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ABSTRACT

The Fernando de Noronha archipelago is comprised of 21 volcanic islands (26km?) located in the south equatorial Atlantic
(4°S/32°W), 540km from Recife, Pernambuco state, Brazil. This study evaluates the short term morphological variations, the distribution
and characteristics of surface sediments from the tropical meso-tidal Sueste bay, beach, mangrove, lagoon and dune systems, located in
the southern coast of the main island. Eight beach profiles and 80 surface sediment samples were collected in January, April, June and
October of 2010. The research methods included grain-size, calcium carbonate, total, elemental and isotopic organic matter analysis and
monitoring of two beach profiles. The collected samples are fine sandy (> 99% of sand in 87,5% of samples), well to moderately sorted
and bioclastic, presenting high carbonate contents (> 94% in 52,5% of the samples). Despite the homogeneity of fine sandy bioclastic
moderately sorted sedimentary properties, this morphodynamic study shows spatial and temporal differences between the sediments of
the west and the east side of the Sueste beach, as well as in each compartment of the Sueste beach/bay system. Multitemporal topographic
profiles of the beach reveal seasonal erosion/accretion due to oceanographic-climatic processes. They also show the strong silting process
in course on the Sueste mangrove and lagoon. The main factor responsible for this modern deposition and the beach physiography, along
with the distribution of sediments in the Sueste beach shoreface and backshore, is the SE wind (Southern Hemisphere Trade Wind). This
pattern accumulates sediments in the beach west side, occasionally removed for the Sueste bay when the mangrove lagoon breaks in the
huge rain events, carrying fresh water and sediments to the foreshore.

Keywords: oceanic island biogenic sands, beach profiles, erosion/accretion/silting.

RESUMO

O arquipélago de Fernando de Noronha é composto por 21 ilhas vulcinicas (26km?), localizadas na regido equatorial do Atlantico sul
(4°5/32°W) a 540km de Recife, estado de Pernambuco, Brasil. Este estudo avalia as variacées morfoldgicas sazonais, a distribuicdo ¢ as
caracteristicas dos sedimentos superficiais do sistema praial do Sueste (praia, mangue, laguna, dunas e baia), localizada na costa sul da ilha
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principal (Mar de Fora). O clima da ilha é tropical, estando sua zona costeira submetida a um regime de meso-marés. Oito perfis de praia e 80
amostras de sedimento superficial foram coletados em janeiro, abril, junho e outubro de 2010. Os métodos de investigagio incluiram o tamanho
de grio, carbonato de cilcio total, andlise elementar e isotépica matéria orgénica e monitoramento de perfis de praia por meio da metodologia
utilizando nivel e estddia para nivelamento topogrdfico. As amostras coletadas apresentaram, em geral, textura areia fina (> 99% de areia em
87,5% das amostras), bem a moderadamente selecionados e de composicio biocldstica, apresentando elevados teores de carbonato de cdlcio (> 94%
em 52,5% das amostras). Apesar da homogeneidade dos sedimentos compostos em geral de areia fina biocldstica moderadamente selecionada, o
estudo morfodindmico mostra diferencas espaciais e temporais entre os sedimentos das porcoes oeste e leste da praia do Sueste, assim como em cada
compartimento do sistema praial do Sueste. Perfis 1 ¢ 2 revelam um padrio sazonal de erosio e acregio devido aos condicionantes oceanogrdifico-
climdticos de escala global e fatores fisiogrdficos locais. Eles também mostram o forte processo de assoreamento em curso no manguezal e laguna do
Sueste. O vento SE (Ventos Alisios do Hemisfério Sul) parece ser o principal fator responsdvel pela deposicio atual e distribuicio de areias na face
praial e pos-praia, ¢ também pela fisiografia da praia. Este condicionamento tende a acumular sedimentos no lado oeste da praia, ocasionalmente
removidos para a Baia do Sueste, quando ocorre o rompimento da laguna do mangue em eventos pluviais extremos, transferindo sedimentos para

antepraia.

