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Sedimentological and geochronological studies were carried out along the north coast of Rio Grande do Norte state,
NE Brazil, between Ponta dos Três Irmãos and the spit of Galinhos to reconstruct the Holocene coastal evolution of
this area. Sedimentation during the Holocene has been controlled mainly by the variation of sea level, longshore
currents and the advance and westward propagation of active dunes along this semiarid coast.

Anew sea-level curve could be constructed based onAMS- C datings of beachrock and lagoonal sediments and on
careful elevation measurements. Plant remnants and bivalve shells found in the paleo-lagoon close to São Bento and
Caiçara 3 metres below the modern sea-level were dated at 7000 cal yr BP. Passing its actual position at 6500 cal yr
BPsea level reached the Holocene highstand 1.2m above the modern mean level at 5900 cal years BPas documented
by non-recrystallized bivalve shells from beachrock and one shell midden. Sea level dropped afterwards to its
present position as can be observed from elevation and age of regressive deposits. Secondary oscillations could not
be detected during the regression.

The semi-enclosed lagoon of São Bento experienced episodic marine incursions controlled mainly by the advance
of active dunes that ceased the connections between lagoon and open sea. The last marine incursion occurred at 3580
cal yr BP. In contrast, the lagoonal system of Galinhos and Galos has remained active since the sea level reached the
actual position for the first time at 6500 cal yr BP.

14

ADDITIONALINDEX WORDS: Sea-level curve, beachrock, lagoon, radiocarbon dating.

ABSTRACT

Holocene Coastal Evolution of the Northern Rio Grande do Norte Coast, NE
Brazil

K. Stattegger†; L. H. de O. Caldas‡ and H. Vital‡

†Institute of Geosciences
University of Kiel
D-24118 Kiel, Germany
kstattegger@gpi.uni-kiel.de

‡ Dept. of Geology
UFRN Natal
CP 1639 Natal RN 59072-970, Brazil
lucianocaldas@yahoo.com.br

INTRODUCTION

Holocene coastal evolution of the northeastern Brazilian
coast between Natal and Fortaleza has been poorly investigated
so far. Recent studies focused on modern hydro-dynamics and
sedimentation ( and , 1998; , 2002),
neotectonics ( 1998), and late Quaternary
stratigraphy and sea-level fluctuations ( , 1991;

, 2002; 2003).
The study of sea level and coastal evolution is enormously

improved when accurate paleo sea-level indicators are
available. Amongst of the existing sea-level indicators formed
by coastal deposits one of the most reliable is beachrock, that
means coastal sandstone representing the intertidal upper
shoreface “frozen” by early diagenesis. Although some authors
believe that beachrock is a more reliable sea-level indicators in
microtidal coasts ( , 1995; , 2001; and

, 2002), their use in sea-level studies in mesotidal coasts
should not be underrated.

Beachrock and lagoonal sediments are the most important
coastal deposits occurring mainly in the intertidal zone along
the entire northern coast of Rio Grande do Norte (Figure1). The
description of sedimentary structures and AMS radiocarbon
dating allow some considerations to be made about sea-level
changes and coastal evolution for this area during Holocene
time.

The study area is located on the Potiguar basin which is part
of the NE Brazilian Rift System together with others basins
originated in Cretaceous times The investigated area has been
subjected to late Quaternary neotectonics according to

(1998).
The coastal zone of this area is an open, wave dominated,

meso-tidal coast. It is associated with the inner zone of the
narrow continental shelf that is shallow (maximum 25 m depth)
and has an average width of 18 km. The shelf-break is situated at
50 m water depth 20 km offshore. The continental shelf and
coastal zones are strongly influenced by oceanic and wind

driven currents from N and E-NE directions, which promote
local erosion as well as deposition in the shore zone.

A large lagoonal channel system can be recognized on the
backside of the sandy spit of Galinhos. Some closed paleo-
lagoons filled up with sediments occur near to São Bento do
Norte. In the beach zone beachrocks occur frequently along the
actual foreshore zone and in the backshore zone (Figure 1).

The semidiurnal mesotidal tide has a maximum spring-tide
range of almost 3 m and a minimum range of 0.8 m during neap-
tides. The tidal measurements performed in the harbor of Macau
yielded spring- and neap-tide amplitudes of 2.55 m and 1.27 m,
respectively (DHN, 1974).

The climate of the area is tropical, hot and semi-arid ( ,
1989), and it is subjected to the conditions of the intertropical
convergence zone. The dry period of 7 to 8 months lasts from
June to January, while the rainy period of 3 to 4 months, lasts
from February to May. The mean air temperature is
approximately 26.8 C, with minimum temperatures of 25 C
occurring at the end of winter (July) and maximum of 28.6 C in
February during the summer.

