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Abstract

Humans have played an important role in fluvial systems because of the impact of their land-use activities, frequently leading to degradation of

environmental conditions. Rivers, which are the primary agents in sediment transport, have thus been subject to changes in sediment fluxes. The

Suriname River has been affected by anthropogenic activities since colonial times, and has experienced strong discharge and sediment-load changes

since the construction of the Afobaka Dam in 1964. The river’s estuary sediments largely consist of fine-grained sediments, originating, ultimately,

from the Amazon River and transported by the strong tidal current. The influence of this tidal current is diminished at the head of the estuary,

allowing the river flow to become dominant. Also remarkable is the interaction of the Suriname River and the westward-migrating mudbanks which

is evident in the changing magnitude and volume of Braamspunt, a mudcape located at the mouth of the estuary. The regulated discharge of the

river results in a change of the river’s morphology, resulting, among other things, in the growth of river bars.

1. Introduction

Land-use activities, like converting natural landscapes for hu-
man use, have transformed a large proportion of the Earth’s
land surface. Although land-use activities vary greatly across
the world, the ultimate outcome is generally the same: obtain-
ing natural resources for human needs or purposes frequently
causes degradation of environmental conditions (Foley et al.,
2005). Fluvial systems play a key role in human impacts on the
global system because rivers are the primary agents of transport
of sediments from the land to the coasts and oceans. Changes
in fluxes of sediments have been inferred in almost every catch-
ment that has been converted for land use. For example, nu-
merous studies have shown that fluxes to oceans have been
reduced in catchments where reservoirs have been constructed
(Wasson, 1996). However, while considerable research has been
done on northern mid-latitude fluvial systems, much less at-
tention has been paid to the human impact on tropical river
systems. The objective of this study is to analyse the hydro-
logic and geomorphic evolution of the lower Suriname River,

especially its estuary, in response to marine and anthropogenic
controls during the last 50 years.

Suriname is located in the tropics of northern South America
and has two rainy and two dry seasons each year. The country
is drained by four large rivers, the Marowijne, Suriname, Cop-
pename and Courentyne (Fig. 1). These rivers have a south to
north orientation, and flow from the crystalline Precambrian
Guyana Highlands via the unconsolidated sedimentary deposits
of the coastal plain to the Atlantic Ocean. The two largest rivers
in Suriname, the Marowijne and the Courantyne, run straight
into the ocean without deflection (Rine, 1980). The mouths
of the Suriname and Coppename rivers have westward orien-
tations, which is common for the Guiana coast. The westward
deflection is the result of lateral growth of the eastern, outer
bank of the rivers. The Marowijne and Courentyne are not de-
flected because of the large discharge, especially in the rainy
seasons. In such periods the river mouth is flushed.

The smaller main rivers, the Cottica, Commewijne, Saramacca
and Nickerie fluvial systems, do not flow straight into the
ocean. They deflect westward in their lower, coastal reaches,
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Fig. 1. South America with Suriname, its four main rivers and the study area (red rectangle: Suriname River estuary).

where they confluence with one of the large rivers. Augustinus
(1978) attributes this westward deflection to the coincidence of
relatively small river discharges and the westward migration of
coastal mudbanks, when these cross the related river mouths.

This study focuses on the Suriname River, from an economic
point of view the most important river in Suriname. It has been
controlled by anthropogenic activities since colonial times (af-
ter 1900) when plantations were cultivated and fortresses were
founded. Because of the river’s importance and the resulting
need to understand its behaviour, many measurement data have
been collected in the past in its lower course and in the estu-
arine part.

This study is based on field observations and measurements
described in the literature, supplemented with interpretations

of aerial photographs and satellite imagery. Internal reports of
the Maritime Authority Suriname (MAS) are also used, including
depth measurements along channel cross-sections.

2. Setting

The Suriname River is 480 km long, and has its sources between
the Wilhelmina Mountain and the Eilerts de Haan Mountain.
The capital of Suriname, Paramaribo, is located on the left bank
of the Suriname River estuary (Fig. 2). In 2009, to stop erosion
processes, the government began constructing a dyke along the
east bank of the estuary, dyke over c. 2 km, from Jachtlust to
Nieuw Amsterdam.
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Fig. 2. The Suriname River estuary with the Braamspunt mudcape at the

river mouth.

