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ABSTRACT

Man y r adi oca r bon agea have a l lowed ua to reconstr uct s ea - l evel change s during t he pas t 7000
years a long 200 0 Ian of the Brazil ian cos s t l In e , Fr om these data, i t has been possible t o define
sea- level f l uc t uati on c ur ve s for d ifferent sectors. Desp ite these curves being very s imil ar i n shape,
it is pos a ible to obse rve SOlIE differ ences in amplitude which canno t be fortu itous.

The ge o id map of Braz il shows t hat the co.st l i ne o f t he St a t e of Bahia , approximately in t he
N-S direction , is parallel to the isobues of the geoidal he ight. In t his case , shifts be tve en
different sea- level c urv e s a re not obse rved : f or i ns t ance the 510 0 year s B.P. maximum i. everywhe re
s ituated 5.em above the present l eve l. Otherwise, t he coast l ine of the States of Sao Paulo and Parsna,
i n t he NE-SW d irect ion , intercept. the isobase. of the geoidal height. In this case , the sea-l ev e l
cu rve s are cl e ar l y shifted : for i ns t anc e the 5100 years B.P. ma x tmun v ar Le s bet"'i!en 4.5 and 2 . 5m above
the present l eve l .

The possibi lity of neotectonic movement s being e lim ina ted , it clln be ded uced t hat t hese sh if ts
could have heen caused by a deformation of the presen t geo id sur f ace .

USuttE

De nombreuses reconst r uctions d 'anc ienne. pos itions du niveau moyen de l a mer , a u cour s des
7000 de r nf er e s annee s ont pu etre effec tuees "s ur p l us de 2000 km du li ttora l br e e t l I en , A partir de ces
donnee. , p lusieuro courbes de variation du nivesu re lat if de l a mer ont pu etre co notru i t e s . Ce l lea-ei
presentent des fo rmes t r es semblables ma is 11 es t t out a fo i s possi bl e de note r des differences
d'amp l itude qui ne semblent pa s e tre f ortuites.

Un examen de l a carte geolda le du Bres il mon t r e que Ie lit toral de l ' Et a t de Bahia , de
direction approximat ivement N-S, est para l le le sux l i gnes d'ega l e e l e va tion georda le. Dans ce ca s , on
ne note pas de dec e l ege entre les cou rhes : par exemple , l e maximum de 5100 ans B.P. s e s i t u e partout
app roximativement 8 5 , 0 m su-dessus du n i veau actue l. Par contre , Ie li t t o r a l des Etats de Sao Pa u l o et
du Parana , de direct ion NE-SW, recoupe les lignes d 'egs le e l evation gea rd a l e . Dans ce cas , l es courhes
presentent des decslages neta par exemple I e ma x i mum de 5100 ana B.P. se s itue se lon l es endroits
entre 4,5 et 2,5 m au-dessus du nive au actuel.

L'eventual1te de mouvements tectoniquea d if ferentie l s et ent ec ar t ee , on en ded uit qu e Ceo

decalages au raient pu etre provoques psr une deformat i on du reli ef geolda l ac t ue l.
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The relative sea l ev el fl uc t uations dur i ng the
Qua t er na ry, along more than 2,000 km of t he Braz i ­
lian coast, are rather well known (Martin e t al . ,
1980 ) . Sever a l records i nd icating two periods of
sea level higher than t oday have been obaerved.
The ol dea t r ecor ds are constituted by extensive
sandy terraces frequently with s uper i mposed trace s
of ancient beach ridges . During its max i mum tran s­
gression ,dated at about 120,000 years B.P., accord­
ing to coral remains sampled a long the coas t of
the State of Bahia (Ma rtin e t a l . ,1982 ), s ea l eve l
was s i t ua t ed about 8~2m above the present l evel. U~

fo rtuna t e l y, there are no samples to date t his
event i n other sectors of the li ttora l,hen ce a pr~

c ise reconstruction, in space and t i me" of old sea
l eve l s is not possible.On the other hand , numerous
radiocarbon ages have allowed us to recons t ruc t
the posi t i ons of ancient sea levels during the past
7, 000 ye ars . For th i s period, i t has been possible
t o obtain partially or fully delineated cu r ves l or
differents sectors of the coast (F i g. l ).

