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ABSTRACT

The Surinam coast forms part of the extensive tropical mud coast be-
tween the Amazon River (Brazil) and the Orinoco River (Venezuela). As
far as the hydrodynamical conditions are concerned it is classified as a low
to medium energy coast.

A substantially longshore supply of mud originates from the Amazon
River. The fine grained sediment is transported in suspension and by the
steadily westward migrating shoreface-attached mudflats. These mud
shoals are separated by deeper parts : the (intermudflat) troughs. The mud-
flats and the consecutive troughs have an average length of approximate-
ly 45 km. The mudflats migrate in a westward direction owing to the ero-
sion of the east side and the accretion of the west side. The accretion is
due to a dominant sedimentation, caused by diminishing wave energy
(divergence of the wave propagation directions over this part of the shelf),
together with the local pattern of the sea current. The accretion takes place
particularly by slingmud, a gel which forms when the concentration of a
suspension of pelitic particles exceeds a critical value. Its most important
property is that it damps the approaching waves. This wave damping
property disappears with growing consolidation, i.e. in the course of time.
This occurs towards the east of the mudflats, where erosion has become
dominant.

The pelite contains a small fine sandy component. There is mineralogi-
cal evidence that the Amazon River is the source of this sand. It is par-
ticularly winnowed along the western part of the Surinam coast, where it
forms cheniers ("ritsen") in a few cases. The cheniers along the eastern
part of the Surinam coast are built up of medium to coarse sand which is
supplied by the Marowijne River and the coast of French Guiana. It is
transported westward by beachdrift in a narrow zone around the mean
high water line. Beyond the Surinam River its importance decreases ra-

str-
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pidly. The shell elastics are supplied by the shelf. At the shore they be-
have as the medium to coarse sand.

Cheniers are perched, shallow based beach ridges, resting on clay (PRICE
1955). Those which are built up from alongshore supplied medium to
coarse sediment (sand and/or shell elastics), develop at approximately
mean high water level. The formation of fine sandy cheniers in west Surinam
depends on the winnowing of the small sandy component from the pelite.
It therefore begins at a much lower level (around mean low water). The
sedimentary structures of both types of cheniers show much similarity.
They also have specific characteristics.

The clayey deposits (mudflats) appeared to be laminated at a micro
scale. Locally the horizontal lamination is strongly bioturbated.

The extensive mudflats are overgrown with mangroves at the higher
levels. Avicennia germinans is the principal representative along the open
Surinam coast. The presence of Avicennia instead of Rhizophora is prob-
ably caused by the mobility of the slingmud, preventing the settlement of
the Rhizophora seedlings (which takes place at a lower level than that of
the Avicennia seedlings). This type of coast is called a mud accretionary
coast.

Although the volume of the cheniers is reduced when compared with
that of the pelite deposits, they have a dominant effect on the coastal
landscape. When they accrete seaward a broad chenier complex with im-
portant protective properties develops : a sand accretionary coast. When
a chenier is eroded this protective property gradually disappears. First
a straight erosion coast with a landward receding chenier is formed (due
to wash-over processes), which leaves the exposed clay surface at the mer-
cy of the waves. Finally the volume of the chenier may decrease to such
an extent that it does not prevent the landward directed erosion any long-
er. The erosion protrudes through existing and newly formed straight
erosion channels and an indented erosion coast, characterized by
bights and capes, develops. GEIJSKES (1947) called it a "Happen-coast".

Cheniers may also impede the drainage of the landward mangrove
swamps. Apart from a slight increase in clay deposition this may cause
the death of the mangrove vegetation by asphyxiation or hypersalinity
of soil and/or water. As a result an Avicennia forest may change into an
Avicennia "churchyard". Afterwards a new pioneer vegetation, consisting
of halophytic herbs may settle, and a saltmarsh develops. This may gra-
dually become a mangrove swamp again.

2
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There appears to be a close relationship between the various landscapes
and the processes of sedimentation and erosion. They can be organized
into a system which can generally be applied to the whole coast.

At the west side of a mudflat (the most western part of a mud accre-
tionary coast) the deposition of slingmud protects the landward lying
chenier from wave influence. Beachdrift is no longer active and therefore
the chenier sand just west of this mud accretionary coast cannot be re-
plenished alongshore, when transported westward. Moreover, the supply
of winnowed fine sand from the nearshore shelf is very small. As a result
an erosional coast, mostly of the indented type, develops. Further west-
ward, as long as the alongshore supply of sand and shell elastics is able to
maintain a chenier, the erosion is less pronounced and a straight erosion
coast develops. (Owing to a high local volume of sand and shell clastics,
a chenier may even accrete seaward at times a sand accretionary coast).

At the erosive east side of the mudflat mentioned above the mangrove
vegetation may be separated from the sea by a newly formed chenier. As
a result the drainage of this landward lying mangrove swamp may be im-
peded to such an extent as to cause the death of the vegetation.

The cycle of deposition and erosion and the related landscapes gradually
moves westward along the whole coast.

SAMENVATTING

De Surinaamse kust maakt deel uit van de uitgestrekte tropische mod-
derkust tussen de Amazone (Brazili6) en de Orinoco (Venezuela). Hydro-
dynamisch gezien valt dit gedeelte onder de lage tot matige energie kus-
ten.

De grote hoeveelheid modder die langs de kust wordt getransporteerd is
aangevoerd door de Amazone. Het transport vindt zowel in suspensie
plaats als in de vorm van zich westwaarts verleggende modderbanken.
Deze aan de kust vastgehechte modderbanken zijn van elkaar gescheiden
door diepere stukken shelf : "troggen". De gemiddelde lengte van een
modderbank en een erop aansluitende "trog" is 45 km. Door afslag aan de
oostkant en aangroei aan de westzijde verleggen de modderbanken zich
in westelijke richting. De aangroei wordt veroorzaakt door overheersende
sedimentatie als gevolg van afnemende golfenergie (divergentie van de
voortplantingsrichtingen over dit deel van de shelf) in samenwerking met
het lokale zeestromingsregime. Sedimentatie geschiedt vooral in de vorm
van "slingmud", een gel die ontstaat wanneer de concentratie van de sus-
pensie een bepaalde kritische waarde overschrijdt. De belangrijkste eigen-

3
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schap ervan is dat golven erin uitdempen. Deze eigenschap verdwijnt in
de loop van de tijd met toenemende consolidatie van de peliet afzetting.
Dit is het geval aan de oostzijde van de modderbank, waar de erosie dan
ook overheerst.

De peliet bevat een kleine fijn zandige bijmenging. Op mineralogische
gronden kan worden aangetoond dat dit zand van de Amazone afkomstig
is. Het wordt met name langs het westelijk deel van de Surinaamse kust
uitgewassen. Slechts in enkele gevallen komt het daar tot vorming van
cheniers (ritsen). In het oostelijk deel van de Surinaamse kust worden
cheniers opgebouwd uit zand dat door de Marowijne of vanaf de kust van
Frans Guyana is aangevoerd. Het wordt in een smalle strook rond de ge-
middelde hoogwater lijn westwaards verplaatst door middel van strand-
drift. Voorbij de Suriname rivier neemt de invloed van dit zand sterk af.
Schelpen worden aangevoerd vanaf de shelf. Eenmaal op de kust gedragen
ze zich als het midden tot grove zand.

Cheniers zijn strandruggen van geringe omvang, liggend op een klei
ondergrond (PRIcE 1955). De ritsen die zijn opgebouwd uit langs de kust
aangevoerd midden tot grof sediment (zand of schelp materiaal) ontwik-
kelen zich ongeveer op gemiddeld hoogwater niveau. De ontwikkeling van
de fijn zandige cheniers in west Suriname is afhankelijk van de mate waarin
het fijne zand uit de peliet wordt uitgewassen. Deze ontwikkeling begint
op een veel lager niveau ten opzichte yan de zeespiegel (rond gemiddeld
laag water). De sedimentaire strukturen van beide typen cheniers verto-
nen grote overeenkomsten. Beide hebben evenwel ook karakteristieke ken-
merken.

De kleiige afzettingen (modderbanken) blijken op micro schaal gelaagd
te zijn. Lokaal is deze horizontale gelaagdheid sterk vergraven.

De uitgestrekte modderbanken zijn op de hogere delen begroeid met
mangroves (voornamelijk Avicennia germinans). Het feit dat Avicennia
aan open zee staat en niet Rhizophora komt waarschijnlijk door de vloei-
baarheid van de slingmud, waardoor de Rhizosphora zaailingen (die zich
namelijk op een veel lager niveau vestigen dan die van Avicennia) zich
niet kunnen vasthechten. Dit type kust is modder aangroeikust genoemd.

Hoewel de omvang van de cheniers gering is vergeleken met die van de
peliet afzettingen, oefenen ze een overheersende invloed uit op het land-
schap. Wanneer ze zich zeewaarts uitbreiden, ontstaat een breed chenier
complex waarvan een grote beschermende werking uitgaat : een zand aan-
groeikust. Wordt de chenier aangetast dan gaat deze beschermende in-

4
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vloed langzaam maar zeker verloren. Eerst ontstaat er een rechte erosie
kust met een zich landwaarts verleggende rits (als gevolg van over de che-
nier heen slaande golven). Het oorspronkelijk onder de rits liggende klei
oppervlak wordt prijsgegeven aan de golven. Uiteindelijk neemt het
volume zodanig af dat er totaal geen beschermende werking van de che-
nier meer uitgaat. Het zeewater dringt het landareaal binnen via bestaan-
de of nieuw gevormde rechte erosie geulen. Er ontstaat een erosie kust
met inbochtingen en kapen, die door GEIJSKES (1947) "Happen-kust" is
genoemd.

Cheniers kunnen de drainage van het landwaarts liggende mangrove
zwamp belemmeren. Afgezien van een kleine verhoging van de kleisedi-
mentatie, kan dit leiden tot afsterven van de vegetatie door verstikking of
door hypersaliniteit van bodem en/of water. Het Avicennia bos verandert
daardoor in een Avicennia kerkhof. Later kan zich een nieuwe pionier
begroeiing, bestaande uit zouttolerante kruiden, vestigen waaruit zich
weer een nieuw mangrove zwamp kan ontwikkelen.

Tussen de verschillende landschappen en de processen van afzetting en
erosie blijkt een duidelijk verband te bestaan. Zij kunnen worden inge-
past in een systeem dat in zijn algemeenheid geldt voor de hele kust.

Aan de wesikant van een modderbank (de uiterste westpunt van een
modder aangroeikust) wordt de landwaarts liggende chenier tegen golf-
invloed beschermd door de afzetting van slingmud. De stranddrift blijft
derhalve achterwege en het westelijk van de modderbank gelegen chenier
zand kan bij verder westwaartse afvoer niet meer worden aangevuld. De
bijdrage aan zand dat uit de modder wordt uitgewassen is gewoonlijk te
klein om van betekenis te kunnen zijn. Er ontwikkelt zich een erosie kust,
meestal een "Happen-kust". Verder naar het westen blijft de erosie meer
beperkt, zolang de hoeveelheid langs de kust aangevoerd zand groot ge-
noeg is om een chenier in stand te houden, en ontwikkelt zich een rechte
erosie kust. (Als gevolg van een grote lokale toevoer van zand kan een rits
zelfs naar zee uitbreiden).

Aan de erosieve kant van de modderbank kan de mangrove vegetatie
van zee worden afgescheiden door een nieuwe rits. De drainage van het
achterliggende zwamp kan dan zodanig worden gehinderd dat de vegeta-
tie afsterft.

Deze cyclus van afzetting en erosie en de daarmee samenhangende land-
schappen schuift langzaam westwaarts langs de gehele kust.
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INTRODUCTION

I-i INTRODUCTION TO THE PROBLEM

The aim of this study is to obtain an insight into the origin of the Suri-
nam Young Coastal Plain, particularly into the processes which contribut-
ed to its development. This Young Coastal Plain is the Holocene part of
the coastal lowland. It extends along the entire coast between the border
rivers Marowijne in the east and Corantijn in the west over a distance of
approximately 350 km (fig. 1). The width varies from approximately 30
km in the east to approximately 140 km in the west.

The Young Coastal Plain of Surinam is a belted marsh-and-ridge plain,
which may be called a chenier plain based on the analogy of the coastal
plain of southwestern Louisiana. A chenier plain is characterized by "shal-
low-based, perched sandy ridges, which rest on clay along a marshy or
swampy, seaward facing tidal shore, with other beach ridges stranded in
the marsh behind" (PRICE 1955). The shallow-based, perched, beach ridg-
es resting on clay are called cheniers, a term derived from the French word
"chéne", referring to the trees which in Louisiana usually grow on top
(RUSSELL & HOWE 1935). In Surinam the vernacular term for a chenier
is "rits". In this study the term chenier is preferable since it is commonly
used in international literature (a.o. ZENKOVITCH 1967, DAVIES 1972,
KING 1972, REINECK & SINGH 1973).