The Suriname River has an estimated average annual dis-
charge of 440 m3 s−1 and an average annual sediment load of
0.25 × 106 t a−1 (Nedeco, 1968). Discharge and sediment load
are strongly affected by the Afobaka Dam, located in the north-
ern part of the shield region of the Suriname River basin
(Fig. 2). This dam was constructed between 1961 and 1964,
and started to operate in 1965 to provide electricity for the
processing of bauxite and for domestic use in Paramaribo. Con-
struction of the dam has diminished and regulated the down-
stream discharge. In addition, the artificial lake is a trap for
coarser sediments (sand) supplied from upstream, and, as a
result, the downstream riverbed is probably eroded. Sand cur-
rently dredged from the river bottom near Paranam, a small
town downstream of the dam (Fig. 2), must have been deposited
before the hydroelectric plant came into operation (Nedeco,
1968).

Downstream of Paranam, the clay content of the riverbed
sediments increases in the seaward direction. The (slightly)
sandy clays in the estuary (Fig. 2) contain only a small percent-
age of sand which, according to the mineralogical composition,
originates from the nearby beach sand. It contains, however, a
relatively high percentage of zircon, which points to an influ-
ence of the upstream Suriname River (Krook, 1979), before the
construction of the Afobaka Dam. The beach sand both east and

west of the Suriname River mouth originates from the Marow-
ijne and Mana rivers (Augustinus, 1978), and its heavy min-
eral association differs from that of the Suriname River (Krook,
1979). However, the fine-grained sediments in the estuary ulti-
mately originate from the Amazon River. They are transported
by tidal currents into the estuary. The estimated amount is c.
250,000 t a−1, based on an average sediment concentration of
20 g m−3 (Nedeco, 1968; SRK Consultants, 2008).

On both sides of the river, former coastlines can be recog-
nised. They are marked by cheniers, which consist of sand and
shells (or shell fragments). As previously mentioned, the sand
originates from the Marowijne River, and is characterised by a
heavy mineral association dominated by staurolite (Kiel, 1955;
Augustinus, 1978; Krook, 1979). Shells are of (deep) marine
origin and are, due to their form and low density, more eas-
ily transported than quartz sand (Augustinus, 1978). Sand and
shells of the current spit at Braamspunt (Fig. 2) are from the
same sources.

3. Interaction of the coastal zone and
estuary

The coastal waters in front of the 364 km long coast of Suri-
name are mainly characterised by the Guiana current, which is
a continuation of the South Equatorial Current. However, due
to its low velocity, the Guiana current is not very important
for the Suriname River estuary. Current velocities in the shal-
low coastal waters along the coast of Suriname are just high
enough to enable the transport of silt and (very) fine sand
(Nedeco, 1968; Augustinus, 1978).

In the near-coastal area, natural waves are very important
for coastal development. In the estuary, however, they quickly
lose energy due to refraction in response to shoaling towards
the banks. Ship-induced waves, however, can play an important
role in riverbank erosion (Van Heuvel, 1983).

The tidal system in the estuary and its related
morphology

The tide along the coast of Suriname is semi-diurnal. The aver-
age tidal range is 1.80 m. It can be classified as mesotidal since
the mean wave height at spring tide is 2.80 m; at neap tide it
is 1.00 m (Nedeco, 1968).

The tidal wave approaches the Suriname coast from an al-
most perpendicular (NNW–N) direction. The sea water flows with
rising tide via a shallow flood channel into and along the east
side of the estuary (Fig. 3). Under these conditions, flow ve-
locities of c. 1 m s−1 were observed by Van Heuvel (1983). In
the westerly-situated fairway, the maximum flow velocity was
0.85 m s−1.

