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MORPHOLOGICAL CHARACTERIZATION OF THE POTENGI RIVER
ESTUARINE SYSTEM, NATAL (BRAZIL)

Gustavo Rodrigues da Rocha1 and Helenice Vital1,2

ABSTRACT. This study mapped the Potengi estuary riverbed (Natal-RN), located in northeastern Brazil, using high-resolution geophysics (single beam and side-scan
sonar) associated with sediment samples. The imaging of subaqueous features allowed to identify the bedforms and submerged rocky outcrops. Four main groups

of bedforms were identified: large 2-D and 3-D dunes, ripples and flat bottom, as well as rocky outcrops. Rocky outcrops were correlated to Barreiras Formation and
beachrocks. The estuarine channel is filled mainly by Holocene sandy sediments in the main channel ranging from well-sorted to sorted grains, and silty sediments in

the river margins. The integration and analysis of these results contribute to a better understanding of tropical estuaries.

Keywords: high-resolution geophysics, bathymetry, side scan sonar, bed forms.

RESUMO. Este estudo teve como principal objetivo o mapeamento do substrato do estuário do Rio Potengi (Natal-RN), localizado no Nordeste do Brasil, utilizando
geof́ısica de alta resolução (dados batimétricos monofeixe e sonográficos) associada à amostragem de sedimentos. O imageamento das feições subaquáticas permitiu

a identificação das formas de leito, bem como de afloramentos rochosos submersos. Foram identificados quatro grupos principais de formas de leito: dunas 2D

e 3D de grande porte, ripples e fundo plano, além de afloramentos rochosos. Quanto à composição dos sedimentos holocênicos que preenchem o rio, estes são
predominantemente arenosos (canal principal), variando de selecionados a bem selecionados, por vezes siltosos (margens do rio). Os resultados obtidos contribuem

para uma melhor compreensão dos estuários tropicais.
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142 MORPHOLOGY OF THE POTENGI ESTUARY (NE BRAZIL)

INTRODUCTION
Estuaries are found along coastal areas in different parts of the
world, regardless of the geological setting, power system and
depositional environment (Perillo, 1995). They also represent
one of the most dynamic sedimentary environments on Earth,
because they are at the interface of marine and terrestrial envi-
ronments, having evolved in response to fluvial, coastal (tidal)
and sea/marine (waves) interaction processes (Knight & Dun-
can, 2005). These environments are sediment collectors par ex-
cellence, where the evolutionary processes are very fast and are,
therefore, important research areas of the current morphodynam-
ics, allowing better understanding of the recent geological history.

The high-resolution marine geophysical techniques have al-
lowed the detailed map ping of very shallow areas, considerably
advancing the knowledge of estuaries. The data acquired with
side-scan sonar allow to differentiate the sediments with different
acoustic backscatter characteristics, as a function of particle size,
density and average reflectivity. This technique is widely used in
geological, geotechnical and oceanographic investigation while
bathymetric data enable accurate morphology description (e.g.,
Ayres Neto, 2000; Briggs et al., 2002; Davis et al., 2002; Souza,
2006).

Despite the fact that scan sonar is a well-established and
widely used method of underwater research (e.g. Quaresma et al.,
2000; Belo, 2002; Lancker et al., 2004; Collier & Brown, 2005),
examples of systematic studies in tropical areas are still scarce,
particularly in N and NE Brazil.

Therefore, this study focuses on the mouth of the Potengi
River, a tropical estuary, where the river supply is dominated by
seasonal events, unlike many temperate watersheds. This estu-
ary is located in the eastern coastal region of Rio Grande do
Norte state (Fig. 1), in northeastern Brazil, and home to the main
port area of the state, on the right bank of the Potengi River, and
the most intense route for passenger and merchant vessels, and
tankers from Rio Grande do Norte.

This study characterizes morphologically the Potengi River
estuary, through imaging, interpretation and identification of
bedforms, and submerged rocky outcrops along the estuary, to
better understand the active river, marine and coastal processes
in tropical estuaries. Additionally, the results obtained are impor-
tant for the development and growth of the Port of Natal exports
as the data can be used in the director dredging plan along the
main navigation channel to access the Port of Natal.