Relative sea level fluctuat i ons are r elated
to t rue variations of sea level (eustasy) as well
as to modification of t he earth' s crus t (tectoni sm
and i sostasy) . The ocean-water- volume changes (gl a­
c ial-eusta sy ) and the ocean-bas i n- vol ume changes
(tec t ono-e us tasy ) are worldwi de phenomena. Changes
of the surface of t he geoid (geoida l - eustasy) and
crustal movements ha ve only regional or l oca l i n­
fluenc e . Thus, shifts i n positions of co ntempo­
raneous ancient relati ve s ea levels can be i nt er­
pr eted as a cons eq uence of geoid change or vertical
displ acemen t s of the earth's crust. If tec t onism
can be e liminated as a major cauee of these shifts
they mus t be produced by geoid change (Morner, 1976 ).

Mean s ea level correspond to the gravi t yequi ­
potent i al s urf ac e or geoid. Ve r y i mportant i r re­
gu lari ties on thi s surface ha ve been fo und since
t he appl icati on of satellites i n geodetic measur­
ements . The di f f er e nce be t ween t he true geoid sur­
face and thst of a r egu l ar ellipsoid, corresponding
to homogeneo us earth , can be as great as 80m. Ob­
viously, geoid surface changes could be produced
as a consequence of modifications i n mass dis­
tribution in the ea r t h ' s i nt er i or , variat i ons in
the earth 's orbit, e tc . . . Around the cont inent s,
this phenomenon will produce transgress i ons and
regress ion s .

RELATIVE SEA LEVEL FLUCTUATIORS DUK IRG
THE LAST 7.000 TEAKS FOR SEVERAL SECTORS

OF THE BRAZILl.. COAST

A valid relative sea leve l f l uctuation cur ve
can be obtained only by using the information
whi ch come from a homogeneous sector where the l o­
cal phenomena are essentially uniform and equal.
Very frequen tly,we are faced fo llOWing di lema: (a)
to cons t r uct a curve based on a great number of
da t a , i n whi ch case,however,we need to use inform­
ati on f rom a r e l a t i ve l y l ong portion of coast
where t he local fac tors could not be t he same i n
al l t he sector ; (b)to consider a very short portion

of coas t, al though in this case the amount
f orma tion i s frequently i ns uf f ici ent for
very accura t e and compl e t e curves.

In this pap er, we consider short sectors of t he
coast with homogeneous character isti c s.Thus, it has
been possible to obt ain partially or f ully de ­
l i neated curves (Fig . 2).
(a) Sector N of Sa lvador (Bahia ) .

In t hi s 50 km- l ong sector, i t was possible to
obtain about 60 pos itions of ancient relative sea
levels distribut ed more-or-less regularly during
the pas t 7,000 years . An accurate cur ve was de li­
neated.
( b ) Sector Itacare- I l he us (Bah ia ).

I n this 60 km-long sector,positions of an cient
sea leve l s ha ve bee n insuff icient t o delineate
a whole curve . The portion outlined however , bears
a str ong res emblance wi t h the Salvador cur ve .
(c ) Sector Caravelas-Nova Vi~osa (Bahi a ) .

In this 30 km~long s ec t or , i t was possible to
measur e 11 anc ient sea l eve l positions, However; 7
of them are s i t ua t ed betwee n 7,000 and 5 ,700 years
B.P .,allowing us to de lineate a good c ur ve fo r
this pe r iod . Al l data agree with the Sa l vador cu rve.
(d ) Sector of Angra dos Reis (Ri o de J an e i ro ) .