Palavras-chave: ilha oceinica, areias biogénicas, perfis praiais, erosdolacres¢do

1. INTRODUCTION

The oceanic islands are unique environments which have
received increasing attention from the scientific community
due to their environmental importance (Clemente ez al.,
2009). Sandy beaches are common along many of the oceanic
island coastlines, yet our understanding of the behavior of
beach and near shore sediment systems on distinct scales
of time remains limited. The environmental degradation
of sandy beaches over the last decades has become widely
recognized as a serious problem in oceanic islands (Rooney
& Fletcher, 2005).

The beach environments represent a transition zone
limiting sedimentary marine and continental processes,
subjected to temporal variations due to sea level changes
and sediment inputs (King, 1972). Beach morphodynamic
studies are essential for understanding the processes of
longshore currents sediment transportation and the spatial
and temporal changes and evolution of these coastal
sedimentary environments (Komar, 1998; Hoefel, 1998).
Accordingly to studies by Short (1999) and Komar (1998),
among others, the profile of a beach corresponds to an
adjustment to seasonal cycles, with erosion occurring in
more energetic conditions during the winter, and accretion
conditions of a calmer sea during summer period.

Although the oceanic sand beaches occupy only a small
portion of the total surface of the Earth, their frequent
occurrence and use along the majority of tropical and
temperate coasts of the world must be considered, assuming
a substantial socio-economic and environmental importance
in these regions (Stronge, 1994; Komar, 1998). On the
other hand, oceanic island beach systems are very sensitive
environments from a geo-ecosystem point of view, requiring
specific planning measures for the management of these
fragile ecosystems (Clark, 1977).

The preservation of the beaches and the protection of
coastal properties require an understanding of nearshore
processes: the motion of waves, the generation of nearshore
currents, the movement of beach sediment, and the resulting
variability in the beach morphology (Komar, 1998).

The last decades presented an increase in the number of
works on calcareous beach systems in oceanic islands such

as Kench (1997), Dail ez 2/. (2000), Norcross et al. (2002),
Smith & Cheung (2002), Eversole & Fletcher (2003),
Harney & Fletcher (2003) Rooney & Fletcher (2005) and
Genz et al. (2007).

According to Goya & Tessler (2000), in Brazil, the beach
system studies became more frequent in the 1990’s. Even
considering the increase in beach morphology research,
there are great gaps along the Brazilian continental coast,
as well as in the Fernando de Noronha archipelago, in
Pernambuco state. In this oceanic island, the studies are
restricted to Valenca ez 2/ (2001) and Manso et al. (2011),
for beaches located in the northern coast of the island (Mar
de Dentro), in the aeolinites from Caieira Beach (Valenca
et al., 2005) and Pessenda et al. (2008) for the only study
of marine sedimentology in the Sueste beach system (main
island southern coast: Mar de Fora).

The aims of this article are to evaluate the short term
morphological variations and the modern sedimentary
processes, by means of the distribution, characteristics and
geochemistry of surface sediments from the Sueste bay,
beach, mangrove, lagoon and dune systems (Fig. 1).

2. STUDY SITE

The research site, the Fernando de Noronha archipelago,
is located in the southwestern equatorial Atlantic ocean
(4°S/32°W) (Fig. 2). The Fernando de Noronha archipelago
is comprised of 21 volcanic islands (26km?) located in the
south equatorial Atlantic (4°S/32°W), 540km from Recife,
Pernambuco state, Brazil. The climate is tropical oceanic (Awi
according to Képpen classification), with annual average
temperature and precipitation of 25°C and 1.400mm,
respectively, with great interannual variability. There are two
well-marked seasons, being the humid period from March to
July and the drier period from August to February (Teixeira
et al., 2003).