METHODOLOGY
The data positioning was controlled from a DGPS (Differential
Global Positioning System), Hemisphere R220 GPS Receiver

integrated into a V100 Series GPS Compass. The offset to cor-
rect the data was calculated. The GPS TrackMaker PRO software
was used to navigate the vessel and position the bathymetric and
sonographic profiles. Navigation was based on a pre-existing
bathymetric chart, 1:25,000 scale (Frazão, 2003).

The bathymetric data used consisted of 530 cross bathymet-
ric profiles, equidistant 10 m, and 6 longitudinal bathymetric
profiles to channel axis, of verification and control, acquired us-
ing a HYDROTRAC echo sounder model, manufactured by Odom
Hydrographic Systems, and operated on the 200 kHz frequency,
with 0.01 m vertical beam resolution, allowing a ±0.01 m varia-
tion. Calibration of the vertical beam echo sounder was performed
at the beginning of each operation, accounting for the speed of
sound 1543.18 m/s for the region based on the temperature and
salinity data measured by the CTD’s (Conductivity, Temperature,
Depth) AANDERAA Model 3231 and VALEPORT model 108 MkIII,
allowing precision of 0.05◦C for temperature; 0.075 mS/cm for
conductivity; and 0.04 psu for salinity. The bathymetric data were
acquired in analog and digital format using the ComLog software,
v. 2.0.24, Odom Hydrographic Systems. Coordinate data were
collected with UTM and geographical projections, both with the
datum WGS84.

The data were structured in UTM coordinates in the Horizon-
tal Datum WGS-84 as XYZ, and depth in meters corrected for the
existing tide charts at the tide station of the Captaincy of the Rio
Grande do Norte Ports. The data were separated into two areas
(Fig. 2) due to differences in the river contour directions, limited
according to Table 1. The coordinates of some areas were over-
lapped to avoid border effect. Subsequently, the data were pro-
cessed using the Surfer 8.0 software.

Table 1 – Limiting coordinates of the modeled areas of the Potengi River.

Area
X1 X2 Y1 Y1
(m) (m) (m) (m)

01 254400 257300 9361200 9364500
02 253650 256000 9359300 9361200

The bottom topography of the Potengi River estuary was
elaborated in two steps: (1) statistical analysis, to select the best
gridding method, and (2) analysis of the differences between the
survey spacing and processing lines. The kriging method yielded
the best average results and standard deviation and, therefore, the
best definition of the estuarine substrate morphology because the
good distribution of the bathymetric profiles allowed a good data
interpolation (Fig. 2).

The sonographic survey covered the entire study area, total-
ing 05 profiles longitudinal to the estuarine channel orientation,
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Figure 1 – Location of the study area (Image: Google, 2010).

each about 5 km long. The equipment used was the Edgetech
Model TD-272 (4100), which operates at frequencies of 100 and
500 kHz. The frequency used in this survey was 500 kHz and the
scanning range, 50 meters. Samples of surface sediments were
collected with a specific Van Veen type dredge for calibration of
different textures observed in the sonographic record.

The digitally acquired sonograms were subjected to contrast
enhancement and TVG (Time Variable Gain) to amplify the acous-
tic signal of the acquired image, using the Discovery 4100 soft-
ware. The mosaic of the sonographic data was made using the
SonarWiz.MAP5 software, Chesapeake Technology (Fig. 3). The
mosaic was developed during the post-processing of the data in-
cluding contrast enhancement, TVG and correction of the acous-
tic signal incidence angle.

ANALYSIS OF THE POTENGI ESTUARINE SYSTEM

Physiographic features

The study site climate is predominantly “As” type, hot and hu-
mid, with dry summer and rainy winter, according to the Köppen
classification (RADAMBRASIL, 1981). It is under the influence
of the Intertropical Convergence Zone (ITCZ), responsible for
the trade winds from the northern and southern hemispheres
(Nimer, 1972). Thus, the air temperature in the region, remains
high throughout the year. Nevertheless, it presents a slight vari-
ation with minimum temperatures between 23 and 25◦C and

maximum between 27 and 29◦C, reaching a peak of 32◦C (the
hottest months), and an average of 26◦C.