Cheniers can easily be distinguished from "normal" beach ridges "in
that they commonly rest on the marsh clay with their bases near sealevel,
whereas "normal" beach ridges and barriers have deep shorefaces extend-
ing from 15 to 55 feet below sea" (PEIcE 1955). TANNER (1961) found that
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this difference is shown in the vegetation : trees usually cover the cheniers
(and the lower beach ridges) but do not grow on higher beach ridges.

On a detailed map a chenier plain is recognizable by characteristic
features. These are indicated on the geological map of fig. 4. On this map
one can see that the cheniers generally run more or less parallel to the
coast. They sometimes show bifurcations owing to the truncation of an
older chenier by a younger landward migrating one. Often cheniers form
clusters at one or both sides of a river(mouth).

In the Surinam Young Coastal Plain the lower courses of originally
south-north flowing minor streams are deflected to the west until they
flow into the next larger, undeflected river. Genetically a chenier plain is
an accumulation plain built up on a relatively stable coast, which is gen-
erally subjected to moderate wave energy. Pelitic sediment is supplied by
a slow but persistent sea-current (PRICE 1955). Owing to these specific
conditions the occurrence of chenier plains is limited. When PRICE publish-
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ed the first description of the chenier plain in 1955, only two examples
could be given : the Mississippi river plain (Louisiana and Texas) and the
Para-Amazon-Orinoco river plain (Brazil to Venezuela) of which the Suri-
nam coast forms part. Since then cheniers have been recognized in other
parts of the world : Essex (Great Brittain) (GREENSMITH & TUCKER 1969),
Queensland (CooK & POLLACK 1973), West-Malaysia (DIEMONT & VAN

WIJNGAARDEN 1975) and Western Australia (THOM 1975).

The Surinam coastal area is the best studied part of the extensive che-
nier plain along the north coast of South America. Most of the research
has been carried out during the last 30 years. LYELL (1832) was the first
to postulate the hypothesis that the Amazone river has contributed to a
large extent to the recent alluvial deposits of the Guianas. I JZERMAN
(1931) thought that LYELL'S hypothesis was true only for the sediments
supplied in suspension. The sand along the Surinam coast was thought
to be of local origin.

The first series of aerial photographs, made in 1947/1948 was a great
stimulus to the research at the Young Coastal Plain of Surinam. It be-
came clear from these photographs that the Young Coastal Plain consisted
of a more or less systematically arranged alternation of elongated ridges
and intermediate marshes, a phenomenon which had never been demon-
strated so clearly before. In the following period up to the nineteen fifties
the investigations mainly concerned the geomorphological description.
The main interest was turned towards the cheniers and some related prob-
lems, such as the tracing back of the chenier sediment to local sources
(GEIJSKES 1947, 1952, BROUWER 1953, ZONNEVELD 1950, 1953, 1954,
1955, VANN 1959). LINDEMAN (1953) studied the vegetation on the Young
Coastal Plain. The soils were surveyed by VAN DER EYK (1957).

In the nineteen sixties the attention moved towards the composition
and distribution of the sediments. There was still no conclusive evidence
of the origin of the sandy sediments. LYELL'S hypothesis regained interest
(REvNE 1961, MONTAGNE 1964). On the contrary KROOK (1969) tried to
establish the local sources of the chenier sand using heavy mineral analy-
sis. The studies of BRINKMAN & PONS (1964) and PONS (1966) concerning
the clayey deposits and of DELANEY (1966) concerning the shell elastics
yielded important contributions to the stratigraphy of the Young Coastal
Plain. Palynological support was given by VAN DER HAMMEN (1963, 1966)
and by WIJMSTRA & VAN DER HAMMEN (1964).

In the same period the growing interest for the shelf resulted in two
shelf expeditions, in 1966 and 1969. Moreover two important engineering
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studies concerning the coastal and estuarine sedimentation and erosion
were published (Delft Hydraulics Laboratory 1962 concerning Guiana,
and Nedeco 1968).

In 1971 EISMA & VAN DER MAREL demonstrated the great similarity be-
tween the clay mineralogical composition of the Amazon River sediments
and the coastal pelites of Surinam.

Additional information from neighbouring French Guiana was supplied
by CHOUBERT (1953), BoYE & CHOUBERT (1959) and BoYE (1963). The
distribution and extension of the Amazon River sediments over the Ama-
zon/Guiana shelf has been described by GIBBS (1973, 1976).

Until now no comprehensive study of the detailed genesis of the Surinam
Young Coastal Plain has been published. To obtain information concern-
ing the genesis research must be focussed on the coast, since the develop-
ment there still continues.

1-2 THE LOCAL LANDSCAPES

The Surinam coast is subject to rapid and extensive changes. Vast
mudflats, connected to the coast and partly covered by mangroves, al-
ternate with sections along which narrow cheniers of sand and/or shell
elastics occur. A slow westward directed sea-current supplies large amounts
of pelitic sediments. The waves, generated by the trade-winds, approach
the coast from a roughly northeastern direction. The combination of sea-
current and the wash of the waves, results in an erosion of the east side of
the mudflats and a silting up of the west side. Therefore mudflats and con-
sequently the intermediate sections of the coast continually migrate to
the west. A conclusion may be that the Surinam coast is characterized by
a westward shifting alternation of (predominantly) erosional and sedi-
mentary processes. As a consequence the landscapes related to these pro-
cesses also migrate in a westward direction. Three major types of land-
scape along the Surinam coast can be distinguished.

A mud accretionary coast (Plate Ia)
The mudflats, which are the main cause of the mud accretion, generally

broaden eastwardly. In that same direction and towards land they increase
in height. At the west side predominantly accumulation occurs ; at the
east border abrasion dominates.

The western "nose" of the mudflats has a smooth, barren surface in
which a shallow meandering drainage pattern has developed. Mangroves
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may begin to grow further to the east, where the mudflat has silted up to
about mean high water level. The Surinam coastal mangrove predominant-
ly consists of Avicennia germinans (L) Steam (= A. nitida auct.). (The
vernacular name is Parwa). The mangroves increase in height from
shrubs to adult trees towards the east and towards land.

An increase in erosion can be established by an increase in irregularity
of the surface from the smooth west "nose" towards the east. At the east
end the original hydrographic network has been replaced by a straight
and parallel system of gullies.

To the east beyond the mudflat two types of coastal landscape may
occur, depending on the supply of sand and/or shell elastics. If that supply
is larger than the transport to the west, the chenier will grow in a sea-
ward direction and a sand accretionary coast develops. A lesser supply
results in the development of an erosional coast.

A sand accretionary coast
Sand accretionary sections of the coast (Plate Ib) are characterized by

voluminous and high cheniers, which are complex in character. They con-
sist of numerous ridges which have been deposited against each other.
The higher parts often bear initial sand dunes, which develop with the aid
of vegetation (Sesuvium portulacastrum). The landside of the complex is
usually covered with a dense carpet of vegetation, chiefly consisting of
herbs.

An erosional coast
Two subtypes of erosive landscapes can be distinguished: a straight

erosion coast (Plate IIa) and an indented erosion coast ("Happen-coast"
(GEIJSKEs 1947)) (Plate IIb). They both have a number of typical ero-
sion features in common :

uprooted tree-stumps and trunks at the seaward side of the chenier
(Plate XIVa) or, if the chenier is very low, piled up against the landward
growing mangroves ;

wash-over fans and deltas at the landside of the chenier (Plate IVa) ;

a low cliff (up to one meter in height) in the clay, seaward of the che-
nier ;

the position of the chenier, i.e. "thrown" into the mangrove vegetation
(Plate XVb).

Another common feature and this applies to erosional coasts as well
as to sand accretionary coasts is the more or less wholesale death of the
mangrove vegetation landward of a chenier. A barren area results, on
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which the dead, bleached tree-stumps remain. It resembles a cemetry,
and consequently is called an "Avicennia churchyard" (Plate XVIa).
At a later stage the area may be covered by halophytic herbs and a salt-
marsh (Plate XVIb) which gradually may (re)change into a mangrove
swamp develops.

1-3 AIM AND METHOD

As mentioned above, the aim of the study was to obtain an insight into
the genesis of the Young Coastal Plain. The project itself can be specified
by means of the following questions (AuGusTINus 1969a) :
i. Are the alternations of sedimentary and erosional processes due to a
regular system ?
2. Which landscapes are related to sedimentation and erosion ?
3. What are the basic processes ?

The knowledge of the development of the recent coastline not only
provides information with regard to the young geologic history of the
Surinam coast It also contributes to a better understanding of the di-
versity of soils in that area and moreover yields information which may be
applied to several practical problems of the Republic of SURINAME, es-
pecially those of which the solution depends on the predictability of the
coastal changes, e.g. :

the coastal defence in occupied coastal areas ;
the navigability of the coastal waters and river mouths;
the inshore fishery ;
the nature preservation in the coastal reserves.

In 1966 a preliminary study was made at three points along the Suri-
nam coast to determine a method of investigation. The actual survey took
place from May 1967 to June 1968.

A number of key areas was chosen for detailed field study with the aid
of aerial photographs. A piakka (a native boat) with an outboard motor
was used to reach the key areas from the sea. The oceanographic obser-
vations were spread over the year so that the influence of a particular sea-
son on the coastal changes could be studied.

The "on-land" survey was mainly concentrated on sedimentological,
geomorphological, hydrological and biological observations and measure-
ments, and on their mutual relation. Samples were collected for several
purposes.
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For comparison of former coastlines four series of aerial photographs
were used : 1947/1948-1957-1966 and 1970. Furthermore historical sea-
charts were studied.

When the observations, the measurements and the samples were ana-
lysed for the greater part, a short final trip was made in 1972 to collect
additional data.

After a brief review of the geological and climatological framework
(chapter I) this study first of all deals with the oceanographical observations
(chapter II). These are important for the understanding of the processes.
Next, the sediments and the sedimentation are discussed (chapter III
and IV respectively). The coastal landscapes are treated in chapter V.
Finally in chapter VI the coastal changes are placed in a logical system.

Coordination zones were constructed in order to indicate the locations
shown in figs. 1 and 4. The numbers of the zones are generally placed in
brackets behind the names of the key areas in order to indicate the approx-
imate geographical positions.

Only small part of the observations, measurements and sample analyses
have been listed in this study, as not many people will be interested in
the more detailed data. These data are, however, obtainable from the
author.

1-4 TERMINOLOGY

The terminology used in this study comprises for the greater part terms,
which are well-defined in the literature. To avoid misunderstanding they
are generally explained when used for the first time.

Most of the cheniers, however, require an adapted terminology. Owing
to the shallowness of the deposits the seaward slope is in only a few cases
covered by the term "foreshore", as defined by THOMPSON (1937) : "The
zone between the crest of the beach and the low-tide shoreline". The part
of the foreshore extending seaward from the crest of the beach to the zone
of permanent saturation is called "upper foreshore", the adjoining sea-
ward section to the low tide shoreline is referred to as "lower foreshore"
(fig 2A).

In most cases, however, the seaward slope of a chenier does not even
reach the lower boundary of the upper foreshore, since, owing to the perch-
ed character of the sand body, there is no zone of permanent saturation.
In that case the seaward slope will be indicated as "foreslope" (fig. 2 B).

On the analogy of the seaside, in the present study the slope landward
of the chenier crest is called "backslope". It is only flooded when water
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crest

sand and shellclastics

zone of permanent saturation

Fig. 2. Chenier terminology. A: A chenier of which the foreshore extends below mean
low water level. B: A chenier stituated at approximately mean high water level.

curls over the crest and the rate of submergence therefore depends on the
relative height of the crest. It can sometimes be subdivided into a flat
"upper surface" and a steep "backslope front" (fig. 2).

1-5 THE INVESTIGATED AREA IN GEOLOGICAL PERSPECTIVE

The geology of Surinam has been reviewed by KROOK (1975), who
summarizes earlier studies of several authors. A geological sketch map,
taken from BOSMA & OOSTERBAAN (1972) (as far as the hard rocks are
concerned) and from ZONNEVELD (1955, 1968) (the unconsolidated sedi-
ments) is given in fig. 3.

The major part of Surinam belongs to the Guiana shield, which consist
of deeply weathered Precambrian rocks. To the north this shield is cover-
ed by unconsolidated sediments, deposited since the Cretaceous period.
Their greatest extension, 140 km (ZONNEVELD 1955) is along the Coran-
tijn River which lies in the area of the axis of the Guiana basin. The thick-
ness at the Corantijn River mouth is 2000 m (KROOK 1975). The strati-
graphy of these sediments has been treated by MONTAGNE (1964). The
principal outcropping formations are from south to north the upper
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Fig. 3. Geological outline of Surinam (after ZONNEVELD 1955, 1968, and BOSMA & OOSTER-
BAAN 1972). 1 = Demerara Formation (Holocene), 2 = Coropina Formation (Pleisto-
cene), 3 = Upper Coesewijne Formation (Pliocene), 4 = Apatoe Dolerite (Permo-Triassic)
and Avanavero Dolerite (Precambrian), 5 = Roraima Formation (Precambrian), 6 =
Granitoid Rocks (Precambrian), 7 = Dalbana Rhyolite (Precambrian), 8 = Marowijne
Group, in east Surinam including a.o. the Armina Formation (Precambrian), 9 = Fala-

watra Group and Coeroeni Group (Precambrian).