In order to obtain a reliable stratigraphic framework for the
region, nine vibro-cores were taken in the study area utilizing
aluminum barrels with a length of 6 m and inner diameter of 70
mm. 7 cores were drilled in the tidal plan of Galinhos and Galos
and two vibro-cores in the swamp landward of São Bento do
Norte. Descriptions of 5 water-wells from RN state's water
company ( ) located in São Bento were also used.

Beachrock outcrops have been sampled at the highest level
containing suitable shell fragments, always from the intertidal
upper foreshore section with low-angle swash-cross-
stratification representing the paleo-beachface. This is the best
available sea-level indicator for a mesotidal coast where the
upper part of the beachrock has originanally been deposited in
the intertidal upper foreshore zone. Here, much higher
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preservation potential exists with deposition during spring-tide
or another high-energy event. Only the transgressive São Bento
Beachrock indicates deposition in the lower foreshore zone for
its trough-cross-

adiocarbon dating. Only well-
preserved bivalves with some original shell-color and original
shell-fabric examined by the electron-microscope have been
used.

High-precision AMS-radiocarbon dating of both, terrestrial
organic material from vibro-cores, and mollusc shells of coastal
deposits permitted to comprehend the environmental changes
in time and space. The AMS radiocarbon ages were determined
with a 3MV HVEE Tandetron 4130 AMS system at the Leibniz
Labor, Kiel. The standard procedures are described in

(1998). The system presents an average zero
background of 0.3%. All AMS C carbonate ages are not
corrected for a mean ocean reservoir effect. Radiocarbon ages
of carbonate and organic samples were converted to calendar
ages (cal yr) using version 4.1.2 of CALIB radiocarbon
software that has been updated with recent calibration data sets
( , 1998).

For the reconstruction of our sea-level curve 17 AMS C
datings of a larger data set comprising beachrock and paleo-
lagoonal sediments between São Bento and Galinhos have been
used (Table 1; ., submitted). Recognition and
elevation positioning of the uppermost level was often difficult,
as most beachrock outcrops are covered by modern backshore
and shoreface sand-deposits. In addition, suitable shell-
fragments for the age control occur rarely. Overcoming these
difficulties, it was possible to construct a Holocene sea-level
curve, which we interpret as spring-tide sea-level according to
our methodical approach. All data points contain error-bars
comprising tidal range and sample position within the intertidal
shoreface deposits Figure 2 shows the trend of the Holocene
spring-tide sea level (solid line). The modern half-tidal-range of
1.2 m in average was subtracted to get the mean sea-level curve
(dotted line).

The transgressive section contains samples from paleo-
lagoons and from the São Bento beachrock, all positioned

below the modern mean sea level. The transgression passed the
modern mean sea-level position 6500 cal yr BP and reached its
maximum

maximum Holocene spring-tide sea level did not extend 1.3
m above the modern one. Assuming the same tidal range for the
Mid-Holocene period, the Holocene highstand was not higher
than 1.2 m above the modern sea level. This Holocene highstand
is documented with the Recuado Beachrock (Figure 1, Figure
2). Its uppermost part of cementation represents the height of
the maximum spring-tide of the former sea level and thus can
be used as a reliable sea-level indicator.

The elevation measurements show that this uppermost part is
positioned 1.3 m above the modern spring-tide level and if one
considers that the tidal regime during the Holocene time has
remained more or less identical, the mean sea level may be
placed at approximately 1.5 m below the uppermost part of the
Recuado Beachrock. This suggests that Holocene highstand
reached approximately 1.2 m above the modern level at
5910±35 cal yr BP while at the same time the Holocene spring-
tide reached 1.3 m above the modern one. Immediately above
the highest beachrock lies the lowermost part of the shell
midden dated at 5730±40 cal yr BP indicating a position above
the tidal zone in this barrier-beach system ( , 1976;

, 2003).
The regressive Holocene sea-level trend could be

determined from beachrocks younger than 5000 cal yr BP. A
general trend for both Holocene MSSL and Holocene mean sea-
level can be delineated without secondary oscillations and with
the same tidal regime like today. The beachrock outcrops
younger than 5000 cal yr BP indicate that they were formed
under sea level conditions similar to the modern and secondary
oscillations cannot be confirmed. According to (2002)
marine conditions governed beachrock lithification and later
stages of diagenesis. Nevertheless the maximum elevation and
the topography of the uppermost part of these beachrocks could
not be determined and this may explain the absence of ages
between 5900 and 4700 cal yr BP positioned above the modern
MSSL.