The vegetation in the area is predominantly the sandbank
type, which covers the dunes, and the mangrove vegetation, both
in advanced stages of anthropogenic degradation. The oldest
dunes are partially or fully covered by sparse and undergrowth
herbaceous vegetation. The Coastal Plateau, distributed on the
flattened surfaces of the Tertiary sediments, consists of two strata,
shrub and herbaceous.

The Potengi River Basin drains an area of approximately
4,093 km2 corresponding to 7.7% of the area of Rio Grande do
Norte, with contribution from the streams: Quintas creek, with
total length less than 500 m, and Baldo creek that drains an
area of approximately 4.7 km2, among others. The Potengi River
Basin has an average flow of 2.1 m3/s (SERHID, 2000). This dis-
charge is heavily dependent on rainfall and consequently has a
large seasonal and annual variability. The Potengi basin covers
three mesoregions of Rio Grande do Norte state. The tributaries
that form its main river are situated in a typical backwoods zone;
therefore, some are temporary. The formed river runs through
the rugged zone (still “semi-arid”, transition), to reach the coastal
area, where it joins the Jundiáı and Doce rivers, forming the estu-
ary, and flowing into the Atlantic Ocean.

The tides that occur in the Potengi estuary and surrounding
areas are semi-diurnal (two high tides and two low tides dur-
ing a lunar day, with tidal period of 12 hours and 25 min). The

Brazilian Journal of Geophysics, Vol. 33(1), 2015
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144 MORPHOLOGY OF THE POTENGI ESTUARY (NE BRAZIL)

Figure 2 – Map of sampling points and the position of the modeled sub-areas of the Potengi River.

average tides are ∼2.30 m and ∼0.85 m respectivelly to spring
and neap tides, with a maximum tidal range of about 2.83 m,
classified as mesotide according to Davis (1977). The maximum
speeds were higher during the spring tide. According to Frazão
(2003), the comparison of the average speeds currents with the
tidal range values measured in the Potengi estuary, during the

spring tides, shows that the current speed is greater during the
flood than the ebb tide. The maximum values reached in the flood
tide are 1.08 m/s.

The average of the significant wave height is 80 cm with a 13 s
period (Frazão, 2003). According to the Weather Station of UFRN
– Natal, the most frequent winds are predominantly from East,

Revista Brasileira de Geof́ısica, Vol. 33(1), 2015
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Figure 3 – Sonographic mosaic along the estuarine system of the Potengi River. Some parts are shown in detail for best viewing.

often east-southeast, with monthly average speeds of about 4 and
4.5 m/s. Despite strong tidal currents, the waves generated by
the winds mix the waters causing an almost constant resuspen-
sion of bottom sediments on the banks and shores.

Facies and sediment influx

The dominant facies sediment, composed of sand and sand with
sparse gravel covers most of the study area (Fig. 4). The Holocene
sediments that fill the estuarine channel are predominantly sandy,
ranging from selected to well selected, and sometimes silty. The
sedimentation is controlled by the hydrodynamic conditions of
the environment, with two important textural facies recognized:
muddy and sandy. The distribution of these textural facies fluctu-
ates depending on the frequency and intensity of tidal currents.

The bottom transport distribution throughout the year is quite
irregular, with supply/influx concentrated entirely in the first half
when the flows are more important. In the second half, the in-
fluxes to the beach are very small with decreasing flow presenting
negative values from August to September, which results in zero
sediment balance, and even negative in low precipitation years
when the estuary acts as a sediment trap. Cunha (2004) estimated
potential rates of material transported by drag bottom over a year
of great flow (e.g., 1000 m3/s), showing that this estuary could

contribute to longshore drift with up to 18,661 m3/day of sedi-
ment, with equivalent size to the sandy material present on the
beach. However, for the current situation, the low sediment in-
flux and the amount of sandy material transported by the bottom
cannot be considered significant to the morphological changes.