Coesewijne Formation (Pliocene), the Coropina Formation (Pleistocene)
and the Demerara Formation (Holocene).

The upper Coesewijne sediments are terrestrial in origin. They originate from weathering
and the subsequent erosion of the Precambrian rocks and are supplied by short braided riv-
ers or alluvial fans (KRooK & MULDERS 1971). VAN DER EYK (1957) when dealing with the
landschapes of the Surinam coastal belt called it the "cover"landscape.

The Coropina Formation and the Demerara Formation, both consisting of marine sedi-
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ments, together form the Coastal Plain. The Coropina Formation, which covers the sedi-
ments of the Pleistocene Old Coastal Plain, is subdivided into an upper and a lower Coro-
pina series. The upper Coropina mainly forms the outcrop of the Pleistocene deposits. They
consist of the Para clays, which are bordered northwards by the Lelydorp sands. The Le ly-
dorp sands are considered to be cheniers, perched on a continuous clay deposit : the Para
clays (VEEN 1970).

The sands and clays of the Holocene Young Coastal Plain belong to the Demerara For-
mation, which was subdivided by BRINKMAN & PONS (1968) into Mara and Coronie deposits.
The Mara clays are rich in secondary pyrite. They are considered to have been deposited
under a Mangrove vegetation, dominated by Rhizophora, during a period of rising sea level,
which ended 6000 years ago. During the subsequent period of a more or less constant sea
level the Coronie sediments were deposited. Avicennia dominated the coastal mangrove
vegetation and less secondary pyrite was formed in the clay soils. Mainly on pedological
grounds BRINKMAN & PONS (1968) distinguish three sedimentary phases, which were dated
with C14 age determinations. The Wanica phase lasted from about 6000 to 3000 years B.P.
The beginning of the Moleson phase was dated at about 2500 years B.P. and the end at
about 1300 B.P. The Comowine phase started about 1000 years ago. It is still in effect at
present. The sedimentation phases are separated by periods of erosion.

The geographical location of the Holocene sediments in Surinam is indicated in fig. 4.
To the west the Demerara Formation can be followed right into Venezuela. To the east, in
French Guiana, the Demerara Formation is limited in extension and thickness (BovE
1963).

The Wanica, the Moleson and the Comowine phases are all three characterised by the
presence of cheniers and chenier bundles on a continuous clay deposit. As can be seen from
fig. 4 the sedimentation phases are not always represented consecutively. The sediments
are locally abraded during the erosive interruptions, mentioned above.

The present study deals with the processes of sedimentation and erosion and with the
related landscapes of the recent continuation of the Comowine phase.

1-6 THE PRESENT CLIMATE

The Surinam coastal plain is situated between latitudes 5i° N and 6° N approximately
and consequently has a tropical climate. The annual mean temperature for Paramaribo and
Nw. Nickerie is 27.3°C. The temperature range decreases towards the Atlantic Ocean. This
is illustrated by data take-n from SNOW (1975) and listed in table I. Nw. Nickerie, which lies
closer to the sea than Paramaribo has the smallest temperature range and the most reduced
extremes.

Two periods with large amounts of precipitation and two drier periods can be distinguished
(BRAAK 1935). This periodicity is due to the position of the intertropical convergence zone
(I.T.C.-zone) during the year. Since it is not necessary to know the precise limits of the 4
periods, the following rough division in seasons has been sustained:

short rainy season December and January
short dry season February and March
long rainy season April to July
long dry season August to November
During the long dry season the I.T.C.-zone is situated north of the Surinam coastal

plain; during the short dry season south of it. The rainy seasons are related to the passage of
the I.T.C.-zone southward (the short rainy season) and northward (the long rainy season).
The influence of the I.T.C.-zone during the short dry season is much stronger over the eas-
tern part of Surinam, than over the western part. This results in an increase of rainfall to-
wards the east. Consequently the short dry season in east Surinam is less pronounced than
in west Surinam. (see fig. 5).
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TABLE 1

Temperature and wind velocity tables for Nw. Nickerie (NN) and
Paramaribo (PA).

NN: latitude 05°57'N, longitude 56°59'W; elevation 3 m.
PA : lat. 05°51'N, long. 55°10'W; elevation 3 m. From SNOW 1975.

month daily temperature (°C) extremes (°C) mean wind

m/secmean range highest lowest velocity

NN PA NN PA NN PA NN PA NN PA

Jan 26.5 26.4 5.4 7.2 32.5 35.9 16.4 15.6 2.2 1.4
Feb 26.6 26.6 5.3 7.4 32.4 35.2 18.2 16.6 2.4 1.6
Mar 26.9 27.0 5.2 7.8 32.5 35.1 18.5 17.1 2.5 1.8
Apr 27.2 27.2 5.4 7.4 33.2 35.3 19.9 17.4 2.5 1.6
May 27.2 26.8 5.6 6.8 34.8 34.8 20.7 17.9 2.1 1.3
Jun 27.1 26.8 6.0 7.1 34.0 34.7 20.6 17.8 1.6 1.1
Jul 27.2 27.1 6.6 7.9 34.5 34.6 20.9 18.2 1.5 1.2
Aug 27.8 27.9 7.1 8.6 35.6 35.2 19.9 18.3 1.6 1.4
Sep 28.3 28.5 7.6 9.4 35.4 35.9 20.9 18.5 1.9 1.6
Oct 28.2 28.5 7.6 9.5 36.3 36.7 20.3 19.4 2.1 1.6
Nov 27.8 28.0 7.1 9.0 34.9 36.0 20.0 18.0 2.1 1.5
Dec 27.0 26.9 6.1 7.8 33.8 37.3 18.6 17.5 2.1 1.4

annual 27.3 27.3 6.3 8.o 36.3 37.3 16.4 15.6 2.1 1.5

period '31-'60 '31-'60 '31-'60 '31-'60 '31-'70 '04-'70 '31=70 '04-'70 '31-'60 '31-'6C

mm

400

300-

2007

100

_111111111111 1011111HII I ill.]
J FMAMJJ ASOND Year
NICKERIE (5 57 N - 56 59 W)

1931-1960

J FMAMJJ ASOND Year

PARAMARIBO (5 50 N 55 10 W)
1931-1960

J FMAMJ J A S ON D Year

GALIBI (5 45 N-53 59 W)
1931-1960

Fig. 5. Mean monthly rainfall for three stations in the Surinam coastal area. (After Rainfall
of Surinam 1931-1960, Meteo. Service Paramaribo).
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The distribution of the annual precipitation in the coastal plain of Surinam is given in
fig. 6. The shore area appears to receive less rainfall than the more inland areas. As soon as
the on-shore trade-winds reach the land, clouds begin to develop, due to frictional conver-
gence and convection. Before they reach maturity they have drifted landwards and there-
fore the smallest amounts of precipitation have been recorded along the sea border. The wind
conditions above the coastal waters and the adjacent land are characterised by the presence
of trade-winds and of monsoonal circulations.

The "seasonal" frequencies of the wind directions at Paramaribo are given in fig. 7. The
directions NE and ENE usually have the highest frequencies. The wind directions are cor-
related to the position of the I.T.C.-zone and have a strong daily variation along the coast

<1750 2000-2250 2500-3000
1750-2000 2250-2500 >3000 mm

Fig. 6. Distribution of the annual precipitation of Surinam. (After Regenkaarten voor Su-
riname 1931-1960, Meteo. Service Paramaribo).
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February-April
3007 observations
calm 5%

271 385

8016)re4
42
7144VIW

148 274

417

402

368

August-October

3012 observations
calm 10,3 %

May-July
3003 observations
calm 18%

November- January

3050 observations
calm 9,3%

Fig. 7. Seasonal frequencies of wind directions measured at the station Paramaribo. (After
Various elements Paramaribo 1931-1960, Meteo. Service Paramaribo.) Values lower than 40

have note been indicated.

due to the land- and seabreeze. Therefore the winds in Paramaribo, during the long dry
season, are more easterly than in other periods (fig. 7). The wind velocities are relatively
high at the sea border and decrease further inland. This is illustrated in table 1. The strong-
est winds appear to occur in the short dry season.

Measurements taken three times daily revealed that the wind velocity at 08.00h was
usually lower than at 14.00h and 18.00h (BRAAK 1935). Similarly, the wind direction at
08.00h was more easterly. This is caused by the landwind which is most developed during
the nights from May to December.

The landwind dampens the effect of the trade-winds, thus resulting in calm water fa-
vourable for navigation. Sometimes, on ancient sea maps, instructions for the navigation
around dawn are mentiond. On the map "Coppename" bld 1, surveyed by SCHOTBORGH &
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DE GROOT in 1888 and 1896 the following instruction is noted: "Met het oog op rollers is het
zaak zoo mogelijk de gelegenheid waar te nemen, dat men 's morgens voor het doorkomen
der zeewind naar binnen kan gaan . . . " (Owing to the presence of rollers it is advisable to
take advantage of the situation, if possible, and to enter the river mouth in the morning
before the seawind should come in...).

According to Koppen's classification, the major part of the Surinam coastal plain has a
tropical rain forest climate (Af), characterised by at least 60 mm of precipitation in the dry-
est month. A strip along the coast has an Am climate, with a < 6 cm and a > ( 1/25 r
10) (a = precipitation in the dryest month; r = annual precipitation). The climate of the
sea border approaches the borderline of the savannah climate (Aw), characterised by a < 6
cm and a < ( 1/25 r + 10) (BRAAK 1935, BAKKER 1949, 1954, VAN DER Even 1957). At the
meteorological station of Matapicca, which is very close to the sea (app. 500 m) the climate
indeed seems to be Aw. However the period of observation has been too short to form a de-
finite conclusion (pers. comm VAN SCHERPENZEEL 1978).

Owing to the reduced cloudiness of the sea border area the radiation increases. Together
with the relatively strong winds this results in a stronger evapo(transpi)ration. This effect
will be greatest during the dry seasons.
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II OCEANOGRAPHY OF THE COASTAL WATERS

INTRODUCTION

Transport of material in the Surinam coastal waters is caused by the
combined activity of the waves and the currents (including tidal streams).
These agencies are also responsible for abrasion and accumulation (see
chapter IV).

As a full oceanographic investigation was beyond the scope of this stu-
dy, some 25 daily measurements were carried out in order to obtain a gen-
eral impression of the processes in the coastal waters. These observations
were made in the dry as well as the rainy seasons at varying distances from
the coast (approximately 500 and 1000 meters offshore at high tide). The
observations were not always accurate due to the difficult conditions
under which they were taken : the choppy shallow waters caused the an-
chored piakka to rock. An example of the results is given in table 2.

Every hour a series of measurements were taken. The depth was determined with a plum-
met. The current velocity at fixed distances from the bottom (im, lim, 21m) was measured
with an Ott-propeller current meter. The corresponding current direction was determined
with a self-designed vane. At the same fixed distances from the bottom, water samples were
collected with a "Postma" water collector to determine suspension load, salinity and pH.
(N.B. The "Postma"water collector has two bottles which can be filled at any given depth).
The suspension load in mg/I was determined with the help of extinction measurements with
respect to distilled water in a Zeiss Elko III photometer in the laboratory of the Hydraulics
Research Division of the Department of Public Works at Paramaribo. The electric conduc-
tivity of most of the samples was measured with a conductivity meter in the same labora-
tory and converted to salinity in %,, at a later stage. The other samples were measured
immediately on board. The pH was always measured immediately after the sample was
taken. Secchi-disk visibility was measured with a white disk of 30 cm diameter. This
measurement could only be made in daytime.
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TABLE 2

Example of a series of daily measurements

Observation number: X key area Matapicca (13M).

Exact position of the Piakka, according to the "Snellius"-method:
(7:\X

a: 31°18'
0: 71°45'

(measured with a sextant).

Date of observation: 29/30-1-1968.

