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EXCURSION ROUTE ALONG THE COASTLINE BETWEEN THE TOWN OF

CANANEIA (STATE OF SÃO PAULO) AND GUARATIBA OUTLET

(STATE OF R. DE JANEIRO)

by

Louis Martin
Mission ORSTOM (France) - UFBa

Kenitiro Suguio
Instituto de Geociências - USP

GENER AL OUTLI NE Of BRAZ ILI AN GEOLOGY

1 . GENERAL

North to south Brazil extends be tw ee n latitudes 50 16' N

and 33 0 45 ' S over a distance of about 4,319 km. East to west,
it extends over 4,326 km between longitudes 73 0 59' W and
34o 49' W. Br a z i 1 ha s a n a r e a of 8, 511 , 96 5 km2 v h i c h r e pr e s e nt s
almost 50 % of South America. Most of its territory is located
in the intertropical zone (the Tropic of Capricorn passes slightly
north of the city of São Paulo). The Bra zilian territory is
characterized by modera te altitudes, ranging from O to 3,000 m
(Pico da Neblina, near the Venezuela frontier reaches 3,014 m);
40 % of the country is O to 200 m high; 45 % between 200 and 600 m,
and only 15 % is higher than 600 m.

2 . PRECAMBRIAN BASEMENT

Precambrian rocks cover an area of almost 5 million km2.
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They have been subjected to more or less strong metamorphism

and in general have been intruded by plutonic rocks. These
Precambrian rocks were rejuvenated during the Brazilian Folding

Cycle (900 to 550 m.y.). which represents the end of geosynclinal­
-type tectonic evolution in Brazilian territory.

The Brazilian portion of the South American Platform
(Fig. 1) underwent a geocrat ic period with a rather prolonged
tectonic calm from the end of the Precambrian to the end of the
Jurassic (ALMEIDA. 1967).

3 . I NTRACRATON IC BASINS

3.1 - PRE-5ILURIAN BA51N5

3.1.1 - sã o ~r anr.isco b asin

This is formed of limestones. schists and meta-
-arenites with a maximum thickness of 1.000 m. Radiometric
datings indicated a minimum age of about 600 m.y.

3.1.2 - Corumbá-Cuiab á basin

Its central portion is covered by Cenozoic sediments
of the Pantanal Matogrossense.

3.1.3 - Itajaí basin

Is formed by afossiliferous clastic sediments with

a thickness of about 1,000 m.

3.1.4 - Camaqu ã basin

Formed by afossiliferous detrital deposits intensively

intruded by andesitic and quartz-porphyric rocks.
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3.2 - GREAT PALEOZOIC BASINS

lhere are three large Paleozoic intracratonic basins:

the Amazon, Parnalba and Paran~ basins.

lhe oldest Paleozoic sedimentary deposits belong to the

Siluriano At the beginning, the deposits have very clear marine

characteristics. In the Paran~ basin the sedimentary environments

were dominantly marine until the Early Devonian. Marine deposits

were also present during Permo-Carboniferous time but are less

important than the continental deposits. In the Amazon basin,

marine sedimentation i s evident only until the Carboniferous. In

the Parnalba basin, marine Carboniferous deposits are abundant

although they di sa ppear completely after this period.

lhe history Df the Brazilian intracratonic basins began

with modera te subsidence in the Silurian which reached its maximum

during the Early Devonian. After this period, subsidence was

gradually less important until the Late Mesozoic. lhe subsidence

episodes are intercalatea by phases Df positive movements.

lhe intracratonic basins gradually disappeared, but

before they had completely lost their individualities, they were

affected by tectonic movements beginning in Late Jurassic time,

that followed the separation Df Africa from South America.

Simultaneously, as new tectonic basins appeared, they were filled

by thick marine sediments.

Since the Cretaceous, the most important sedimentation

has taken place in coastal rather than in tracratonic basins.

3.3 - MESOZOIC SEDIMENTATION

Two types Df sedimentary deposits originated

the Mesozoic: coastal formations and inland formations.

during

a) Coastal formations were deposited in

depressions. lhey consist Df marine and non-marine

tectonic

sedimentary



sequences that began in the Late Jurassic and ended

Early Tertiary.
i n

-5-

the

b) Inland formations are distributed in the interior

of the country and are typically continental deposits.

3.4 - CENOZOIC SEDIMENTATION

With exclusion of some coastal marine

Cenozoic sediments are predominantly formed of

deposits. Their ages are very doubtful because

sediments,

continental

they lack fossils.

a) Tertiary deposits - One of the most interesting

peculiarities of the Brazilian Tertiary sedimentation is related

to the accumulation of sandy-clayey, often pebbly, sediments

within very restricted te ctonic basins (E xamples: Paraiba basin,

são Paulo basin, Curitiba bas in, etc.).

Very extensive sandy-clayey, clastic sedimentation,

which covered the area along the coastline from the States of

Rio de Janeiro to Parã, occurred during the Late Tertiary. In

the Amazon valley, one can observe this type of sedimentary

deposito In the States of Parã and Maranhão, they overlie

Miocene rocks. Pliocene continental sediments have been called

the Barreiras Formation, or Barreiras Group by some.

b) Quaternary deposits - Great areas in the Amazon

valley and the Pantanal Matogrossense are occupied by Quaternary

continental sediments. Also in the areas of the headwaters of

the Xingu and Araguaia rivers thin Quaternary continental deposits

cover a continuous area of about 750 x 750 km.

3.5 - BRAZILIAN COASTLIN E

The Brazilian coastline has a length of about 9,000 km.

The distribution of sedi mentary de pos i t s along this coast is

typically rela ted t o ge ol ogic stru c tures and f eatures on t he

continent.
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SILVEIRA (1964) divided Brazilian coastline into five sectors:

a) Amazo~ic or Equatorial coastline - This sector is
1,500 km long and may be several hundred kilometers wide, mostly

consisting of frequently flooded lowlands. Behind these lowlands,

there is a low plateau (5 to 15 m) of older sediments (Tertiary
to Quaternary) that is never covered by the waters. In several

localities this plateau may reach the ocean and thus can form
small cliffs. This situation is more common in the eastern

portion of the Amazonic coastline.

b) Northeastern or Barreiras cliff coastline - The
common feature observed from the Parnalba delta to the city of

Salvador is the presence of the Barreiras Formation. For the
greatest part, these sediments overlie peneplaned Precambrian

crystalline rocks, but in some places they are situated on
Cretaceous sediments.

In the Cape of São Roque area, the coastline trend

changes abruptly by forming an "elbow" separating a northern and
a southern coastline. The northern part has a semi-arid climate,

in which dunes are actively forming behind the beaches, while
the southern part is humid.

One of the peculiarities of the northeastern coastline
is the existence of beach-rocks.

c) Eastern coastline - This portion of the Brazilian
coastline extends from Salvador to southern State of EspTrito

Santo. From Salvador to Itacare the coastline is situated along

the southern side of the Recôncavo Cretaceous sedimentary basin.
Quaternary sedimentary deposits are well developed except at the

margins of the Bala de Todos os Santos.

From Itacare to Ilheus, excluding the small Almada

basin area, the coastline is cliffy with several outcrops of

crystalline basement. Southward, the coastline is characterized

by extensive bands of Barreiras Formation situated between

Precambrian rocks and the sea, with marine Quaternary plains,

often related to small streams (small deltas), being found in

small embayments in this formation. In . this part of the coastline
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there are many lineations of reefs. Coral reefs are also observed
in southern State of Bahia, mostly in the Abrolhos area.

d) Crystalline coastline - From southern Esplrito San
to to the Cape of Santa Marta (State of Santa Catarina), the
coastline delineates a long concave line, whose most inland point
is the bay of Paranaguã. Just as the northeastern coastline is
characterized by the Barreiras Formation, the crystalline coastline

is characterized by rocks of the Brazilian Complexo From Guana
bara bay to the State of Paranã, coastal plains and beaches are
frequently absent, and the coastline is abruptly intercepted by
the eastern margin of the often more than 800-m-high, Brazilian
Atlantic Plateau. Headlands oblique to the coastline reach the

sea in ma ny places thereby delineating small bays. Some of thes e bays
have been more ar less filled up by Quaternary marine sediments.

One of the characteristics of this part of the Brazilian coastline

is that the great majority of the nearby rivers flows toward the
interior of the continent rather than into the sea.

e) Southern coastline - South of Laguna (State of San
ta Catarina), the coastline is essentially low and sandy. Very
well developed beach-ridge plains have governed the formation
of lagoonal s y s t ems , some o f which cover considerable areas, such

as Patos lagoon (10,000 km 2) and Mirim lagoon. Unconsolidated
fine sands have been frequently reworked by eolian action, and

very high sand dunes have been formed.
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MARI NE QUATE RN ARY DE POSITS OF THE BRAZILIAN COASTLINE

BETW EEN TIIE TOWN OF CA NA N8TA (SP) AND GUARATIBA OUTLET (RJ)

1 . INTRO DU CTI ON

The portion of the Brazilian coastline studied here is

elongated in a NE-SW direction and is located between 44 0 and
480 W longitude. It covers the entire extent of the State of

Sâo Paulo's coastline as well as the southern half of the coast
of the State of Rio de Janeiro. Thi s corresponds, in a straight
line, to abou t 550 km of the Brazilian coast (Fig. 2). This

por t i on of t he coas t 1i ne i s i nc1uded i n t he c r y s tal 1 i ne coas t 1i ne

of SILVEIRA'S classification ( op. cit . ) , which is characterized

by the presence of t he Serra do Mar (Coastal Ranges).

From a geomorphological viewpoint, this region is
characterized by a submergent morphology in the north and an
emergent morphology in the south (MARTIN and SUGUIO, 1975, 1976).

In fact, in t he north, the crystalline basement reaches the sea
almost continuously, except along small plains made up inland

by continental deposits and s eawa r d by marine sediments. In the
south, very extensive sedimentary plains are found,mostly formed

by Quaternary marine and lagoonal deposits, and separated from
each other by headlands of crystalline Precambrian, rocks. Taking

into consideration the li mits of the Precambrian basement, five
morphological units may be recognized from sou th to north: Cana

niia-Iguape unit, Itanha~m-Santos unit, Bertioga-Il ha de sio S~

bastiâo unit, Sâo Sebastiâo-Serra do Para ti unit and the Baia

de Ilha Grande unit.

The first of these is completely filled by Quaternary

deposits, and the strandline is prac tically straight. Northward,

these plains are less and less filled, until fin ally, in the

Ilha Grande bay area, only a few Quaternary marine deposits occur.

Discounting the presence of the sedimenta ry deposits in the south,
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this coastline is rather uniform in its morphological

characteristics. For example, the hills of Precambrian rocks

within the southern coastal plains can be easily correlated

with the islands along the northern coastline.

lhe morphological differentiation that is observable

from north to south can be explained either by differences in

the dynamics of sedimentation or by tectonic influences. For

example, we could postulate that sediment transport could have "

been more important in the southern part,or that the southern half

of the coastline has risen while the northern half has sunk;

either process could generate the landforms presently evident

in this area. As the majority of the nearby rivers begin in

the Serra do Mar and flow into the interior of the continent,

with the exception of the Ribeira de Iguape river, the former

hypothesis does not seem likely, nor does it seems to explain

the differences in distribution of Quaternary sediments. If

the second hypothesis is true, the coastline should show a

tendency for submergence in the north and emergence in the south.

lhis differentiation between northern and southern provinces is

also evident in the width and slope of the continental shelf.

In front of the Parati mountain region (north) the 50 m isobath

is situated 8 km from the coastline; in the Santos region, it

is located at 30 km, and in the Cananeia region (south)at 50 km.

Similarly, the highest altitudes are found much nearer the

strandline in the north than in the south.

It is interesting to note that the transition between

the emergent and submergent zones is not abrupt but gradual.

lhis seemingly eliminates the possibility of morphological

differentiation by tectonic intera ction between blocks separated

by discontinuiti es normal to the coastline. lhus, it is neces sary

to look to a differential continental inflection mechanism to

explain the observed differences . lhe s e c t i on of the coastline

cut by the Gu anabara graben could be an e xception to the general

scheme that follows .
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2 . STRUCTURAL SCHEME FOR THE CONTINENTAL MARGI N

A11 thi s r egion, with the e xc eption of small sedimentary

basins and coasta1 pl a i ns , is c ompose d of Preca mbrian metamorphic

roc ks cu t by intru siv e s s ome a s y oun g as Cretaceous .

A10ng this part of the Bra zi1ia n coast1ine, the
continental margin is ch ar acteriz ed by (Fig. 3):

a) The pr ese nc e of the San to s s ubma r i ne sedimentary

basin, a Me so zoic-C eno zoi c t ecton i c d e pr e s s ion fi 11e d by

s e d i me nt a r y de pos i ts a nd basa1 t i c f1 0ws. Th i s ba sin is 1 imited

1a ndwa r d by t he Sa nto s f au1t zo ne \'1hos e d i s p1a c eme nt is mor e

t han 3, 00 0 m in the nor th ( Santos a rea), but which passes

gr adu a11y i nt o a gr eat fa u1te d i nf 1ec tion to the SW. The ma xi mum

t h ickn e s s of th e ac c umu l ate d se d ime nt s s e em s to be ab out 8,000 m.

b ) The occurr en c e of the 8 ra zi1 ian At1 a n ti c P1 a teau

(Plan alto At1 ãn ti co), wh i ch e nds i n a n escar pme nt 900 to 2,000m

high and co n tinue s ov e r 1 , 200 km, t hus f or mi ng th e Serra do Mar.

Sei s mi c s t ud i e s by BAC CAR (1970) sh owe d tha t the Precambri an

base ment c on tin ues on t o t he con t in ental s he l f and is inc1ined

toward the Sa nt os fau1t zone . The ba s em ent shows a rapid

accentua tion of slope t owa r d th e San to s fa u1 t . The area under

considerat io n ha s nume ro us isl and s of Pr e c ambri an roc ks and

Senoni an alka1ine i nt r usi ve s . Thi s c r yst a 1 l i ne roc k surface is

suppo sed1ya r e su1 t of t he westw a rd e r os i ona l re tr eat of t he

ance s tral Se r r a do Mar from it s or ig in al po s i ti o n at the San tos

fa u1t ma rgi n.

The Sou t h At 1an t ic Br az i1i an con t i ne n t a l mar gi n wa s

subject ed to r e ac ti va t i on aft e r se par a t i on f r om Af r i ca . Thi s

re ac t iva tion was r e f 1ected on th e co nti ne nt by seve r a 1 eve nts

s uc h as t he upl if t in g of t he Serr a do Mar a nd t he fo rmati on of

the Para 1 ba a nd Gu an ab ar a gra be ns . Me anwhi l e , th e Sa nt o s ba s in

wa s c on tinuou s1 y s ubs idi ng (F ig . 4) , ALI·1ErDA (1 975). It appears

t ha t the se me ch ani s lll s hav e c ont i nued int o th e Qua te r na r y , a s

s edim e nt s o f t he Par ai ba qr a be n a re c u t by ma rg i nal f a u1 t s
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(SUGUID, 1969). Moreover, a low seismic activity of the Serra

do Mar tectonic systcm seems to indicate that it is not entirely

inactive (FULFARD and PDNÇAND, 1974 and ALMEIDA, 1975: 24).