Geology

Geologically the study area is inserted in the Natal sub-basin
context, part of the Pernambuco-Paráıba-Rio Grande do Norte
coastal basin, of Cretaceous age (Mabesoone, 1996). Accord-
ing to Córdoba et al. (2007), the stratigraphy of the area groups
Cenozoic sedimentary rocks superimposed on Cretaceous rocks,
which in turn rests unconformably on Precambrian rocks of the
crystalline basement. A tertiary-quaternary sequence (Barreiras)
and Quaternary sediments (fixed and mobile dunes, alluvial, flu-
vial terraces, eachrocks and mangroves) are found in this area.

Architectural elements and tectonics

The estuary is relatively shallow, rarely exceeding 30 m in depth,
with a V-shape cross section. Although dependent on the type
of rock present in the valley where the river was formed, the
width/depth ratio is generally high. A typical physiographic do-
main characterizes the Potengi estuary, the strict sense estuary or

Brazilian Journal of Geophysics, Vol. 33(1), 2015
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146 MORPHOLOGY OF THE POTENGI ESTUARY (NE BRAZIL)

Figure 4 – Facies map generated from integrated sonographic and sediment data (Frazão, 2003), according to the classification of Folk (1974).

estuarine valley, marked by complex interactions between fluvial
and marine processes.

The deeper zones are close to the concave banks of the es-
tuary while, in the convex banks, the advanced sediment filling
contributes to the lateral growth, towards the estuarine channel.
The filling of the channel is related to intense tidal currents, which
re-mobilize sediments eroded from the opposite banks to form
sandy banks. These sandy banks are usually capped by fine sedi-
ments, resulting in the extensive flat surface, which emerges in the
low tides. These features occur in the meanders near the mouth
of the Potengi estuary; the stronger flow on the outer curve cause
the margin to erode while some of the sediment is deposited on
the inner bend forming a point bar.

The eastern coast of Rio Grande do Norte is marked by a
series of NE to ENE structural valleys, which are controlled by
graben type features that trap the sandy-clay sediments of the
Barreiras Formation (Miocene-Pleistocene) on their floor capped
by aluvial sands and other recent deposits (Bezerra et al., 1998).
Bezerra et al. (2001), based on wells and geophysical data, con-
cluded that the Potengi River estuary basin has a half-graben
shape; extending over at least 20 km from the coast to Macáıba,

limited by the Jundiáı fault with preferred 60◦ (NE) trend, located
on the right bank of the Potengi River (Fig. 5).

RESULTS AND DISCUSSIONS

Bathymetric mapping

The processing and analysis of bathymetric data are presented
in a bathymetric map (Fig. 6A). Two block diagrams are also pre-
sented (Figs. 6B and 6C) to show the morphology of the Potengi
riverbed to better visualize and interpret its main features in 3-D.
The following interpretations were obtained from these products,
together with data observed in the field.

The deeper zones are close to the concave/outer banks of the
estuary while the advanced sediment filling in the convex/inner
banks contributes to the lateral growth, towards the estuarine
channel.

This sediment filling is related to intense tidal currents in the
area of the main channel, which re-mobilize eroded sediments on
opposite banks to form the sandy banks. These sand banks are
usually covered by fine sediments, resulting in an extensive flat
surface that emerges during the low tides. These features occur

Revista Brasileira de Geof́ısica, Vol. 33(1), 2015
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Figure 5 – Geological map of the coastal plain surrounding the estuarine system of the Potengi River. Modified from Bezerra et al. (2001).

in the meanders near the mouth of the Potengi estuary, where the
flood plain develops colonized by mangroves and grasses. In the
outer curve of the meanders, the stronger flow causes the margins
to erode while, in the inner bend, the sediments deposit forming
a point bar.

Secondary channels, considerably small compared to the
principal, are also found and appear to occur as a response to
the tidal currents, forming small longitudinal banks and conju-
gated channels (Fig. 6 – Profile 1). This fact is confirmed by the
V-shaped profile (Fig. 6 – Profile 2) and their association with
the small channels perpendicular to the main river course (locally
referred to as “gamboas”).

Along the estuary, the morphological behavior changes char-
acterizing distinct zones as previously shown in lower detail map-
ping by Frazão (2003). The depth, width and shape of the chan-
nels show different action levels of the dynamic mechanisms of
the environment.