,44/ON

0 500 m
limm..ammic..mm4Measurements taken by: P.G.E.F. Augustinus

and A.J. Karamana.

time
and date
group

current
velocity
(cm/sec)

current
direction

depth
(cm)

Secchi
disk
(cm)

pH suspension
load

(mg/1)

conductivity
24°C

(millimho)

tide

16290168 14 WSW 200 25 8.2 170 41
high

low

high

low

17290168 19 WNW 210 25 8.5 160 41
18290168 19 NNW 168 20 7.5 240 40
19290168 18 WNW 121 7.5 315 41
20290168 18 W 78 - 8.4 450 41
21290168 2

dry
01300168 8.7 260 10
02300168 17 W 97 8.3 1700 41
03300168 24 WNW 150 8.5 732 42
04300168 15 W 165 8.6 360 42
05300168 13 WNW 200 8.3 290 41
06300168 14 WNW 170 10 8.5 412 41
07300168 15 WNW 120 5 8.0 470 41
08300168 11 WNW 85 3 8.3 872 41
09300168 - 30 2 8.4 887 37

dry
13300168 12 WNW 70 5 8.6 740 31
14300168 12 WSW 130 5 8.4 615 42
15300168 17 WNW 195 10 8.4 290 43
16300168 15 W 205 10 8.2 328 43

Wave observation: 17290168 16300168
Average wave height: 56 cm 56 cm
Maximum wve height: 100 cm 80 cm
Wave period: 4 sec 4 sec

_Wave direction: SSW-WSW SW-WSW

Description of bottom sediment (soil gouge):
0-10 cm: medium to coarse sand with a small amount of shell elastics
10-16 cm: very sandy (medium to coarse sand) clay, colour matrix: 5Y 5/1.

colour black mottles: 7.5 R 2/0.
16-65 cm: partly ripened heavy clay, colour matrix: 5Y 5/1.
65-80 cm: almost ripened heavy clay, colour matrix: 5Y 5/1.

Once or twice a day wave heights and periods were estimated and the direction of pro-
pagation was determined with a compass. Bottom samples were taken with a "van Veen"-
grab. If the shoals were shallow enough cores could be taken with a soil gouge.
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The topography of the seabottom

The continental shelf north of Surinam has an average width of 150 km
and a smooth slope (averaging 1 :1600) towards the edge at about 90 to
100 m depth (Nom 1967). The pattern of contours of the shelf off Suri-
nam, based mainly upon chart nr. 2017 (1961) of the Hydrographic De-
partment of the Royal Netherlands Navy, shows that the shelf can be di-
vided into two parts : one part shallower and one part deeper than the
20 m isobath (Nedeco 1968).

Acoustical surveys proved that the pattern of large waves in the near-
shore area, south of the 20 m isobath, was related to recent pelite deposi-
tion (Nom 1967, 1971).

Beyond the 20 m contourline in the deeper part of the shelf, the bot-
tom configuration and the related sediment are to be considered a relic
of the late Pleistocene and Holocene transgression (Nom 1958, 1967,
1971, Nedeco 1968). In the present study no further attention will be paid
to this part of the shelf.

The wavy contour pattern in the nearshore area (fig. 8) is caused by the
alternation of giant shoals, extending obliquely from the coast into the
sea, and intermediate troughs. In 1961 during an aerial survey of the coast
between the Waini river (Guiana) and Cayenne (French Guiana), DIEPHUIS

6°20'

LO

Fig. 8. Depth contours of the nearshore part of the Surinam shelf. (After data received from .

SNELLIUS and
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observed twenty one of those mudflats (Delft Hydraulics Laboratory
1962, DIEPHUIS 1966). The average "wavelength" was approximately 45
km with variations between 30 and 60 km (Nedeco 1968, ALLERSMA 1968).
The angle between the northwestern flank of the mudflats and the coast
varies between 20 and 300, with an average of 24°.

Generally the mudflats and the intermediate troughs have a gentle
slope which might even be less than 1 :3000, with the exception of the
northwest flank of the mudflats which has a relatively steep slope
(averaging 1 :500) (Nedeco 1968, ALLERSMA 1968). Very flat slopes were
observed particularly between 2 and 8 m depth (vAN NESS 1971). In fig.
9 some slope profiles are shown.

There is a noticeable difference in extension of the eastern (incl. the cen-
tral) and the western mudflats in Surinam. Owing to the geographical
position of the coastline in east Surinam the angle of wave incidence in
that area is smaller than in west Surinam. For this reason the wave action
moving towards the coast is strongest in west Surinam, resulting in the
formation of less extensive mudflats with steeper gradients. The same
applies to the intermediate troughs, in which the isobaths bend far more
coastward than in eastern Surinam (see fig. 8 and fig. 9).

The volume of the giant mudwaves, computed from a plane connecting

the Hydrographic Department of the Royal Netherlands Navy. Fair sheets H.N1. M. S.
11.175Es, 1966-1968).
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Fig. 9. Slope profiles of the nearshore Surinam shelf. Slope profiles of mudflats (A, C
and G) and of throughs (B, F and K), drawn in the general direction of wave propagation,
and profiles perpendicular to the northwest flank of the mudflats (D, E and H). L :
theoretical bottom slope of zero energy, assuring complete energy dissipation without
breaking (KEULEGAN & KRUMBEIN 1949). M: slope profile of the moderate-energy coast

between Anclote Keys and Cape Romano in central east Florida (after PRICE 1954)

the bottoms of two successive troughs, varies roughly between 2 and 6 X
109 m3, with an average of about 3 x 109 m3 (Nedeco 1968, ALLERSMA
1968).

In chapter 11-2 attention will be given to the migration of the mudflats.

II-1. 2 Currents

The Guiana Current, which is the continuation of the South Equa-
torial Current along the north coast of South America, has great influence
in the coastal waters of Surinam. It is actually the continuation of the
confluence of the South and North Equatorial Currents (METCALF 1968).
However, the South Equatorial Current is the most important along this
coast. Off the French Guiana coast the width is approximately 250 km
and the discharge has been estimated at 5-10 million m3/sec (Nedeco
1968, ALLERSMA 1968). Computations from the same references reveal that
it carries roughly 0.1 x 109 tons of the sediment load, which is deposited
in the Atlantic Ocean by the Amazone River, along the north coast of
Brasil, until off French Guiana the current leaves the westward deflecting
shoreline in a northwestern direction.

The sediment transport continues in a narrow zone along the shore as
far as the mouth vf the Orinoco, as a result of a southwestward flowing
compensation current in the area between the northwest flowing Guiana
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Current and the coast west of French Guiana. This was demonstrated by
EISMA (1967) from the distribution patterns of water temperature and
salinity and from the direction of the resultant currents at the surface
and near the bottom on the western part of the Surinam shelf. The surface
water was generally found to move in a northwesterly direction except
for the surface water nearest to the coast, within a zone of about 20-30
km width, that mainly flowed parallel to the shore. The offshore flowing
surface water appeared to be compensated by a current along the sea
floor. Water at the shelf floor, which has higher salinities and lower tem-
peratures, flows in a shoreward direction over the very flat shelf, rises
slowly and reaches the surface at approximately 50 km offshore. Further
to the south a shoreward current along the shelf floor is induced by the
action of the waves in shallow water (LHERMITE 1958). The present study
covers part of this nearshore area.

The velocity of the surface current on the eastern part of the Surinam
shelf varies between 0.5 and 0.6 m/sec during the greater part of the year.
The velocity is highest (0.9 m/sec) in April (Nedeco 1968). To the west the
driving effect of the northwestward moving Guiana Current will decrease
and the corresponding velocities for the western part of the Surinam shelf
are therefore lower : 0.25-0.40 m/sec and 0.55 m/sec respectively.

The yearly variation in current velocity is caused by the wind and local-
ly by river discharges. The wind drift is determined by the depth of the
water, the wind strength and the wind direction. Since in shallow water
the generated currents have lower velocities (Delft Hydraulics Lab. 1962),
and moreover wind velocities over the Surinam shelf are generally relativ-
ely low, the effect of wind drift in the investigated area will not be very
great. The same applies to the wave drift, since the waves in the Surinam
coastal waters are mainly wind-generated. There is however a difference
in intensity, owing to the topography of the sea floor.

In the troughs between the mud flats the coastward directed wave drift
is relatively well-developed, whereas on the other hand in the slingmud
areas on the west flanks of the mud shoals, where the waves are almost
absent, the subsequent compensation current presumably occurs (Delft
Hydraulics Lab. 1962). Wind and wave drift components are both more
pronounced in periods of strong winds. River discharge is highest in the
rainy seasons and therefore the resulting relatively small disturbances of
the sea current will be rather pronounced in those periods (Delft Hydrau-
lics Lab. 1962). The tidal wave propagates almost perpendicular to the coast
and produces a variation only in the current direction (see chapter II-1.4).
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To find out the current velocities in the shallow waters (less than 5 m
deep) along the coast of Surinam, current velocity measurements were
made as part of the daily measurements. Velocities were measured at
0.50 m above the bottom of the shelf. If possible measurements at higher
levels above the shelf floor were taken (1.50 m, 2.50 m, etc.).

The measurements were not always very reliable. The most important
reasons for this are :
1. An Ott-propeller meter was used to take these measurements ; this
instrument did not prove very suitable for the marine environment owing
to disturbance made by the waves (Delft Hydraulics Lab. 1962).
2. The propeller meter was tied to the boat and adjusted by hand. Owing
to the relatively low current velocities the propeller meter might not al-
ways have conformed to the current direction.
3. The distance to the sea floor has to be regarded as approximately 0.50
m because of the rocking of the boat. The same applies to the other levels
(1.50 m, 2.50 m, etc.).

Conclusions should therefore be considered carefully. Generally the ve-
locity at 0.50 m above the shelf bottom varies between 0.10 and 0.30
m/sec. Maxima range up to 0.50 rn/sec. At 1.50 m from the bottom, the
velocity usually varies between 0.15 and 0.40 rn/sec and the maxima range
up to values higher than 0.50 rn/sec. During the seasons with relatively
strong winds (December to March) the current velocities tend to be
higher than during the calm periods.

No differences in velocity were found between the eastern and western
parts of the Surinam shelf. This appears to contradict the observations of
Nedeco (1968), mentioned above. The fact that the author's measurements
were made in deeper waters in the western part, might explain this con-
tradiction.

It may be concluded that generally speaking the current velocities in the
shallow waters along the Surinam coast appear to be high enough to enable
the transportation of silt and fine sand. Even at their maxima however, the
velocities seem to be too low to erode the clayey sea floor, since current veloci-
ties exceeding 0.70 m/sec are necessary to start the erosion of mud (MIGNIur
1968, MIGNIOT, LARSONNEUR & DANGEARD 1968, Nedeco 1968) .

II-1.3 W ayes

Evaluation of the height and period of waves reaching the coast was
determined visually using a rod with decimeter division. The measure-
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ments were performed in shallow water, at water depths less than 5 meter.
As to the waves in the deeper part of the continental shelf data from Delft
Hydraulics Laboratory (1962) and Nedeco (1968) were used.

The height and direction of propagation of the deep water waves on the
shelf north of Surinam are clearly related to the prevailing trade-winds.
Swell from the stormy areas in the north Atlantic Ocean has rarely been
registrated (Nedeco 1968).

The wave lengths in deep water range from 25 meters (period: 4 seconds)
to 300 meters (period: 13 seconds) with an average of approximately 60
meters. Since the orbital motion touches the sea bottom when the water
depth is diminished to about half the wave length, refraction begins gen-
erally from about the 30 meters depth contour. The effect (attenuation
of the wave length, turning of the waves in a more parallel direction to the
coast) however is only felt landward of the 20 meter isobath.

The wave heights show a strong correlation with the wind velocity.
According to data (collected by the Royal Netherlands Meteorological
Institute during the period 1949-1957 for the area 5°-10° N, 50°-60° W)
presented by Nedeco (1968), the highest waves occur from December to
March, in which period wave heights of 2.5 meters are exceeded during
10% of the time. During calm weather wave heights are much lower
(e.g. in September : Hio% = 1.35 meter) (Nedeco 1968).

At the shoreline and on the shelf floor waves are the major source of
energy. The effect depends on their net energy, determined by the rate of
reduction of their gross (= deep water) energy by bottom friction and
percolation in shallow water (BRETTSCHNEIDER & THOMPSON 1955, KING
1972). The internal friction of the water particles is immaterial to this
argument. On the muddy nearshore part of the Surinam shelf the in-
fluence of percolation may be neglected and so the net wave energy will
be determined mainly by the energy loss due to friction with the bottom.

Quantitative determination of the net wave energy available for the
changing of shoreline and shelf can be obtained from direct measurements
of wave energy by observations of the waves themselves. The available
time was too limited for a systematical series of wave observations. The
shelf gradient determines the difference in wave action since wind force
and fetch are more or less the same for the whole coastal area. Therefore
this study is confined to a qualitative approximation in terms of relative
energy, based on comparison of shelf bottom gradients.