Thi s sec tor is 70 km-long. I t was poss ible t o
mea s ur e 17 an c ient s ea l evel positions, whi ch were
i ns uf fi ci ent to delineated a complete cur ve . How­
ever, t he portion of the curve between 2 , 500 yea r s
B.P. and t oday was well characterized. The existence
of two maxima has been recognized: one sl i ght l y
a bove 3 . 0m between 3 ,600 and 3 ,450 yea r s B.P . an d
one another near 4 ,8m about 5, 200 years B.P .
( e ) Sector of San tos (Sao Paulo).

This sector is approx imately 60 km long and 30
ancient sea level positi ons have a l l owed us to
del ineated a complete curve.
( f) Sec t or I guape-Cananeia (Sao Paulo ).

This sector i s about 100 km-Iong and i s es ­
pec ially charac t e r i zed by numerous ages from she~

midden s ,which fu r ni shed additional informa tions
a bout t he evolution of ancient shorel i nes an d re­
l a tive sea l evel s (Martin et a l .,1985). We also
hav e data on t he 6l 3C(PDB) vari a t i ons i n calcium
carbona te sh el ls as a f unc t i on of t i me and whic h
are indicative of change in lagoonal extension re­
lated to r e l a tive sea level . We measured 11 ancient
sea level posi t ions wi th accuracy , 7 of them are
situated between 6 ,650 and 5,300 years B.P ., t hus
allowing us t o de l i nea te th is part of curve very
wel l.
(g) Sec tor of Paranagua (Parana) .

Thi s s ector i s about 5Okm-l ong ,and few an cient
Sea l evel posi t i ons heve been meas ured . However,
these data were suffi c ient to elucidate the ge­
neral t rend of variat i ons i n r elative s ea level .In
the Paranagua Bay, the top of t he external port ion
of the Ple istocene marine terrace i s s itua ted 2. 5m
above t he present high -tide leve l . It has no t been
SUbmerged during the Holocene,s ince t he surface of
this t errace i s still covered by traces of Ple ist£
cene bea ch r i dges . Consequently , the he ight of the
ancient relati ve sea level duri ng the 5, 150 year s
B.P.maximum could not hav e been greater than 2 . 5m
above pr es ent s ea l evel.Here also,as i n t he Cana-
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neia r egion , ages of s hell- middens furnished i n­
f ormation •
(h ) Sector I t a j a i - Laguna (Santa Catarina ) .

Although numerous samp l es are present l y being
da ted , we ha ve a small amount of i nformation re­
garding relati ve sea level fluctuations along the
co ast of the State of San tt Catarina . However, pre­
liminary information allows us to establish a ge ­
nera l out l i ne of relative sea l evel fluc tuations
during the last 7 ,000 years.Ther efore, we know t hat
about 5,600 year s B. P . , i n t he I t a jal r eg i on , rela t!
ve s ea l evel was rising an d s ituated about 1 .0 m
above present l ev el.As i n the other s ec t or s , relat!
ve sea level reache d its max imum about 5 ,150 ye ars

600 ~o

;:'UOIEO SEClC..

\ ,

B.P .In fact ,the Gaspar Shell-midden, situated i n

the Itajai-Rive~ val l ey , has been dated as 5 ,230 +

350 years B.P. (Piaz za ,1966 ) .Its geographi c s itua­
t ion,in t he hinterland can only be explai ned by a
peri od of hi gh sea level.Another ancient sea level
position ,reconstructed f or Sant a Catarina Island,
indicat e t ha t about 3 ,600 years B. P. , r e lative sea
leve l was about 2 . 6m above present l evel . Si mi l a r l y
in the Laguna r egion, abo ut 3 ,400 yea r s B. P. rel~

t i ve s ea level was abou t 2 .5m ab ove t he present
l evel and wasdropping .An interruption i n t he cons­
t ruction of Carn i~a s hell - midden seems to confirm
the existence of a fluctuat ion between 3, 000 and
2 , 500 years B.P .