Holocene coastal evolution for the study area can be followed
for the last 7000 years. At this time the sea flooded the inner
shelf with the formation of beachrock-bearing transgressive

stratification.
Bivalves from beachrock and lagoonal sediments of the

vibro-cores have been taken for r

approximately 5900-6000 cal yr BP. The height of
the
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Figure 1. Geological setting of the coastal zone between Ponta dos Três Irmãos and Galinhos, northern Rio Grande do Norte coast,
NE Brazil.
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barrier beahes/barrier islands, lagoons and tidalflats. At 6500
cal yr BP the position of the modern sea level was reached for
the first time.

The progressive flooding of the inner shelf produced
landward retreat of ancient coastlines, which is marked by
parallel sets of aligned underwater outcrops related to ancient
beachrock outcrops. During the inner shelf flooding some of the
ancient deposits were reworked and redeposited by the inner
shelf currents which had started to develop. The coast had
previously been built as a consequence of penultimate sea-level
highstand approximately 125000 years BP after which several
regressive phases led to the lowstand around 21000 years BP
(cf. , 1996). Together with vertical tectonic
movements, this provided a complicated framework for the
subsequent Holocene coastal evolution of the area. The
occurrence of seafloor highs and lows on the inner shelf that
have conditioned the main underwater currents may reflect such
vertical tectonics. The actual coastline roughly follows that
evidenced for the penultimate transgression due the similar sea-
level highstands (cf. , 2002).

During the Holocene transgression large amounts of inner
shelf sediments had been transported landward forming
transgressive barriers. When such barrier-islands are fixed close
to the highstand, shallow lagoons and tidal flats develop on the
landside being connected to the open sea by tidal channels

and/or tidal inlets. Figure 3 shows the coastal zone at the
Holocene sea-level highstand 5900 cal yr BP.

The paleo-channels have originated during this sea-level
highstand when the mean sea level was 1.2 m above its present
position. At this time the presence of transgressive barriers had
induced the occurrence of larger lagoonal areas and water
volumes from Ponta dos Três Irmãos to Galinhos. The tidal
channels landward of the barrier-island were wider due to the
larger water volume of the sea-level highstand moving to the
shoreline further inland. The tidal flats of São Bento had a
similar tidal channel system as can still be observed in Galinhos.

During Holocene highstand the Recuado Beachrock was
cemented. It seems that this beachrock was formed on a beach
with a transgressive barrier because lagoonal sediments can be
found on the landward side. The same origin can be also
proposed for São Bento Beachrock, which during the maximum
of the Holocene transgression had been submersed and the
second phase of marine cementation was precipitated (see

, 2002). Although age control of the beach ridges close
to São Bento is still missing, it is concluded that the ridge
positioned furtherest inland must represent a transgressive
barrier. The presence of lagoonal deposits supports this
scenario.

The build up of coastal dunes probably set up at the Holocene
highstand and was increased later during sea-level regression as
the beach face subjected to the wind action from east and
northeast became wider. The combination of sea-level drop,
coastal currents and the build up of coastal dunes has
fundamental importance on the later evolution of the coastline.
Approximately 3600 cal yr BP when the sea level was receding,
regressive sand ridges on the coast of São Bento were deposited.
Also the tidal inlets became narrower due to both longshore
transport (downdrift migration of the barrier) and dune
advance. Sedimentation in the lagoon of São Bento was
episodic and ceased shortly after 3600 cal yr BP. The high
content of evaporite minerals in different sediment sections of
the paleo-lagoon confirms this supposition.

Both, dune advance and longshore transport of sediments
have played an important role in the episodic sedimentation
in the lagoon. Connections between the lagoon and the open
sea were probably closed several times by the dune advance and
sedi-mentation induced by longshore transport (downdrift
migration of the barrier). The availability of sediments in the
eastern part of the area seems to have been higher than in the
western part. This corresponds to the actual sediment
distribution pattern on the inner shelf ( , 2002).
Moreover the wind approach, which has been responsible for
coastal dunes build up, moves sediment from east to west,
which is almost the direction of the the coastline. The
transported sand is thus deposited in the beach zone.

In contrast, the wind acting on the barrier-island of Galinhos
is in average southwestward directed what causes a landward
dune advance (Figures 1 and 3). This pattern leads to a sediment
deficit for this area in comparison with the eastern portion and
may explain the absence of regressive sand ridges in the region
of Galinhos.