The incoming floodwater tends to flow as straight as pos-
sible. Near Resolutie, upstream, flow velocities of over 1 m s−1

421

https:/www.cambridge.org/core/terms. https://doi.org/10.1017/njg.2016.18
Downloaded from https:/www.cambridge.org/core. Universiteitsbibliotheek Utrecht, on 08 Feb 2017 at 16:25:34, subject to the Cambridge Core terms of use, available at

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/njg.2016.18
https:/www.cambridge.org/core


Netherlands Journal of Geosciences — Geologie en Mijnbouw

Fig. 3. Cross-section through the Suriname River estuary, showing the position of the fairway and, further east, a flood channel, over the years 1963, 1973

and 1982 (after Van Heuvel, 1983).

were measured. Further upstream the flood channel ceases to
exist. In the narrow flow profile between Leonsberg and Voor-
burg, only one channel is visible (Fig. 3). Flow velocities in
this channel are up to 1.5 m s−1 (Van Heuvel,1983; Sunecon
Consultants, 2004).

During ebb tide the deep westerly channel, the fairway, now
functions as an ebb channel with flow velocities of c. 1 m s−1

(Van Heuvel, 1983; Sunecon Consultants, 2004).
There is a lack of flow velocity and discharge data for the

tributary, the Commewijne River. Nevertheless, from the colour
difference of the outflowing water near the confluence it can
be inferred that during ebb tide the discharge of the Suriname
River is much larger than that of the Commewijne River, despite
the effects of the Afobaka Dam (Van Heuvel, 1983).

In the narrow passage between Leonsberg and Voorburg
(Fig. 4) the outflowing fresh river water and in- and outflowing
salty tidal water concentrate in the outer bend.

Cross-sections of the Suriname River, between Geyersvlijt
and Jagtlust, show depressions with depths up to 40 cm (Fig. 5)
near the east bank of the river (Commewijne), reaching a max-
imum in 1981. They probably function as flood channels.

Silt bars (Resolutie, Jagtlust, Dijkveld) are almost aligned
with the current flow (Fig. 6), and in front of the river mouth
a mouth bar, known as the Outer bar, is present. Therefore,
according to the morphological classification of Dalrymple et al.
(1992), the mesotidal Suriname River estuary can be classified
as tide-dominated, although tide-dominated estuaries are more
likely to occur in macrotidal areas. This is due to the strong
flood tidal currents compared to the relatively small effects of
the incoming waves. The tidal influence is diminished at the
head of the estuary, allowing the river flow to become dominant
(Dyer, 1997).

Fig. 4. Cross-section of the Suriname River estuary between Leonsberg and

Voorburg.

Fig. 5. Cross-section of the Suriname River estuary between Geyersvlijt and

Jagtlust.
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Fig. 6. Bars in the Suriname River (modified after SRK Consultants, 2008).

The bars are the result of the influx of silt from the Atlantic
Ocean into the estuary and are especially prevalent along the
riverbanks because the fairway is fixed with the aid of beacons.
The silt ultimately originates from the Amazon River. The con-
tribution from the upstream interior is estimated to be in the
order of 2% (Nedeco, 1968). The Old and Young Coastal Plain
consist for the most part of marine-deposited clays. Land-based
runoff from that area will contribute silt that is also of Amazon
origin.

Coastal mudbanks

Coastal development in Suriname is determined by the contin-
uously westward-migrating system of mudbanks and interbank
areas. Mudbanks vary in length between 30 and 60 km (Wells
& Coleman, 1978). They extend offshore to about the 20 m iso-
baths (Nedeco, 1968). The migration of the mudbanks is the
result of deposition at their west side and erosion at their east
side. Deposition at the west (down-drift) side of the mudbanks
mainly takes the form of fluid muds (sediment suspensions of
10–330 g l−1). The high silt content of the sea water, together
with resuspended particles from the east (up-drift) side of the
mudbanks, can cause over-concentration at the down-drift side,
giving rise to fluid mud formation. A property of fluid mud is

that waves propagating over it are attenuated and even damped
completely (Delft Hydraulics Laboratory, 1962; Diephuis, 1966).
This calm environment favours further sedimentation; coastal
accretion can be very fast (up to 200 m a−1; Boyé, 1962). With
ongoing migration of the mudbanks, in the course of time the
original fluid mud consolidates and becomes overgrown with
mangroves, furthering dehydration of the young soil. As a re-
sult, at the east side of the mudbank, the soil has matured to a
young clay, which can be eroded by wave action. Migration due
to erosion of the east side and sedimentation at the west side
mainly takes place during the short dry season (February–April)
when the trade winds are strongest (Augustinus, 1978).