In this study, the bottom morphology of the estuary was di-
vided into two distinct morphological areas regarding its main
features: Main Channel Zone and Estuary High Bottom.

Main Channel Zone
The main channel is on average 170 meters wide and between
8 and 10 meters deep, clearly constituting itself in the continu-
ation of the thalweg that follows the margin of the Potengi River
(Fig. 6 – Profile 3). Small depressions, between 9 and 11 me-
ters deep, mark the channel bottom (Fig. 7). These depressions
continuously follow the axis of the channel, at a distance that
progressively decreases towards its mouth, probably due to the
interference current zones of turbulent regime.

A wide valley, bordered by steep slopes along the banks,
can be seen near the mouth, where the marine influence is more
pronounced and on the sandy bank located in front of the Natal
Naval Base. Towards the interior of the estuary, the region of the
main navigation channel narrows and becomes more stable, in
response to both increased sediment yield from Jundiáı and the
Potengi Rivers and lower influence of tidal currents.

Estuary High Bottom

This zone borders the entire margin of the Potengi River, and can
be defined from the isobaths smaller than 4 m. Thus, the high
bottoms along the estuary are characterized by sandy banks and
muddy plains (Fig. 6 – Profile 4). Four major banks stand out in
this area. The first bank is on the right margin near the mouth of
the Potengi River, called Banco das Velhas (Fig. 7), approximately
526 m long and 180 m wide, with a gentle slope towards the
main navigation channel.

Near the mouth of the Potengi River, on the right bank, sed-
iments deposition forms a sandy bank near the ridge of the
17th G.A.C.

The block diagram (Fig. 7) shows the 17th G.A.C. bank in
3-D, apparently resulting from the approximately 120 m long
spike/ridge, manmade to contain the erosion along the bank.
This spike causes the sediment to accumulate due to eddy/vortex
forcings, forming the 17th G.A.C. bank. The analysis of the cur-
rents direction and intensity data, measured by Frazão (2003) in
2002, shows that the vortex generated by the spike forms a de-
pression causing the ocean sediments remobilized to the Redinha
beach to migrate toward the main channel. This vortex creates

Brazilian Journal of Geophysics, Vol. 33(1), 2015
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Figure 6 – Bathymetry of the Potengi estuary. (A) Bathymetric map of the Potengi estuary, with shaded effect. The block diagrams show details
of the estuary mouth (B) and Baldo Channel region (C), and can be best viewed in Figures 7, 9 and 10. The profiles (P1 to P4) are highlighted
to show the V-shaped channel (P1) and sandy banks (P2) longitudinal to the Main Channel Zone (P3) and Estuary High Bottom (P4).
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Figure 7 – Block diagram showing details of the estuary mouth.

a depression of approximately 15 meters. Previous studies per-
formed by this author about the currents in this region allow to
conclude that this depression was excavated by the intense tidal
currents, especially ebb, that generate a turbulent flow when they
find the manmade seawall (Fig. 8). The emergence of this turbu-
lent flow depends on the current speed, water density and size of
the obstacle. The clockwise circular movements of the turbulent
flow (Fig. 8) excavates the depression due to increasing pressure
on seawall from the back and at the same time, the dramatic re-
duction in pressure drag, favoring remobilization and deposition
of the sandy material around the depression.

The Jaguaribe Bank (Fig. 9) lies on the left bank of the estu-
ary at the confluence of Gamboa Jaguaribe with the Potengi River,
opposite the Port of Natal. It is about 800 m long and 300 m
wide. It is possible to observe the bank migration toward the
main channel, reducing the width of the main navigation channel
to 100 m wide in this region.

From the Baldo Channel (detail in the lower block diagram
of Fig. 6), waste is thrown into the river Potengi. The waste ac-
cumulates at this channel output, causing the silting of the main
navigation channel. On the left bank, across the channel, natu-
ral sedimentation occurs, which is the continuation of the Navy
Base, named as Base bank by Frazão (2003). Thus, the intense
contribution of solid material from the sewage waste of the city
of Natal and siltation caused by the urbanization of the Passo
da Pátria community, located on the right bank, associated with

natural sedimentation on the left bank, tends to silt and fill the
area of the main channel, as shown in Figure 6.

