
INTRODUCTION 

With the exception of the Rio Doce mouth 
coastal plain, Quaternary deposits of the remaining 
State of Espírito Santo coast were never submitted 
to a systematical geological study. On the other 
hand, the Rio Doce coastal plain between Con- 
ceição da Barra and Bana do Riacho (Fig. 1) has 
been studied by several authors (Bacoccoli, 1971 ; 
Bandeira Jlinior et cil., 1975 and 1979; Suguio et 
al., 1982; Dominguez, 1987 and 1989; Dominguez 
et al., 1987; Martin e f  al., 1989). Works accom- 
plished during the last decade, based on detailed 
geological mapping, radiocarbon dating and vibra- 
corer samplings allowed to reconstruct the evolu- 
tionary history of the Rio Doce coastal plain with a 
good precision (Fig. 7). Then, it was proved that it 
is not entirely of Holocene age, and that its origin 
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ABSTRACT 

A preliminary geologic map of the Quaternary deposits, situated at the southern half of the State of Espírito 
Santo coastal plain, is presented in this paper. They are represented by two generations of wave-built ter- 
races, which have been originated after 123,000 years and 5,100 years B.P., by paleolagoonal deposits re- 
lated to the last high sea-level period and by alluvial, coastal marsh and mangrove deposits of Holocene 
age. The evolutionary model valid for this sector of coast is quite similar to that previously established for 
other sectors of the Brazilian coast. 
Key words: Quaternary coastal deposits, geological evolution, State of Espírito Santo, relative 
sea-level changes. 

was strongly controlled by relative sea-level 
changes, fluvial sedimentary supply, longshore 
drift, as well as its reversals as a consequence of 
changes in the atmospheric circulation (Martin et 
al., 1993). 

THE GEOMORPHOLOGICAL SCENARIO OF 
THE STATE OF ESPÍRITO SANTO COAST 

The landward boundaries of the State of 
Espírito Santo coast Quaternary deposits are con- 
stituted by two distinct geomorphological units. 

A Tertiaiy plateau formed of Barreiras For- 
mation continental deposits, whose surface is 
slightly sloping oceanward. It is dissected by a 
subparallel hydrographic net, frequently charac- 
terized by the presence of wide valleys with flat 
bottoms, presently silted up by Quaternary sedi- 
ments. They are drained by insignificantly sized 
water courses in completely incompatible relation- 
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Fig. 1 -Location inap of the. studied area with articulatio> and legend of the maps (Fig. 3 to 14). 

ship with the valley dimensions. Probably, they 
were excavated under paleoclimatic conditions dif- 
ferent from the present ones. 

A inoiiritairious area composed of Precam- 
brian crystalline rocks with an uneven relief, which 
is drained by a very dense dendritic hydrographic 
net. 

According to the geomosphological unit form- 
ing its landward boundary, the State of Espírito 
Santo coastline can be divided into three sectors: 

a) Nortlierii littoral, going from the liinit with 
the State of Bahia until the Vitória bay entrance, 

2oooo's 

where the Quaternary coastal deposits ase delim- 
ited by the Barreiras Formation just as in the south- 
ern State of Bahia. 

b) Central littoral, which goes from the 
Vitória bay entrance until the Rio Itapemirim 
mouth. It is characterized by Precambrian crystal- 
line rocks in direct contact with the Quateriiary de- 
posits, practically without Barreiras Formation 
deposits. 

c)  Soutlzern littoral, extending from the Rio 
Itapemirim mouth at north until the State of Rio de 
Janeiro limit, where the Barreiras Formation pla- 
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COASTAL QUATERNARY FORMATIONS OF ESPIRITO SANTO 

Fig. 2 - Schematic geologic map of the Rio Doce coastal plain. 
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Fig. 3 -Schematic geologic map of the Santa Cruz region. 

teaus are again in contact with the Quaternary de- 
posits. 

On the other hand, using only the Quaternary 
deposits, the State of Espírito Santo coastline can 
be divided into the following six sectors: 

Sector 1, from the State of Bahia limit until 
the village of Conceição da Barra, characterized by 
very poor development of the Quaternary deposits 
situated at the foot of the Barreiras Formation 
cliffs. 

Sector 2, corresponding to the Rio Doce 
coastal plain between Conceição da Barra and 
Barra do Riacho. In this sector, Quaternary depos- 
its attain their maximum development (Fig. 2). 