In the interbank areas there is no fluid mud. Here the coast
is subject to wave attack and rapid erosion of the mangrove
fringe (Augustinus, 1978; Plaziat et al., 1994). If sand or shell
material is available in this erosive environment, small beach
ridges, cheniers, are formed on the clayey subsoil, due to wave
action (Russell & Howe, 1935; Price, 1955). Cheniers run parallel
with or at small angles to the common shoreline and charac-
teristically cluster at one or both sides of a major river (Fig. 7).
Along the eastern part of the Suriname coast, the chenier sand
mainly originates from the Marowijne/Mana river system. Shells
and shell fragments are the remains of molluscs and gastropods
living in the coastal waters (Price, 1955).

In specific cases a chenier can grow seaward and form an
extensive beach or spit. This occurs if a retreating coast cuts
into an older chenier, which thenceforth acts as a local source
of coarse sediment (Augustinus, 1978).

The migrating mudbanks are the driving force behind the de-
velopment of the smallest coastal unit. Between the mudbanks
interbank areas exist. Together the mudbanks and adjacent
interbank areas form the smallest coastal unit (Augustinus,
2004).

Their migration velocity varies roughly between 0.5 and
1.5 km a−1. The period of one cycle of coastal accretion (mud-
bank) and coastal erosion (interbank area) is 30–35 years.

The variation in the length of the mudbanks and in their mi-
gration velocity appears to be related to coastal development
at a higher temporal (150–200 years) and spatial (100–150 km)
scale. This large-scale coastal behaviour appears to be governed
by a change in frequency of wind directions and wind force
(Eisma et al., 1991; Augustinus, 1993, 2004). Analysis of wind
data from Kourou (French Guiana) has demonstrated a steady
change in wind directions from northeast to east, together with
an increase in wind force over the period 1957–1986. Waves
generated by these winds will approach the more or less east–
west-running coast under a smaller angle as compared to waves
generated by northeasterly winds. This means that the along-
shore component of the wave energy flux becomes stronger,
favouring alongshore transport, and the cross-shore component
becomes weaker, leading to a reduction in coastal erosion. As a
result, mudbanks should grow longer, which indeed appears to
be the case over the period 1947–2001 (Augustinus, 2004). In
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Fig. 7. Part of the coastal area of Suriname with east–west-oriented cheniers (black) (Zonneveld, 1968).

Fig. 8. Avicennia germinans marsh.

2001, the length of the mudbank east of the Suriname estuary
was in the order of 70 km.

After mudbanks are colonised by vegetation, they develop
into brackish and salty Avicennia marshes (Fig. 8). Due to
chenier formation, these are cut off from regularly flooding
with sea water. If they subsequently become desalinised, they
change into clay marshes with fresh forests or grass swamps.
On top of the tidal clay flats, eustatic peat sometimes forms in
swamps (Teunissen, 1978).

Mudbanks migrating westward in front of an estuary are sit-
uated at a certain distance from the coast. This feature was
described by Delft Hydraulics Laboratory (1962) and attributed

to the influence of the river discharge. This fits very well the
new mudbank hypothesis of Allison and Lee (2004), that the
mudbanks consist of two parts: a free migrating mudwave con-
sisting of fluid mud (high-density suspended mud), and a sec-
ond part consisting of deposited mud (formed out of suspended
and of fluid mud). The second part is located at the landward
side of the mudbank, in the lee of currents and waves, and is
connected to the coast. In front of an estuary this connecting
part will not come into being, due to the turbulence of the in-
and outflowing water.