On very shallow, gently sloping shelves, KEULEGAN & KRUMBEIN (1949)
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found that waves even failed to reach the shoreline with sufficient height
and energy to form a line of breakers. In that case they were breaking
gradually over a broad zone (spilling breakers), causing a choppy water
area. The theoretically determined gradient of zero energy, assuring com-
plete energy dissipation without breaking, is a concave, asymptotic curve
(see fig. 9) in which the depth varies to the 4/7 power of the distance from
the shore (KEULEGAN & KRUMBEIN 1949). If the profiles of the neashore
shelf off Surinam, taken in the direction of average wave propagation,
are compared with this theoretically determined critical bottom profile
and also with shelf profiles of the Gulf of Mexico (PRIcE 1953, 1954), the
Surinam nearshore shelf may be classified as a low to medium energy
environment (see fig. 9). In the classification of PRICE (1953, 1954) low
energy bottom profiles range up to approximately 1 :5250, medium energy
gradients to approximately 1 :1400. The alternation of areas without beach-
es or cheniers (low energy) with areas showing discontinuous cheniers
(medium energy) along the Surinam coast is in accordance with the shoreline
characteristics of similar energy environments described by the same author.

The energy loss at the nearshore part of the Surinam shelf and hence
the wave damping effect, will still be enhanced by the relatively high
content of cohesive sediment (chapter II-1.6), which changes the viscosity
of the water and, particularly near the bed, causes turbulent drag reduc-
tion (GUST & WALGER 1976). The almost complete disappearance of waves
in slingmud areas is a well-known phenomenon along the Surinam coast
(see also Nedeco 1968).

The most important effect of the waves in the shallow water is their
influence on the sea floor. The orbital motion along the bed is reduced to
an almost horizontal to and fro movement. The sea bottom in the shallow
part of the shelf consists of mud. Velocities exceeding 0.70 m/sec are ne-
cessary to initiate erosion (MIGNIur 1968, MIGNIOT, LARSONNEUR &
DANGEARD 1968, Nedeco 1968). VAN NES (1971), using wave data from
Nedeco (1968) found that the orbital velocity at the bottom increased with
decreasing depth. The 50% wave (height 1.25 m, period 6 seconds, deep-
water wave length 56 m) reached the critical velocity of 0.70 m/sec at
water depths less than 5 meters.

Orbital velocities within the shallowest part of the shelf, in water depths
less than 5 meters, were calculated from the wave observations taken
during daily measurements (Chapter II-1) for the average wave heights.
Calculations were only made in the case the average wave height exceeded
25 cm. The wave length was calculated from the general formula (IPPEN
1966 WIEGEL 1964) :
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L =
27-c

. tanh ( 276/
(1)

gT2

L

L = wave length in m, T = wave period in sec and d = water depth in
m. The orbital velocity at the bottom can then be calculated with the
formula:

V, bottom =
TcH 1

T
sinh

27d
L

(2)

Vx bottom = orbital velocity at the bottom in m/sec
= wave height in m

The results are listed in table 3.
Notwithstanding the use of average wave data and the restricted num-

ber of observations, it may be stated that orbital velocities of 0.70 m/sec
and higher do occur in the area concerned. The orbital velocities at the
bottom will increase with increasing wave height. Since the wave periods
have not been measured separately, such calculations cannot be done here
(see eq. 1 and 2). In water deeper than roughly 2.50 m the calculated orbi-
tal velocities at the bottom are usually lower than those in shallower water.
Therefore, erosion on the Surinam shelf caused by the combined activity
of the waves and the sea current occurs particularly in very shallow
water.

In the nearshore waters the wave steepness, defined as the quotient of
wave height and wave length, plays an important part. KING (1972)
studied the sand movement landward of the breakpoint and found that
the transport direction depends on the steepness of the waves. In general
flat waves are considered to be constructive. The sand is carried landward
by a more or less powerful swash, which has more effect than the back-
wash. This generally applies to most of the Surinam coast. If a critical
value for the steepness of the waves is exceeded however, the backwash
dominates and sand is moved seaward.

This probably has been the case in 1967/1968 in key area Bigi Santi
(14), where medium to coarse sand covered the bottom for several tens of
meters seaward of the low water breaker line. The wave steepness, cal-
culated for the average wave height, at about 150 m seaward of the breaker
line in the above mentioned area, yielded a value of 0.047. This is a high
value, which has only been surpassed by the steepness of the average wave
height at Friendship (4) : 0.058. In the latter case however no coarse sedi-
ment was found seaward of the low water breaker line. This may have been
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TABLE 3

Orbital velocities and wave steepness in the nearshore shallow water of
the Surinam shelf,

calculated from the wave obeservation data for the average wave height (H), collected dur-
ing the daily measurents (see chapter II-1). The Roman observation numbers are followed
by a code number representing hour, day, month and year respectively. Calculations have

only been carried out when the average wave height exceeded 25 cm

observation
number

key area depth
in m

waveheight
in m

pe-
riod
in

sec

wave-
length
in m

orb.
veloc-

ity
for

7/7/ in

in/sec

steep-
ness
foraver-

age
maxi-
mum

1-15291167 Eilanti (17) 2.27 1.00 1.40 5.2 23.11 0.92 0.043
VI-09270168 Bigi Santi (14) 2.10 1.00 2.00 5.0 21.37 0.96 0.047

VII-17120867 Matapicca (13M) 1.80 0.33 0.60 7.0 28.64 0.37 0.012
VIII-06061167 Matapicca (13M) 2.10 0.32 0.46 5.0 21.37 0.31 0.015
VIII-10061167 Matapicca (13M) 1.50 0.28 0.40 12.0 45.64 0.35 0.006
VIII-15061167 Matapicca (13M) 1.00 0.30 0.46 8.1 25.07 0.46 0.012

IX-18061167 Matapicca (13M) 1.73 0.42 0.70 5.6 22.18 0.47 0.019
IX-06071167 Matapicca (13M) 1.32 0.34 0.46 7.5 26.52 0.45 0.013
X-17290168 Matapicca (13M) 2.10 0.56 1.00 4.0 16.52 0.50 0.034
X-16300168 Matapicca (13M) 2.05 0.56 0.80 4.0 16.36 0.50 0.034

XI-17300168 Matapicca (13M) 2.67 0.56 0.90 4.0 18.14 0.41 0.031
XI-16310168 Matapicca (13M) 2.15 0.52 0.80 6.0 26.40 0.51 0.020

XIV-07010268 Katkreek (12) 1.18 0.50 0.80 6.0 19.93 0.70 0.025
XV-07020268 Katkreek (12) 1.96 0.36 0.70 7.0 29.82 0.38 0.012

XXI-12130168 Popokaimama (9) 2.20 0.40 0.70 13.0 59.77 0.41 0.007
XXIV-17180967 Friendship (4) 5.50 0.77 1.50 3.5 18.23 0.21 0.042
XXV-10260967 Friendship (4) 6.80 0.54 0.80 3.2 15.80 0.07 0.034
XXV-16260967 Friendship (4) 4.55 0.61 1.00 2.6 10.43 0.10 0.058

XXVI-15130268 Friendship (4) 2.00 0.50 0.70 6.0 25.54 0.51 0.020
XXVII-13150268 Friendship (4) 2.80 0.40 0.80 4.0 18.46 0.28 0.022
XXVII-15150268 Friendship (4) 3.60 0.44 0.80 4.0 20.14 0.25 0.022
XXVII-18150268 Friendship (4) 4.90 0.72 1.30 4.0 22.03 0.30 0.033
XXVII-07160268 Friendship (4) 4.83 0.60 1.00 4.0 21.95 0.25 0.027

caused by the texture of the chenier sediment, in this area mainly con-
sisting of shell elastics, which weaken backwash by friction and in par-
ticular percolation. Since no separate wave period observations have
been made, the wave length belonging to the maximum wave height and
with that the related wave steepness, cannot be calculated (eq. 1). Thus a
borderline between constructive and destructive wave action cannot be
indicated.

However, the wave steepness values by which no traces of seaward
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transported sand have been found ranged at least up to 0.045. This is a
great deal more than the quoted values for the critical steepness of 0.025,
arrived at by model work. When setting up an experiment in a tank in or-
der to study foreshore characteristics the relating factors must be simpli-
fied. Therefore the calculations made with model experiments do not
make an exact comparison to the steepness values in nature, owing to its
greater complexity.

The destructivity of the waves in a certain area may not be per-
manent throughout the year. In 1972 for instance no sand was found
seaward of the low water breaker line in the Bigi Santi area, which means
that the sand found seaward of the low water breakers in 1967/1968 has in
the meantime partly been transported landward by constructive waves.

Sometimes solitary waves that can be recognized by their form, occur.
They are formed mainly as rising water spreads out over the eastern and
central parts of a mudflat. The western part is completely free of waves,
owing to the presence of slingmud. The solitary waves are usually very
low (wave heights in the order of a few tens of centimeters) and seem to
have very little effect on the sea floor.

WELLS & COLEMAN (1977) maintain that the solitary(-like) waves should
play an important part in the transport of mud over the Surinam mudflats.
Since detailed information is not yet available, a discussion will be post-
poned to the near future.

The influence of the topography of the nearshore shelf area on the re-
fraction of the waves will be treated in chapter 11-2.

II-1.4 Tides

The general character of the tide along the Surinam coast is almost
synchronous semi-diurnal with an average range of 1.80 m. The average
amplitude at springtide is 2.80 m, at neap tide 1.00 m (Nedeco 1968). The
combination of this rather large amplitude with the very flat shelf gra-
dient (chapter II-1.1) reveals an extensive intertidal area.

The tidal wave approaches almost perpendicular to the coast and ini-
tiates only currents in that direction and backwards. The velocities con-
cerned are very low except in the estuaries.

The effect of the tidal currents is noticeable particularly by the direc-
tion of the water movement. Daily measurements (chapter II-1.1) showed
that the generally westward flowing water is deflected to the southwest
by the coastward prograding flood wave. Vice-versa, the receding ebb
wave is responsible for a more northwestern direction.
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II-1.5 Salinity and pH

The salinity distribution at the Surinam shelf was studied by EISMA
(1967), who found two belts of lower salinity at the shelf edge and near
the coast separated by a zone of higher salinity. Because of the scope of
the present investigation attention could be only paid to the distribution
and seasonal trend of the salinity near the coast.

In the nearshore coastal waters of Surinam salinity is lowered by an
addition of water from the local rivers. Table 4, presenting data from a
short preliminary investigation in 1966, involving a.o. watersampling at
different locations offshore within a short space of time in three conse-
cutive key areas, shows that the salinity increases with the distance to
the Marowijne embouchure. This is caused by progressive mixing of river
and sea water.

TABLE 4

Average salinity for a number of watersamples from three consecutive key
areas.

Samples were taken at 0.5 m above the bottom, in the beginning of May 1966 ("long
rainy season"). N is the number of samples. The standard deviation is given in brackets.

key area average
salinity (&)

Bigi Santi (14)
Matapicca (13M)
Katkreek (12)

21.4 (4.0) 8
25.2 (0.8) 16
28.5 (0.9) 19

The data shown in table 5, derived from the daily measurements (chap-
ter II-1) are in this respect even more obvious. The increase in salinity
from the embouchure of a large river to the west appears to be a common
phenomenon, only locally affected by the outlets of large creeks or (for-
mer) drainage canals. The latter, shown in fig. 10, is responsible for the
discontinuity in the path of the salinity along the coast between the Maro-
wijne and the Surinam River embouchure. This is obvious after compar-
ing the average salinities of I, III, VIII and XIII which were determined
at approximately the same distance offshore. The daily observations at
Matapicca (13M) were performed just east of the outlet of the Matapicca
channel. This is a former drainage canal, constructed in the late 18th
century. It (ultimately) drained into the Commewijne River and has
been captured by abrasion. In fig. 11 a comparison is made between water-
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Fig. 10. The behaviour of the salinity during receding tide, affected by riverain discharge
through a small outlet, in relation to season and distance offshore.

depth (depending on the tide) and salinity. It was carried out at varying
distances offshore and during varying seasons. The influence of the rela-
tively small channel discharge around ebbtide is greatest in the nearshore
locations and is obviously strongest in the wet season. In the dry periods
therefore, the salinities east of the outlet are rather high, whereas to the
west they diminish.

In fact due to the discharge of the Matapicca channel the salinity varia-
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Fig. 11. The behaviour of the salinity during the tide in key area Bigi Santi (14) in a dry
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tion is only a small local amplification of a general trend, noticeable with-
in the area of investigation. Comparison of the average salinities of the
daily measurements of which two were taken in a number of key areas,
shows that the salinity in the more nearshore waters without exception is
lower than more offshore (see table 5 : Ill and IV, VIII and IX, X and XI,
XII and XIII, XIV and XV, XVIII and XIX, XX and XXI, XXIV and
XXV, XXVIII and XXIX). In the wet seasons the salinities are obvious-
ly lower than in the dry periods.