During the Cenozoic, a positive zone on the continent

and a negative area seaward remained active. Consequently, a

hypothetical line of inflection is traceable between the two
areas. It is possible to visua1ize a continental inflection

mechanism (BDURCART, 1949) which could have given rise to the
observed morpho10gica1 differences. Assuming this hypothesis to

be true, we can consider the fol10wing possibilities (Fig. 5):

a) If the strand1ine is situated 1eft of the inflection

1i ne, t ha tis, i n t he zone of uP1i f t , t he s t r a nd1 i ne '" i 11
exhibit an emergent morphology.

b) If the strand1ine is right of the inf1ection

t ha tis i n t he sub s i d i n9 zone, t he coa s tal a r e a v i 11
characterized by a submergent morphology.

c) If the strandline is on the same side of the inflection

line in both the north and the south, but at relative1y different

distances from it, then the strand1ine will present differential
emergent or submergent characteristics.

Thcse three possibilities can be complemented by two

other situations that take into account the distance between the
maximum uplift and the inflection line:

d) The maximum uplift zone is far from the inf1ection
1 i ne •

e) The maximum up1ift zone is near the inflection line.

When we assume an uplift height ~ for (d) and (e) ,equal

in both cases, the surface affected by the phenomenon will be

more extensive in case (d) than in case (e). Th us , if we cons i der

tw o poi nt s, !2 a nd ~.' s e pa r a t ed by a d i s t ance d f r om t he i nf 1ect i on
1ine, the uplift height wil1 be greater in the fifth case than in

the fourth.

In rea1ity, the maximum uplift zone is observed nearer

...
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Fig. 5-Scheme of differentiation into emergent and
submergent coast by continental inflection mechanism
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the strandline in the north than in the south. This may explain

why more extensive zones are subjected to uplift in the south

and why possibly higher ancient sea-levels may be recorded in

the north.

3. SEDI MENTARY DEPOSITS or THE COASTAL PLA IN

In contact with the Precambrian crystalline rocks in

the southern part of the State of são Paulo coastal plain,there

occur rudaceous sediments of continental origin that can be

rough1y correlated with the Pariquera Açu Formation (BIGARELLA

and MOUSINHO, 1965), of probably Plio-P1eistocene age.According

to these authors, the sedimentation of the Pariquera Açu Forma

tion took place under a semi-arid climate, and the detrital
material was submitted to rapid transport by mudflows and

sheetflows. At that time, the environment would have been

characterized by a very wide drainage basin with bajada and

p1aya areas where the finer sediments were deposited. Gravel

deposits made up the terraces. These sediments crop out at the

foot of the Serra do Mar and by drilling have been found beneath

the coasta1 plain deposits of the southern State of são Paulo.

Above the Pariquera Açu Formation, we find argillaceous,
c1ayey-sandy and sandy sediments of uncontestable marine origino

From their re1ationships to the Pariquera Açu Formation, the

coasta1 p1ain sediments of the São Paulo can on1y have a

Quaternary age.
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4. EVIDENCE Dr ANCIENT SEA- LEVELS

Detailed mapping and radiocarbon dating have permitted

us to identify uncontestable evidence left by two great transgre~

sive episodes.

Radiocarbon dating of fossil wood (charcoal) from the
deposits of the older transgression indicate an age of more than
30,000 years B.P. lhe sediments attributable to this phase have

no coral remains or shell fragments which might permit older

ages to be obtained by the uranium-thorium method. lherefore,

the precise age of this event can not yet be established, but

by comparison with other parts of th e world, it may be related

to the transgre ssion of 120,000 years ~.P. On t he other hand,

the final part of the la st transgression has been studied in
detail by more than 120 datings. Evidence of ancient sea-levels

has been recorded which allows us to outline sea-level fluctuation

curves for the last 8,000 years. Obviously, these curves are

relative and have resulted from the integration of all possible

causes of sea-level fluctuations. In fact, relative sea-level

fluctuations are produced by a general phenomenon(glacio-eustasy)
and several local phenomena (isostasy, tectonic ar geoid surface

deformations). lhe local phenomena will be subtracted ar added

to the general phenomenon, and, consequently, the sea-level

fluctuation curves will be different according to the area

considered.

It is obvious fro m our surv eys that there is

evidence of ancient sea-levels higher tha n the present,
in the a r e a studied here. From th e av ailable dat a, we

deduce that t he rel ative me a n s ea - le ve l c ha nge s were as

a) lhe ze r o line was cut for the first time at

6,500 years B.P.

much
mostly

can
f 01 1 0\-/ :

about

b) ~etw e en 5,200 and 5,000 year s B.P. the first Holocene

maximum occurred .
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c) About 3,800 years B.P. the relative mean sea-level

may have been equal to or slightly lower than the present leve1.

d) About 3,500 years B.P. the re1ative sea-level would

have been at a second Holocene maximum.

Before comparing the sea-1evel change curves for
different por tions of the coastl ine, let us look at t he distri

but i on of t he d i ff er en t Qua t e r na r y de pos i t s 1e f t bY t he h/o 9rea t

transgressive periods: the Cananeia transgression (Pleistocene)

and the Santos transgression (Ho1ocene).

5. SF.D Hl r.NTI\RY lJEPOS ITS LE FT I3Y THE QUI\TERNI\RY TRANSGRE SS IO NS

5.1 - UNIT I: CAN~NtIA-IGUAPE COA5TAL PLAIN

~ • 1 . 1 - Ge n e r él 1 c h fl r a c t e r i s t i r. ' ;

The Ca nane i a e l quape sedimentary plain forms an extensive

crescent almost 130 X 40 km , covering about 2 ,500 km 2. It is
1i mi t ed i n t 11 e S\~ and NE bY hea d1a nds of c r ys tal 1i ne ba sem e nt

that reach the sea. Lagoonal cha nne l systems affected by tid al
fluctuations drain its s eawa r d s i de . Four i s l a nds ar e separated

by s eve r a l lagoonal branches (known as "mar" = sea):

Cardoso island - This island, 10cated in the southern
part of the area, is formed es sentially of Precambri an rocks

with Quaternary deposits only along i ts periphery. It is
separated from the continent by a natural channel (Ararapira

channel).

Comprida island - Excluding the smal1 alkaline int rusive

that forms Morrete l1ill in the south of the island, this 3- to
5-km wide, 70-km long barrier-island is essentially sandy. It

is separated f rom the continent by the Mar Pequeno lagoon al
cbannel wh i ch varie s be twe en 400 a nd 1, 200 III in wi d t h . Sou thward ,
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t h is c han nel d iv ide s i nto two bra nche s ar ound Cananei a i s l a nd,

thus g ivi ng or i gi n t o the Mar de Cubatão an d Mar de Ca na nei a .

Cana ne i a is1 and - This is also a n ess entia11y sandy

island, e xcept f o r São João hi 11 ne ar Ca nane ia, which is a 1s o

formed of a1 ka1 in e i nt r us i ve roc ks bu t mu ch 1arge r than Morrete
h i 11 .

Iguape is1and - Igu ape is1and, located in

part of t he coa sta1 p1ain, i s artificial, having

during the pa st century by t he openin g of a channel

the Mar Pequeno t o t he Ribeir a de I gu ap e r iver. Th i s

is1and is pr e domi na nt 1y for med of Pr e c a mbri an r o c ks

by Qua te rna r y de pos i t s.

the central

originated

connecting

h i 11Y
sur rounded

The ce nt ra l port ion of t he Canan ei a - I gua pe plain is

drained by t he Ribeira de I guap e river, whi ch is the mo s t

volu minous r i ve r of this part of the coasta1 p1ain . Sever a1

s ma 11 i n te rcon ne c t ed ri ve r s (P erou pav a, Una de Al de i a , Ped r as

and Com p rid~) or i g in a t e in th e p1a in an d a r e essen ti a1 1y

responsib1e for i t s dr aina ge . Thus , t he Peroupav a a nd Una de

Alde ia river s are conn e cted by t he Peq ue no r i ver a nd t he Una

de Aldei a a nd Co mprido rive r s by the Pe dr as rive r. The 1agoo ns

and the r i ve r s in this r egion ar e c onne c t ed to t he se a by

severa1 out1et s that are known , from south to north, as Arara

pira , Cananeia, I c ap ar a, Ribeira and Una out1ets.

Another c ha ract e r is ti c of th is re g i o n i s the abund ance

of s he 11- mi dde ns , \'1h i c h i n Br a z i 1 a r e kn0 \'1n a s " s amba qu i s " .

A1 r e ady by 189 3, LBF GREN ha d fo und 96 of these she1 1-mi dde ns .

Obvio us1 y , t he mo11usk she 11s from t he she11 -mi ddens are no t

t he be s t mater ial s for da tin g a nc ie nt st r a nd l i ne s . I n fact , the

rel a tio ns hi p be t we e n the substra te of a sh e1 1-mi dden a nd th e

me a n sea -1e ve 1 at the beginning of it s c o ns t r uc t i o n is

fre qu e nt l y unknown. However, t he fa ct th at high -tide le ve1

could not ha ve been above s he 11- mi dde n ' s su bstrate du r i ng i ts

con s t ru c ti on i s obvi ous. We mus t as su me, as a po st u1a t e , t hat

the mo1 1u s ks whos e s he 11s make up th e s he 1 1- mi dde ns were no t
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transported from very great distances by the Indians. From this

assumption, it follows that the shell-middens on the Pleistocene
formation at distances as far as 40 km from the present strandline

can on1y be e xp1a i nedas i ndi ca t i ve of a n a nc i e nt s e a - 1e ve 1 hi gh er

than present. Tbis idea seems to be logical, especially since

the retreat of the strandline can not be explained by sedimentary

progradation.

5 . 1 . 2 - Ou a t e r n n r-y f o r-rn a t í o n s of marine and lagoonal

orig in

a) Sedimentary deposits related to the Canan~ia

transgression - Directly above the Pariquera Açu Formation is

a formation, the Cananéia Formation (SUGUIO and PETRI, 1973),
that is argillaceous in i t s basal part and sandy at its topo

Its altitude ranges from 5 to 6 m seaward and 9 to la m near

the crystalline basement rocks (Fig. 6). From the study of

its microfossils, PETRI and SUGUIO (1973) showed that the basal

argillaceous unit was deposited in a brackish water environment

transitional between an earlier continental and a later salt­
-water environment, and thus helps characterize a transgressive

episode. In the sandy sequence, it is possible to find fossil

CQ lli~nQ s sQ burrows. Ca lliana ss a at present inhabits the

l owe r part of the intertidal beach. Hence, the occurrence of

these fossil burrows is indicative of a sedimentary deposit
formed in the lower part of the beach (SUGUIO and MARTIN, 1976).

Above the top of the sandy formation, several centimeters of

argillaceous beds with mudcracks are found, a feature also

characteristic of sedimentary deposits of the littoral zone. In

certain regions , we can see very clear structures of old beach­

-ridges on aerial photos that testify to the beginning of the

regressive phase. The lower part of the Canan~ia Formation has

transgressive characteristics whereas the upper part has

regressive characteristics.

The first radiocarbon dating of a fossil wood fragment
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from the top of the argillaceous transitional beds gave an age

of more than 3,0,000 years B.P. (Ba-222). Another dating carried

out on fossil wood taken from a lenticular argillaceous bed

intercalated within littoral marine sands furnished an age
qr ea t er than 35,000 years B.P. (Gif-3844). These two datings

showed that the Cananiia Formation was not deposited during the

Santos transgression, but during a Pleistocene transgression.

Several natural outcrops along lagoonal and fluvial

margins as well as drilling logs showed that the argillaceous
bed cropping out at the foot of the crystalline basement occurs

at greater and greater depth seaward. Obviously, the thickness
of the mar i ne sands increases in the same way, that is, away

from the continent. Similarly, the Ca llianassa burrows, which

today are at t he present sea-level on Comprida Island, are

located at increasingly higher levels toward the continent. As

these animals live in a very restricted life zone, sea-level

must have risen, and consequently, in order to maintain the

same 1 i fe zone , the zone of burrows sh i fted t owa rd the continent

during the transgressive phase.

b) ~edi~entary deposits formed during the Santos

tl"ansgressi~ - Seawa r d of the Ce na ne i a Formation's sandy

deposits, we can find other sandy deposits whose altitude is

less than 3.5 m. These deposits are very extensive, forming
an almost continuous band between the ocean and the Pleistocene

sandy deposits, and show very distinct beach-ridge structures.

More inland, fluviatile-lagoonal clayey-sandy sediments were

deposited where the Cananiia Formation was eroded (Fig. 7).

c) Mangrove deposits - At lagoonal margins and in t he
lower courses of the rivers that drain this sedimentary coastal

plain, well developed mangrove deposits a r e found.

5 . 1 . 3 - Me ch a n is m of for mati on of t h e Ca na néia- Igu ap e

c oa sta l plain

Cardoso

the
a) ~cheme valid for the coastline betwee~n ~ _

island and Juriia mountain (Fig. 8) - In this region,
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deve10pment of the Quaternary coastal p1ain may best be understood

by means of a scheme showing its evo1u~ionary sequence:

Fi~sta~~ - During the maximum of the Cananeia
transgression the sea reached the foot of the Serra do Mar. In

this period, transitional c1ayey-sandy sediments and transgressive

marine sands covered the Pariqüera Açu Formation.

Se c on~2~~_ - Wi t h t he r e 9r e s s i ve pha se, be a c h- r i d9e s
began to be deposited on the top of sandy sediments .

.I.b..:!..!:.9.._~tag~ - During this phase the sea-1evel was
a1ways lower than the present (about 17,000 years B.P. the

sea-1evel vias about -110 m be l ow present 1eve1), and the rivers

deep~y eroded the sedimentary deposits of the Cananeia Formation.
Va11eys were for~eq s imilar to those observed in the Barreiras

Formation a10ng the coast1ine of the State of Bahia.

E_our t h stage - At the beg inn ing o f the last transgressive

period the sea encroached upon lower areas, thereby forming an

extensive lagoona1 system where clayey-sandy deposits, frequent1y

very rich in organic matter, were deposited. In the meantime,
the sea eroded higher-1ying parts of the Cananeia Formation

and redeposited the eroded sands to form the Holocene sandy

marine deposits.

~lf~~~_~ - During the return of sea-leve1 toward
its present leve1, regr essive beach-rjdges were formed. Sea­

-leve1 f1uctuations during the final part of the last transgre!

sion produced several generations of beach-ridges. Thus , on
Comprida is1and we can see at 1east two generations of beach-

ridges se parated by a more a r less swampy, low-lying zone

t ha t c a n be f 011owed a bout 5O km.

b) ~~ .b..~~~_~i. _f or_ma tio n~f C0 m.E.rida~lan~ - The
southernmost por tion of Comprida island, on the 1agoonal side,
i s rn adeu p of 1 i mo n i t i z ed s a nds of t he Ca na ne i a For ma t i on. Ou r in 9

the maximum Santos tran sgression, the southern e xtremity of the

is1and was s ubme r ged (Fig. 9). After the first maxi mum (5,100
years B.P.), the i sland "grew " northward in the direction of
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Iguape. The curved beach-ridges, easily vis ible on aerial photos,

confirm this mode of formation. As the island grew longer
northeastwardly, it enlarged laterally by the addition of be ach-

-ridges parallel to the present strandline. During the minor

transgression that took place prior to the second maximum

(3,500 years B.P.). these beach-ridges were partially eroded. In

actuality, the boundary of the sea during the second maximum is
marked by a low terrace about 100 m wide, found over the greater

part of the island. Southward, near Boguaçu river, there is a

shell-midden on the first ridge between the low-terrace and the

sea. This shell-midden has been dated at 3,220 + 90 years B.P.