The last and largest bank observed is on the left margin of
the estuary located opposite the Base bank (Frazão, 2003)
(Fig. 10). It is approximately 2 km long and 350 m wide, with
semicircular shape, located on the meandering segment of the
estuary. The bank probably results from the decreased energy of
tidal currents. Sieve analysis indicates that it is capped by sandy
sediments.

Mapping of the bedforms and rocky outcrops of the
Potengi estuarine system

The integration of bathymetric and sonographic data allowed to
identify bedforms of various types and scales on different types
of bottom, and the presence of rocky outcrops.

The bedforms result from the interaction between either wind
or water and the sediment substrate. The sediments begin to move
when the natural resistance to movement is overcome, thus en-
abling formation of the first bottom structures. Thus, the devel-
opment of bedforms is related to three main parameters: particle
size of the sedimentary material, flow depth and speed, where the
extension and bottom characteristics result from the existing bal-
ance between the erosion and deposition on different parts of the
riverbed (Della Fávera, 2001). According to Ashley (1990), large
bedforms are generated in recent sandy environments deeper

Brazilian Journal of Geophysics, Vol. 33(1), 2015
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Figure 8 – The manmade seawall causing a turbulent flow during ebb tide, responsible for the accumulation of sediments in the submerged part
of the 17th G.A.C. bank (Photo: H. Vital).

Figure 9 – Block diagram showing details of the Jaguaribe Bank.

Revista Brasileira de Geof́ısica, Vol. 33(1), 2015
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Figure 10 – Block diagram showing Base bank.

Figure 11 – Plot of mean flow velocity against median sediment size showing stability fields of bed phases. Fr = mean
velocity Froude number (modified from Ashley, 1990 by Rocha, 2009).

than 1 m, with particle size greater than 0.15 mm (very fine sand)
and average current speed greater than 0.4 m/sec (Fig. 11).

The bedforms in this study are classified according to Ashley

(1990), including the revisions of Dalrymple & Rhodes (1995)
based on morphology. According to this classification, all large
transversal bedforms (excluding ripples and anti-dunes) occupy

Brazilian Journal of Geophysics, Vol. 33(1), 2015
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a similar position as a result of the lower flow rate, which is later
modified by other data such as particle size, shape and overlap.
The wide variety of bedforms reflects the different hydrodynamic
conditions and type of sediment.

The flow regimes can be classified as upper or lower, accord-
ing the Froude number calculated for each bedform. The flat lay-
ers, ripples and dune fields are formed in the lower flow regime.
When the flow velocity increases, so that the Froude number is
greater than 1, the macro-undulations (dunes) disappear, and the
surface becomes flat again. When the speed is greater than that
necessary to form a flat bed with the material moving, the so-
called anti-dunes are formed.

Identification of bedforms in the Potengi River estuary

The dominant sediment facies, composed of sand and sand with
sparse gravel covers most of the study area. In general, the
Potengi estuary bed is characterized by small to large dunes with
2.87-95.12 m wavelength ratio, up to 4.3 m tall high, with varying
sinuosity and overlapping.

The ripples and dunes bedforms, both lower flow regime
based on a series of 40 bedforms, with lengths >1 m and
<100 m, were differentiated by applying the log-log diagram of
height (H) versus wavelength (L), proposed by Flemming (1988)
(Fig. 12). The data covered very shallow waters, from 3 m up
to 16 m, with bidirectional flow. Figure 9 shows that along the
estuarine channel of the Potengi River, smaller bedforms were
identified as dunes with small wavelength.

The sonographic survey showed that most of the dunes have
strong asymmetries, indicative of the dominance of the flood and
ebb tidal currents. The asymmetry of the bedforms along the es-
tuarine channel is a strong indicator of marine influence in the
estuary, becoming the main component controlling the sedimen-
tation of these environments dominated by the tides.

The sonographic survey also showed abrupt changes of the
morphology of the bedforms in the Potengi estuary; account-
ing for the dunes wavelength and height, which ranges from
small distances to a few meters, and their sinuosity. Figure 13
clearly shows morphological changes of the bedform revealing
dunes with small, medium and large wavelengths, and flat bottom.