In the wet periods the variations in salinity are also greatest (see table
5). In the zone where river and sea water mix, the salinity varies periodi-
cally with the tidal motions of the water (Nedeco 1968). The rising tide
supplies the nearshore area with relatively saline water. Riverdischarge
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TABLE 5

Salinity and pH, averaged for the separate daily measurements in the
distinct key areas, depending on the season and the distance offshore.

N = number of samples; standard deviation in brackets.

daily
obser-
vation

number

key area dis-
tance
off-

shore
in m

salinity in %o pH
N dry season wet season dry

season
wet

season

Eilanti (17) 300 16 26.9 (0.8) 16 7.2 (0.1)
II Eilanti (17) 200 10 13.6 (3.0) 14 7.0 (0 )

III Bigi Santi (14) 350 12 31.1 (1.3) 12 7.4 (0 )
IV Bigi Santi (14) 650 26 31.4 (1.1) 26 7.3 (0.1)

Bigi Santi (14) 550 18 23.0 (2.3) 18 7.1 (0.1)
VI Bigi Santi (14) 150 5 26.9 (0 ) 5 7.0 (0 )

VII Matapicca (13M) 650 9 31.4 (0.3) 8 8.0 (0.2)
VIII Matapicca (13M) 300 21 33.2 (0.2)
IX Matapicca (13M) 150 19 31.4 (0.5)
X*) Matapicca (13M) 150 16 26.9 (2.0) 16 8.3 (0.3)
XI*) Matapicca (13M) 500 19 28.0 (1.2) 19 8.0 (0.6)

XII Katkreek (12) 150 14 31.6 (0.3)
XIII Katkreek (12) 250 19 32.4 (0.1) 19 8.1 (0.4)
XIV Katkreek (12) 100 12 28.7 (0.5) 12 7.6 (0.4)
XV Katkreek (12) 200 7 29.0 (0.4) 7 7.6 (0.5)

XVI Weg-naar-Zee (10) 900 8 23.1 (0.3) 8 7.5 (0.1)
XVII Weg-naar-Zee (10) 750 8 17.8 (0.8) 8 7.1 (0.1)

XVIII Popokaimama (9) 750 24 28.0 (2.4) 24 7.5 (0.3)
XIX Popokaimama (9) 1000 24 28.6 (1.0) 24 7.4 (0.2)
XX Popokaimama (9) 650 24 20.3 (3.2) 24 7.1 (0 )

XXI Popokaimama (9) 900 24 21.6 (3.2) 24 7.1 (0.1)

XXIII Hamilton (5) 350 5 4.8 (1.2) 6 7.0 (0.1)

XXIV Friendship (4) 500 19 30.7 (0.7) 19 7.5 (0.2)
XXV Friendship (4) 1250 24 31.7 (0.4) 24 7.4 (0.2)
XXVII Friendship (4) 250 20 25.8 (2.5)

XVIII Nw. Nickerie (1) 200 7 32.0 (0.4) 7 7.7 (0.1)
XXIX Nw. Nickerie (1) 100 11 31.9 (0.3) 11 7.6 (0.1)
XXX Nw. Nickerie (1) 750 5 26.3 (5.1) 5 7.0 (0.1)

*) pH values are probably too high, being determined a week after sampling.
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is most effective as the tide recedes. In a dry period it is considerably less
than in a rainy period and therefore in rainy periods the differences in high
and low tide salinities are larger. Fig. 11 gives two daily observations from
key area Bigi Santi (14) during a wet and a dry period respectively. The
periodic variation in salinity is obvious.

The vertical salinity distribution does not show a significant variation
unless the salinity was determined in the vicinity of an estuary or a smal-
ler outlet. In that case, since the density of the water increases with sali-
nity, the water at the surface will be the less saline. For example in sample
48 (Bigi Santi (14)), the salinity at 0.5 m above the bottom is 24.5%0
while at the surface, 2.6 m above, it is only 15.4%0.

The pH appears to be less sensitive than the salinity (see table 5). The
pH value increases slightly at times from a river mouth to the west, but
no regular variations between nearshore and offshore samples could be
established. In the rainy season the values are lower than in the dry pe-
riods as a result of the greater supply of slightly acid river water.

II-1.6 Suspension and Secchi-disk observations

The most striking phenomenon in the Surinam coastal waters is its
coffee-and-milk brown colour over a width of 20 to 40 km offshore, caused
by the enormous transport of mud in suspension (Delft Hydraulics Labo-
ratory 1962, DIEPHUIS 1966, ALLERSMA 1968). This sediment originates
from the Amazon River (chapter 111-2.3) and is carried along the north
coast of South America by the Guiana Current until beyond French Guia-
na this transport is taken over by a southwestward flowing compensation
current (chapter 11-1.2). Sometimes however, particularly between two
adjacent mud shoals, the colour is brown-green, or even almost green-
blue, at only a little distance offshore. This phenomenon, already describ-
ed by Delft Hydraulics Laboratory (1962) was noticed in the western part of
key area Bigi Santi (14) and in Friendship (4). From the average silt content,
presented in table 6 it will be clear, that in the key areas concerned (daily
observations VI, XXIV and XXV) the suspension load is relatively reduced.

Further consideration of table 6 indicates that the silt content along the
Surinam coast shows much variation, much more for instance than the sa-
linity (chapter II-1.5). A number of factors affect the suspended matter
content, for instance : the bottom conditions at the location where the
daily measurements were carried out, the water velocity, riverdischarge,
waves and winds, and waterdepth (Delft Hydraulics Lab. 1962).
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The effect of the subsoil is determined particularly by the silt contribu-
tion from the natural environment. In key area Matapicca (13M) e.g.,
where part of the former plantation "Anna Catharina" is abraded, the
supply from the eroded firm soil considerably increased after it was cover-
ed with fresh mud (VIII and in particular IX). The velocity of the water
does not appear to be significant as the critical value for the churning up
of clay material (0.70 m/sec) is not surpassed, and the differences in thever-
tical water column seem to be small (chapter II-1.2). The influence of
riverdischarge on the silt concentration in the Surinam coastal waters
could not be established with certainty. Remarkably high values were
found in key area Weg-naar-Zee (10) at a relatively great distance offshore.
Waves and wind are important due to the increase in orbital motion to-
wards the coast, resulting in higher velocities at the bottom and intensified
turbulence. Moreover the decrease of waterdepth results in an increase of
shear velocity at the bottom.

The average siltcontent of the daily measurements taken by pairs in the
same period, generally has higher values in the more nearshore locations
(table 6: III and IV, VIII and IX, XII and XIII, XIV and XV, XXIV
and XXV, XXVIII and XXIX). Exceptions were noticed at Popokai-
mama (9), where the samples were collected at the western part of a mud-
flat. The presence of slingmud in that area made it difficult to establish
the transition of water to bottom and this probably affected the daily silt
content measurements XIX, XX and XXI, that show some extraordin-
ary high peaks. The average values concerned may therefore be too high.

The average suspended matter content of samples which had been col-
lected at about the same distance offshore, but in periods with strong
winds and in calm periods respectively, were compared. Samples taken
during periods of strong winds appear to have the highest values (table 6 :
I and II, IV and V,,XVI and XVII, XVIII and XX, XIX and XXI).

The distribution of the suspended matter shows a periodical variation
in relation to the tide. According to Delft Hydraulics Laboratory (1962)
the silt content at Low-Water-slack was found to show generally higher
values than at High-Water-slack. Moreover there seems to be a time-lag
between Low-Water-slack and the highest silt concentration on the one
hand and between High-Water-slack and the lowest siltcontent on the
other hand. In other words : After Low-Water-slack the siltcontent still
increases, while after High-Water-slack the concentration continues to
diminish for some time. The latter occurred more often than the former.
In fig. 12 a few examples of tidal variation in siltcontent are given. No
significant difference was found to exist even though the sample location
periodically fell dry.
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TABLE 6

Average values for siltcontent and Secchi-disk observations

calculated from the separate daily measurements in the distinct key areas, for different sea-
sons and varying distances offshore. The seasonal distinction is based on the period with
relatively strong winds (December to March) and the calm period (April to November).

N = number of observations. The standard deviation is given in brackets.

daily
obser-
vation
number

key area dis-
tance

off-
shore
in m

suspension load in mg/1 secchi-disk
visibility in cm

N calm
period

rough
period

N calm
period

rough
period

Eilanti (17) 300 15 297 ( 88)
II Eilanti (17) 200 10 518 ( 517) 6 12 ( 4)

III Bigi Santi (14) 350 12 998 ( 887) 5 7 ( 2)
IV Bigi Santi (14) 650 25 186 ( 161) 18 30 (19)
V Bigi Santi (14) 550 17 603 ( 898) 11 12 (12)
VI Bigi Santi (14) 150 5 116 ( 28) 5 23 ( 7)

VII Matapicca (13M) 650 9 142 ( 43) 7 39 ( 7)
VIII Matapicca (13M) 300 21 671 ( 582) 10 7 ( 5)
IX Matapicca (13M) 150 19 2274 (2205) 11 4 ( 3)
X Matapicca (13M) 150 16 509 ( 369) 10 12 ( 8)
XI Matapicca (13M) 500 19 332 ( 260) 10 20 ( 9)

XII Katkreek (12) 150 14 2498 (1207) 7 5 ( 3)
XIII Katkreek (12) 250 19 386 ( 385) 9 21 (11)
XIV Katkreek (12) 100 12 1455 (1526) 7 8 ( 6)
XV Katkreek (12) 200 7 1227 (1669)

XVI Weg-naar-Zee (10) 900 8 975 ( 855)
XVII Weg-naar-Zee (10) 750 8 1015 ( 616) 4 6 ( 3)

XVIII Popokaimama (9) 750 24 311 ( 211) 11 28 ( 4)
XIX Popokaimama (9) 1000 23 458 ( 871) 13 35 ( 7)
XX Popokaimama (9) 650 24 2620 (1990) 12 1 ( 0)
XXI Popokaimama (9) 900 24 3621 (5275) 12 4 ( 2)

XXIII Hamilton (5) 350 5 3 ( 0)

XXIV Friendship (4) 500 19 192 ( 96) 10 32 ( 9)
XXV Friendship (4) 1250 24 34 ( 7) 13 97 (11)
XXVII Friendship (4) 250 12 12 ( 3)

XXVIII Nw. Nickerie (1) 200 7 380 ( 155)
XXIX Nw. Nickerie (1) 100 11 1236 (1116) 6 6 ( 5)
XXX Nw, Nickerie (1) 750
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The siltcontent is inversely proportional to the values of the Secchi-
disk observations: the higher the siltconent becomes the smaller the dis-
tance the Secchi-disk can still be seen under water and vise versa (table
6). This close relation between the Secchi-disk observations and the meas-
ured silt content, despite the fact that the turbidity observations were
performed in the surface water while the concentration of suspended mat-
ter mainly was determined at 0.50 m above the bottom, points to an inten-
sive turbulence in the shallow water. In the shallow water a vertical gra-
dient in the silt content appeared to be poorly developed, which is confirm-
ed by a few measurements in a vertical section at varying heights above
the bottom.

11-2 MIGRATING MUDFLATS

The topography of the seabottom in the Surinam coastal waters is char-
acterized by an alternation of giant mud shoals and intermediate troughs
(chapter II-1.1). This pattern is a very dynamic one. Due to the cooperative
action of waves and currents the shoals and troughs are shifting more or
less continually to the west.

Waves which propagate in shallow water are refracted. Owing to the
contour pattern of the nearshore shelf the gradual shifting of the wave crests
will, however, not take place in the same direction over the whole area.
It is known from literature (Delft Hydraulics Lab. 1962, DIEPHUIS
1966, ALLERSMA 1968), that divergence of the directions of wave propaga-
tion (= minimum wave energy and minimum orbital velocity) occurs at
the relatively steep northwest flank of the mudflats. As a result accretion
occurs. Convergence (= maximum wave energy and largest orbital velo-
city) occurs at the east sides. Hence the latter will be abraded, provided
that the orbital velocity at the bottom exceeds the critical value of 0.70
m/sec, whereby clayey sediments are eroded. Since the residual water mo-
vement, caused by wave action at the bottom, is in the direction of
wave propagation (LHERMITE 1958) the eroded sediment is transported
landwards.

Accretion occurs at the west flank of a mudflat with preservation of the
steep gradient, whereas the flat east side is eroded. On this fact VAN NES
(1971) based the hypothesis that the wave action at the smooth Guiana
shelf is aimed at the development of a steeper talus. This is however never
attained over the full width of the coast due to the presence of a sea cur-
rent (chapter II-1.2), which deflects the wave induced sediment transport
to the west. Sediment stirred up at the east side of a mudflat is therefore
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WAVE PROPAGATION

SEA CURRENT

DEPTH CONTOUR

Fig. 13. An idealized contour map of a part of the Surinam shelf showing the direction
of wave propagation and sea current. (Based on Delft Hydraulics Lab. 1962).

carried towards the westward lying crest, instead of to the shore. At the
northwest flank the direction of propagation of the refracted waves is
more or less counteracted by that of the sea current, resulting in a further
slowing down of the residual velocities at the bottom (see fig. 13), which
intensifies sedimentation.