(Ba-307) and 3,090 ~ 110 years B.P. (Gif-3645). Abundant whale
bones found in this shell-midden are suggestive of its construction

near the ocean, that is, at the beginning of formation of the
external beach-ridges. This very nicely proves that the part of

the island between the low terrace and the ocean was entirely

formed after t he second maximum (3 ,500 years B.P.).

c) Scheme valid for th~ coastline between Jur~ia

mountain and Una outlet - The first three stages developed in

the same way as in the previous part, but the two last stages
were different:

Fourth stage - During the Holocene transgression the

sea greatly encroached upon the area between Jureia mountain and
Una outlet, thus forming a great bay . This situation is attested

to by the presence of shell-middens made up of Anomalo ca rdia

b r asi l i an a , whose habitat is commonly related to salt-water bay
and lagoonal bottoms.

Fi f t h stage - During the minor regression that

one of the high sea-level periods, a barrier-island

between Jureia mount a i n and Barra do Una mountain. This

bar closed the bay thereby t ransformed it into a lagoon.

regressive beach-ridges were added to t he original bar. A

-midden made up of Anomalo cardi a b ra si l i a na and situated

the Cananeia Formation at the paleobay margin was dated
.3 , 790 + 110 years old (Gif-3642) and 3,840 ~ 60 years old

followed

formed
s and

La t er,

shell-
on

as

(Ba-306),
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1AnLE 1 - RIIDI OCARGON OIlTlNGS OF l llE S,\'IPLE S FRO'! CIINII:IEI II- IGUAP E COASlAL PLA 111

a) Gc~12.9~~ ~J.E.s..

SM1PL E UAlURE r'OSIl 10U OF l HE IIN CIErn SEII -LEVEL AGE III YEARS El. P . LAElORATORY COORD IIIATESREFERENCE

A9 3 Fossi l wo od - O. 8m(t 0 . 4m) 6,4 50 ± 170 Ba - 230 240 59 . 7 ' S
47053 . 7'11

Al3B Foss i 1 >lood Mo re t han O 6 ,190 ± 17 5 8a- 231 24039 . 7 ' S
47°43 .0'11

A55 Foss il vood i l .2mU 0 .4"1) 6 ,000 ± 160 El a -226 250 12. 7 ' S
4Boa l .7 ' \~

AB9 Shcl 1 il. 5m(! 0.4 r.1) 5,4 10 ± 120 Gif-3444
25000. 0 'S
47°53 .8 ' 11

1190 Foss il veod i1. 5m (± 0 .4 m) 5, 290 ± 110 Ba-2 29 25000 .0 'S
47 053.0 'W

A28 Foss i 1 wood il .5m(i 0.4m) 4 ,400 ± 110 Gif-3439 25009.2'S
47°02 .1' \1

11131 P1 an t debri s iO. 5m(± 0. 3m) 3,710 ± 140 Ba -4 45 24051 .3' S
47° 28 .5'11

A37 P1ant debr i s iO.5m(± 0 . 3m) 3 . 370 ± 100 Gif - 3430 240 51 . 3 ' S
47°28 .5 ' 11

1123 Fossi l wood About O m 690 ± 90 Gi f - 3438 25 001 .9 'S
47 0 55 .0'11

b) Shc11-rni ddcns

SAM?L E UII.'IE POSmON OF l llE IIIlCIEN T SEA-L EVf L IIGE IN YEARS B. P. LAGORAl ORY caORO IIIATESREFE REflCE

IPH.7* J l il PO~ 111 IIbove lhe present l evel 5 ,245 ! 125 Ba-365 24053 .0'S
47°5 3 .0'\1

A.137 J a t aituba Ilear a max imum 5,2 40 ± 150 Ba- 346 2403(J.0'S
47 ° 42 . 8 '11

IPH.l * Guaxi xi Above th e present 1eve1 5 , 110 ± 100 Ba-370 240 55.0 ' S
47° 52.0'11

IPH.4* I'ap , u~a nQ I Unknown 5 ,0 80 ± 60 Ba- 366 240 52.9' S
47° 53. 0 '11

111 40 Par iquera Açu Nea r a r.ldxi ~ :um 5 ,035 ! 140 Ba- 295 240 37 .6 'S
47° <1 3 . 5 '11

IPH.9* J u ru va u ~a nQ I Auove l he pr esent 1eve1 5,010 ! 115 Ba- 359 24°56. 0' S
47° 50 .0 '\1

IP11.11· J ur uvaiiva nQ I JI Unkno"n 4,970 ± 110 Ba- 361 24° 56 .0 ' S
47050. 0' 1!

1.30 Ba to ta1 Above lhe present 1evel 4 . 920 ± 100 1.9186 2500 2 . 7 ' S
47 °5 8.2 ' 11

1.123 Pedra s ri ~er nQ 11 Uca r a maxi,"ur.l 4. 860 ± 100 Ba-3 43
24(l2fl. 1 '5
47°23. 1' \I

A':4 ! ~"": Jn J Above lhe p re ~ent level 4, 79u ! 115 Ba - 308 24041.5 ' S
4 7° 37.5' \I

1.121 Pcd rJ ~ r iver n9 I Uear a l"-l xi ",urn 4,7 50 ± 110 Gif- 3641 740 30.0 ' S
4 ,710 ! 145 BiI -300 0°28 . 0 '\-/

I PII.6* \'apu'!Buva nQ I I UelO"tl + 3 rn 4,6130 I. 110 Ba- 362 211 ° 53 .0' S
47° 53 . (, '\1

A175 Co-;> r i LO ri ver UNI' a enxinum 4 , 560 ',11 0 Gif - 3646
{(,° 'l.l . fl'S
4/ °13 . 4 '1/

191 r:õbr l?9J I ivcr Be10 >1 i 3 .., 4 , 3ElO ± 160 SPC- 21 25000. 0'S
'1 7° !J S. !> '\1

Canan" i. Above U,,: \l ' C' ~ ': n t leve: 1 4 , 34U J 110 Gif - 3435 ? SoOl . 5 ' S
1.3 4 , 300 ! 140 r.a - 302 (,8° (13. 5' li

Juruvauva nV 11 l,!tove t he: prc vcnt Icve l 4 , 31) 5 • 140 lla - 360
~1 (o~) rl .OIS

JPilo 10* 4 1 0 ~ . O . 0 · \I

i nd ica ti ng th at th i s bay remained opened at lea st unt i l

years B.P . It was clos ed by a barrier -island only after

second Holocene max imu m (3,500 years B.P.) . The Holocene

- ridges f ound be twee n Ju reia moun t ai n and Una outle t can

corre lated with that forming the oceanside of the Comprida

-2 8-

3,800

the

beach­

be
island .
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WU 1 - Cnnt in uc t io n

S/,li ;> LE NI\f,:[ /'OS/T 10:1 OF lHE flNClft1T SEA-LEVEL f.CE /~ YEAflS B.P . LfleORATORY CO(1 I{Ol!; ATES
REFERENC[ "

I PIl.6 I td~'o ii n9 I I Un~no.m 4, 215 t 140 Ba -3'.i4
2~ 052. 0'S
4 7053 . 0'~!

"50 A, erapi ra n9 11 Be l ow • 0 . 7 I\l ~ ,175 :!: 100 Ba-290
2S001 .!'> 'S
48°03 . 5 '~~

A1 6 Bogl:aç u nQ / I Bel o, i 1. 5m t, ,1 60 :!: 95 Ea-303 2~oS'J .O'S
4, 120 :!: 110 Gif-343ú ~ 705 3 .0 ' 1I

I Pie 5" I te [loá' n9 Unkno>m 4 ,1 00 :!: 110 Ba-365
?~01 ? .0' S
47 ('59 .0 ' ~

A58 Ta[ll!ra Bel ow .. 1.5 m 4 ,01 0 :!: 110 Ba-291
2!ó°12 .0'S
47059. 0'\.:

A11 5 Ull"t uha Be 10.1 .. 2 01 3 , B70 :!: 100 lla - 294 24° !'> 1 .5'S
47° 45. 3 ' 0,:

fI'l.9 fira rar i "a n9 II Equa l or lle l ow 3,790 :!: 110 Gif- 34 37 25"08 .2 'S
4Bo02.1 '~1

IPH. 3 r ~tal ci ro I nd i fferen t 3 .690 :!: 80 Ba-367 25 00 3 . 0'S
48°03 .0'11

"47 Fo~ f a ~ " Abov e the pre~ cnt l ev eI 3 ,350 :!: 135 Ba-340
25001 .5 'S
4Co03 . 5' W

A25 Pcre i ri nh a Af t er a n~ly. i nÓ Jm 3 .330 :!: 125 fla- 286 7. 500 5 .0 'S
41)° 0 1.0' 101

A149 IlI)YII~çu n9 I I I Af ter a m~ ximun'
3 ,nO :!: 90 Ba- 307 24"5!l. 4 ' ~
3.090 :!: 1 10 Gif-3645 47°5 1.7'1,1

Ali BL9'Jaçll n9 " Bel 0"/ .. 2 . 5 OI 3 ,0 60 ~ 55 Ba- 285 24058 .6' S
47"5 3 . 4 ' \1

A154 Pincu Abo~e t he pre~ent leve I 3,090 : 120 Ba-348 240 3'L O' S
47° 29. 0 '11

I Pil.2 Gua r e pa r i Below .. 1 m 2 , 2li5 :!: 4 5 Ba- 368 25003.0'S

4f,001 . O ' ~:

1.81 Ninds rive r B('l ow i 0 .5 OI 1.850 i 100 Gif-3643
2500 1.5 'S
48°02 . 2 ' ~1

A144 sã" Re mordo Ce10>1 .. 4 01 1 ,840 ! 150 Ba- 347 24047 .0 'S
47040 .0'~1

1.(,5 Sam'",q lli nho BI'l ow .. (J .~ nI 1 . 500 ! . 120 Ba -292
? So04. 0 · S
4RoOZ.0 ' W

Ila pil a n9u i Be10>1 i 1.5 11\ 1 . 490 :!: 120 B,,-293 25003.7' S
A69 48°(10.0 'w

CO) ~ Sitmples (.0 1 11 ~cl. " d by crdO Vr.L P. 1O CfIf!CIJI. i\I,<l DORATII puno U(.HOA of lh e l ns t i t u t o de Pl·e - His ! (.ri ,l - Uni­
vt" r sidM:': "cSiH' f'i1 u l0

l.ebor z. t o ry rc tr. rc ucc-. ~: h e re lI ' l' ( ! i1 t i n g ~ >/('rc n.rdo :

C,. - l iJ . rll ·~tõl"i o "li .. ri :.i(, ~ r:uc1 e ,lr flpl ica.;.l - Ins t itu t o de F"ísi ca - Ul1i ':l' I '~idJ ll (! f e J (:ral di, Bah i .1

LJ - U,ó; ,·o:: ,·:.ity " r C io1 i (l1,ni~ - La Jol1a - Cu l i I'orn i a ( II',A)

5. 2 UN IT I I ITANHA tM-SANTOS COASTAL PLAI N

Th i s coa s tal plain is l i mi t ed on t he SW by Pre ca mbrian

ro c ky he a d l and s which sep arat e it from Uni t I (Ca naneia-Ig l/ap e)

a nd on the NE by the ro tk y port i on of t he Sa nto Amaro i sla nd

wh i ch separ at es it fr om Unit 111 ( Be r t i oga -S ã o Seb a s t i ão isl and )

A Pr e c amb r i an he adl nnd a t Mon ga guã that does not reach the se a

div id e s t he I t an haem-Sa nt os coa s t a l pla in int o two sub -u n i t s.
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5 . 2 . 1 - rtnnha ~m c oa~ t a l plain

a) Gene ~al characteristics - This coastal plain extends
about 40 km from Peruibe to Mongaguã and is about 15 km wide in

its widest place. The Peruibe region is drained by the Branco
and Preto rivers, while the central part is drained by the Ita

nha~m river and its tributaries, the Preto, Branc o and Aguape~

rivers . There are several she l l- middens near these ri ver s

l ocated very far from the pr esent s t r andli ne , suggesting that

their construction wou ld have been possible on ly on lagoonal

margihs when the sea-level was higher than at present.

b) ºuater ~ar~....i~rm~!2-~.~ _~f ma r i ne and lagoonal origin:
Sedi me nt a r.L~.PE. ~. i t 5 r e.Ia t ed t o t he Ca na nê i a t r a n5 9r e 5 s i on ­
Between Peruibe and Itanha~m , there is an extensive sandy region

( pro babl y cove red by eolia n dunes) that does not reac h the fo ot

of the Serra do Mar. It is separated fr om the Serra do Mar by

a more or less marshy zone drained by t he Preto river (Itanhaem

river). As natural outcrops are lacking, i t was not possible

to characteri ze t hi s formation ad equa tely. However, the

deposition of the se sands during the Cananeia transgression

seems to be confirmed by the age of 5, 275 ~ 125 years B.P .(Ba-349)
obtaincd f or f oss i l woo d from a lagoona l clayey-san dy dep osit o
Fie ld surveys showed that this deposit was lai d down in low ­

- l y i ng places eroded in the marine sands during a transgressive

period . Thus, th e marine sands could onl y have been deposited

during a t r a ns gr e s s i on oldcr than the most r ec e nt one. Their

altitudes are in consistent with sedimentation associated with

the Santos t r ans gr es s i on . The marine origin of these s ands is

confirmed by the presence of beach -ridge struct ures clear ly
vi s i bl e on aerial photos.

In t he northeastern part of t hi s coastal plain these

sands occur be twee n hills of Precambri an roc ks. The ty pi cal

lineations of beach-ridge s observed on ae r i a l pho t os are a l s o

indicative of their s ha l l ow marine ori gino They ar e mor pholo gi callY
c l ea r l y dis tinguishable from more recent lit toral deposi ts .
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Se.Q_i me nt a r y de posi t s of t he Sa nt os t r a ns 9r e s s i on ­
Sandy dep os its low e r t ha n the ones men tioned above occur between

the ocean and the P1 e i s to cene ma r i ne de pos its and are probab1y
Ho 1o c e ne i n age. Wh e n observed on a e r ia 1 photos, beach-ridge

1ineat ions are a1so ve ry c1ear.

In lower zone s presently drained by t he Preto and

Branco rivers i n Perulbe and by the Preto, Branco and Aguapeu
rivers i n Itanhaem, there are lagoona1 clayey-sandy deposits.