Figure 12 – Flemming diagram (1988) showing the log-log of height (H) versus length (L) for 40 subaqueous bedforms,
transversal to the flow of the Potengi estuary.

Revista Brasileira de Geof́ısica, Vol. 33(1), 2015
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Figure 13 – Sonogram along the Potengi River estuary showing the abrupt change of bedforms. The detail shows the site described in the sonogram.

Figure 14 – Sonogram acquired in the 500 kHz frequency, with 100 m range, showing darker and lighter shades representing compressed muddy sediments and sandy
sediments, respectively.

Changes in the morphology of the bedforms are related to changes
in bathymetry. In the main channel zone, dunes wavelength and
height varied mainly from medium to large and displayed other
simple and composite overlay features.

The sonogram also shows a significant change with respect
to the types of sediment, where the darker and lighter shades rep-
resent the compressed muddy sediments and the finest sandy
sediments, respectively (Fig. 14).

Subaqueous dune fields

According to Ashley (1990) large-scale bedforms are called
“dunes”, fall into two groups: two-dimensional (2-D) that occur
at lower current speeds, and three-dimensional (3-D) with higher
current speeds for a certain grain size (Middleton & Southard,
1986) (Fig. 15).

2-Dimensional (2-D), 3-Dimensional (3-D) and
Superposed bedforms

The 2-Dimensional dunes (2-D), with size ranging from small to
medium, were viewed in much of the area (Fig. 12). The ridges
were destroyed in the region near the river mouth where the estu-
ary is significantly influenced by tidal currents. When approach-
ing the mouth, the 2-D dunes are generally superposed by 3-D
dunes (Fig. 16). In this region, the dunes are large, with wave-
length ranging from 65 to 90 meters and 2 to 2.8 meters height. It
is sometimes difficult to distinguish the 2-D from the 3-D dunes.

In some portions of the estuary superposed dune fields were
observed, indicating the deposition of sediments due to the action
of currents in two directions, perpendicular to each other, defining
a compound interference pattern (Fig. 16C).

Flat bottoms were also observed, usually near the river bank,

Brazilian Journal of Geophysics, Vol. 33(1), 2015



�

�

“main” — 2015/12/15 — 16:17 — page 154 — #14
�

�

�

�

�

�

154 MORPHOLOGY OF THE POTENGI ESTUARY (NE BRAZIL)

Figure 15 – Block diagrams showing the two groups of bedforms: 2-D (A) and 3-D (B), modified from Della Fávera (2001).

Figure 16 – Subaqueous dunes in the Potengi estuary. (A) 2-D dune field with superposed 3-D dunes; (B) 3-D dunes and a small 2-D dune field in the central
part of the estuary; and (C) extensive superposed dunes field ranging from small to medium wavelength. Sonogram sites are marked on the map (A, B and C).
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Figure 17 – Flat bed in the estuary of the Potengi River. (A) Flat bottom in the sandy region, highlighting particularly small depressions usually
generated by eddies; (B) flat bottom in a region with predominantly silty sediments. Sonogram sites are marked on the map (A and B).

consisting of fine sandy sediments, probably deposited in low
flow velocities, or quite cohesive mud. However, in some parts
of the main channel, bedforms are absent, probably because the
changing currents do not allow preserving the bottom features.
An extensive area with this relatively flat pattern was observed in
the Baldo Channel region, characterized by fine sediments, typi-
cal of silting of the main navigation channel by solid waste par-
ticles thrown into the Potengi River. In these flatter regions, spe-
cific depressions caused probably by eddies were also identified
(Fig. 17). Ripples superposing 2-D and 3-D medium dunes have
been identified along the profiles (Fig. 18).