The Braamspunt mudcape

The effect of alongshore-migrating mudbanks on the estuary is
also expressed by the magnitude and volume of the Braamspunt
mudcape on the east bank of the river mouth (Fig. 2). The
cape exists due to east–west alongshore processes (e.g. mud
supply and wind orientation), and extends when a mudbank
is passing and the river discharge is too small to stop this
development. The cape retreats in response to an interbank
environment.

The influence of a westward-migrating mudbank on a down-
drift estuary was studied by Allison et al. (2000) for the Cassi-
pore mudcape in Brazil. This mudcape is subject to periodical
mud supply due to seasonal and decadal cycles in trade wind
energies. resulting in alternating periods of formation and star-
vation in the coastal zone.

The behaviour of Braamspunt in relation to coastal develop-
ment can be inferred from historical maps, aerial photographs
and satellite images (Figs 9 and 10). In the period 1947–1970 a
mudbank migrated beyond Braamspunt, and the cape generally
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ified after Zonneveld, 1953).

showed accretion. In the following years, coastal erosion dom-
inated, resulting in coastal retreat. Episodically, Braamspunt
is characterised by a sand spit. Evidently, this can only occur
in an interbank environment. Zonneveld (1953) described the
evolution of a sand spit at Braamspunt, based on recent sur-
veying and topographic maps. From 1914 to 1930 a sand spit
existed.

By 1938 it was no longer present (Fig. 10); part of the sand
was transported across the estuary to form a new chenier north-
west of Paramaribo, while another part was transported into the
estuary to form a small sandy riverbank, south of the former
spit (Fig. 10). Some 50–55 years later, during the 1980s, a new
sand spit started to develop at Braamspunt; it is still present,
so it appears that spit formation is not related to the 30 year
cycle of coastal development in Suriname.

The formation of a spit requires a certain volume of sand.
During normal longshore transport conditions, selection of the
sediment takes place. Coarser and heavier grains are likely to
stay behind, so the amount of sand in a chenier decreases and
its mean grain size becomes finer in the westward direction
(Augustinus, 1978). As a result, the relatively fine sand that
finally reaches Braamspunt is too small in quantity for the
formation of a sand spit.

If, however, due to severe coastal erosion, a chenier of a
former coastline is eroded, a new sand source is tapped; in
such cases large sandy beaches can develop. Augustinus (1978)
indicates this situation as a ‘sand accretionary coast’. At the
mouth of creeks and rivers, and along protruding parts of the
coast, accretionary cheniers develop as spits.

These accretionary cheniers and spits always develop in in-
terbank areas, as can be deduced from Fig. 9. In 1947, two
accretionary beaches were present. Until 1957, both migrated
westward, in phase with the east and west adjoining mudbanks.
In 1966, however, the more westerly of the two appears to be
overtaken by the eastward adjoining mudbank. Not until the
mid-1980s did this sand became available again to form a new
spit at Braamspunt. This, at least partly, explains why spit for-
mation at Braamspunt is an episodic feature (Fig. 11).

Actually, the spit at Braamspunt is in its final phase, which
is accelerated by the extraction of sand at its east side for the
purpose of construction in Paramaribo (Fig. 11). These sand ex-
tractions seem to decrease the volumes of sand at Braamspunt.
From the east a new accretionary sand beach and an adjacent
mudbank are approaching (Fig. 9). The question is which of
these two, the spit or the mudbank, will arrive first at Braam-
spunt. In the latter case, the spit will be fixated for the coming
decades before it will reach Braamspunt.

Looking at Fig. 9, it is striking that no new accretionary che-
niers and spits formed after 1947. Apparently, ever since that
time, erosion of the coast of East Suriname has not been severe
enough to erode an older chenier along a former coastline. This
is in tune with the increasing length of the mudbanks (Eisma et
al., 1991; Augustinus, 2004), indicating the increase in coastal
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Fig. 11. The coastline of Braamspunt: (A) coastal accretion from 1947 to 1970; (B) coastal erosion and starting spit formation from 1970 to 1992; (C)

coastal erosion and spit development from 1992 to 2007. Note: black arrows refer to sand extraction activities.

mud accretion. The phenomenon appears to be related to the
(expected) phase of large-scale coastal behaviour in which (net)
coastal retreat is predominant.