The westward movement of the mudflats and intermediate troughs can
be observed from changes in the contour pattern of the shelf. This was
demonstrated by Nedeco (1968), who compared sounding maps of parts of
the Surinam coast, surveyed in 1960, 1966 and 1966/1967.

The assumed cyclic character of the alternation of shoals and troughs
(ZONNEVELD 1954, CHOUBERT & BOYE 1959) was studied quantitatively
by Delft Hydraulics Laboratory (1962). Annual measurements of the dis-
tance of the 1-fathom line to fixed points at the Demerara east coast
(Guiana) were compared for the period 1935-1960. The mud shoals and
troughs appeared to move continually westward along the shore with a
periodicity of about 30 years. River estuaries cause irregularities in the
overall picture. At the 2- and 3-fathom line they appear to have little or
no effect.

Historical sources yielded support for an average erosion-accretion cycle
of about 30 years (Nedeco 1968, ALLERSMA 1968). The mean celerity was
calculated to be 1.5 km/year when based on an average "wavelength" of
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45 km. However, thorough examination of recent and historical informa-
tion, taking the reliability of the latter into account, shows that there are
many variations.

There are only a few recent sounding maps for the Surinam coastal
waters. The estuaries however, are annually sounded by the Service of
Harbours and Pilotage (Ministry of Public Works and Communication).
A detailed study was made, with the aid of these data, of the irregularities
in the erosion-accretion phenomena in the vicinity of estuaries. Three-
dimensional diagrams were constructed from distances of the 2-meter depth
contour to fixed locations at the coast just east and west of the Surinam
estuaries. In fig. 14 this has been done for the Surinam River embouchure.

Outwards from the estuary the more or less fixed position of the 2-meter
isobath throughout the years in the transition zone towards the closed
coast is striking There seems to be an equilibrium between erosion and
accretion which is probably controlled by the estuarine environment, par-
ticularly by the current regimen and the fresh water supply.

To the east in the diagram, two observations can be made. In the period
1951-1954 a westward shifting mudshoal, which moves towards the tran-
sition to the estuary with an average celerity of about 1.5 km/year can be
seen. At that position a stagnation of movement occurs, as the distance of
the 2-meter depth contour remains equal for a relatively long period of
time (1955-1961) .

An examination of current ellipses and hourly flow patterns just in
front of the Surinam estuaries (Nedeco 1968), revealed that at the east
side of the estuaries the westward flowing sea current meets the more or
less north-south tidal streams. The expected decrease in velocity of the
longshore current will result in increased sedimentation, to which develop-
ing eddies possibly have contributed. Hence abrasion just east of the
estuaries occurs at a slower rate than is expected, regarding the celerity
of 1.5 km/year.

At the west side of the estuaries advance and retreat of the position
of the 2-meter isobath appear to have no connection with the westward
shifting mudflats. The 2-meter depth contour shows a comparatively
fixed position that at intervals is changed for a number of years. This fix-
ed position is possibly caused by the higher current velocities west of the
estuaries due to river discharge during ebbtide, which prevents the silt

Fig. 14. Variation of the location of the 2-meter isobath around the Surinam River estuary
from 1944-1973.
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from settling down. Sedimentation therefore is restricted to a narrow strip
along the shore. Unfortunately the observations do not cover the transi-
tion to the "normal" erosion-accretion cycle.

The influence of the riverdischarge is confirmed by the sudden increase
in distance to the 2-meter depth line west of the Surinam River embouch-
ure after 1966 (see fig. 14), the year in which the hydro-electric station at
Afobakka was put into operation. Since the Surinam River wet season
peak discharge is under control, the peak flow velocity has diminished
and this resulted in an increase of sedimentation, not only in the estuary
itself (BLEs & DE HARTOG 1968) but evidently also just west of it.
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III THE SEDIMENTS IN THE AREA OF INVESTIGATION

Ill-i GENERAL ASPECTS OF THE SEDIMENTS

III-1.1 Introduction

To obtain quantitative information concerning general aspects of the
prevailing sediments, samples were collected and analysed a.o. grain-
size distribution, (heavy) mineral composition, clay mineral composition,
water content, calciumcarbonate content, salt content, pyrite content,
pH. The analysis methods are explained in the discussion of the corres-
ponding results.

III-1,2 Nomenclature and classification

The triangle diagram of SHEPARD (1954) has been used for the textural
classification of the elastic sediments. As fig. 15 shows the sediments can
be divided into two types: clay and sand. These rarely appear to mix.

The deposits contain a rather large quantity of shells apart from quartz
sand and clay. This material has been omitted from the textural classi-
fication for reasons of general comparability. Therefore the sample pre-
paration for the granular analyses includes treatment with HC1 10% to
remove soluble components such as carbonates. Moreover shells and shell
fragments behave, due to their low specific gravity and their shape, as
particles with equivalent hydraulic diameters which are much smaller
than quartz grains of the same size.

A triangle diagram with axes for fine (50-150 p.m), medium (150-420
p.m) and coarse (420-2000 p.m) sand, shows two types of sandy deposits.
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day
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Fig. 15. Textural classification of the elastic coastal sediments, using the classification
diagram of SHEPARD 1954.

sots,

420-2000 mrn 150-420,um

Fig. 16. Classification of the coastal sands using a triangle diagram with axes for fine,
medium and coarse sand.

Fig. 16 shows that there is a medium to coarse grained sand and a fine
sand. Even here, mixing seems to be very rare.

The two types of sand can be distinguished not only by their granular
composition but also by their colour. On the "standard soil colour chart"
(Ov Alva & TAKEHARA 1967) the medium to coarse sand ranges from light
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to dull yellow orange grayish yellow brown (hue 10YR, values 5-8,
chroma 2-4). The colour of the fine sand when winnowed from the mud
is gray, grayish olive to (dark) olive gray (5Y 4-6/1-2, 4GY 4-5/1 and
5GY 4-5/1). Under oxydizing conditions (e.g. in cheniers) the fine sand
usually appears in colours such as brownish gray (10YR 4-6/1) grayish
yellow brown (10YR 4-5/2) and brownish black (10YR 3/1-2). The co-
lours were determined on wet material.

III- 1 .3 Distribution of the sediments

In fig. 17A a sketch of the horizontal distribution of the sediments is
shown. Obviously clay is the dominant sediment in the investigated part
of the shelf and the adjacent land. The coastline is marked by a more or
less discontinuous chenier, built up of sand and shell material. This is
also true for the fixed ridges in the immediate landward area.

/7A

"-

clay.

medium to coarse, yellowish sand

fine, green brown sand
,1 dominant

shells and shell fragments!-2 dispersed through the sand or
concentrated in layers

3 subordinate

Fig. 17. A : Schematical distribution of the clay and sand deposits along the Surinam coast.
B: Bulk composition of coarse-grained constituents (>50 [.i.m) in the coastline deposits.
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The medium to coarse sand prevails in the eastern part of the Surinam
coast. The fine sand, present in lesser quantities, is practically restricted
to some local accumulations in the western part of the coast. In the central
part there is a transition zone.

Shells and shellfragments appear along the whole shore. In the most
eastern part, their quantity is less conspicuous due to the great supply of
sand. Westwards they are increasingly dominant. The general trend in
sand and shell mixture is shown in fig. 17B.

The fine textured deposits (smaller than 50 pm) contain small quanti-
ties of shells and shellfragments, coarse silt, and fine sand. The latter had
also been found by I JZERMAN (1931).

III-2 THE GRAINSIZE DISTRIBUTION

III-2.1 Method of analysis

The grainsize analysis of the sediments was carried out using a combined sieve-pipette
method.

Samples of 20 grs were pre-treated with H202 30% to remove the organic matter and
afterwards with HC1 10% to dissolve other soluble components such as carbonates and fer-
ric oxides. After separation by means of wet sifting into particles finer and coarser than 50
micron, the sand (50-2000 nisi) was fractionated in an electric sieve-shaker, containing 12
sieves with woven meshes. The diameters used were: 2000, 1400, 1000, 850, 600, 420, 300,
210, 150, 105, 75 and 50 micron. The portion smaller than 50 pin, which was suspended in
distilled water, was stored in a sedimentation cylinder (1000 ml). Grains smaller than 50
[Lm which had remained in the coarser part during the wet separation, but that had passed
through the 50 [Lm sieve when dry, were added to this sedimentation cylinder. A peptizer
(Na4P207. 10H20 Na2CO3) was added in order to disperse the clay particles. The frac-
tions <50, <32, <16, <8 and < 2 (,tm were collected with a 20 ml pipette. This method is
based on the settling velocity of small particles.

After drying and weighing of the sieve and pipette fractions (carried out according to
standard procedure) the weights were converted into percentages of the total weight and
expressed as the grainsize distribution of the samples.

II1-2.2 Graphical representation and statistical values

Cumulative frequency curves were used to express the grainsize distribution of the va-
rious sediments. Histograms were only used in some special cases. A zone diagram was con-
structed for the clay samples.

In the graphs the size diameters are shown on a logarithmic scale along the X-axis. The
weight percentages are given on a Gaussian probability scale along the Y-axis. The size
boundaries are given in microns and in 0-values. = 21og diameter in mm; KRUMBEIN
1934, 1938). A comparison of the 0-scale with the micronsize scale is given in table 7.

Grainsize distribution parameters can be computed by two methods. As has been proved
the statistic-mathematical method is far more accurate than the graphical one (KoLDIJK
1968, DEPUYDT 1972). Therefore in this study the statistical moments analysis is used for
the calculation of the mean grainsize, the standard deviation (sorting), the skewness and
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TABLE 7

Conversion table micron scale.

micron-scale 0-scale micron-scale 0-scale

2000 1.00 150 +2.74
1400 0.49 105 +3.25
1000 0 75 +3.74
850 +0.24 50 +4.32
600 +0.74 32 +4.97
420 +1.25 16 +5.97
300 +1.74 8 +6.97
210 +2.25 2 +8.97

the kurtosis. The calculations are made using the method of SEWARD-THOMPSON & HAILS
(1973), which has the advantage (in view of the employed sieve set (chapter III-2.1)) that
all available data, obtained from standard textural analyses, are used, regardless of phi
intervals. The computations are performed by computer (CYBER 73/28). The program in
question (Algo1-60 PSR 348.LM) was published by HOF & VAN VECHGEL (1975).

The deduction of the statistic-mathematical grainsize parameters is as follows :

1

The nth moment of the distribution an = (f.

The first 4 moments are : =
M2 = 662 al 2

TJ.43 = oc3 3oc1.oc2 2a1.3
1124 = oc4 4061.4c3 60C12.cx2 30z14

The arithmetic mean grainsize (X 0) =
The sorting, skewness and kurtosis are functions of the moments m2, m3 and m4:

sorting (standard deviation) cro -Vm2
skewness (degree of asymmetry) ce34, = 1113/m21-5
kurtosis cc44, m4/m22.

In order to normalize the kurtosis value a so called normalized kurtosis was calculated
(Fora & WARD 1957 in : FOLK 1966).

a40
oc40 + 1

At the same time the mode (= maximal frequency) and the median (= 50 percentile) are
determined in the computerprogram.

Another statistical value is the q-value, introduced by HIsSINK (1929) and later used e.g,
by Zone (1936, 1951), WIGGERS (1955), BAKKER & MULLER (1957), DE SMET (1962).

fraction < 2 pm
q fraction < 16 p.m

BAKKER & MULLER (1957) introduced the q'-value:

fraction < 2 p.m
q' .100fraction <50 p.m

Before using the data graphically or statistically it is necessary to know
the degree of reliability. Errors can be made by:
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sampling procedure;
pre-treatment and sieve-pipette procedure;
weighing and calculating ;

graphical representation of the results.
Although in a few cases samples were taken from single laminae, the

bulk of the samples were mixtures of several laminae. The latter were usu-
ally taken from single beds, to be defined as sedimentation units formed
under essentially constant physical conditions and under constant delivery
of the same material during deposition (REINECK & SINGH 1973). How-
ever, samples were sometimes taken from composite beddingsets, consist-
ing of two or more types of beds of differing nature, but related geneti-
cally (REINECK & SINGH 1973). This is particularly the case for most of
the sand containing clay samples. In the latter, when a soil gouge is used,
sandy intercalations, even of very small proportions, can be distinguished.
This is quite impossible when a soil auger or a "van Veen" grab (above
the shelf) is used. This means that the samples collected with the aid of a
soil gouge are generally less disturbed and sandy laminae of any impor-
tance, although unintentional, are omitted from the sampling. Thus some
of the samples collected with a "van Veen" grab off the coast near Mata-
picca (13M) (sample 117) and Katkreek (12) (samples 196, 209 and 214)
do not cover the silty clays and clayey silts of the used classification sys-
tem (chapter 111-1.2). Initially they looked like pelites but they probably
contained some well-proportionated sandy laminae, which due to sampling
procedure, were mixed with the finer material.