This type of s e di me nt a r y deposit i s not very well developed in
the Pe rulbe area. On the other hand, in t he central and

nor thea s t ern part s of t hi s coa s tal pl ain, they comprise the
grea t maj o r i t y of the Qua ternary sed i men ta ry deposits. The

oc curre nce of thi s an c ie nt lagoona l zon e i s s uggested by the

shell- mid de ns on Ar ara u hi l l , at Mund o Novo , and on Ple is tocene

s a nd s. Th ese s he l l- mi dd e ns consi st of oys t e r s he l l s , Anoma

l .o c a r d i a b r a e i l i a na, Luc i no ja1llai c ~ ns i s , a nd Az a pa p r i e c a , The
pr e sen ce of Anoma Zo capdi a bpa s i l i ana a nd Luc i na j a ma i censis

is relq t ed t o t he anc ie nt sal t-water lagoon of a per iod of sea­

-level hi gher than th~ pres e nt . In t he he a dwa t e r s of the Bran-
". . ,

co river, on a small h i l l of Preca mbria n roc ks, there is a
shell-m id den 90% comprised by oy s ters a nd 10% by Ano ma loca pdi a

bpa ~ i l i an (] . L5 FGREN ( op .cit . Jd e s c r i b e d another shell-midden

with t he s a me compo sit ion, s1 tuated 20 km farther inland on this

sam e r iv er . As a~ov e , Annmal oca pdia bpa si liana and Lucina

j a mrl i r: e n :;7:n i ndi ca t e t he presenc e of a s a l t-i wa t e r lagoon, in
the Branco r i ver valley. LBF GREN a ls o des c r ibed a shell-midden

lo ca t ed 18 km fr om the Ita nhaem ri ver mouth , on th e l eft ma rgin

of t he Ag uapeu ri ve r. The s he l l - mi dde n i s sit uat e d a bout 800 m

fro m the ri ver on a small e l evati on surroun de d by a mar s hy zo ne.

It i s 80% oy s t e r s , t he r es t be i ng An o ma l.o a a r d i a b r a e i l i a n a a nd
. "

L u c i na ,ja ma i e e ;z n7::; . LO·FGR EN furt her desc rib ed a s hell- midde n
s itu a t ed practi cally at t he fo ot of the Serra do Ma r, on th e

l ef t margin of the Preto ri ver , a lit t le a bo ve t he port of
Co a ti nga. It i s s i t ua te d on a hi l l s ur r ounde d by ma rsh a nd is

a ls o form ed of oy s t e r s , An o ma l o co rd i u b v a e i l i a n a , L u c i n a

,jam(] 7>:r? II ::7::: a nd 11 : : (11' 0/ p v i nc a , I n th e Pe r uTb e r e g ion,he des cribed
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a small she11-midden formed entire1y of An oma l o o a r d i a braei.l i ana ,

5 km from the Branco riv er mouth, on a high P1eistocene sandy
area, on the 1eft margin of the river.

Na n9r ove de r () s i. t s - The r e a r e no 1a9oons i n t h i s a r e a ,

and the mangroves are litt1e deve10ped, being 1imited to the
l owe r courses of t he rivers in the a r e a of Peruibe and Ltanhaém.

c) Mech ani ~!J1 of formation of the ltanhaem coasta1 p1ain ­
The scheme of formation of this coasta1 p1ain is very similar to

that for the Cananeia-Iguape coasta1 p1ain (Fig . 10).

During the Can aneia transgression, the sea came up to

the foot of the Serra do Mar and the Pariquera Açu type of

continental formation was covered init ia11y by transitiona1

c1ayey-sandy depo sits, fo110wed by tran sgressive sands. Beach­

-ridges on transgressive sands were formed during the regression .

lt seems that the se beach-r idges abut ted against a sand bar

formed between hi11s of Precambrian rocks 10cated in front of

the Serra do Mar. Probab1y at this time there was a 1agoon at

t he f oot of t he Se r r a do t~ a r . When t he s ea - 1e ve 1 wa s 1owe r than

.a t present, older deposits were more-or-1ess deeply eroded.
During the 1ast trans~ression the sea encroached more-or-1ess

rapid1y into the 10w-1ying eroded zones . Meanwhile, the higher

portions were being eroded, and the sands from th is erosion went

to fprm the Ho10cene sedimentary deposits. A she11-midden on

the Branco river, situated about 13 km from the sea, was dated. .. .
as 5,970 ~ 140 years old (Ba-297) . The datings of she11-middens

from the Ararau moun tain indicated an ag e of 4,630 + 140 years

B.P. (Ba-296) , r~undo Novo 4,575 2:. 110 years B.P. (Ba-446) and

Preto river 4.640 : 100 years B.P. (Ba-331), showing that this

1agoon was maintained at 1east unti1 th is period.

It was not possib1e to recognize the existence of

mu1tip1e generations of Ho10cene beach-ridges in this region.
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TABLE 2 - RADIOCAR BO~ DATINGS OF THE SAMPLES FROM IT~~HAEM COASTAL PL AIN

~ ) ~lc~ 1 s a n: p~

S A;·~:'l L ~ NATURE POSIT IC~ OF THE AN C I E~T SEA-LEVEL AGE I ~ YEARS 8. P. LA80QATORY COORD I:l,\TES
REFE RE~ CE

A205 V~ ~"'O ~ i C3 ~ + 1.3::1 (1 0.4!'1 ) 6,280 ;; 135 8a- 350 24012 . 0'S
46°48.6 ' :':

AI S6 Fcss i l ·"cod Above the present level 5,275 ± 135 8a-3 49 24012.5 'S
46°26.2 '11

A203 Verrret i d a~ + 1.6M(± 0.4m) I , I05 ± 11 5 8a- 325 24012.0'S
46°43.6'\1

b) 5hel1- ... iddens

SA:-:?L~ NA~E P051 TION OF THE ANCIENT SEA-LEVEL AGE IN YEARS 8.P . LA80RATO RY COOROa!ATESREFERENCE

A170 srancc r iv cr Above the prescnt le veI 5, 970 ± 140 8a-2 97 24004.3 'S
46°48.0' 11

A:96 Pre to r i ve r Above the present 1eve1 4, 635 ± 100 83-331 2400B.9 ' S
460S4.0'1.:

;' 16~ hrl\fJ Ú A, ovo the present l eveI 4,630 ± 140 8a- 296 24°03. ~ 'S
46')55 .8 ' 101

f,26? M~,co Novo Above lhe present leve1 4,575 ± 11 0 8a-446 24°08. I ' S
46°57. 1'\1

5 . 2 .2 - Sa ntos c o e s t al p l a i n

a ) Gen~~0.~!,a~.te ris t ics - The San tos co asta1 p1ain
forms a cr es cen t 40 km long a nd up to ab out 15 km wide, that is

limi ted by t he Mongagua mount a ins to the sou th and the rocky

porti on of th e Santo Amaro isl and to the nor th. I n the central

an d nort heastern pa r t s , t he coas tal plain is dr a i ne d by 1agoonal

a nd t i da 1 cha nne1 sys t ems t ha tis o1a t e são Vi ce nt e a nd Sa n t o Ama
ro islands.

"LOF GREN ( a p. ci t.) note d t he presenc e of 3 0 shel1-mi ddens
on this coasta l p1ain, 6 Df which ha ve been dated by th e r adi o

carb on method.

b) gua ~~~nary format ions of marine and lagoona1 or i gi n :

Sed i me nt a ry de pos i ~2-r el~t e <!-~he Ca nane i a t r a ns 9r e s s i on - I n
the s ou t hwe s t e r n par t of t he co asta l plain be t we e n the Pi açabuçu

and Branco ri ver s ( Samar ita re gion ) , t her e a re important outcrops
of litt or a l mar ine s an ds characterized by th e presenc e of

Ca l l i a n a s n a bur r ows an d r eqr es s i ve beach -r i dge s .Fre qu e nt 1y , these

sedi menta r y de pos its have be en su pe rf i cia1l y r ew ork e d by eo1 i a n

proces ses an d th us e xhi bi t s a nd dunes on the i r t ops . Along t he

Maria na riv er t he upp e r pa rt of t he l ittora l s a nds i s about 7 m
a bove presen t high - ti de lev el . Anoth e r outc ro p of the Cananeia
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For~ation is fqund in the western part of the São Vicente is1and.

