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Abstract 

Guamaré is one of the coastal erosion hotspots along the Brazilian coast. This 
area is subject to alternating erosive and depositional processes. It has extensive 
longshore drift to West North-West, which promotes spit growth and changes the 
hydrodynamic processes on the coastline. Guamaré is an important area, where, 
since the 1980s, a series of oil and gas pipelines have been installed on Minhoto 
beach. Because this is a critical coastal erosion area, nowadays the pipelines are 
evident on the beach, although they were originally installed at a depth of 1.5 m. 
A comprehensive shoreline evaluation on areas experiencing critical erosion is 
important for responsible hydrocarbon exploration and development. This paper 
describes the composition and morphological characteristics of the inner shelf 
adjacent to the Guamaré coastal erosion hotspot. The combination of high-
resolution marine seismic, satellite images, geoprocessing and bottom sediment 
sampling allowed the morphology correlation in the subsurface. The recognition 
of the pipelines’ location on the bathymetric and sonographic profiles, as well as 
the determination of depositional and erosive areas associated with them, show 
the importance of this study to the environmental monitoring of submarine areas. 
Keywords: coastal erosion, environmental geology, continental shelf, oil and gas 
pipeline, NE Brazil. 
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1 Introduction 

The Guamaré coastal erosion hotspot is located on the Northeast coast of Brazil, 
on the Potiguar Basin. It has a shoreline where oil and gas pipelines are exposed 
to intense erosion (fig. 1). Coastal erosion hotspots are focused zones of erosion 
defined as sections of coast that exhibit significantly higher rates of erosion than 
adjacent areas [1]. The Potiguar basin is an economically important region 
because of the 80 thousand oil barrels and 3 million m3 gas that it produces on a 
daily basis (May 2003); it is the most productive onshore oil basin in Brazil, and 
the second offshore [2]. 

The region experiences high-energy coastal and shelf-parallel currents.  
These are driven by combined flows as a result of oceanic, tidal and wave 
processes. Since strong winds are present almost all the time, water masses are 
well mixed without any characteristic stratification. Reworked sediments are 
accountable for the recent formation of different bedforms. Winds velocities 
measured directly on the coast reached a maximum of 9 m/s between August and 
October and a minimum of 4 m/s in April [3]. Waves measured during the 
Summer period near the coast around Guamaré city have an average height of 56 
cm, with a maximum height of 123 cm, and a minimum height of 27 cm [4]. At 
the break-zone, the wave generally has a maximum height of 80 cm and a 
minimum of 22 cm [5]. Waves and wave-induced currents (20-105 cm.s-1) are by 
far the most dominant contributors to the net sediment transport along the coast 
of Rio Grande do Norte. 

Because of the obliquity of the strongest winds, alongshore wind-driven 
currents increase sediment transport rates, whereas tides have a small transport 
capacity because of the relatively small tidal currents (≈ 5-60 cm.s-1). The sea-
level changes measured on this coast demonstrate a maximum tidal height of 3.3 
m and 2.5 m respectively during spring and neap tides [6]. According to Vital [7] 
the RTR (Relative Tide Range) for this sector is 4 < RTR < 15, and so classified 
in the mixed wave-tide group. The general situation in this area is one of very 
energetic tidal conditions causing nearly continuous sediment mobility along the 
bottom close to the coast. 

For the exploitation of the offshore gas and oil fields PETROBRAS, the 
Brazilian Petroleum Company, has installed a group of seven steel pipelines in 
this area (fig. 1), linking the offshore to the mainland facilities. These pipelines 
were buried at a depth of 1,5 m but they are now exposed on the coast and 
subject to erosive and deposition processes there that are influenced by 
hydrodynamic agents like waves, tides, and currents (fig. 2).  
     Many studies (e.g. [5, 8, 9]) have evaluated coastal erosion on the beach.       
However, no study evaluating the underwater pipelines has ever been made. 
Therefore, the aim of this paper is to characterize the composition and 
morphology of the inner shelf adjacent to the Guamaré´s Petroleum Pole, using 
bottom sediment analysis, and geophysical methods (echosounder and side scan 
sonar). This data is important for monitoring the area of the pipelines that are 
susceptible to oil spills. 
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Figure 1: Location of the study area. 
 

 
 

Figure 2: Pipelines exposed to erosion on the Guamaré shoreline. 