Since Fernando de Noronha lies in the equatorial South
Atlantic, the prevailing winds are from SE (Trade Winds) with
average velocity of 6,6ms™, exhibiting higher intensity from
July to September (11ms™) (Manso ez al., 2011). During the
summer, winds from the SE and E blow over 50% and 35% of
the time, respectively (Hoflich, 1984). The prevailing waves
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are from the North Hemisphere N/NW reaching 4-5m high
in the more energetic swells (period: 18-20s) (Teixeira ez al.,
2003). In the winter is observed intensification in the winds
from the SE, with 70% of frequency, while in 25% of time
the winds are from E. The prevailing waves in the winter are
from SE and present 1,6m high in average (Hoflich, 1984),
reaching directly the southern side of Fernando de Noronha
Island where the Sueste beach system is located.

It is an extinct volcano top whose base of 74km in diameter
rests on the oceanic floor at an approximate depth of 4.200m
(Almeida, 2000). It is composed of pyroclastic and alkaline
basaltic rocks (1,5 to 12 My BP), whose origin is associated
to an intra-plate hot-spot process.

The islands emerge from an insular shelf presenting
10km in diameter and around 100 m depth, formed by
Quaternary glacio-eustatic sea level variations. Modern
sedimentary biogenic deposits are present on the beaches at
the northern side of the island (Mar de Dentro) as well as in
its southern portion (Mar de Fora) (Teixeira ez al., 2003),
where the tropical meso-tidal (2,6m in spring tides) Sueste
beach system is located. The Sueste Beach is a pocket beach
450m in length and its width varies from 80-100m in the
western side to 30-50m in the eastern side (Fig. 2). The beach
system is located adjacent to Sueste Bay, which has shallow
depths (< 2m), with several reef banks and it is constituted
predominantly by biogenic sediments from marine organisms
(algae, sponges, bryozoans, shellfishes, coral fragments). The
bay presents many obstacles such as islands and headlands
that condition the inner hydrodynamic circulation, reducing
the wave action on Sueste beach and also protecting from
the strong ESE currents originated by the trade winds.

Figure 1. Acrial view of Sueste bay and beach system (Photograph
of Roberto L. Barcellos, january/2010).

Figura 1. Fotografia aérea da Baia do Sueste do sistema praial
(Fotografia de Roberto L. Barcellos, janeiro/2010).

2.1 Sueste mangrove

The mangrove (8.900 m?), associated to the Maceié river
drainage, isisolated from the beach by a vegetated dune system
(2,5 m in height), except in a portion adjacent to the Maceid

river inlet, located in the west beach side. The vegetation
of Sueste mangrove is composed only of Laguncularia sp.,
and it represents one of the only places of occurrence of
this species of the south Atlantic ocean (Pessenda ez al.,
2008). Due to the construction of a dam and a road the
main freshwater input for the mangrove (Maceid river) was
drastically reduced in the last years, affecting its hydrological
behavior and the beach morphodynamics.

3. METHODS

The monitoring of the morphodynamic
characteristics of the Sueste beach system (beach, dune
field, lagoon, mangrove) was performed, as well as the
analysis on sedimentary characteristics, oceanography
and meteorological conditions. The bathymetry and
surface sedimentary distribution of the Sueste bay area
were also investigated.

The morphodynamic  characterizations ~ were
performed by means of two cross-shore profiles, done
in summer, autumn, winter and spring 2010, during
spring tide conditions.

The applied methodology, described by Emery
(1961), was done with the use of a topographic level
and a 4m rod. The beach physiography was obtained,
in general, every 5m, from a reference level, until the
water line. Depending on the presence of changes in
the beach morphology (point ofp permanent vegetation,
dune field, backshore berms and beach scarps, low tide
terrace, water line or any positive or negative feature),
the distances were changed to represent the features in
the profile.

Eight beach profiles were sampled in January, April,
June and October of 2010 (Fig. 2). The vertical changes
(erosion/deposition) in beaCE profiles were obtained
from the superposition of generated physiographic data
of these periods.