Sector 3, extending from Barra do Riacho to 
the Vitória bay entrance, where the Quaternary de- 
posits, at the foot of the Barreiras Formation cliffs, 
are again poorly developed. However along some 
valleys as Piraquê, Piraquê Mirim and Reis Magos 
rivers mouths, Quaternary deposits are more exten- 
sively distributed (Figs. 3 ,4  and 5). 

Sector 4, which goes from Vitória bay en- 
trance until the Rio Itapemirim mouth, correspond- 
ing to a sector characterized by outcrops of 
Crystalline Precambrian rocks in direct, contact. 
with the Quaternary deposits. Due to its morpho- 
logical characteristics, being rather dissected, the 
areas occupied by the Quaternary deposits are very 
changeable, that is well developed within concave 
portions and almost absent within convex parts 
(Figs. 6 to 12). 

Sector 5, which extends from the Rio 
Itapemirim mouth until the north of the ample Rio 
Itabapoana valley. It is characterized by Quaternary 
deposits poorly represented at the foot of cliffs 
carved into the Barreiras Formation. On the other 
hand, Quaternary deposits have considerable ex- 
tent within large valleys dissected on the Barreiras 
Formation deposits (Fig. 13). 

Sector 6, corresponding to the Rio Itabapoana 
valley external portion, is characterized by very 
important Quaternary deposits (Fig. 14). 
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Fig. 4 - Schematic geologic map of the Nova Almeida region. 

QUATERNARY SEA-LEVELS HIGHER THAN 
THE PRESENT ALONG THE STATE OF THE 

ESPÍRITO SANTO COAST 

Studies performed during the last 15 years, 
along the eastern and southeastern Brazilian coast, 
mostly in the Rio Doce coastal plain (Suguio et aL, 
1982, 1985 and 1988; Martin et al., 1987) showed 
the existence of records of two sea-levels higher 
than the present. The last one is well known thanks 
to numerous radiocarbon datings, which allowed to 

delineate sea-level curves for several sectors of the 
Brazilian coast during the last 7,000 years. They 
indicated that this coastline was in submersion un- 
til about 5,100 years B.P., followed by an emersion 
episode intercalated by short duration submersions. 

From a chronological viewpoint, the older 
high sea-level is much less known. In fact, samples 
suitable for radiocarbon dating indicated ages older 
than the limit of the method (about 30,000 years 
B.P. in available equipments). Nevertheless, coral 
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Fig. 5 - Schematic geologic map of the Jacaraípe-Tubarão region. 

samples older than the above mentioned age 
(30,000 years), have been dated by the ura- 
niudionium method. These corals belong to a reef 
of southern State of Bahia, which developed dur- 
ing that high sea-level (Martin et aL, 1982). From 
eight samples randomly collected, three have been 
recrystallized from aragonite to calcite, and conse- 
quently were discarded and five remained samples 
with 100% of aragonite were dated. The obtained 
data showed that this high sea-level occurred about 
123,000 years B.P., which is in perfect agreement 
with the penultimate high sea-level age (Bloom et 
al., 1974; Chappe11 & Veeh, 1978). At that mo- 

2o"lO'S 

!Ool 5's 

ment, the relative sea-level along the Brazilian 
coast was 8 k 2 m above the present. 

These two high sea-levels left numerous re- 
cords along the State of Espírito Santo coastline. 
Presently, some datings corresponding to the last 
high. sea-level period have been obtained, but just 
now it is still impossible to delineate a relative sea- 
level curve for the last 7,000 years. However, it 
was confirmed that the relative sea-level was cer- 
tainly higher than the present one during the Holo- 
cene, with some oscillations after the 5,100 years 
B.P. culmination stage, as demonstrated by the sec- 
ond lagoonal phase of the Rio Doce coastal plain, 
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I I  Fig. 6 -Schematic geologic map of the Vitória region. 

occurred between 3,600 and 3,000 years B.P. Then, 
in a first approximation, it is possible to assume 
that the relative sea-level changes, during the last 
7,000 years, were quite similar to which were re- 
corded along the State of Bahia coastline. 

Even if absolute ages, for the older high sea- 
level, were not obtained until the moment, the con- 
tinuity of the outcrops with the State of Bahia 
permit to assume an age of about 123,000 years 
B.P. . 