While sedimentation in the lagoons located eastward ceased,
sedimentation in lagoons in the west iss are open, but shallow
lagoons are converted to saltworks and shrimp farming for
the major part. The vibrocore records in the lagoon system of
Galinhos and their datings confirm the high rate of
sedimentation. The permanent marine inflow and outflow in the
tidal system of Galinhos and Galos has permitted such a high
rate of sedimentation. Although it cannot be said exactly when
the tidal inlets of the barrier-island system of Galos and
Galinhos were totally closed, it is supposed that this should have
occurred sometime before the cementation of the beachrocks
located in this area, as they are positioned perpendicular to the
ancient tidal inlets ( ., In press). As the ages of the
beachrocks located on the spit of Galinhos range from 1780 cal
yr to 3330 cal yr BP, the closure of the first tidal inlets should
have occurred shortly before 3 continuing. At present only tidal
channel 300 yr BP. Once the tidal Inlets were closed, the rapid
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Figure 2. Holocene sea-level curve for the northern Rio Grande
do Norte coast. MSSL = modern maximum spring-tide sea-
level, MSL= modernmean sea-level. Sample codes see Table 1.
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build up of coastal dunes along the spit and the continuation of
sedimentation due to the longshore currents (downdrift
migration of the barrier) impeded the reactivation of former
connections between the lagoon and the open sea. Such inlets
may also have been closed at different times during the
regressive phase.

The uppermost part of beachrock outcrops turned out to be a
reliable sea-level indicator if compared with the modern sea
level. The determination of paleo-mean-sea-level from
beachrock deposits in macro- and mesotidal coasts is
complicated because beachrock deposits can only hint at the
former spring-tide level and the tidal amplitude. Therefore only
the uppermost part of the beachrock can be used.

The sea-level curve obtained from radiocarbon dating of
beachrocks and paleo-tidal sediments demonstrates that the
mean sea-level reached the present position along the northern
coast approximately 6500 cal yr BP, about 500 years later than
other sea level curves for the Brazilian coast (e.g.

, 2003, and , 1997). According to our
beachrock geochronology the first phase of cementation of the

oldest, the São Bento Beachrock, took place during the
transgression when typical intertidal aragonitic cements were
precipitated in the pore space of the beach sand (C ,
2002). During the Holocene highstand that exceeded the
present mean sea-level by 1.2 m, the São Bento Beachrock was
drowned under typical marine phreatic control.

The Recuado Beachrock was formed during the Holocene
highstand. Its uppermost part of cementation represents the
height of the maximum spring-tide of the former sea-level and
thus can be used as reliable sea-level indicator. The elevation
measurements show that this uppermost part is positioned 1.3m
above the present spring-tide level and if one considers that the
tidal regime during the Holocene time has remained more or
less identical, the mean sea-level may be placed at
approximately 1.5m below the uppermost part of the Recuado
Beachrock. This suggests that the Holocene highstand reached
approximately 1.2m above the present mean sea-level at
5910±35 cal yr BP (5480 C yr BP) while at the same time the
Holocene spring-tide reached 1.3m above the modern one.
Immediately above the highest beachrock, the lowermost part
of the shell midden dated at 5730±40 cal yr BP is exposed. Shell
middens occur only above the tidal zone at barrier beaches
( , 1976; , 2003).

The uppermost level of the oldest Galinhos Beachrock (4680-
4660 cal yr BP) and of the Cabelo Beachrock (4070 3750 cal yr
BP) are covered by eolian dunes. Since both outcrops were
cemented soon after the Holocene highstand when the
maximum spring-tide sea level was yet higher than today, their
uppermost part should have a higher position than modern
spring-tide level at which the Galinhos Beachrock was sampled
(see Table 1; Figure 2). Together with the elevations of the
younger bechrock outcrops this is explained easiest by a
uniform, almost linear late Holocene sea-level regression.

For the northern and eastern Rio Grande do Norte shoreline
recently a Holocene sea-level envelope curve was published
( 2003). This curve marks the Holocene
highstand at about 5000 C yr BP at an elevation between 2 m
and 5m above mean modern sea-level. Then follows at least one
negative sea-level oscillation for the timespan 4000 2500 C yr
BP followed by a second highstand about 1500 C yr BP. The
Salvador curve ( , 2003) places the highstand 5 m
above the modern sea level at appr. 5600 cal yr BP (5100 C yr
BP), it contains two intervals of negative oscillations during the
subsequent regression at 4000 and 2700 years BPrespectively.