Simultaneously eighteen surface sediment samples
were collected in the whole area (in the profiles,
mangrove, lagoon, shoreface, backshore, inshore/
foreshore and in Sueste bay) in January and June of
2010, and twenty-two in April and October 2010,
performing a collection of 80 samples. The sediment
analysis included grain-size, calcium carbonate and
totaK elemental and isotopic organic matter. Grain size
was analyzed by sieving and pipette-method (Miiller,
1967), and the data treated and classified according to
Folk & Ward (1957) statistical parameters and Shepard
(1954) triangular diagram, respectively. The calcium
carbonate and total organic matter were determined
by the weight difference prior to and after acidification
with IN HCI and 1IN HO,, respectively (Ingram,
1971). The organic contents (%3 ang N elemental and
isotopic) were obtained through a Carlo Erba (CHN-
1110) elemental analyzer linked to a Finnigan Delta
Plus mass spectrometer. About 0,5g of dried and
weighed sediment were decarbonated with 1M solution
of HCI, washed 3x with deionized water, filtered and
freeze-dried again, before being placed in the analyzer
(Hedges & Stern, 1984).

The figures 2 to 5 were create by mean of the Surfer
for Windows 8.0 program.
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Figure 2. Study area location, sampling stations and the beach profiles.
Figura 2. Localizagio da drea de estudo, estacoes de coleta e dos perfis praiais.

4. RESULTS AND DISCUSSION

4.1 Modern sedimentary processes and seasonal
morphology variations in the Sueste beach system

The collected samples are fine sandy (> 99% of sand
in 87,5% of the samples), well to moderately sorted and
bioclastic (Larssoneur ez al., 1982), presenting high carbonate
contents, that vary from 73,8 to 96%, 75,7 to 97,1%, 51,8
to 95,6% and 46,5 to 96,3% for January, April, June and
October respectively, prevailing contents up to 94,0% in
52,5% of the samples (Fig. 3). Bioclastic sediments were also
observed in previous studies performed on samples from the
island (Valenca et al, 2001; Teixeira et al., 2003; Valenga
et al., 2005; Barcellos et al., 2010; Manso et al., 2011) and
in other oceanic islands such as Cocos Island (Indic Ocean)
(Kench, 1997), Oahu-Hawaii (Norcross ez al., 2002), Maui-
Hawaii (Rooney & Fletcher, 2004) and Atol das Rocas
(Pereira et al., 2010).

Organic carbon, total Nitrogen, 8"°C, 8N, and C/N
ratio value ranges for the January samples are: 0,51-10,83%,
0,04-0,90%, -28,1%/,, to -19,4/, PDB (Fig. 4), 3,7°/,, to
8/ oo AIr and 8,8-20,8, respectively. TOM ranges from 1% to
5,6% for January and from 0,4 to 11,5% in April (Fig. 5).

The dune field presents well sorted and finer sands than

the shoreface and bay sediments (Fig. 5). Silts and clays are
mainly observed in mangrove-lagoonal sediments, where
poorly sorted sediments are present. The results show a spatial
distribution pattern for the studied periods characterized by
the presence of sandy and granular terrigenous components
(fragments of higher plants and heavy minerals), lower
CaCO, and low organic matter contents in the west side
of the beach. In the east side, for the studied periods, the
sediments are well sorted and mainly composed by sandy
carbonate fragments and higher organic matter contents.

In general, these sediments are finer (fine sand: 2,00
to 3,00p) than the sediments found in the exposed and
very dynamic beaches, located in the northern coast of
the island (Cacimba do Padre, Boldré, Concei¢io and
Sancho), composed by medium sand (1,00 to 2,00p) well
to moderately sorted (Manso et al., 2011).