QUATERNARY COASTAL DEPOSITS ALONG 
THE SOUTHERN STATE OF ESPÍRITO SANTO 

a) SANDY MARINE TERRACES 

Even in a preliminary geological mapping, it 
was possible to make clear the existence, along the 

5'w 

2Oo15'S 

2O020'S 

southem State of Espírito Santo coastal plain, of 

two distinct generations of marine sandy deposits. 
The most extemal constitutes an almost continuous 
band along the coastline, while the most intemal 
are very discontinuous because they have been in- 
tensively eroded when the sea-level was lower than 
the present. The surface morphological features of 
these sandy terraces, especially that associated 
which the beach-ridges, show some differences 
which allow to distinguish at least two distinct 
generations of sandy terraces on aerial photos 
(Martin et al., 1981). The ages from the external 
terraces are older than 30,000 years B.P. On the 
other hand, mollusk shells are completely absent in 
the internal terraces, probably dissolved by humic 
andor fulvic acids, frequently borrowing a pecu- 
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Fig. 8 -Schematic geologic map of the Setiba region. 

liar roasted coffee-like colour and some degree of 
cohesion. 

b) LAGOONAL AND PALUDAL DEPOSITS 

They are composed of organic clays or peats 
occupying the lowlands separating Pleistocene 
from Holocene marine terraces, and along the 
lower courses of river valleys still not fulfilled by 
alluvial deposits. Frequently it is possible to ob- 

serve that the paludal deposits are represented only 
by a thin layer covering organic matter rich shal- 
low marine or lagoonal deposits with shell debris. 
These paleolagoons occupied an important portion 
of the coastal plain, being formed during a submer- 
sion episode, whose maximum sea-level occurred 
about 5,100 years B.P. Subsequently, as a conse- 
quence of relative sea-level drop, most of these la- 
goons was desiccated and replaced by freshwater 
swamps. 
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Fig. 9 -Schematic geologic map of the Guarapari region. 

c) MANGROVE DEPOSITS part of the Piraquê and Piraquê Mirim rivers in the 
Vitória bay (Fig. 6), in the Guarapari (Fig. 9), and 
Anchieta (Fig* lo) regions* 

d) FLUVIAL DEPOSITS 

In several sectors of the coast, corresponding 
to bayhead areas, tidal channel margins and down- 
stream courses of certain valleys, there are man- 
grove swamps. These deposits are essentially They are composed of sands with variable 

Of locally sandy clayey-silty sediments grain sizes or silty-clayey deposits, which occupy 
and, in general, rich in organic matter and 
containing also wood fragments and mollusk shell 
debris. Mangroves are particularly developed at 
north in the Santa Cruz area (Fig. 3), occupying 

the upstream COurSeS of the river valleys. In fact, at 
extemal portions of the coastal plain they are cov- 
ering paleolagoonal sediments of the last submer- 
sionepisode. 
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Fig. 10 - Schematic geologic map of the Anchieta region. 

e) BEACH ROCKS 

At south of the Rio Jucu mouth (Fig. 7), there 
is an outcrop of beach rocks resembling to the 
northeastern coast occurrences. Another beach rock 
bank has been observed immediately to the north 
of the Rio Itabapoana plain (limit between Figs. 13 
and 14). This bank is presently covered by Holo- 
cene terrace sands, but it is outcropping on the 
streambed of a creek draining the Lagoa Boa Vista. 
There are other outcrops, also within the sector 3, 
and along the downstream course of the Rio Ipi- 
ranga in the Rio Doce coastal plain. 

f) CALCAREOUS ALGAE, CORAL AND VERMETID 
CRUSTS 

The incrustations occur along the rock coasts 
of the State of Espírito Santo and, frequently, they 
are furnishing evidence of past sea-levels higher 
than the present and some of them have been sub- 
jected to radiocarbon dating (Tab. I). 

CONCLUSIONS 

399 

2Oo45'S 

20°50'S 

The evolutionary history, during the Quater- 
nary, of the State of Espírito Santo coastal plain is 
similar to the previously studied sectors of the Bra- 
zilian coast. There are two distinct generations of 
Quaternary sandy marine terraces. The older one is 
attributable to a maximum sea-level occurred about 
123,000 years B.P., represented by sandy terraces 

situated 8 rt: 2 m above present level. The more re- 
cent one is related to a maximum sea-level oc- 
curred about 5,100 years B.P., represented by 
sandy terraces, lagoonal and paludal deposits, be- 
sides algal, coral and vermetid incrustations and . 

beach rocks. 
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Fig. 14 - Schematic geologic map of the Rio Itabapoana region. 