~OO 4!l° 400 3~0 30 0

FIGURE 1 - Index map of .the studies s ectors of t he Brazilian coast . Geoid chart of Brasil . (1 ) Salvador ;
(2) Ilheus; (3) Caravel as; (4) Angra do s Re is ; (5 ) Santos; (6 ) Canane i a : (7 ) Paranagua; (8 )
Itajal ; (9 ) Sao Luis ; (10) Bel em.

GKRKRAL CORSIDKBATIOR OR THE CURVES

One glance is enough t o ve rify that , eve rywhere , the
re l at i ve sea l eve l has clearly bee n above the pr~

sent leve l , wi t h a ma ximum eleva t ion having oc cu r red
about 5, 150 year s B. P.This is not, however ,a world
wide t rend and t hus can not be explained by glacial
eustasy and,in t h i s case, ha rdly by crustal move­
ments.

On the other hand , the curves ha ve many poi nts
of l iken es s with the exception of t he vertical a~

plitudes .Mbreove r ,two quick f luc tua t i ons of rela­
tive sea l evel occurred a f t er 5 , 150 yea rs a P .These
fluc tuations are too i mpor t an t to be r e l a t ed to
glacial eustasy and t hey cann ot be of crustal 0 ­

rigin . According to Morner ( 198l ) , whi l e sea leve l
dr ops i n Brazil ,it rises in Sca ndinavi a and vi ce ­
ver sa . l t wou l d appear,then ,that these quick f l uc-

tuati ons are related t o geoi da l changes .
In the Salvador cu r ve ,which was outlined with

the maximum of precision,l7 anc ient sea level pos!
l ions us ed f or reconstr uct ion of the l as t 2, 500
years are situated on a straight line .Moreove r, 8
positions between 3, 000 and 3,600 years B.P . are
situated on the extens ion of th i s line .The number
of obser vations indi cati ng th i s t r end is too l arge
t o be considered f or t ui t ous . By ex t en ding t his l ine
until 5 .150 years B. P. , cor r espondi ng t o one of sea
level maxim a,we obtain a relative s ea level abou t
5m above the present leve l .From fi e ld measuremen ts
we f ound 4 .B~0.5m at about 5 ,1 50~110 years B.P . It
seems then , t ha t several ancient r el a ti ve s ea
level positions are s ituat ed on t he s ame s t r a ight
line .When the alti tude of t he 5,150 years B.P . ma-
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FI GURE 2 - Relative sea l e v el flu c tuat ion curv es d ur ing the last 7 ,000 years for
se vera l sector s of Br azilian coa s t .
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ximum is known .but the curve has been partial ly r!
cons t ruc ted . t he alti tude may be found by extrapol~

tina this line to 5.150 years B.P.
All this evidence points to a single mechanism

for the regular drop of relative sea level and an­
other superimposed mechani sm for the very rap i d
fluctuations of t h i s level.

To determine the vertical variations between
the curves, it is interesting to compare critical

points f or each curve,such as the momen t when pre­
sent sea level was crossed for the f irst time i n
the Holocene,the a ltitude of the max ima a t 5,150.
3.600 and 2 , 500 years B.P.lt i s ea sy to see in ta­
ble I that the characteristics of the Salvador , I­
Iheus and Caravelas curves are iden ti ca l. On t he
other hand . the charac t eristics of the Angra dos
Rei s,Santos.Cananeia , Paranagua and ItajaI cur ves
are different.

Sectors

Brazilian

I 7 . 100 I 5. 0 I 3 .5 I 2 . 5 I 2 .0 I 2.8 !
I I 5 . 0 I 3.5 I 2. 5 I 2 .0 I 2 .8 I
I 7. 100 I 13.0 to 4. 0 I I 2. 0 12 .0 to 3 .0 I
I I 4.8 I 3 .3 I 2.3 I I I
16.800 I 4.5 I 3.0 I [ 1. 5 / 2 .5 I·
I 6,600 13.5 t o 4 . 0 I 2 .8 I I 1. 0 I 1.5 I
I I 2 . 3 I 1.6 I I I 1.0 I
I I 3 .5 I 2.7 I I 1. 3 I I

