I n  a smal l  valley 
next  t o  I tapoan  (F ig .  l), s i t u a t e d  s l i g h t l y  above t h e  

c r y s t a l l i n e  basement and covered by 2 t o  3 m of sand,  s t e m s  of 
trees w e r e  found which da ted  from 1 3 , 4 0 0  f 1 2 5  years  B.P. (Bah. 
535) .  I n  t h a t  epoch t h e  s e a  l e v e l  was e f f e c t i v e l y  below t h e  
p re sen t  l e v e l ,  t h e  c l ima te  being d r i e r .  

GENERAL ASPECTS OF PALEOGEOGRAPHIC AND PALEOCLIMATIC EVOLUTION 
AFTER THE TERTIARY 

Before t h e  depos i t i on  of t h e  Bar re i r a s  Formation, t h e  
per iod ,  c l imate  must have been h o t  and humid dur ing  a long 

pe rmi t t i ng  the  formation of  a very th i ck  a l t e r a t i o n  mantle. 

Subsequently, t h e  climate became d r i e r  (semi-ar id  type  wi th  
rare and v i o l e n t  r a i n f a l l s ) ,  reducing the  vege ta l  cover  and 
g iv ing  p l ace  t o  t h e  e ros ion  of t h e  a l t e r a t i o n  mantle. The 
products  of t h i s  e ros ion  w e r e  depos i ted  a t  the  f o o t  t h e  

s lopes  i n  t h e  form of  bra ided  r i v e r  depos i t s  of g r e a t  ex tens ion  
( K I N G ,  1 9 5 6 ;  BIGARELLA & NB'SABER, 1964 ;  MABESOONE e t  aZ.,1972). 
During t h i s  pe r iod  t h e  sea l e v e l  must have been lower than  t h e  

of 

260 



presen t  one, t he  sediments of t he  Bar re i r a s  Formation having 
covered a p a r t  of t h e  con t inen ta l  she l f  (BIGARELLA & ANDRADE, 

1 9 6 4 ) .  

The end of the  Bar re i r a s  depos i t ion  was marked by the  
r e tu rn  t o  a hot  and humid climate when a t r ansg res s ive  episode 
was i n i t i a t e d  which eroded the  ex te rna l  f r o n t a l  p a r t  of t h a t  
formation. The maximum l i m i t  reached by the  sea  during t h i s  
episode is  r eg i s t e red  i n  some l o c a l i t i e s  by a l i n e  of coas t a l  
c l i f f s .  Af te r  t h i s  t ransgress ion  the  c l imate  again became 
semi-arid which gave rise t o  t h e  formation of new cont inehta l  
braided r i v e r  depos i t s  a t  t he  base of t h e  s lopes  i n  condi t ions 
q u i t e  s i m i l a r  t o  those e x i s t i n g  during the  depos i t ion  of the  
Bar re i r a s  Formation. However, as  these  depos i t s  a r e  much less 
developed than those of Bar re i ras ,  it i s  poss ib l e  t h a t  the  
dry per iod  during which they w e r e  deposi ted might have been 
much s h o r t e r .  During t h e i r  depos i t ion  t h e  s e a  l eve l  must have 
been lower than the  present  one, which appears t o  be confirmed 
by the  ex is tence  of a f a c i e s  of relict sediments with wntinental 
c h a r a c t e r i s t i c s  a t  the  bottom of the  Todos os Santos Bay between 
I t a p a r i c a  I s l and  and the  cont inent  (BITTENCOURT et aZ.,1976). 

During t h e  epoch of t h e  maximum of t h e  penultimate 
t r ansg res s ion  the  cl imate  must have been q u i t e  s imi l a r  t o  the  
p re sen t  c l imate .  Af te r ,  t h a t ,  t he re  w e r e  no more extreme 
c l ima t i c  v a r i a t i o n s  such a s  those mentioned e a r l i e r .  In e f f e c t ,  
south from Salvador, the  beach r idges  l e f t  by the  penultimate 
t - ransgression were preserved by vegeta l  cover. However, i f  the  
c l imate  a f t e r  1 2 0 , 0 0 0  years  B.P. did  not  s u f f e r  g rea t  variaticms, 
it i s  poss ib le  t h a t  north from Salvador t h e r e  might have 
occurred small  o s c i l l a t i o n s  a s  ind ica ted  by the exis tence of 
dunes and coarse sediments i n  the  va l l eys  where today there  a re  
water courses  which t r anspor t  onlv f i n e  p a r t i c l e s .  From 120,000 

t o  7 , 0 0 0  years  B . P . ,  t he  r e l a t i v e  mean s e a  l e v e l  remained lower 
than the  present  mean l eve l .  Around 1 5 , 0 0 0  years  B . P . ,  it must 
have been approximately 1 1 0  m below the  present  mean l eve l  
(MILLIMAN & EMERY, 1968; MARTIN, 1 9 7 2 ) .  From 7 , 0 0 0  years  B.P. 
on, t he  r e l a t i v e  mean sea  l e v e l  o s c i l l a t e d  around the  present  
one. 
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CONCLUSION 

After the deposition of the Barreiras Formation 
sediments under a semi-arid climate in an epoch of low sea 
level, the climate became humid. This return to a humid 
climate marked the end of the deposition of the Barreiras 
sediments. Following this epoch, evidence was left of three 
transgressive episodes, the last two of which are well defined 
Between the two oldest transgressions the climate changed to 
semi-arid, resulting in the formation of braided river deposits 
During the maximum of the penultimate transgression the climate 
became humid. Between the two last transgressions the climate 
did not suffer radical variations in this part of the Brazilian 
Coast, but only small oscillations. 
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