Rocky outcrops
Rocky outcrops of great expression have been identified in both
the bathymetric (Fig. 6) and sonographic (Fig. 18) records and
characterized as sandstones of the Barreiras Formation. The out-
crop recorded on the right bank of the Potengi River, near the
Baldo Channel (bottom Block Diagram of Fig. 6 and Fig. 18A),
is called “Oitizeiro stone” in the nautical chart No. 802 (Marinha
do Brasil). Next to the Natal Yacht Club, a large outcrop of
approximately 5 meters high in relation to the bed was ob-
served. Other studies (e.g. Vital et al., 2006; Rocha, 2012), using
high-resolution seismic profiling (chirp) records and sampling,

reported that the Barreiras Formation constitutes the acoustic
basement, and has considerable control in sediments deposition,
forming valleys filled by Quaternary sediments.

Smaller outcrops at the mouth of the estuary, with acoustic
signature typical of beachrocks were sampled and identified as
such during dredging conducted by the Companhia das Docas
do Rio Grande do Norte-CODERN in 2010.

CONCLUSIONS
The integration of bathymetric and sonographic data acquired in
this study, associated with sediment sampling, enabled to detail
the estuarine substrate of the Potengi River, allowing to visual-
ize the distribution of the bedforms and rocky outcrops. Factors
such as changing in sediment type, substrate roughness, depth
and grain size of the sediment, are responsible for the textural
and morphological variations observed in the sonograms.

The sandy sediments are predominant, as already reported
by Frazão (2003). The main sedimentary facies is the sandy fa-
cies while the deeper areas of the estuarine channel are capped
by coarser sediments, typically pebbles and sand with gravel,
along with calcareous shell fragments and shallower areas cov-
ered with fine sediments.

The main bedforms observed consisted of dunes with small

Brazilian Journal of Geophysics, Vol. 33(1), 2015



�

�

“main” — 2015/12/15 — 16:17 — page 156 — #16
�

�

�

�

�

�

156 MORPHOLOGY OF THE POTENGI ESTUARY (NE BRAZIL)

Figure 18 – Rocky outcrops characterized as sandstones of the Barreiras Formation (A, B and C), showing the outcrops shade and
relief. Observe the extensive ripple field in C. Sonogram sites are marked on the map (A, B and C).

Revista Brasileira de Geof́ısica, Vol. 33(1), 2015



�

�

“main” — 2015/12/15 — 16:17 — page 157 — #17
�

�

�

�

�

�

ROCHA GR & VITAL H 157

wavelengths between 2 and 3 m, followed by dunes with medium
wavelength of approximately 6 m and between 0.4 and 1.6 m
height, and dunes with large wavelengths ranging from 65 to
90 m, and 2 to 2.8 m height. In the zone of the main channel,
medium to large dunes, relative to wavelength and height, were
mainly observed, presenting others simple and composite super-
posed bedforms.

Bedforms depend on grain size of the sediments, flow depth
and hydrodynamic conditions. The strong intensities of the flood
tidal currents cause the sediments to be redistributed into the
Potengi estuary. These currents are partly responsible for the for-
mation of great bedforms at the mouth of the estuary, where the
dominant sedimentary facies is sandy. The deeper zones are ob-
served along the concave banks of the estuary while an advanced
sedimentary fill contributes to the lateral growth in the convex
margins, towards the estuarine channel. In short, the margins
are eroding in the concave bend of the meanders while point bar
deposits are formed in the convex bend of the meanders. These
point bars near de meanders have a flat surface covered by fine
sediment.

The wide variety of bedforms found reflects the different hy-
drodynamic conditions and sediment type. Most dunes recorded
by side scan sonar revealed strong asymmetries that are in-
dicative of the dominance of the flood and ebb tidal currents.
The asymmetry of the bedforms along the estuarine channel is a
strong indicator of marine influence in the estuary, the main drive
force in these environments dominated by the tides.

The side scan sonar survey revealed some abrupt changes
in the morphology of bedforms over a small area, in addi-
tion to dunes sinuosity. These changes are related to changing
bathymetry.

Large submerged rock outcrops were observed and char-
acterized as sandstones from the Barreiras Formation. Smaller
rocky outcrop rocks were related to beachrocks.

The combination of the vertical beam echo sounder with the
side-scan sonar plays an important role in interpreting the acous-
tic signature of the dune type bedforms and determining the
boundaries of the major textural facies. The integration of these
two types of sensors is also a key tool to assist the dredging of
the main navigation channel to access the Port of Natal.
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