I Time when IAltitude of lAltitude oflAlti tude of [Altitude oflAltitude ofl
[the present Imaximum s ea lmaxi mum sea/maximum seal s ti l ls t and I stillstand I
I sea level Il eve l about llevel aboutllevel abou tl phase of I phase of I
I has been 15 . 150 years I3.600 year sl 2,SOO years Iabout 6 ,OOOl about 4.5001
I crossed I B. P . I B.P. I B.P . Iyear s B.P. [y ear-s B. P. I
I (years B.PJ! (in meters ) l( in meters )l (in meters )! ( i n met er s ) /(in meters) I

of the

Coast

(a)
(b )
(c)
(d)
(e)
( f)
(g)
(h )

Reis

Salvador
Ilheus
Caravelas
Angra dos
San t os
Cananeia
Paranagua

I
I
I
I
I
I
I
I ItajaI
TABLE I - Principal characteristics of re l ative sea level fluctuation curves during the l ast 7.000 years

for several sectors of the Br az i l i an coas t .

I n some restricted sectors of the Brazilian
coast, it has been possible t o demonstrate the role
played by the vert ical t ec ton i c movements : wi thin
Todos os Santos Bay ( Bah i a) , l oc a t ed in the Reconc~

vo grabe n . vert i ca l displacements of f au lted block s
produced shifted holocene shoreline( Martin et al.,
1984 ) . The situation i s s imilar f or the Guanabara
graben ( Marlin et al . , 1980 )and the s outher n end of
the Campos coastal plain(Martin et al . ,1 984) , bo t h
i n t he State of Ri o de Janeiro .

Within all sectors chos en for c onstruction of
curves, wi t h the exception of the Angra dos Reis
sector. t he re are Pl e i s t ocene marine terraces . If t he
2, 5m vertical diff erence between t he Salvador and
Parana2U8 sectors for maximum leve l a t 5 .150 years
B.P . i s of tecton ic origin ,then ,we should expec t t o
find an even greater variation in he ight for the
records of the 120 ,000 years B.P .sea level maximum
perhaps as much as 6Om , if one assumes t he s ame rate
of displacement as t ha t ac ting over the past 5. 150
years. Such a situation is not observed. Mor eover ,
ths differences can be attributed to geoid surface
changes.

A geoid map of Brazil is s hown in Fig. 1. Thi s
map was prepared using the model GEM 10-B of the
complete gravity potential until the 36th order.
The term zero order has been obtained comparing the
spher oi dal heights of 120 Doppler points. The
heights are referred to the Brazil ian geodetic
system whos c ellipsoid is that of the referen ce
system of 1967 , and the parameter s are : a = 6 ,378 ,
160m and f =1/298.25 and the origin is the geodetic
point "CHUA" wi th the following coordina tes:
190 45' .6525"5 and 48006 '04 .0639"W . The transform­
ation of the geocentric values in the local system
has been done us ing the follow ing t r an s lation pa-

rameters: Tx=85 .5m, Ty=25 .4m and Tz~1 6 . lm .

This map shows that t he eas t er n part of Bra­
zil is s ituated on a heigh t of t he geoid where the
equal elevation lines are approximate ly N - S . The
wes tern part of Brazi l is si tuated on another
height whose focus is located in Bolivia. Bet ween
these two he ights . t here i s a depr ession inter­
cep ting the southeastern and northern co as tal s ­
reas of Br a zi l . The N-S t r end i ng co a s t al area of
the State of Bahia, wher e sec t ors a, band care
situated, is more-or-less parallel t o equal elev ­
ation lines of t he geoid . On the other hand. t he
portion of coas t containing s ec t ors d , e , f and g
(Sout he r n Rio de Janei ro, an d St a t es of Sao Paulo
and Parana). trending NE- SW ,obl iquely cuts the
equal elevati on lines of t he ge oid.