TABLE I 
Radiocarbon ages of mollusk shells and wood fragments sampled from deposits of the coast between 

Itabapoana and Barra do Riacho. 

Nature 14C Age Labo. Nr. Sea-level Location Coordinates 
20O12.23 Shell 7,080+280 Bah.1727 Rising sea- ES .42 
4Oo22.0'W 

ES .47 20"02.2'S Vermetidae 5,690k220 Bah.1586 +1.5M.5 m 

4O0O9.7'W 
+3.3H0.5 m ES.44 20°19.6'S Vermetidae 5,410+210 

level 

Bah.1585 
40'16.1'W 

Shell 5,400k2 1 O Bah.1731 > 0.0 m 

Shell 5,220k220 Bah.1315 > 0.0 m 

ES.10 2Oo52.1'S 
4O048.O'W 

ES.01 21"14'S 

ES.17 20°38.2'S Vermetidae 5,080k200 Bah.1580 +3.0H0.5 m 

ES.07 2Oo44.4'S Vermetidae 4,8802210 Bah.1548 +3.4M.5 m 

41"OO'W 

4Oo26.1'W 

40" 16.1'W 
(to be continued) 
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~. i TABLE I (Continuation) 

Location Coordinates Nature 14C Age Labo. Nr. Sea-level 

ES.43 

ES.18 

ES.03 

ES.11 

ES.38 

ES.16 

ES.12 

ES.09 

ES.14 

ES.20 

ES.19 

ES.22 

ES.05 

ES.39 

ES.34 

ES.45 

ES.06 

ES.35 

ES.36 

ES.04 

20" 19.69 
40'16.1'W 
20'3 1.1's 
40'21.2'W 
20'56.8's 
40'49.3'W 
20'50.6's 
40'46.6'W 
20'14.2's 
40'12.9'W 
20'39.4's 
40'28.5'W 
20'50.2's 
40'46.7'W 
20'50.8'S 
40'46.9'W 
20'44.1's 
40'39.7'W 
20'26.7's 
40'19.8'W 
20'31.1's 
40'21.2'W 
20'25.6's 
40'19.2'W 
20'54.3's 
40'46.6'W 
20'12.3's 
40" 19.2'W 
20" 1 1 S'S 
40" 1 1.4'W 
20'06.4'S 
4O0'1O.3'W 
20'54.3% 
40'46.6'W 
20" 1 1.5% 
40" 1 1.4'W 
20'1 1.5's 
40" 11.4'W 
20'56.9's 
40'48.8'W 

Vermetidae 

Vermetidae 

Wood 

Oyster crust 

Coral 

Vermetidae 

Shell 

Shell 

Shell 

Calc. algae 

Vermetidae 

Vermetidae 

Oyster crust 

Shell 

Coral 

Coral 

Oyster crust 

Calc. algae 

Shell 

Wood 

4,4 1021 90 

4,380k190 

4,1405200 

4,130C190 

4,150k180 

4,050_+180 

3,880k190 

3,870f180 

3,5605140 

3,44051 90 

3,240f170 

3,2203370 

3,0305170 

2,9305200 

2,870t180 

2,6605170 

2,3805170 

2,380t170 

2,0205170 

1,410+150 

Bah.1585 

Bah.1581 

Bali.1725 

Bah.1732 

Bah.1588 

Bah.1579 

Bah. 1723 

Bah.1730 

Bah.1735 

Bah.1728 

Bah.1582 

Bah. 1583 

Bah.1590 

Bah.1722 

Bah. 1587 

Bah.1589 

Bah. 159 1 

Bah. 1729 

Bah.1721 

Bah.1726 

2 +1.4 m 

2 +2.0 m 

2 0.0 m 

Falling sea- 
level 

2 +2.6 m 

t2.2k0.5 m 

> 0.0 m 

> 0.0 m 

> 0.0 m 

2 +0.3 m 

2 +2.3 m 

+2.0 m 

2 +1.5 m 

> 0.0 m 

2 +1.3 m 

2 +1.7 m 

2 +1.0 m 

2 +1.3 m 

+1.2*0.5 m 

> 0.0 m 
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