2 Methods 

Data was colleted on board fishing boats. The equipment used for hydroacoustic 
data was by Odom Hydrographic Systems (an echosounder and side scan sonar 
integrated to an internal DGPS), operating with a frequency of 200 kHz and 
0.01m resolution.  This sonar scans on one side only with a maximum scanning 
width of 80 m. All profiles were run with a velocity of 3.5 knots, following a 
North-South and East-West grid with lines spaced 0.5 km from each other. 
Sediment samples were collected using a bottom-grab (“Van Veen”). Positioning 
for all measurements was done by DGPS, which ensured accuracy to within 
10 m. 
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     Sample preparation for sediment analyses involved well-known standard 
procedures from literature [10]. Grain-size measurements were made using a 
CILAS model 1180L automatic laser, particle-size ranging from 2,00 to 2 µm, 
and for the coarser fraction by dry sieving. The samples were classified by 
texture according to Folk and Ward [11] parameters using the SAG software 
developed by LAGEMAR-UFF [12] and according to sediment classification 
used on the Brazilian northeastern continental shelf [13].  
     The bathymetric data was processed with regard to tidal effect and a digital 
terrain model was made. This digital terrain model was overlapped by an 
LANDSAT 7-ETM+ image and all the data was integrated through a GIS 
database to correlations and interpretations. 

3 Results 

A variety of bedforms, which range from kilometers to tens of centimeters in 
scale are present in the study area. The larger-scale bedforms were better 
observed when integrating the digital terrain model with the LANDSAT 7-
ETM+ image (fig. 3), while the small ones were better recognized from the 
bathymetric profiles (fig. 4).  Surface sediments were classified in seven 
lithofacies according to Vital et al. [13] and also integrated into the digital terrain 
model.  
 

 
 
Figure 3: Digital Terrain Model integrated to the LANDSAT 7 – ETM+ Band 2. 

Observe areas with well-developed bedforms (very large dunes) and 
areas with flat morphology. 

3.1 Bedforms 

Very large subaqueous dunes occur near to and off the shore at a depth of about 
10 m. In general, the dune crests are oriented parallel to the coastline. Heights 
reach up to 5 meters; widths vary from 400 m to more than 900 m. Echosound 
profiles show pronounced asymmetries with shoreward-dipping slopes nearly 
twice as steep as offshore dipping slopes. These bedforms are composed mainly 
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of siliciclastic sediments (carbonates < 30%).  Small dunes (wave and current 
generated) generally superimposed the very large 3D dunes. A flat bottom is 
observed between the offshore and nearshore dunes. These bedforms are 
composed mainly of bioclastic sediments (carbonates > 70%). 

The bathymetric profiles show prominent asymmetrical dunes, which 
coincide with the location of the pipelines. This is as a result of longshore drift, 
which transports sediment from East to West, depositing sediments updrift and 
eroding downdrift. In this way the pipelines are acting like hard structures 
(fig. 3).  On the side scan sonar image it is possible to visualize the pipelines 
underwater (fig. 5). 

 
 
Figure 4:  Part of bathymetric profile near the shoreline (5 – 6 m depth). Observe 

erosion on the downdrift side of the pipelines and deposition updrift. 

 
Figure 5:  Part of side scan sonar profile near the shoreline (5 – 6 m depth) 

showing two pipelines exposed on the seabed. 
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3.2 Sediments, textural and compositional trends 

The surface sediment distribution for the studied area is presented in fig. 6. 
Seven lithofacies were recognized: 1) Siliciclastic sands occur along the coast 
and offshore (about 7 – 8 m depth) where the very large 3D subaqueous dunes 
are well developed. The grain size varies from medium to coarse sands, moderate 
to poorly selected. Carbonate content is less than 30%, mud content less than 2 
mm and grains coarser than 2mm are less than 15%. The lithofacies cover almost 
40% of this area. 2) Bioclastic gravels (carbonate content < 70%, mud content < 
15%, poorly selected), and 3) Biosiliciclastic sands with gravel and pebbles 
(carbonate content between 50 and 70% and mud content less than 15%) occur 
between the dunes and are related to flat bottom. 4) Siliciclastic gravels, 5) 
Silicibioclastic gravels, 6) Silicibioclastic sands with gravel and pebbles and 7) 
Bioclastic sands with gravels and pebbles occur in small areas near the coast 
(mainly siliciclastic) or on the flat bottom (mainly bioclastic).  
 
 

 
 

Figure 6: Distribution of surface sediments on the studied area. 

4 Conclusions 

The integration of high-resolution marine seismic, satellite images and 
sedimentary information allow the correlation between bedforms and surface 
sediments from the Brazilian continental shelf adjacent to Guamaré.  A variety of 
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bedforms, which range in scale from kilometers to tens of centimeters, are 
present on the study area. The larger-scale bedforms were better observed when 
integrating the digital terrain model with the LANDSAT 7-ETM+ image, while 
the small ones were better recognized on the bathymetric profiles.  Surface 
sediments were classified in seven lithofacies: 1) Siliciclastic sands, 2) Bioclastic 
gravels, 3)  Biosiliciclastic sands with gravel and pebbles, 4) Siliciclastic gravels, 
5) Silicibioclastic gravels, 6) Silicibioclastic sands with gravel and pebbles and 
7) Bioclastic sands with gravels and pebbles.  

The recognition of exposed pipelines in the bathymetric and side scan sonar 
profiles allows the identification of erosional and depositional areas on the shelf 
induced by the presence of pipelines.  

This kind of information is very important to the environmental monitoring 
of areas where oil is excavated. 
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