The principal differences to these other records comprise (i)
the Holocene highstand, and (ii) secondary oscillations during
the subsequent regression. The highstand of approximately 5 m
above modern mean sea level in the Salvador curve results from
the interpretation of the dated beachrock outcrops as foreshore

The modern coastal morphology (Figure 1) demonstrates
that at the time when the paleo-lagoon close to São Bento
became extinct, no connection with the open sea existed
whereas the lagoon located landward of Galinhos and Galos
until today has active tidal channels. The dune advance in the
eastern part has closed all connections between the paleo-
lagoon and open sea although the paleo-lagoon surface lies
almost at the same level as that of the modern mean sea-level.
In the west, landward dune migration has buried lagoonal mud
but the tidal channel system remained active due to the
existence of the tidal inlet located at the extreme west of the
area. The reason why this connection has not been terminated
might be the strong ebb flow that impedes the downdrift
migration of the spit. All sediment being transported by the
longshore drift and ebb outflow has been by-passed to the west
and the connection between lagoon and open sea has remained
open. . (2001), investigated the changes in spit
morphology since 1954, but a general trend is not conspicuous.
The spit will not migrate further westward to close the channel
as long the actual relation between ebb flow and longshore drift
remains active. Such equilibrium relation may be disturbed, for
example if ebb-induced flow is not strong enough to maintain
sediment transport. Ongoing deterioration of the tidal channels
with increasing use of the lagoonal system for salt-works and
shrimp farms might disturb the velocity and power of the ebb
flow.
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Figure 3. Morphology of the coastal zone between Ponta dos Três Irmãos and Galinhos, northern Rio Grande do Norte coast, NE Brazil
during the Holocene sea-level highstand at 5900 cal. yr BP; compare Figure 1.
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sands that have been deposited in the subtidal zone. We used
only samples from the intertidal upper foreshore zone
indicating spring-tide and other high-energy events except the
São Bento beachrock which was deposited in the lower tidal
zone. These differences in positioning the beachrock relative to
mean sea level cause the differences in sea-level heights.
Positions of the younger beachrock outcrops with their error
bars are all within the tidal-range envelope. Therefore no
secondary oscillations can be confirmed although elevation of
sample points differs up to 1.6 m. In addition, our studies on
beachrock cementation indicate only marine conditions during
lithification and later stages of diagenesis ( , 2002).

The sea-level curves of and , (1997), and
. (1999) are based on vermetid gastropods. After

the last phase of the transgression which is only poorly
represented, the Holocene highstand reaches 3 m above modern
mean sea-level at 5100 C yr BP. Then sea level declines almost
linearely to the present position without secondary oscillations,
similar to our curve and similar to the calculated curve of

(1998) as well, which is based on numerical modeling
on earth-rheology and isostatic adjustment. On the other hand, a
sea level corresponding to the modern one for the last 5000
years has been reported by . (1999) for the coast
between São Luis and Belém in North Brazil.

There is no evidence of local Holocene tectonic uplift as
suggested by . (1998), but neotectonic features
can be observed in Quaternary sediments inland. Only dating of
outcrops affected by tectonic structures can determine the age
of such events.

The difficulty in determining the exact position of mean sea
level from coastal sediments deposited under a mesotidal
regime increases when variations in sea level have not been
large enough to deposit undoubted mean sea-level indicators
above the present spring-tide level. Since the tidal range is
greater than the observed Holocene sea-level highstand
(+1.2m), any small-scale higher frequency oscillation cannot be
recognized. Only the uppermost part of the beachrock
cementation and its elevation in relation to the actual spring-tide
level provides evidence that such deposit was cemented during
sea-level highstand. The upper levels of cementation are
difficult do determine due to burial by modern beach deposits,
but they can improve the regressive section of a sea-level curve
substantially.

The depositional model of the beachrock as a ”frozen beach”
and its direct comparison with modern beaches has permitted
the positioning of shoreface-foreshore-backshore zonation with
high precision. Careful distinction between both actual mean
sea level and actual spring-tide level, and their vertical relation
to indicators of former sea-level during minor sea-level
variations will enhance the database for the construction of a
sea-level curve.

Sea-level history of the northern Rio Grande do Norte coast
is clearly reflected by the coastal evolution which is well
documented for the last 7000 years. The transition from a late
transgressive and highstand coast to a regressive state results in
the modern shoreline. Coastal evolution is traced by vertical
and lateral changes in the depositional system and marked by
high-precision AMS C dating of shell fragments and organic
material in the investigated barrier beach - lagoonal system.
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