Fo s s i 1 wood fro m an argi11aceous int ercalation near the top of

these s a nds , dated at mo re t ha n 35,000 years B.P., confirms their

P1e 1stocene age. On the other hand, si milar deposits are not

observed in the northeastern part of this coastal plain, with

the exc1usion of a small outcrop near Tombo beach (Guaruja).

~~~J..rnent~r.>:: deposits related to the Santos transgression­
Sandy littoral marine deposits characterized by CaZZianassa

burrows and regressive beach-ridges comprise a continuous band

between Mongagua and the Itaipu hills. Tree trunks in 1ife

positions, covered by these marine sa~os, have been dated at

6,250.:!:. 130 y e a r s B.P. (Gif-3845) and 6,480 + 75 years B.P .(Ba-327).

These ages ind i cat e very well that these deposits were formed

during the last transgres sion . The s ummi t s of these marine sandy

deposits are about 4.5 t o 4.7 m above pre sent high-tide level.

Several drillings have shown that the city of Santos

lies upon Holocene sands which in turn lie upon lagoonal c1ayey­

- s a ndy sedime nt s. In the same way, the sea-front of Santo Amaro

is1and is made up of Ho1ocene marine sands abutt ing against the

rocky portion of the island. Their Holocene age is confirmed by

dating of in n i t u mo11usk she11s (4,210 .:!:. 145 years B.P.: Ba-353)

from a trench opened in the Açapulco ~llotment behind Pernambuco

beach.

The re st of the coasta1 p1ain essentia11y consists

of c1ayey-sandy, fluviati1e-lagoonal sedimentary deposits.

Mangrove depo sits_ - At the 1agoonal marg ins and in the

tida1 c ha nne l s , th e re a r e very i mport ant de ve l oprn e n t s of mangrove

swamps, wh i ch in s om e p1ac e s rea ch the foot of the Se rra do Mar.

c) Me c ha n i sm of form ation of t he Santos coasta1 p1ain­

At the ma xi mu m of the Canan~i a tran sgression, as e1sewhere, the

sea al so re ac hed t he f oo t of the Serra do Mar in this area.

Dr i11ing pr ofil e s wh i c h \'oJe have stud i ed suggest that transitiona1

c 1a y e y - s a ndy s c d i me 11 t s we r e 1a i d do\'1n on co nt i ne ntal de pos i t s

probab1y equiv a1 ent t o the Pariquer a Açu Formation which in turn
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rests upon Precambrian crysta11ine rock s (Fig. 11) .Transgressive

s a nds wer e de pos i te d on t he-' a r 9 i 11a ceous se d i me nt s , a nd dur i n9

regression, beach-ridges and eo1ian dunes were formed. Probab1y

the southwestern part of the coasta1 p1ain wa s not covered by

these regressive sands. During the 1ast great regression, when

t he s ea - 1eve 1 wa s - 110m i n r e 1a t i on t o t he pr e s e nt 1e ve 1 , t he

older deposits were partia11y eroded, and in p1aces even the

crysta1)ine basement was eroded down to -50 m. When the Santos

transgression occurred, the sea entered these 10w-1ying zones

and estab1ished 1agoona1 sy stems in which argillaceous sediments

with she11 debris and p1ant fragments were actively deposited.

Severa1 dri11ings have shown that thcse 1agoonal deposits may

be about 50 m thi ck in certain areas of the coasta1 p1ain. At

the sa~e time, higher parts of the P1eistocene marine deposits
were eroded, thereby providing materia1s for deposition as

transgressive Ho l oce ne s ands . Behind these deposits an extensive

1agoon formed which was fi11ed in by sediments and invaded by

mangrove vegetation during the return of the sea-1eve1 to its

present position. Ti11 now, it has not been possib1e torecogni ze

the occurrence of mu1tiple generations of Ho1ocene beach-ridges.

How~ver , the minimum se a-leve1 at 3?8qO years B.P. seems to be

confirmed by the she11s of the Maratuã she11-midden dated at

3,865 !:. 95 years B.P. (1.91 85), according to GARCIA (1977), and

3,934 !:. 140 years B.Po (Ba-382)0 In fact, the shell-midden

substrate is be10w the present high-tid e 1eve1 (EMPERAIRE and

LAMING, 1956) o Even i f th e she11-midden substrate has been
subjectcd to s ome sinking, this must have been neg1igib1e. Thus,

it is reasonab1e to admit that about 3,800 years ago sea -leve1

was near or even be10w the present 1eve1. Vermetidae samp1es

dated at 3,6?5 ~ 100 years old (Ba-352) indicate an ancient sea­

-level of + 205 m. This date seems to corrobora te the occurrence
of a second maximum at about 3,5QO years B.P. (Fig. 12).
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TABLE 3 - RAOIOCARBON OAT INGS OF THE SA~P LES FROMTH E SNITOS COASTAL PLAIN
a) Geolo~ical samp les

SAMPLE NATURE POSITION OF THE ~~CIENT SEA- LEVEL AGE IN YEARS B.P. LABORATORY COOROIlfATES
REFERENCE

A9BB

A272

A234

A23B

A271

A237

A2n

A232

A254

Lab. 1*

A247

A244

A249

A270

Foss11 wood

Fossil wood

Fossil wood

Foss 11 woo~

Foss il wood

Shell

Fossil wopd

Foss 11 wood

Vermit idae+a19ae

Venneti dae

SlJell

Foss il wood

Vermetidae

Vermetidae

Foss il wood

-l1m(= 1m)

+ lm( = 0.4m)

Below + 2m

+ 0.8 m(t 0.4m)

+ 1.2m(t 0.4m)

+ 1.3m(t 0.4m)

+ 1.7m(= 0.4m)

+ 2.4m(= 0.4m)

+ 3.4 m( t 0.4m)

+ 3.0m( t 0 .4m)

+ 2,5m(= 0.5 m)

+ 2:8~ ( = 0.4 m)

+ 2.6m(= 0.4 m)

+ 1.4m( = 0.4m)

+ 0.4m(= 0.4m)

7,550 = 170

6,565 = 115

6,480 t 75
6,250 = 130

6,280 = 130

6,220 = 125

6,200 = 165

5,795 = 125

5,455 = 170

5,0 10 = 120

4,480 = 180

4,210 = 145

4,100 t 110

3,625 t 100

790 = 90

530 = 80

Ba-233

Ba-449

Ba-327
Gif-3845

Gi f-3646

Ba-448

Ba-329

Ba-450

Ba-326

Ba-354

Gif-2147

Ba-353

Gif -3847

Ba-352

Gif-3B48

Ba-354

23052.7'S

46026.I'W

24000.8'S
46023.3 'W

24000.8'S
46023.3'W

23057.2'S

46026.3'W

24000.8'S
46023.3'W

24000.8'S

46023.3'W

24000 .8'S
46023.3'W

24000.I'S

46026 .3'W
23°52.3'5
46050.8'W

23°55.0'5
46°14.0'\1

23°57.8'5
46012.3 'W
23057 .2'S
46°26.4 'W

24°00.9'5
46°17.7 'W

23°58.4 '5
46011.3'W

24°00.8'5
46023.3'W

AGE IN YEARS B.P. LABORATORY
REFERENCE

4,930 = 110 1.4481

~) Shell-middens

NAME

Piaç0911era(l)

Mar C~sado(2)

A229

Casquei ri nho(3)

Maratuã(4)

A219

POs!TION DF THE ANCIENT SEA -LEVEL

Above the presente leveI

Below + 3m

Be low + 3.5m(After a ma xi mum)

Not i ndicat ive

Below

Below + 1m

4,400 t 130

4,520 = 150

4,300 = 180

3,935 t 145
3,865 = 95

545 = 90

Gif-1l94

Ba-328

. SPC-15

Ba-382
I.9185

Ba-33O

COOROINATES

23051 .B'S
46022.1'W

23°57.9'5
46011.5 'W

24°00.1'5
46°26.2'\1
23°53.0'5
46023.0 'W
23°57.0 '5
4601 5. 0' W

230 55. 8' S
46024.8 'W

(*) - Sample collected by J .LABOREL - Statio n Mar ine 0'Endoume- Ma rsei l 1e (France)
(I) - Sampl e col1ected by CAI O DEL RIO GARC IA and OORATH P. UCHOA - Insti tuto de Pré-Histór i a - Un iv .de S.Pa ul0
(2) - Sample col1ec ted by PAULO DUAR TE
(3) - Sample cqllected by J.A .de MORAES PASSOS

(4) - Sample collected by J.EMPE RA IRE and redat ed by CA IO DE L RIO GA RC IA
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5. 3 - UNl l I I I: BERTIOGA AND sAo SEBASTIAO ISLAND

Based on morphology, this pa r t of the caastal regian

may be divided in to t wo distinct partians, with very different

characteri stics: the Bertioga coastal plain and the rocky and

cliffy partion between Una outlet and São Sebastião island.

a) General charac teristics - The Bertiaga sedimentary

plain, northe ast of the Sa ntos coastal piain, from which it i s

separated by t he Bertioga cha nne l , is about 45 km long and 7 to

8 km wi de . There a r e no lagoons in this region, but three

rivers (Itapanh au, Itaguare a nd Guaratuba) drain lowlands made

up of ancient l a900nal sediments deposited whe~ the sea-level

was higher than present. In front of the Serra do Mar on the

coastal plain are several hills of crystalline rocks recently

connected to the continent by "tombolos".

Shell-middens have not been faund in this region,

which may be related to the very restricted develapment of

lagaonal areas.

b) Quaternary formatians of marine and lagoanal origin:

Sedimentary deposits related to the Cananeia transgression ­

Between the tOI'/11 of Bertioga and the l t a pa nhaii river,a limonitized

sandy formation is found that is morphologically distinct from

other deposits of the coastal plaino Its t op is situated at

least 5.5 m above presente high- tide level. The age of 6,020 ~

130 years 8.P. (Gif-3850) for a fassil wood fragment callected

fram an argillaceous sediment cavered by marine sands suggests

th~t the limonitized sandy deposits are older than 6,000 years

B.P. and pr obabl y I'l.ere deposited during the Ca na ne i a transgressian.

One can cross the coast al plain from Enseada hill as

far as the Itaguare and Una outlets withaut finding any trace of

the Pleistacene marine formation. Nevertheless, it is possible

that it may bc represented northeas t of Itagu~ hill.
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Se~~ me ~~ él rY~)~~~ ots_T e1 at e j t o ! he Santos t ra nsgr ess i on­
The majority a f t he coas ta1 plain i s f a r med of sandy deposits

th~t originated du ring the 1ast t r ans~ressive phase. The above

mentioned age of 6, 020 ~ 130 years B.P. s hows that these sands

were partia11y depo sit ed during the fir st positive f1uctuation

of the sea-leve1. Another dating, mél de on a wood fragment also
co1lected from argilla ceous sediments covered by sélnd, gave an

age of 3,2 50 + 130 yeélrs B.P. (Bél-498). These clays and sands
abut against the older formation deposited during the first

fluctuation a~d thus wou1d have be en deposited during the second
positive sea-1evel fluctuation.

~angrove depos its - As 1agoon s are a1most absent in

the area, mangroves ar e a~so littl e developed and restricted to

the lower cou r ses of th e river s.

c) r~echanism of formation of the Bertioga coasta1 plain-

In general features, the scheme of fo r ma tion of this plain is

almost the same as those for the pr evi ous coasta1 plains (Fig. 13).

Duri~g the maxi mum of t he Ca nan~ia tr a ns gr e s s i on , t he sea reached

the foot of the Serr a do Mar , a nd transgres sive sands were

deposited. During the regression these sands were covered by

beach-ridges. When the sea-1evel was lower than the present

level ~ these sands were more-or-less eroded. The rest af the

sandy deposits were pract1~al1y destroyed during the last
transgressive phase. P1éistocene sands found near Bertioga have

been protected f r om erosive wave a ctian by the e xtremity of San

to Amaro island.

Dur ing t he fir st Ho1oce ne ma ximum, the sea twice reached

the foot of t he Se r ra do Mar depos i tin g marine littoral sands

e a ch t i me. Whe n a mi nor r e9r e s s i on oc cur r ed , t hes e de pos i t s we re

covered by beach-r idges. With the seco nd Ho10cene t r a ns gr e s s i ve

episode, th e s e a enc roached upo n 10w-1 y ing zones , depositing

c1ays rich in or gan ic remains an d sim u1t a neous ly destroy ing part

of the prev io us de posi ts. The bea ch- r id ges so c1eélrly seen on

a e r i a I pho t os , mo s t1 y a l onq t he e xt e r na l pa r t of the co as tal plain,
o • o

must have form ed du rin g t he retreat of th e se a t owa r ds its present
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level. The Enseada, São Lourenço, I t aguã a nda Ju re ia hills may

have been connec ted to the conti ne nt during t he Santos t r ansgressi on.
Near the foot of t he Se rra do Ma r mode r n alluvium and col luv ium
covered the ma ri ne s ed iment s .

TABLE 4 - RAUI OCARBON DATlNGS DF THE GEOLOGICAL ~ 'J'l rI. E S FRO fl THE BERTlOGA COASTAL PLAIrI

SAMPLE NATUR[ POSlT IOIi or TlIL Arle I [IH SEA- LEVEL AGE I N YEARS B. P. LABORATORY
COOR(lINATESREFERGl CC

A256 Fos s i l wcod + 1m ( \ O. ~m ) 6. 020 !. 130 Gíf-3850 23050.5'S
46008.& 'W

A274 Foss i1 wood + 2. 501 ( i 0.50\) 3, 57.0 t 130 Ba- 490 23049. 8 ' S
4600B. l'W

A263 8cact. rock + 401 (i 0. 501) 3.4 80 i 70 Ba- 355 23049.1 ' S
45°02 . 2 '\01

A266 VerOlcti dac + 1.611 ' ( i 0. 410) 2,240 t 90 Ba- 357 23047.C'S
4S059.7'H

A7.67 Vcrm(!t idrte + 1. 501 ( ~ 0. 41.,) 1,9 1:5 ... 17.0 8õ-35 0 230~ 5 . 9 '5
45°48 .1'101

A264 Vcrmct i dae + 1m ( I 0. 4m) 1,270 t 130 Ba -35 6 230~9. 2 ·S
4fj°(l2.2'W

5 .3 .2 - Coa stal r e gion be t wee n t he Una o u tlet and são

S e b a s t i ã o is lan d

I n this part of th e coasta l area, on ly small sedimentary

plains hav e deve l oped, th at a re , from W to E: th e Ju quei , Sai,
Ba lei a, Cambur i, Boioçucanga , Maresia , Pauba , Toque-T oqu e P e q u~

no , Toque-Toq ue, Guae cã an d Ba r aqu eçab a pl a i ns.

Pr a c t i ca l l y with out exceptio n, the se plains consist
of co ntinental sedi ments i n their inland portion an d mar ine
sediments i n their seaw ard port ion. Sedi mentary deposits related

t o the Cananeia transgress ion have not been observed. Field
observat ions pe r mit t he r ec ognit i on of two types of coas tal pl ains ,
whic h are bes t rep rese nted by th e J uquei a nd Boioçucanga pla ins.

a) Ju que i- t y pe coastal plai n

In thi s t y pe, th e maj ority of th e plai n co nsists of a
lower zone of cl aye y- sa ndy sedimen ts t ha t a r e sep a rated f r om
the sea by a c l e a r l y mor e e1 ev a ted sandy mar i ne belt (Fig. 14) .
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This part of the coas tal :egion embraces the Caragu~

tatuba, Ubatuba and Parati regions, which is about 100 km long

in a straight line, and is characterized by very restricted
marine sedimentary deposits. Only the Caraguatatuba coastal

plain has significant sedimentary deposits.

b) Boioçuca~ga-type coastal plain

In this type, the marine sediments are directly in

contact with continental sediments at the foot of the Serra do

Mar (Fig. 15). The reason why the formation of this type of

coastal plain is not related to a sand bar separating a lagoon

can probably be explained by differences in wave and current
energy and morphology of that part of the coastal plaino The

coastal plains of this type are those of Maresia, Pauba, Toque­

-Toque, Guaecã and Baraqueçaba.

The origin of this type of coastal plain can be

unde r s t ood in the following way. After a higher sea-level period,
a sand bar, abutting against two Precambrian headlands, was

formed, which closed an ancient bay occupying the position of

the present coastal plaino Behind the sand bar a lagoon formed

where clayey-sandy sediments were deposited. When the sea-level

returned to its present position~ the original sand bar was
subjected to enlargement by the lateral addition of beach-ridges.. . .
Simultaneously, the lagoon showed a greater and greater tendency

for filling and drying up. After the disappearence of the
lagoon, the lagoonal sediments were partially covered by

continental deposits. Some of the coastal plains that formed
'i n t hi s way ar e t hos e of Ba1e i a a nd Cambur i .

SEBASTI~O5.4 - UNIT IV: COASTAL REGION BETWEEN S~O

ISLAND AND lHE PARATI MOUNlAINS
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5 . 4 .1 - Car ng uat a tuh a coas ta 1 p1ain

a) General Characteristics - The Caraguatatuba sedimentary

plain is about 12 km long with a maximum width of 7 km. The

geomorphological features were recently studied by CRUZ (1974).

b) Quaternary formations of marine and lagoonal origin

Sedimentary deposits related to the Cananeia

transg~ession - Remains of very dissected marine terraces 7 to

8 m high are found especially in the northern part of the coastal
plain (between Indaiaquara and Empresa hills). Some lesser

records are found in the central and southern parto The
Pleistocene age of these deposits is suggested by fossil wood

fragments more than 6,000 years old, from clayey-sandy formations
deposited in eroded portions of the older sands. A series of

drillings by the Instituto de Pesquisas Tecnológicas S/A permitted