4. Response to dam construction

Channel cross-section evolution

The channel cross-section between Leonsberg and Voorburg
(Fig. 4) shows that the fairway has silted up and has become
shallower since 1964, corresponding to the construction of the
Afobaka Dam. A few years after the construction, this process
was demonstrated by Bles & De Hartog (1968). The depth de-
creased from 13.2 m in 1964 to 10 m in 1970, 9.5 m in 1981,
and 7.4 m in 2011. Thus, approximately 4.8 m was silted up in
48 years. In the beginning, silting up was faster, about 3 m in
6 years, and lateral migration of the channel towards the out-
side bend stopped completely. After 1981, silting-up slowed to
about 2 m in 31 years. From 1992 onwards, the channel shows
a distinct migration towards the outside curve, as is the nor-
mal process in outside river bends. Sometime between 1981
and 1992 the response time appears to be over. As the fair-
way (channel) comes closer to the riverbank, the latter will be
strongly undermined, resulting in steeper bank slopes. Losing
stability, the bank finally collapses. Along the riverbank be-
tween Nieuw-Amsterdam and Jagtlust, several examples of this
process were noticeable. Therefore, a dyke has recently been
constructed to defend this area (Fig. 12).

As shown by the cross-section in Fig. 5, the channel be-
tween Geyersvlijt and Jagtlust silted up between 1964 (con-
struction of the Afobaka Dam) and 1970. This can be as-
cribed to the response of the river to changes caused by the

construction of the Afobaka hydroelectric dam. Thus, adapta-
tion of the Suriname River channel to changes due to construc-
tion of the Afobaka Dam took at least 17 years. Although the
channel depth decreased significantly between 1964 and 1970,
by 1981 the channel became deeper, reaching a depth of 5.8
m (Fig. 5). This can be explained by the increase in number of
deeply loaded ore ships passing the channel between 1960 and
1973, combined with their increase in size (till 1979). An indi-
cation of the development of the number and size of ships for
the periods 1957–1981 and 1983–2015 is presented in Figs 13
and 14. Finally, in 2007 a depth of 5.5 m was measured, and in
2011 a depth of c. 5.0 m.

5. Conclusions

Both coastal factors and dam construction appear to have led to
significant changes in the estuary system. Significant impacts
are the consequences of the construction of the Afobaka Dam:
the reduced and regulated discharge of the Suriname River and
the trapping of mainly coarse sediment behind the dam. The
regulated discharge leads to major import of sediments from
the coast, changing the rivers’ morphology over the years and
resulting in the growth of river bars (e.g. the Jagtlust Bar). An-
other result was that the estuary became more tidal-dominated.

From the cross-sections in Figs 4 and 5 it is apparent that
the bedding of the Suriname River has silted up since the
construction of the Afobaka Dam. The river channel adaptation
to the change in discharge took at least 17 years; however,
erosion processes in the outer bends never stopped.

The influence of the westward-migrating system of mud-
banks and interbank areas is expressed by changes in the
magnitude and volume of Braamspunt (Fig. 11). The episodic
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Fig. 12. Dyke construction along the right bank of the Suriname River.

Fig. 13. Changes in the number and size of ore ships passing through the Suriname River (after Van Heuvel, 1983).

Fig. 14. Changes in the number of ships passing through the Suriname River (MAS, 2016).
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development of a sand spit at Braamspunt is related to the de-
velopment of accretionary cheniers in periods of severe coastal
erosion (within the cycle of large-scale coastal behaviour).
When an accretionary chenier during its migration is overtaken
by a mudbank that migrates with a higher velocity, it will be
fixated for some 15–20 years, making the feature even more
episodic.

The erosion and finally disappearance of the sand spit at
Braamspunt is caused by a shortage of sand supply. This is
usually due to an approaching mudbank which hampers sand
transport. Erosion is accelerated by the local extraction of sand.
It is recommended that monitoring activities be executed by
local authorities in the future.
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