Profile 1 is located in the beach west side area, that
presented an erosive character in the shoreface (about 20m
landward) and a vertical and landward accretion in the
dune field, between January and June, probably due to
the beginning of more energetic wave conditions related
to the action of Polar South Atlantic Anticyclone swells in
autumn (April). The profile indicates that the sediments
were transferred from shoreface to foreshore and from dune
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Figure 3. Calcium carbonate contents (CaCO,) of Sueste beach system surface sediments (A — Jan, B — Apr, C — Jun, D — Oct.).
Figura 3. Conteildos de carbonato de cilcio (CaCO,) dos sedimentos superficiais do sistema praial do Sueste (A — Jan, B—Abr, C— Jun, D — Out.).
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Figura 4. Distribuicdo da razdo isotdpica 6% C (janeiro 2010) do sistema praial do Sueste.
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Figure 5. Mean diameter (A), Sorting (B), Total Organic Matter (C) and Total Organic Carbon (D) in January and April samples.
Figura 5. Didmetro médio (A), grau de selegio (B), conteiido de matéria orgénica total e carbono orginico total (D) nas amostras de janeiro e abril.
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field to the adjacent mangrove and lagoon, subjected to a
strong silting process. In October, profile 1 was similar to
January, exhibiting a growth of shoreface in 30m in the
ocean direction, an erosion of the dune field top and the
continuity of lagoon/mangrove silting process. The dunes
erosion and shoreface/foreshore accretion observed in the
October profile may be related to the lagoon mouth opening
that occurred in July 7* after rainy days, transferring part of
the sediments accumulated in backshore for the shoreface.
Due to the enclosed conditions of the beach, it seems to
be more effective to mophodynamic observed changes, the
wind transportation in the shoreface than the effectiveness of
the longshore current.

The erosive pattern was not observed in profile 2, which
exhibits a relative stability, presenting an accretion of about
8m in the ocean direction only for the October profile. As
in profile 1, the observed accretion process is directly related
to trade winds sediments transport, more effective in July
to September in the tropical south Atlantic. This wind (SE)
induces the transport of sediments from C-4 sample station
area westward, as indicated by the sediments distribution,
characteristics and beach morphology (2 times wider in the
W side). On the other hand, the east side sedimentation
(C-5 and C-6 sampling area) is induced by a weak longshore
current in the opposite direction, west to east.

A conjunction of factors creates the conditions for this
observed behavior in the Sueste beach morphology and
sedimentary distribution. This distribution is directly related
to the presence of terrigenous sediment sources in the west
side, due to wave action in the adjacent volcanic rock cliffs
and the Macei6 river local sporadic sediment input. A
higher exposure of the western side of Sueste beach to the
wave action and prevailing trade winds, added to a parallel
current convergence process induced by refraction and
diffraction of SW/S/SE/E waves in the Sueste bay entrance,
also contributing for the observed spatial sediment pattern
distribution and composition, and beach morphology. In
fact, Norcross ez al. (2002) propose for a reef fringed pocket
beach (Kailua Bay-Oahu-Hawaii), a simple transport pattern
to account for these observed morphological fluctuations,
which depends in part on the topography of the adjacent
reefs.

Despite the homogeneity of fine sandy bioclastic
moderately sorted sedimentation, this morphodynamic
study shows spatial and temporal differences between
the sediments of the west and the east side of the Sueste
beach, as well as in each compartment of Sueste beach/bay
System. Profile 1 indicates a seasonal pattern in sediments
accretion/erosion directly related to oceanographic-climatic
conditions. This profile also reveals the strong silting process
in course on the Sueste mangrove and lagoon. The SE wind
(Southern Hemisphere Trade Wind) is the main factor
for this modern deposition, beach physiography and the
distribution of sediments in the Sueste beach shoreface and
backshore. The sediments accretion in profile 2, observed in
October, also indicate the effectiveness of the SE wind in
sediment transport and accumulation in the Sueste beach
system. This pattern accumulates sediments in the beach
west side, occasionally removed for the Sueste Bay when the
mangrove lagoon breaks in the huge rain events. As observed

by Norcross et al. (2002) for Kailua Bay (Hawaii), this
behavior suggests: (1) that the longshore rather than cross-
shore sand transport is important at seasonal time scales; (2)
Although seasonal sand accumulation varies along the beach,
the overall beach profile is largely maintained.

The results and discussions presented in this work are
an important part of the preliminary phase of the current
research. In this paper the partial data from 4 of 7 field works
programmed for 2010-2011 years in the Sueste beach system
are presented.
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