.t he elaboration of a profile that shows the relationship between

these formations (Fig . 16) .

~.~i~~!.~. ~~!:-~_~~osi!.~.~lated to the Santos transgression­
ê e s ed on geomorphological studies, CRUZ ( o p. c i t . ) admitted

two generations of Holocene beach-ridges. Shell samples collected
in the zone of the second generation (more recent) ridges near
the contact wi t h the f i rs t qe ne r a t i on beach-ridges were dated

at 2,750:: 130 years B.P. (Ba-452). This age places these

deposits in a period much more recent than the second Holocene

maximum. Therefore, it seems logical that the more inland

beach-ridges would have been formed soon after the first Holocene

maximum.

Behind the olde r beach-ridges , there is an extensive

low-lying zone consisting of clayey deposits. Shells and wood

fragments collected from the clays 15 m below the present sea­

-level indic a te ages ranging from 8,030 .: 150 years B.P.(Gif-3434)
to 4,400 + 110 years B.P. (near the surface). Thus, these clay

...
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deposits are related to the Santos transgression. Still older

deposits, which are also deeper, were deposited in still lower

areas formed by erosion during the previous regression.

c) .!i~.~ha~l~~_~.!_!ormation of the Caraguatatuba coastal
plain - The stages that can be associated with the formation of

this coa stal plain are as follows (Fig. 17):

f~~_!-_~ t a g~ - During the ma ximum of the Cananeia
transgression, the sea en croached over the entire area presently

occupied by the coastal plain and deposited transgressive marine

sands. The base of the s eque nce is formed by transitional

argillaceous deposits (Fig. 16).

Second stage - Whe n the maximum transgression occurred,

or a little after, a barrier -island closed the interior of the

bay, and isolated hJO lagoonal zones that are separated by the

Camburu hill. Later, clayey-sandy sediments were deposited in

these lagoons.

Third stage - During the regressive period,beach-ridges

were added t o the original sand bar, the lagoons dried up, and

the surface of part of these deposits was covered by continental

deposits. l~hen the sea-l evel was lower than at present, the

sandy marine formations and the clayey-sandy lagoonal deposits

were deeply eroded. The drainage was preferentially established
in zones between beach-ridges.

Fourth stage - During the last transgression the sea

invaded the Caraguatatuba coastal plain twice. In the beginning

the invasion oc curred preferentially across low-lying zo ne s , a nd

lagoonal syste ms were establi shed. Two wood fragments collected

from old mangrove deposits that attest to ancient sea-levels at

-12.5 + 1 m and -16 + 1 m we r e dated as 7,950 + 220 years B.P.- - -
(Gif-3433) and 8 , 030 ! 150 years B.P. (Gif-3434), respectively.

During this transgression the s ea partially or almost totally

eroded the higher outcrops of the marine Pleistocene formations.

Fifth s tage - After th e ma ximum at 5,000 years B.P.,

a new barrier-island form ed and a new lagoonal zone was es t abl i shed ,
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Shells collected from clays near the surface were dated as4,400
+ 110 years old (Ba-4 54).

Sixth sta~ - First generation Holocene beach-ridges
were added to the barrier-island, during the minor regression
that followed the maximum at 5,000 years B.P.

Seventh stage - During the minor transgressive phase
of 3,500 years ago, the sea twice invaded the low-lying zones

and part of the first generation beach-ridges was eroded.

Eighth stage - During the return of the sea-level to

the presen t level, the second generation of Holocene beach-ridges
formed.

5 . 4 . 2 - [o~ s t al plain s of rest ric ted e xt e nt

a) Massaguaçu, Mococa, Tabatinga, Maranduba and Lagoi­

nha coastal plains - These plains were formed in the same wayas

the Juquel coastal plain. Sandy ridges closed small bays;
subsequently, lagoons formed which were filled by organic and

argillaceous sediments. After these lagoons dried up,continental

sediments partially covered their deposits.

It must be noted that the sands in these coastal plains
are coarser than in the south and that they can be piled to

higher altitudes (5 to 6 m above sea-level) during strong storms.

Records that can be correlated to the Cananeia
transgression have not been found in thése coastal plains.

b)Fortaleza, Flamengo, Toninhas, Praia Grande and Uba­
tuba coastal plains - These plains are of the Boioçucanga type;

that is, marine sediments are in direct contact with continental
deposits. Here the beach-ridges are well developed.

c) Praia Vermelha do Norte coastal plain - In the
northern part of Ubatuba, there is a small coastal plain that

was closed by a high beach-ridge. Due to a drainage trench
opened there, we could observe that this ridge is limonitized

and more or less ancient. Its top is situated about 4 m above

the upper limit of the present beach. Very clear bedding planes,
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so me d i ppi ng t oward th e cont inent, other s dipping s eaward, can

be obs e r ve d . This shows th at the ridge was s hallowly submerged

bu t s ti1l separated th e open sea from a more-or -less 1agoon al
zone .

has

the
the

argument

s a ndy

because

In thi s area no material whi ch could be dat ed

been found. I t is poss ible that this ri dge is evidence of
Canan iia transgressi on, bu t it a1so could be evidence of

fi r st Hol oc en e maximum . The a bs ence of shells may be an

on behalf of a Pl e i s to ce ne age . In fact , i n Pl e isto ce ne

f ormations, she lls hav e neve r been found , appa rently

they hav e been di s so lved, whereas t hey a r e f requent ly observed

i n great abu ndance i n Holoc e ne depos i ts .

d) Ita ~~mbuca, _Puruba, Ubatumirim an d Picingua bacoastal

plains - The s e coa sta1 p l a ins a re of the Bo i oçuc a nga ty pe with
bea ch -r idges c 1e a rly vi s ibl e on ae r ia l photos. On t he Pu r uba

coastal p1a i n t wo var iet i es of beac h-r idges may be observed on

ae ria1 pho t os, al though th is diffe rence could not be ver ified

i n the fi e1d.

TJ\f\L[ 5 - R,iDIO(MlRO:1 DIITl ~\ lõS or TlIE GEOLOGICIIL SA!':PlES FRDrI THE U11/T IV

r OSITIO:/ (Ir TUe r~:C I ENT SEII-LEVEL AGE 111 YEARS n.p. LABORII TOR" COORDlr Alt:SSA!·:PLE NATUIlE REFE RElICE

8 ,030 ~ 150 Gif - 3434
23039 .3'S

sr05-2 Foss i l wood - 1(,.5 r" ( ! 1m) 45°29 .0 ".1

7.9 50 ~ 2?0 Gif -3433 23039.3 ' S
5P05 -1 Fos $il Hood - 12. 5," ( ~ 111\) 45°29. 0'\0:

6 .905 ~ 105 Ba-455 23040 .6 ' S
A300 She l l Near l he pr~sen l l ev~ 1 4~c;ze .6 '~

Ncar l he prl·s cnt l evel 6,B90 ~ 175 Ba-456
23°41.3'5

A302 5hel1 45028. C' ',J

<.605 ~ 150 8a-462
2 304 4. 9 ' ~

A282 üys tcr in s i tu Above i 1. 6m 45°2 8 .8' ''1

4 .455 ~ 145 8a-< 61 23°<1 . 9 ' $
A281 Vermetidae t 1.9 m ( 0.4 rl) 45°20. 8 ' \1

Above tloe p rc ~ c nl l eve1 . Afle r a 4 ,405 ~ 110 Ba- 454
23° 38. 8 '5

A293 She 11 mõximum 45° 2] . 2 ' ',1

Above lhe prcs en l 1eve1. I\f lC'" 2 .750 ~ 130 8a-452
23038 .5'S

A290 5hc ll 2nd . ma ximum 45°2(,. 1' '01

2 ,665 ~ 130 8a-460 23044 .S' S
A280 Ve rme ti da e + 0. 8m (~ 0 . 4m ) 45020.8 ' W

2 .530 t. 130 8a -469 23°29 .6'5
A309 Vc rme tidae + 1. ?r.1 ( 1 0.4 11;) 45°05. 9' 101

2 .085 ~ 140 8a- 4S7
2 3 (\3~.4 ' S

A307 She 11 + 1 . ~m (1 0.4m) 45c; 1 1 .5'~:

1 ,840 t. 120 8a-4 68
23° 30. 0 '5

A308 V" rme ti dae + 1.2m (1 0 .401 ) 45°08.5 '\01

1.490 ~ CO 8a-482 23° 1-1. 8 ' 5
A325 Vermc t id ae i 1. 0m ( ! 0. 4m ) 4 ~o 3 7. 6 ' \o:

8CS ~ 115 6a- 453 23° 38 . 5 ' 5
A291 She1.1 Above l he pr cs ent Icvcl 45°26 . 1''01

i 1. 0m U 'O.4m) 865 ~ 90 Ba-463 23° 37.9'5
A30S Venne tidae 45° 23. 4, 1i

620 .. 120 8a-487
23°22.6'5

A312 Vcrmetidae + 0. 411I (! 0 .4,") 45° 50.4'\01
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5.5 - UNIT V: ILHA GRANDE BAY REGION

Based on geomorphological and structural
to th~ presence of the Guanabara graben, this unit
divided into three parts.

features,due

can be

S .5 . 1 - Pa r t af t h e ca a stal r egian be tween Parati and

Man g arati b fl

This portion is situated at the western side of the
Guanabara graben. Quaternary sedimentary deposits are very
little developed. This region exhibits an irregular coastline
which is characterized by a typical submersion morphology with

several "rias", mostly in the Parati region (Saco de Mamanguã

and Saco de Parati Mirim). There are several islands of
Precambrian rocks and the coastline is very indented.Sedimentary

deposits related to the Cananeia transgressive phase have not

been observed. There are several vermetidae and oyster
incrustations on the rocky surfaces above the present life

zones of these animals. CURRAY (Oral communication) has dated
1:n situ oysters 4.8 m above present sea-level as 5,200 + 200
years old (LJ-1364). It was not possible to find the place of

CURRAY's sample, which was collected during the construction
of the BR-10l highway.

5 . J • 3 - P il r' t o f t he c a a s ta l r e g i a n e as t a f Se p e t i b a

In th is part, the coastal plain is low-lying, but
marine sediments have not been verified in surface outcrops.

Possible lagoonal deposits with shell debris found by drillings

were mentioned by PONÇANO (1976).

Marine de posits situated above present sea-level are

again observed when we leave the Guanabara graben. Near the

place named Pedra there is about 20-cm-thick shell bed lying
on a weathered crystalline surface. The se shells indicate an

ancient sea-level at least 2.5 m ab ove the pr e s e nt level. Between

Pedra and Guaratiba, a very flat low-lying sedimentary plain,
superficially similar to that of the graben area,extends between

t he crystalline r ocks and the oceano Hove ve r , in t h i s case we

have a sandy-clayey deposit very rich in shell beds.

sauthern5. S . :? - Pa rt o f t ho c o e s t a l regian at t h e

e x tremity af t he Guanabara graben
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A s t r ong contrast is not ed be t ween t he last two
above-mentioned parts, eve n thou gh t hey are mo r p hologic~lly

s imi Ié r . At t he ~ . ur f a c 2 i n t he a r ea o f t he 9r aben , o fi 1Y
continental deposits are observed, wh ile eastern of Sepetiba
well-developed marine sediments occur above present sea-level.
Thus, sedimentary dep osits related to anc ient sea- leve ls higher

than present are ev ident on both sides of the Guanabara graben,
although they are absent in the in terior of the graben . However,

before postulating any Quaternary graben activity to explain this

features it will be necessary to make datings of shell samples
from the lagoonal depos its mentioned by PONÇANO ( op. cit . ) , in
order both to define the1r position in space and time and to
correlate thei r ages with sedimentary deposits located ou tside
the graben area.

lAlll E G - f:;IDIOCARllm: nvn nos or 111 ;: GEOL OGICAL SfII.:r l ES FRm: TIIE IUlfl GRfllWE SAY REGlml

SAMPLE N,\TliI<F. ros 111011 OF TlIE " ICIUIl SU.- LEVEL AGE I~ YEARS B.r . LAOORflTORY COORfllNATE5REF EREflCE

in s itu • 4 . 8m (t ?) 5,200 i 200 LJ-1364 22°57.0'5
Curray Oyster (4°25.6' 11

fI~ove or p res~n t levei 4 ,9:>0 = 120 8a-4 92 23°01 .0 ' 5
1'1333 5hC'11 4l'35.0 '\I

in s i lu t 4.810(: ?) 4,800 t 200 LJ-970 22°57 .0'5
Curray 11 OY5tcr 44°25 .6 'H

1. &,' 4 , 395 : 140 Ba -631 2205C.7' 5
1'1340 5he11 More than • 4~027 . 0 ' ",

3,550 i 105 Ba-492 22° 59 .1\'5
1'1 332 5hel1 Above t 2 .510 43°39. 0''11

LaboreI t 3 . 010 ( :0 . 401 ) 3,470: 110 Gi f -1059 23°00 .0'5
11 ' Vcrme t i dae 4500a.0'1I

+ 1.710 ( i 0. 410) 3, 255 : 100 Ba- 472 22°57. 8'5
A327 Vennet i dae 4 400 2 . 6' \~

More t han t 1. 601 3, 055 : 140 Ba-474 22°55. 7'5
A330 Oys t c r in s i tu 43°5:> .6'11

1. 501 ( : 0 . 410 ) 2,695 i 130 Ba -465 22°56. 7 ' 5
A321 Vermet i dae t 44°26.3'11

+ 1 .6 n1 (t 0 .410) 2,595 t 132 Ba-473 22° 55. 7'5
A32 9 Ven:J~ 1 i dae 43050.6' ll

2,510: 125 Ba-466
22°58.7'5

1'1322 Oys ter in s itu More than • 1.510 44°26.3' 11

~lore than t 1. 510 2,390 : 100 Gif- 3647 23°08.2 '5
" 178 5he 11 44° r, 2 .3 ' H

1.410 (: 0.401) 2,300 : 85 Ba-470 23°09. 2 '5
1'131 6 Vcnnet i dae t 430

( 1. 1\'',1

2 ,300 : 95 Ba-464
23°14 .0 '5

1'1315 Oys t e r i ~ s itu • 1. 710 44047.0 ' W

1,840 = 90 Ba-471 230GJ. 2' S
A320 Vl'l'''lel i da e t 1 .5 111 42041. i'o · ',I

Labore1 1. 501 ( .~ 0. 401) 1,670 =100 Gif-l060 23°00 .0 '$
Vcnnc'Li dil(~ t 45000.0 ' iI111

0 .8m (t 0 .4 10) 1 ,630 = 65 Ba-499
U058.2' 5

1'1328 Vermel i dae • 44°(17.8 ' 1:

• 0.711I ( <.0 . 4111) 975 : 60 ~ a -478
230 0? 9 '5

A3 18 Vermc' Li dite 47°36.7' ',/

I O.~)m 960 ! 110 ~a -4 (,7
23° 1.1.4 -s

A314 Oy'l .. r i n s i Lu ~lor c t han 44° 37.9' ,:

I abn re l 0 . r."1) 3BO t 90 Gi f-l 061 23°0".0 ' $
IV VC I·;"cl i dnc I fI.5m ( ! 4 5('OO. 0'\~

0 .5 111 ( , 0 . '.111) 230 .. 60 B., -4 83 7'°01. 0 '5
fl326 \' ( ' nw~ 1 i t1 .Il ~ • 4·1 ()13. 3 ' ::

lhe 5alll l·1' ·-. C'lI"rilY I and Cu ~r.IY II w,·...· cnl lcc ted hv F .Ofl.~ (. Jr.[R (OCR- Ri o Ge Jaue í ro] aud da t cd Iof
,1. r: 1~ : :I U:( .

l he s all\p ll; ~ I. alJtll"r'1 l I, I JI ,'"G IV . '.,rC' coI l o r r...l lo v J .l.flllUI:f.I . (Stut ion ~larin~ d · ~lIdou~I~-r r~ lICe).
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6 . COMPARISON OF RELATIV E MEAN SEA- LEVEL FLUCTUATION

CURVES FOR COASTAL MORPHO LOGI CAL UNITS

As we have seen above, relative mean sea-level
fluctuations are produced by a general phenomenon (glacio-eustasy)
and several local phenomena (isostasy, tectonic or geoid surface
deformations). The local phenomena will be subtracted from or
.added to the general phenomenon, and, consequently, the sea-Jeve l
fluctuation curves will be different for each area considered .
These differences will be most apparent when the component due
to the genera 1 phenomenon t s very weak, tha tis, duri ng the

maximum transgression and maximum regression.

In order to obtain a homogeneous curve, that is, a

curve equally affected by the local phenomena, it is best to
use samples collected along a restricted part of the coastline.
In fact, the area of the coastline under consideration here are not
more than several kilometers long each; it is possible, t heref ore ,
to assume that the isostatic and/or tectonic phenomena have been
the same and that geoid surface deformations will be irrelevant

for each area .

Frequently, we are presented with the following dilemma:

a) Either to construct an accurate curve from a lot
of data, a task which frequently could involve a relatively flat
portion of the coastal plain, wh er e the local phenomena probably
have not been the same at all points;

b) Or to consider only a very limited por t i on of the
coastline, which will provide only a few data; consequently the

curve will have little precision.

We have decided to take an intermediate path and to

consider the smallest sections of the coastline for which enough
data exist to allow us to delineate relatively precise curves.
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6. I - RELATIVE MEAN SEA-LEVEL CHANGE CURVE FOR THE

COASTLINE BETWEEN CANAN~IA AND IGUAPE

Radiocarbon dating of several samples of fossil wood
and shell debris from marine and lagoonal deposits, together

with the study of depositional environments of these sediments,
permitted us to recognize the position and the trend of variance
of mean sea-level at different depositional phases. The

morphological characteristics of the deposits (heights of the
wave-built and wave-cut terraces) and the datings of shell-middens
allowed us to delineate the curve (Fig. 18), that shows the
following:

a) The zero line was cut for the first time at about
6,400 years B.P.

b) About 5,100 years B.P. the relative mean sea-level
would have been at a maximum at 3.5 m higher than present.

c) About 3,800 years B.P. the relative mean sea-level
may have been equal to or slightly lower than present level.

d) About 3,500 years B.P. the relative mean sea-level
would have been at a second maximum situated 3.0 m above present

level.

-e) Si nce t he n , our accur acy di mi ni s hes; however , thanks

to ~hell-midden datings,we know that about 3,100 years B.P. sea­
-level would nqt nave been higher than + 2.3 m in relation to
the present level. The relative mean sea-level evolved
progressively toward the present level, and about 1,800 years
B.P. the mean sea-level could not have been greater than + 0.5 m.

6.2 - RELATIVE MEAN SEA-LEVEL CHANGE CURVE FOR THE

COASTLINE BETWEEN PRAIA GRANDE (SANTOS) AND

JURtlA MOUNTAIN (BERTIOGA)

Several datings carried out on shells and wood fragments

from uplifted lagoonal deposits as well as on vermetidae and
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shell debris from a beach-rock, together with data on wave­

-built terrace heights, allow us to outline the sea-level changes

for this area (Fig. 19).

It is possible to see the same fluctuations in this

curve as in the previous one (Fig. 18), although their amplitudes

are different. Thus, the maximum level of 5,100 years B.P. seems

to have been situated at + 4.5 m and that of 3,500 years B.P. at

+ 4.0 m. About 2,000 years B.P. the level may have been between

1.5 and 2.0 m above present, while in the Ca na ne i a e Lq ua pe coastal

.pl a i n it could not have been higher than +0.5 m. Moreover, it
seems that the zero line was crossed earlier (about 6,700 years

B.P.).

6.3 - RELATIVE MEAN SEA-LE~EL CHANGE CURVE FOR THE

COASTLINE BETWEEN sAo SEBASTIAo AND UBATUBA

The entire curve for this area has not been delineated

because of insufficient data. However, the final portion of

the curve (after the second maximum) is well defined and looks

like the previous curves (Fig. 20). Two samples related to
ancient sea-levels situated at -12.0 and -16.0 m (+ 1 m) and

two others related to a level near the present have been dated

and allow us to outline the portion of the curve between -16
and O m. It seems that the zero line was crossed in this region

for the first time a little earlier than in the Santos area.
This could indicate that the 5,100 - 5,200 years B.P. maximum

had attained a relative height slightly iuperior to that in Sa~

tos. Two vermetidae samples from the west coast of São Seba~

tião island seem to indicate ancient sea-levels more elevated

than on the continent.

6.4 - RELATIVE MEAN SEA-LEVEL CHANGE CURVE FOR THE

COASTLINE BETWEEN PARATI AND ANGRA DOS REIS

As in the previous case, only the final part of the

curve has been outlined (Fig. 21), and this shows characteristics
similar to the previous three curves. A sample of oysters
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collected from a rocky boulder from a little to the east was

da te d by CURRAY a t 5,2 OO .::. 2OO yea r s B. P. The s e oy s t e r s i nd i cate
an ancient sea-lével at + 4.8 m, which is slightly greater than

the maximum for the Santos region, and probably is equivalent

to that of the São Sebastião-Ubatuba region.

22) . A continental inflection mechanism, as previously described,

could easily explain the differences in altitude of the records

belonging to the first Holocene maximum (about 5,100 years ago).

Similarly, this mechanism could e xplain why these records are

situated at higher altitudes in the north than in the south.
However, the dis locat ion since 2,000 years B.P. till today is

hardly explainable by this type of mechanism. But,if continental

inflection was the cause of the older amplitude differences,the

Pleistocene records should show proportional dislocations along

the coast, and a dislocation of at least 20 m between the tops

of the Pleistocene between Canan~ia and Santos should be evident.

In reality, however, significant differences in altitude of the

Pleistocene deposits in these two areas are not observed. Thus,
it is necessary to look for another mechanism to explain the

observed differences in amplitude of the relative sea-level
change curves during the last 6,500 to 7,000 years.

differences

of

( F i 9 •

The r e1a t i vem ea n s ea- 1eve 1 chan9e cur ve s show

of amplitudes which appear to be greater than the errors
measurements and which are toa constant to be fortuitous

Over the last few years, geodetical measurements by

satellites of the real ocean surface (equipotential surface of
the gravity field )have revealed irregularities that are not

negligible. Thus, the map of the geoid (Smithsonian Standard

Earth 111, GUPOSCHKIN, 1973) indicates variations of about 180m
over a distance of 2,000 km. Certainly, changes in the distr ibution

of the mass in the interior of the Earth have occurred through

time, causing changes in the geoid surface. Horizontal changes

(relief dislocation) and vertical changes (increasingor diminishing
hump and depression amplitudes) can be observed. According to

MÕRNER (1976), this kind of movement has occurred during the
Holocene, thus causing transgressions or regressions by relative

dislocations of the sea-level.
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We therefore bel ieve t ha t , in the present stage of

our knowledge, movements of the geoid surface provide the best

e xpl a na t i on for the vertical dislocation observed for the records

of ancient sea-levels. On the other hand, the differences in

morp~ology observed between the northern and southern parts of

são Paulo's coastline can be explained by the differential

inflection mechanism.

Similarly, within the Guanabara graben region,it seems

that recent subsidence has shifted ancient shorelines. In this

ma nn e r , two samples (A327 and A328), collected west of the Gua­

nabara graben proper, seem to indicate an ancient relative sea­

-level slightly lower than other, further westward records .



-64-

EXCURSION ROUTE

1. SUMMARY (FIG. 23)

First day: são Paulo to Cananeia

Second day: Cananeia to Perulbe

Third day: Perulbe to são Sebastião

Fourth day: São Sebastião to Rio de Janeiro

Fifth day: Rio de Janeiro

2. ROUTE

2.1 - FIRST DAY - SEPTEMBER 14th - DEPARTURE: 07:00A.M.

2 . 1 . 1 - On the itinerary (Fig. 24)

From são Paulo to Ca na ns i a , we shall travel by BR-1l6

and SP-226 highways. There is no stop between são Paulo and
the t own of Pariquera Açu. Geologically, this part is formed of
Precambrian crystalline rocks, and only near Registro can we see
some outcrops of Plio-Pleistocene continental deposits of the

Pariquera Açu Formation. Between the town of Pariquera Açu and
Cananeia we will enter the Cananeia-Iguape Quaternary sedimentary
plaino

a) STOP 1: 10 minutes

Place: Between km 40 and 39 of SP-226 highway

the town Df Pariquera Açu).

(near

Subject: One of the most representative outcrops of

the Pariquera Açu Formation. This formation can be correlated
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with the Barreiras Formation that occurs in the north, beginning

in the State of Rio de Janeiro. It was probab1y deposited under

sem i v a r i d conditions. The Quaternary marine and 1agoona1 sediments

of the Cananeia-Iguape coasta1 p1ain deposits 1ie upon the Pari
quera Açu Formation.

b) STOP 2: la minutes

Pl ac e: km 23, SP-226 highway (Pariquera Açu to Cananâí a}.

Subj e ct: Contact between Pariquera Açu Fo rma t i on and
transitiona1 c1ayey-sandy sequence of basa1 port ion of the Cana

né í a Formation. Fossi1 wood collected from these sedimentary

deposits indicated an age of greater than 30,000 years.

c) STOP 3: la minutes

Plac e: Km 21, SP-226 highway (Pariquera Açu to Cananài a) .

S u b jec t : Contact between transitiona1

sediments a nd sha110w marine sands of the Cananeia

c1ayey-sandy

Formation .

The marine sands a re very thin because we are now a1most at the

in1and 1 imit of the Cananeia transgression.

d) STOP 4: 30 minutes

P 1 a c e: NO r t h of Cuba tão vi 11 a9e a t t he 1a9oona1 ma rgi n

of the Mar de Cananeia .

Subj ec t : Here we can see a-6 to 7 m-high sandy c1iff

with c1ayey-sandy sediment s at its bottom (Fig. 25). This is a

typica1 Cananeia Fo r mat i on outcrop.
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e) STOP 5: 20 minutes

Pl a c. e: Cananeia island, between Mar de Cananeia ferry­

-boat pier and the town of Cananeia; a sand spit.

Subject: Detailed features of the top of the Cananeia

Formation can be observed here (Fig. 26):

- Cal Zi an a Rsa hurrows
- Mud-cracked clay beds
- Thin plant debris layers
- Horizon tal parallel stratification of marine sands

At Cananeia, the day will be partially dedicated to
a t r i p along the ~lar de Ca na ne i a lagoonal area. We shall travel
along the Comprida island margin, where we can observe, in the

fo11owing order:

- Lower terraced Cananeia Formation (eroded)

- Holocene lagoonal deposits
- Ancient mangrove deposits with shell bed within

clayey-s andy deposits

- Lower terraced Cananeia Formation (eroded)
- Higher normal Cananeia Formation

The shells from the s he ll bed (Fig. 27) have been
dated at 5.410 + 110 years B.P. (Ba-229). They indicate an
ancient sea-level at + 1.5 + 0.5 m.

Fossil wood fro m ancient mangrove deposits (Fig. 28),
co11 ec te d near pr ese nt 1ow- ti de, 'lI as da te d a t 6, 455 + 1 7Oyea rs

B.P. (Ba-230), which attests to an ancient sea-level at -0.8 +

0.4 m.

Returning, we s ha l l follow the Cananeia island margin,
where we can obs er ve , in order :

- Highe r normal Cananéia For ma t i on
- Eroded zones within Cananeia Formation where Holocene

clayey-sandy sedimen ts have been deposited.



p

-69-

Meon levei

High tide

_ Low tide
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Fi g. 25 - Cananéia Formation at Cubatão
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KS (1978)

sands.

Island)

T

( Compridabed

Mean levei

High tide

Low

Mar de Canan éia

Fig . 27- Uplifted shell

Fig.28 - Ancient mangrove buried by marine

Hi h tide
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f) STOP 6: 60 ~inutes

Plac.e: Comprida is1and; Nóbrega river pa1eobay bottom.

Subject: Remains of a 1arge she11-midden formed

predominant1y of An o ma l o c a r d i a b r a e i l i an a , which wa s dated as

4,210 + 160 years old (SPC-22). It seems that the she11-midden

was built when the Nóbrega river paleobay wa s f1ooded, that is

during a sea-level higher than present. Moreover, as the she11-

-midden is situated on Comprida island, on the Ca nane i a Formation

eroded during a Ho l o c e ne high sea-level, i t is logica1 to admit

that this erosion occurred prior to 4,200 years ago. Thus,this

part of the Ca nan e i a Formation could on1y have been eroded during

the maximum of 5,100 years B.P.

g) STOP 7 (OPTIONAL)

PIace: Ca na né í a island; at the base of the hotel of

the Secretaria de Cul t ur a , Esportes e Turismo.

Subject: Ca na ne t a Formation outcrop which shows the

following details:

thewith- Ca l l i an a n s a burrows (observe the leve1

highest concentrati~n)

- Thin iàyers of plant debris

- Thin clay beds

At this place the transitiona1 clayey-sandy sequence

of the Ca na ne i a Formation is observed only by dril1ing (Fig. 29).

First night - Cananeia
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Fig. 29 - Cononéio Formotion 01 the base of

the hotel (FUMEST); Cananéia Island.

KS (1978)

2.2 - SECOND DAY - SEPTEMBER 15th-DEPARTURE:07:00 A.M.

2 . 2 .1 - On t h e t t t n e r a r-v (Fig . 3 0)

Returning to Pariquera Açu, our route will be the

same as the first day. From Pariquera Açu we will travel along

the SP-222 road t owa r d the t own of Iguape, which is also situated

on the Quaternary Cananeia-Iguape coastal plaino Departing from

Iguape t owa r d Biguã (BR-116 highway), we will go by SP-222, at
last leaving the Cananeia-Iguape coast al plaino At Pedro de

Barros we will enter SP-165 highway toward Perulbe.
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a) STOP 1: 5 minutes

P l a c c : Sub e iima village, between Pariquera Açu and Iguape.

Su b j c c t : Ce nanê í a Formation outcrop.

b) STOP 2: 15 minutes

Pl acc: Rocio (Iguape) Momuna road, right margin of

the Ribeira de Iguape river at a place named Barranco Alto.

Subj e ct: Cananeia Formation outcrop.

c) STOP 3: 10 minutes

P l a c e: Rocio (Ig~ape) - Momuna road, about 13 km from

the ferry-boat pier of Iguape.

Subj ect: Remains of a shell-midden predominantly

formed of oyster shells. Some shells of Anomalocardi a brasi li ana

and Lu c ina j a ma i c e nGi s have also been observed. Samp1es of

shells from the base of this midden were dated at 4,790 + 115

years B.P. (Ba-308). This shell-midden was built at the margin

of an eroded zone of the Cananeia Formation which was occupied
by a lagoon when the sea-level was higher than present.

d) STOP 4: 10 minutes

PIa c e : r·l0 muna

Su b je ct : Cananeia Formation and Holocene lagoonal
sediments that have been deposited with in eroded portions of
the Cananeia For ma t i on (Fig. 31).

On returning, we will take the same road toward Igu~

pe, where we will cross the Valo Grande, an artificial channel
opened during the past century to connect Ribeira de Iguape



-75-

river to Mar Pequeno (lagoonal zone). Probablya na t ur a l

communication existed in this place when the sea-level was

higher than present connecting the extensive lagoonal system

with the sea. The government has annou nced plans to close this

channel as a n attempt to restore natural breeding areas of

economically import an t sea and 1agoonal li f e .

m
la

5
Bora no las
SP1- SP2

Momuna
ri ver

. .:::. - .- -
Holocane

= '

Boreholes
SP3-SP4

Momuno
~

" nI

Fig. 31- La goonal Holocene clay filling up the eroded

parts of the Cananéia Formation (Mornuno villoqel

e ) STOP S : 60 minu tes

Pl ac e : Igu ape is1and, near Icapara outlet.

Subj c c t: Ho1ocene wave-bui1t terrace abutting against

Canan~i a Formation mar ine sands. At the base of the Ho1ocene

terrace, thin 1aye r s (1 to 2 em) of plant debris are found. The

mechani sm af deposition af this plant debris is similar to that

observed on the pre sent beach in the same place. A sample of



-76­
this p1ant debris from a 1ayer 0.2 m above present high-tide

1eve1 was dated at 3~370 + 100 years B.P. (Gif-3430). A second
samp1e co11ected onJy a few meters away from the first one was

dated at 3,700 + 140 years B.P. (Ba-445). These p1ant remains

are covered by a1most 2.5 m of marine sands~ suggesting that they

were deposited in a transgressive phase. A1timetric measurements
have shown that the Ho1ocene terrace's summit~ c10se to the Ca
na nê i a Formation c l i f f , i s 3' m above present high-tide 1eve1.
Therefore, a sea-level 3 m higher than present was reached 3,700

years ago.

The scheme of formation of this wave-built terrace can

now be established. Plant debris must have been deposited on
the beach when sea-level was slightly higher than present and

concomi ta nt 1Y 1·1i t h t he er os i on of t he Ca na nei.a For ma t i on , wh i ch
provided materials for deposition as transgressive Holocene sands.

P1ant debris was ra pidly buried, which favored its preservation.
The Ho1ocene ma r i ne te rr ace wa s pi1ed up at a rate porportiona1

to the rise in sea-level and the erosional retreat of the Cana­
neia Formation. Really, there are two terraces, one wave-cut