No significant sh ifting will be produced
be tween the cur ve s a , band c by hori zontal dis­
placement s of geoidal reli ef foll owing N-S or E-W
di rec ti ons. but this could ha ppen wi t h the curves
d , e , f and g as well as their r e l a t i on wi th curves
a , b and c.

I f we assume tha t the regiona l s cale ge oi da l
rel ief modificat ion are , at least in part, respon­
sible for Holocene hi gh sea leve ls found in gr ea­
test part of the Brazilian coast , t he ve r if ied
shifts coul d be expla ined by thei r d ifferen t ial dis­
plac ements . For example the submergence pe riod whi ch
has infl uenced t he great est part of t he Brazilian
coas t until 5.150 years B.P .would be due to ri s ing
of thi s rcl ief and the subsequent emergence would
be due to subsidence of this r elief . Apparently.
s h i fts be tween the cur ves are partic ul a r l y im­
por t an t s within t he portion of coa st occupied by
the cen tral depression (be tween Angra dos Re i s and
Paranagua ). The su bs idence of the geo i da l r e lief
has be en less important within the depressi on .
particul ar l y toward i t s axis . than on t he he ight.
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A sl ight displacement of the central depression
axis eastward during the s ubs i dence of geoidal
r e l i e f can explain sh ifts obser ved be~een Angra
dos Reis and Paranagua (Fi g . 3) .

+20
~ m
III
W 15
%

..J

~ 10
s...
III 5

CANA!EIA AN&"-4

PARANAGuA SANTOS

COASTLINE

ENE

pla i ned by B regional r ise of the geoidal surface
un t i l about 5100 years B.P.,followed by su bsiden­
ce and slight eastward displacement on a t ime
sca l e of thous ands of ye ars. Simila r l y , the quick
oscillat ions s ince abou t 5,1 50 ye ar s B.P . may be
expl a ined by r egi onal subsidence of geo id& reli ef
f ollowed by rising on a time scal e of hundr ed
years .
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REFEBERCES
FI GURE 3 - Pres ent day and 5 , 150 yea rs B.P .geoidal
surfaccs .The vertical shifts can be explained by e
subsidence of the geoi da l relief and a slight di s ­
placement of the central depress i on t o the east
direc tion.

If th i s hypothesis is correc t ,sea l evels of
northern Br azil must be equally shi f ted i n co~-

parison wi t h t he Salvador reg i on. Unfor tuna t ely , wc
have no info~ation f r om northern Brazil. However ,
i t i s pe r haps significant, i n t hi s respe c t,tha t the
coas t between Sao Luis and Belem shows many cha­
r acteri s t i cs of submergent cossts :rsgged and in­
dented coastline , active erosional escarpments i n
Pl i ocene continent al deposits,abs ence of Holocene
mar i ne terraces and downstr eam porti ons of r ivers
transformed i n ri as.

CONCLUSIONS

Rel a t ive s ea l eve l fluctuation curves deli -
neated f or seve ra l s ectors of the Br az i l i an coast
r evee l many interes t i ng aspcc t s . Eve r ywhe re , the
rel a t i ve sea l evel has been hei gher than presen t
mean leve l with a maximum e l eva t i on at about 5, 150
years B.P •• AII these curves are vory similar i n
shape but they are s hi f t ed vertical ly.

Occurence of high sea levels during the Holo ­
cene i s not a worldwide pheno~enon ,and obvi ously
the fluc tuations observed in Brazil cannot be due
t o the glac i al eus t asy .On t hc other hand,as they
are hardly explained by ve rtical crus t al movements,
they probably can be attributed,at l east par t ial l y,
t o geo id surface changes .

Where the coastl ine i s more- or-less par al l e l t o
the isobases of s eoidal he ight,the sea leve l curves
ar-e not sh ifted. It i s possible that hi gh sea
levels found in Brazil, as well as the sh ifts ob­
served between some relative sea l evel fluc tuations
curves during the last 7, 000 years cou ld be ex-
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