terrace on the Ca na ne i a Fo rmation over1ain by a s a ndy , wave-built
terrace (Fig. 32).

f} STOP 6: 5 minutes

Pla c e: Iguape island, near stop 5.

Su b j c c t : Probablc Pleis tocene dune on Canane i a Formation.

9 1 s'ror 7: 5 rui. n u t.e s

Place: Margin of Iguape-Bigu â road, between Ribei ra
de Iguape river and crystalline baseme nt.

Sub je ct : Organic clay of Holocene f1uviati1e-1agoonal
origino

h) STOP 8: 5 minu tes

Pl ac e : Margin of Iguape-Biguâ road, near the foot of
the Serra do Mar.

S u bj c c t : Small Ca na ne i a Formation outcrop.
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Pr e se nt si tua t i on

3.370±IOO y. B.P.
3,71 O±140 y. B.P.

10m Plant debris deposited during the transgressive period

5 .....J/.~//.//.//j'//

Stage of burialand fossilization of the plant debris

High tide

300m

-----------"
I
I
I

. I
Eroded po r t lon I

I

Eroded port ion

Erosion of th e Holocene terrace

Fig.32- Evolutive sch e rn e of the Icapara outlet

Holocene wave-built t erro ce ' Iguape islcndl
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j .) STOP 9: 5 minutes

Place: Climbing up the crystalline basement, Iguape­

-Biguã road.

Suhjcct: General view of the landscape of the northern
portion of the Cananeia-Iguape coastal plaino

Here we shall le~ve the Cananeia-Iguape coastal plain
and travel toward the Itanhaem coastal plaino We shall return
to the BR-116 near the town of Biguã, and in Pedro de Barros we
must take the SP-165 toward Peruibe.

j) STOP 10: 10 minutes

Place: SP-165 roadside, between the village of Ana
Dias and town of Peruibe.

Subject: Cananeia Formation bordered by Holocene low­
-lying zones (near Branco and Peruibe rivers).

k) STOP 11: 10 minutes

Place: Town of Peruibe, near the bridge of a road to
the Guarau plaino

Subjcct: Cananeia Formation (coarse-grained sands).

Second night - Peruibe

2.3 - THIRD DAY - SEPTEMBER 16th-DEPARTURE: 07:00 A.M.

2 . 3 . 1 - On t h e itinerary ( Fi g. 33)

From Peruibe to Mongagua we shall travel over the Ita
nhaem coastal plaino From Mongagua to Praia Grande and then from
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Praia Grande to Guaruja we shall go over the Santos coastal plaino
From Bertioga to Una outlet we will cross the Bertioga sedimentary

plain, and, finally, from Una outlet to São Sebastião we have a
cliffy, rocky coastline with local development of small sedimentary

plains.

a) STOP 1: 5 minutes

Place: Town of Itanhaem

Subject: Cananeia Formation. Here the Cananeia Forma
tion is protec ted against erosion by headlan~s of Precambrian

rocks.

b) STOP 2: 20 minutes

Place : Between Itanhaem and Mongaguâ and

(Agenor de Campos allotment) .

Subject: Contact between sandy Pleistocene
Holocene deposits.

c) STOP 3: 30 minutes

Mongaguâ

and

Pla ce: Praia Grande, near Vila Tupi (allotment).

Subject: Holocene marine terrace whose summit is situated
about 4 .5 m above present high-tide level (Fig. 34). Tree trunks
in life ~ositions covered by marine sands have been dated at
6,250 + 130 years B.P. (Gif-3845) and 6,480 + 75 years B.P.(Ba-327),
which well attest to the Holocene age of the upper part of this
marine te rrace. On the other hand, it i s possible that the lower
part of the terrace could be of Pleistocene age. Many other
samples from here have been dated which indicate different
positions of sea-level:
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S ubjec t: Cena ne i a Formation outcrop where we can see

the fo11owing detai1s:

- Stratification

- CalZianassa burrows

- Eo1ian dunes on ma r i ne sands

betweenPla c e: Samaritã; Manuel da Nóbrega highway,

Praia Grande and Cubatão.

d) STOP 4: 10 rninutes

A272 (6,565 + 115 years B.P.),ancient sea-level at
+ 1.0 m (+ 0.'1 m).

A271 (~,220 + 125 years B.P.),ancient sea-level at

+ 1.2 m (+ 0.4 m).

A237 (6,200 + 165 years B.P.), ancient sea-level at

+ 1.3 m (+ 0 .4 m).

A273 (5,795 + 125 years B.P.), ancient sea-level at

+ 1.7 m (+ 0.4 m).

A232 (5,455 + 170 years B.P.), ancient sea-1evel at

+ 2.4 m ( + 0.4 m) .

She11s co11ected from the base of a shell-m idden

constructed on asma 11 dune und e r l a í n by Holocene marine sands

were dated at 4.,520 + 150 years B.P. (Ba-326). This age sho ...is

that the maximum of transgression occurred before this date.

Moreover, the height of Ho1ocene marine sediment terraces indicates

that t h i s ma ximum reached at l ea s t to + 4.5 m above present high­

-tide 1eve1.
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e) STOP 5: la minutes

Placc: Acapu1co a11otment, near Pernambuco beach (Sa~

to Amaro is1and).

Subje ct: Ho1ocene marine sands with she1ls (Fig . 35).

During the rn a x i murn of the Ho1ocene transgression, the seareached

the foot of the rocky portion of Santo Amaro is1and. Short1y

after this maximum, a "t omb o l o " abutted against the rocky portion

of Santo Amaro is1and and Tortuga C1ub hi11 . Later, sandy ridges

c l o s e d the Pernambuco beach and formed a deep bay open toward

the present Perequê beach. The Mar Casado shéll-midden dated

at 4.400 + 130 years B.P. (Gif-1194) shows that this c l os í nq

must have occurred before this date . She11s samp1ed from beach­

-ridges c l o s i nq the pa1eobay site have been dated as 4,210 + 145

years old (Ba-353), which shows that this bay still existed at

this time. The pa1eobay surface diminished as the sea retreated.

The beach-ridge l i ne a t i ons , very c1ear1y distinguished in the

pa1eobay area, confirm this scheme.

f) STOP 6: 15 minutes

Pl ac e: ~ertioga, 1eft margin of the Itapanhau river.

Subject: Ho1ocene 1agoona1 c1ayey deposit with fossi1

wood and she11 fragments covered by marine sands (Fig. 36) .Shells

collected from the c1ay deposits were dated at 6,020.:!:. 130 years

B.P. (Gif-3850). 2.7 m-thic k marine sands covering this c1ay

show that this date r e pr e s e nt s a transgressive phase and that

these sands can be re~ated to the first Ho1ocene maximum .
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Holocene
l st. moximum

Holocene I
. I

2nd . mOXlmum,
I

3.520 ± 130 '1 , B.I?

,
I,
I

Presant mongrove :
I
I

3m

Logo"o;R;ICiaY~"T-=~.? - .J-Hi9h li de
wifh \I/o~d-º~<L~~

.Qy~~.';--=. -=. _- ~-_ ;'~~-~'I----:-I""to-p-o-n"""'h-o-u"-­-_ _-_- =~- ..~_ river
- - --.:::::j..-- -------

6.020±130 v B.I?

Fig. 36 - Holocene deposit at lto ponhcú rivermargin.

Pleistocene terrace

Fig. 37- Holocene marine terraces and their relation­
to Pleistocene terrace at Bertioga coastal plain.

. :' ::l'':;:.:.::~·':: :':f f: ::~resent hiqh-ti d e
-------~-~- -- - - - -



-86-

g) STOP 7: 10 minutes

P i n c e: Town of Bertioga.

Sub j r- c t : Lagoona l clay with fossil wood covered by

Holocene marine sand abutting against previous (Stop 6)deposits

(Fig. 37). Fossil wood collected from the clay has been dated

as 3,480 + 70 years old (Ba-355). This dating shows that this

deposit is related to the second Holocene transgression.

h) STOP 8: 5 mi n u t e s

P in ce : Town of Bertioga.

Subj ect: Cananeia Formation outcrop.

i ) STOP 9: 20 minutes

Plac e : Bertioga coastal plain (Enseada hill).

Subj ect: Remains of a beach-rock. The bedding planes

are dipping gently oceanw~rd. Coarse-grained beds richer in

shell debris than other portions are found near the base and

top of the outcrop (Fig . 38). Deposition of coarse sand similar
to that in the beach-rock is observed in lower portions of the

beach in this place. Shell debris collected from the upper part

of the outcrop was dated at 3,480 + 70 years B.P. (Ba-355).

Probably, t~e second Holocene maximum occurred during this period.

j) STOP 10: 15 minutes

Pla c e: Ber tioga coastal plain (São Lourenço hill).

Subj cct: Vermetidae and oyster incrustations on

protected Precambrian rocky surface. A dated sample indicated
an ancient sea-level at + 1.6 m (~ 0.4 m) at 2,240 + 90 years

B.P. (Ba-357).
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4.2m

High tide

Mean
leve I

Fig. 38- Enseada hill beach rock, Bertioga .

K S (1978)

k) STOP 11: 5 minutes

P la ce : Ju qu e i coastal plain situated on r oc ky crystall .i

ne coastline between Una outlet and t he town of são Sebastião.

S u bj e ct: Small coastal pla in closed by a sa nd bar (See

text : Part 5.3.2-a).

1) STOP 12: 10 minutes

Plac e: Maresia coastal plain, situated on roc ky coastl ine

between Una outlet and the town of s ão Sebastião.

Subj ect: Small coastal pl ain wi thou t l ow- l yi ng zone

behind a beach-ridge (See text: Part 5.3.2-b).

Third night - s ão Se ba s t iã o
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2.4 - FOURTH DAY - SEPTEHBER 17th-DEPARTURE: 07:00 A.M.

2 .4 . .1 - On t h e it in e ra ry ( F i g. 39 )

We shal1 travel along BR-10l highway from são Sebas

tião to Rio de Janeiro passing through Caraguatatuba, Ub a tub a ,

Para ti , Angra dos Reis, Sepetiba, Guaratiba and Jacarepaguá.

a) STOP 1: 20 minutes

Plac e: Fazenda são Sebastião, Caraguatatuba coastal

plain o

Subje ct: Coarse-grained Pleistocene marine s and s ,

Holocene beach-ridges probably in two phase of generation, and

Holocene lagoonal clayey-sandy deposits.

b) STOP 2: 20 mi n u t e s

Pla c e: Tabatinga beach between Caraguatatuba and Uba

tuba.

Suhje ct: Uplifted beach with shell debris; partially

covered by colluvial deposits. She l l s have been dated at 2,085

_~ 140 years B.P. (Ba-457); this age must indicate an ancient

sea-level at + 1.5 Jl1 above present level (Fig. 40).

4- Colluvium

(2.085 ± 140 y. B.P. I.

zona

Fig. 40 - Ancient uplifted beach of Tabatingo.

K5 (19781.
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c) STOP 3: 15 minutes

Pla c e: Praia Vermelha do Nor t e , N Df Ubatuba.

Subj ect: Limonitized ancient beach-ridge with bedding
planes dipping toward the continent as well as oceanward. This
shows that the ridge was shallowly submerged and that it still
separated the open sea from a more-or-less lagoonal zone. Its
top is about 4 m above the upper limit Df the present beach. It
has not been dated; however, it is probably Pleistocene in age.

d) STOP 4: 30 minutes

Para ti.
PIa c e : BR-l 01, benea th a vi ewpo i nt near the town of

Subj ec t: Oyster shell incrustation on roeky surfaee.
The top of the incrustation zone is situated about 1.7 m above
the present life zone Df living oysters at this plaee. These

shells were dated at 2,300 + 95 years B.P. (Ba-464).

e) STOP 5: 30 minutes

Place: Historie town Df Parati.

S~~j e ct: Rapid sightseeing Df the town of Parati .

f) STOP 6: 30 minutes

Plac e: Frade eoastal plain, between the town of Para
ti and the eity Df Angra dos Reis.

Subje ct: Small Holocene sedimentary plain wi t h sediments
very rieh in shell beds .
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Ve ~me t i d ae a nd oyster sample s i ndi ca t e an ancient sea­

-level at + 1. 5 m at abo ut 2 , 695.: 130 yea r s B.P. (Ba-465) and

2,510 + 125 yea r s B.P . (Ba-466 ), resp ec tively. From th is reg ion

J . CURRAY has da t ed oys ters indica ting an anc ie nt sea-leve l at

+ 4.8 m a t about 5 , 200 and 4,800 years B.P. (LJ-1364 and LJ-970) .

g) STOP 7: 10 minutes

Pl ac e: Guanabara graben (rift valley).

S ubjec t: Se d i men t a r y pla i n f ormed of· con tine ntaldeposits

superfic i al ly. Ma r; ne sedi men tary dep os its have been fo und only

by drilling.

h ) STOP 8 : 30 minu tes

Plac e : Ens eada das Garça s al lot ment, between the to wn

of Sepetiba and ~ locali ty of Pedra .

Subj e ct: Shell bed upon weathered crystalline rock

(Fig. 41). Sampled shelJs indicate an ancient sea-level at

least + 2.5 m at 3 , 550 + 105 years B.P. (Ba-492).

Fig . 41- Marine sand bay)

Enseada das Garcas allotment (state of Rio de Janeiro).
~

KS ( 1978 J
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i) STOP 9: la minutes

Place: Between Pedra and Guaratiba outlet.

Subject: Sedimentary plain very rich in shell beds.

Sampled shells indicate an age of 4,900 + 120 years B.P.(Ba-493).

Fourth night - Rio de Janeiro

2.5 - FIFTH DAY - SEPTEMBER 18th (morning)

Jacarepaguã coastal plain, studied by CENPES (PETROBRAS).
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(;U1!.n (;reJ\J. EXClIRSIOf\' TO JACAREPAGII}\ eOASTAL PLAIN

1\1'\11 SEP ETIBA BA Y (lU)

hy

I lél i o Ron c a r a t i and A . N . Ban de i ru .I r .

(c:r:~JPI:S - PET RO n RÁS: IU O DE J ANEIRO)

07:00 h - Prel i minary remarks on the ex cursion route (At the

hall of t he hot el ).

07: 30 h - De pa rtu r e fro m t he hote l to wa rd -sou t h o f the ci ty of

Rio rle Jane iro, pa s si ng th roug h Co pacaba na, Ipa ne ma,

Leb1 0n an d S ~o Con ra do bea c hes . We ca n see some

ou t c r ops of Pr ec ambri an c rys t a l l i ne roc ks ( ... a nd

s om e ti t a n9a s ti \</ a 1ki n9 a 1on9 t he bea c he s ~ ) .

STOP 1: 10 mi n ute s

Pa nor ami c vi e \</ of t he J aca r e pa9ua coa s tal p1éI i ri

observed from its east er n flank. This Holocene

s ed ime nt a r y p1a i n i s limited on the north by Tijuca

and Pedr a Branca mount a i ns (crystalline Precambrian

roc ks). It is possible t o observe one of the res idual

1a goo ns fo rming t he pre s e nt Lagoa da Tiju ca.

On t he w~y to wa r d the ne xt s top we wil1 fo110w t he

in ner resting a (sa nd bar ) .

STOP 2: l a minutes

R0 ad 11 and BR- 10 1 c ro s sing. He r e , to t he north, we

ca n s ee t he I"em na n t s of a n i nne r 01 d 1a 9oo n

r ep resented by t he pre sent Lagoas of Jacarepaguã ,

Cam or i m a nd Tiju ca. At t he s ou t h , we can see the
pre s en t L a go ~ de Marap endi, which is a residual
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1ake o f the external l aqoon , more important in the

pasto Lt is separated from the open-sea by a restinga.
From here we will also continue on the inner restinga.

STOP 3: la minutes

Br i d ç e on Sernambetiba channel. Here we can observe
the restingas of the type "b r oken half-moan r i dqes "

(cordão meia-lua de arrombamento) and, to the north,

ancient swampy zones filled up by peat deposits in

certain portions of the inner lagoon.
From here to the next stop we wí l l continue on peat

deposits.

STOP 4: la minutes

From this point, we can observe evidence af ancient

shorel ines de~ineating the maximum af the Flandrian

transgression in the area .
Fr om he r e tos t op 6 \'/e wi 11 9o a1on9 t he crys tal 1i ne

basement.

STOP 5: 10 minu tes

Panoramic view of the Jacare raguâ coastal plain

observed from its western flank.

S?OP 6-: 10 minu tes

Eastern fla nk of Sepetiba bay, an area being studied

prrsently by a team of gealagists and sedimentologists

of CE~PES (PETROBRAS). We can observe a great part

of t h i s b ay , li rnited on t he south by t he restinga do
Marambaia , which exhibits well-developed eolian dunes,

though partially covered by vegetation, and limited

on the north by the ex t ens i ve muddy sedimentary pl a i ns ,

Ho 1o c e ne i n a9c. fi t t he back , t he escaI' prn en t af t he

Brazilian South Atlantic Plateau farms the Serra do

Mar.



B
a

rr
a

da
T

ij
u

c
a

01
=

S
to

p

o
C

E
A

N

A
1

L
A

N
í\

C

,
•

•,
'

_
'

.
s
.
,
»

>
:

,,
..

•
•
•
•
.
•

,
•
•
•
•

-
·-
-R
~i

t~
~9

.ó
:~
de
;.

-~
..~~

~~
9
Le
J?
~9

~q
.

'.~
.'

-.
..

..
,

.-
,0

.-
'.

'
.-

-.
--

-.
-.

.-
."":

:':-

S
e

rn
a

m
b

e
ti

b
a

h
e

a
d

la
n

d

.J
-

+
+

.L
+

+
+

+
+

+
+

+-
t

+
_

+_
+

+
J

'\
+J

S
+
~
+

n
,

+-
+

+
+

+
+

-t
--

+
+

+-
+

+
+

"
t

+
+

t
+

+
t
+

+
+

+
+

+
+

+
+

+
-+

1
·

'
..L

+
+

+
+

+
T

+
-l

-
+

FI
G

.
4

2
-

o
I

2
:3

Ja
ca

re
p

a
g

u
ó

co
a

st
a

l
p

la
in

(R
io

de
Ja

n
e

ir
o

).
4

5
K

m
K

S
1

I9
7

8
1

I '-
D co ,