Possible errors inherent to the methods used (sieving, pipette-method
and the combination of both) were discussed by KRUMBEIN & PETTIJOHN
(1938) and were not considered to be very important. POELMAN (1965)
mentions in this context an absolute error of 1.2%. To find out the ef-
fect of errors which could occur during the pre-treatment, the sieve-
pipette procedure and the weighing procedure, one clay sample was split
up into six and one sand sample into eight portions. These were each sub-
jected to the complete laboratory procedure. The results are given in table
8 and fig. 18. These show that this error is rather small, particularly in
the central part of the distribution. It becomes greater by the smaller
values in the tails.

Conversions of weights to cumulative weight percentages and from those
to the statistic-mathematical parameters have been performed by com-
puter, thus reducing calculation errors. They are listed in chapter 111-2.5.
Since the errors made during the pre-treatment, the sieve-pipette proce-
dure and the weighing procedure are relatively small, the values of the
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TABLE 8

Deviations in the weight percentages per size grade for a sand sample
split up eight times and a pelite sample split up six times.

n = number of portions

size grade a al% °Amax. °Amin.
in van

sample 254 1400-2000 0.18 0.08 0.47 0.33 0.05
n = 8 1000-1400 0.51 0.09 0.18 0.62 0.38

850-1000 0.96 0.20 0.20 1.36 0.72
600- 850 4.75 0.37 0.08 5.56 4.37
420- 600 15.59 0.74 0.05 16.50 14.40
300- 420 26.35 0.50 0.02 27.00 25.32
210- 300 32.45 0.81 0.02 33.75 31.10
150- 210 17.56 0.81 0.05 18.75 16.53
105- 150 1.59 0.19 0.12 1.89 1.37
75- 105 0.08 0.02 0.21 0.10 0.05
50- 75 0 0 0

sample 206 32- 50 0.45 0.25 0.55 0.69 0
n = 6 16- 32 2.22 0.71 0.32 3.17 1.06

8- 16 14.50 1.05 0.07 16.53 13.33
2- 8 42.56 1.86 0.04 45.82 39.73

<2 40.27 1.55 0.04 43.20 38.83

TABLE 9

The grainsize parameters of eight split up portions of sand sample 254.

sample
number

Mo

Pn-
Md

ti-111

Mz

Fon

Mz

S6

Sk K K' So

0
254-1 271 295 312 +1.68 -0.54 3.38 0.77 0.61
254-2 271 297 313 +1.67 -0.49 3.25 0.76 0.62
254-3 264 287 304 +1.72 -0.44 3.01 0.75 0.60
254-4 275 300 316 +1.66 -0.47 3.23 0.76 0.62
254-5 269 292 309 +1.70 -0.44 3.07 0.75 0.62
254-6 275 303 320 +1.65 -0.45 3.06 0.75 0.63
254-7 267 290 307 +1.71 -0.58 3.52 0.78 0.63
254-8 269 294 311 +1.69 -0.45 3.13 0.76 0.60
mean value 270 295 312 +1.69 -0.48 3.21 0.76 0.62
a 4 5 5 0.02 0.05 0.16 0.01 0.01

calculated parameters also show little spreading (table 9). Other derived
parameters (q- and q'-values e.g.) were calculated by hand.

With regard to the graphical representation a balance must be found
between the scale of the graph and the thicknes of points and lines.
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Fig. 18. Zone diagrams for a sand sample (254) split up eight times and a pelite sample
(206) split up six times.

II1-2.3 The line sediments

Pelite, the collective name for terrigeneous deposits consisting mainly
of particles smaller than 50 p.m, is the dominant sediment of the Young
Coastal Plain. Acoustical and sampling surveys revealed that on the Su-
rinam shelf a pelite belt extends as far as approximately the 25 m depth-
contour (Nom 1967, 1971).

The theory that the Amazon mainly contributed to the alluvial sedi-
ments of the Guianas was first expressed by LYELL (1832) and supported
in later years by many authors (REYNE 1961, ALLERSMA 1968, EISMA &
VAN DER MAREL 1971). IJZERMAN (1931) and ZONNEVELD (1954) agreed
to LYELL'S theory as far as it concerned the material in suspension, but
thought the sand to be of local origin.

Different views were postulated by Delft Hydraulics Laboratory (1962)
and BAKKER (1963). The former regarded local erosion as an important
source. BAKKER suggested a transatlantic transport of mud from the west
coast of Africa to the north coast of South America, to explain the pre-
sence of illite and montmorillonite in an environment that was expected
to be kaolinitic. This view however was not supported by observations at
sea by VAN BAREN & VON M. HARMSE (1969), who studied the clay mine-
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ralogy of the suspended particles in the region concerned in the Atlantic
Ocean.

The explanation for the illite and montmorillonite occurrence is taken
from GIBBS (1967) who calculated that 82% of the sediment brought to
the sea by the Amazone, was supplied by only 12% of the Amazone drain-
age basin, namely the mountainous parts (i.e. above the 500 m level)
under physical weathering conditions. The clay mineralogical composition
of the young alluvial deposits therefore deviated from that of the soils
under tropical rainforest in the lower parts of the drainage basin, where
chemical weathering predominates. This was demonstrated by EISMA &
VAN DER MAREL (1971) who, moreover, showed the strong resemblance
of the clay mineralogical composition of the young alluvial Amazone se-
diments to the fine textured coastal deposits of Surinam. The studies of
EISMA & VAN DER MAREL (1971) and of TJOE AWIE (1975) have cogently
indicated the Amazone River as the source of the suspension sediment at
the Surinam coast. The clay mineralogy of these sediments will be treated
in more detail in chapter 111-3.2.

Since the grainsize composition of the fine textured sediments is rather
uniform it is presented as a zone diagram (fig. 19). From a sedimentological
Point of view such a diagram has only limited value. The grainsize distri-
bution of a sediment is mainly determined by the grainsize composition
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Fig. 19. Zone diagram for 142 pelite samples.
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of the source material and the complex hydrodynamical conditions during
sedimentation (TJOE AWIE 1975). However, fine mineral particles floc-
culate in salt water (a.o. VAN OLPHEN 1963). Aggregates are then formed
with sinking rates considerably higher than those of the single particles.
Moreover, the flocsize is governed by the concentration of the suspended
sediment and by the water turbulence. In chapter IV-1.1 this will be
treated in detail.

The q-value is often used as a sensitive parameter for clayey sediments.
It is considered to be an indicator of the salinity of the depositional en-
vironment of recent pelitic sediments. This lutum/silt ratio for the Dutch
marine deposits usually lies between 65 and 70 (ZuuR 1936, 1951, WIGGERS
1955, DE RIDDER 1957, DE SMET 1962). BAKKER (1955) who postulates
the q-value between 60 and 70 as characteristic for young coastal clays
from different parts of the world, mentioned a q-value of 67 for a sample
of Wia-Wiabank. He found the lutum/silt ratios to be much lower (28-50)
in the brackish environment. PONS (1966) mentioned values of 65-70 for
the lutum/silt ratio of the suspended load in the coastal waters of the three
Guianas, which also contained 0-5% of the size fraction 16-50 p.m (some-
times increasing till 10%).

The mean q-value calculated from 161 clayey samples, which at least
contain 10% of the fraction smaller than 2pm is 51 with a standard de-
viation of 9 (see table 10). This is considerably lower than the value men-
tioned by BAKKER for the sample of Wia-Wiabank and the values given
by PONS. The values appear to lean towards the range of brackish water
sediments. Calculations from TERWINDT'S (1971) data show that the lu-
tum/silt ratios for pelite deposits of the Dutch coastal waters sometimes
also deviate from the general used values for marine sediments. It is there-
fore questionable if the q-value may really expected to be a universal en-
vironmental parameter. In chapter IV-1.1 this will be elucidated further.

The key areas were compared, and a westward increasing tendency
in q-value has been recognized, although the differences are not very large.
These differences can be partly attributed to the influence of the riverain
fresh water on the salinity of the coastal waters, to which has been referr-
ed in chapter II-1.5.

When flocculated silt particles meet water with a decreasing salt con-
tent, they may be peptonized. This has been suggested by MULLER & VAN

RAASHOVEN (1947) and ZUUR (1951). As a result the subfractions of the
silt will behave independently. The smallest particles, which hardly
ever settle, can be transported more easily than coarser particles, thus
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resulting in a decrease of the q-value. This effect is greatest in eastern
Surinam owing to the large discharge of the Marowijne River, particularly
during the rainy seasons. Local differences in water turbulence and silt
concentration (treated in chapter 11-1.3 and 11-1.6 respectively), will
contribute to the variations. Remarkably enough in key areas with rela-
tively high waves and low silt concentrations (Matapicca (13M), Hamil-
ton (5), Friendship (4)) the lowest percentages of the fraction 16-50 pm

fraction 16-50 innhave been found (k3-value . 100; table 10).
fraction <50 p.m

Generally the fraction 16-50 inn, and of this particularly the subfrac-
tion 32-50 p.m, is only rarely present. Therefore the q'-value almost equals
the q-value (table 10). This may be due to the greater fall velocity of
particles coarser than 30 tim, which move as single grains compared to
flocs of the same equivalent particle size and which settle with smaller
velocities because of their shape.

There is an obvious relation between the lutum percentage and the q-
value of sediments classified as silty clay or clayey silt. An increase in
lutum content is accompanied by a comparable increase of the lutum/silt
ratio (see fig. 20). The clayey samples which could not be classified as silty

100

q qq1u.

90

70

20

10
samples classified as silty clay or clayey silt
samples with less than 20 % clay particles

10 20 30 40 60 60 70 80 90 100
lutum %

Fig. 20. The q-value of 161 clayey samples of the Surinam coast plotted against their
corresponding lutum content. The drawn line is the theoretical lower boundary of the

relation.
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clay or clayey silt show more spreading in the relation just mentioned.
This is usually caused by mixing of clayey and sandy material. In this
case the lutum content, expressed in percentages of the mineral consti-
tuents has diminished whereas the q-value remains equal.

To avoid these problems, TERWINDT (1971) calculated the three frac-
tions: smaller than 2m (a), 2-16 pm (b) and 16-50 m (c) assuming them
to total 100%.

k1 =
a. 100

a + b c

b . 100 c. 100
k2 k3 =a + b + c a + b + c

He used these three values as an index to characterise the pelite con-
cerned. The values for the Surinam pelites are given in table 10. There is
generally an increase in lutum content (k1) to the west. This agrees with
the proposal that the Marowijne River water influences sedimentation in
the coastal waters of eastern Surinam.

TABLE 10

The q-value, the q'-value, the q'/q-ratio and the kl, k2 and k3-values of the
clayey deposits from the various key areas and for the entire coast.

They are presented as the mean of at least 10 samples, indicated by a dash above the sym-
bol. The standard deviation is given in brackets; n is the number of samples.

key area n
-1/ 4'4 hi k2 h3

Eilanti-17 1

Bigi Santi-14 17 49 ( 9) 45 ( 9) 0.92 45 ( 9) 48 ( 8) 7 (5)
Matapicca-13M 45 50 ( 8) 49 ( 9) 0.98 49 ( 9) 48 ( 9) 3 (4)
Katkreek-12 30 46 ( 6) 43 ( 9) 0.96 43 ( 7) 51 ( 6) 6 (5)
Weg-naar-Zee-10 2
Popokaimama-9 4
Hamilton-5 12 51 ( 4) 50 ( 5) 0.98 50 ( 5) 47 ( 5) 3 (6)
Friendship-4 11 51 ( 6) 50 ( 6) 0.98 50 ( 6) 49 ( 6) 1 (2)
Bucklebury-3 11 54 ( 8) 51 ( 8) 0:95 51 ( 8) 44 ( 8) 5 (3)
Nw. Nickerie-1 28 54 (13) 51 (13) 0.96 51 (13) 42 (11) 6 (7)

Surinam coast 161 51 ( 9) 40 (10) 0.96 49 (10) 47 ( 8) 5 (5)

The low sand content of the pelite deposits was already noticed by
I JZERMAN in 1931. MIGNIOT (1968) found that 2% of the estuarine mud of
the Mahury River (French Guiana) was coarser than 50 rn. The average
sand content of 142 silty clays and clayey silts of the Surinam coast ap-
pears to be 1.0% = 1.7). If the sand contents of the deposits in the va-
rious key areas are compared, salient differences can be seen (table 11).
These seem to be linked up with processes of sedimentation and abrasion.
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Low sand contents are found in key area Bigi Santi (14) where most of
the samples originate from the accretionary part of the mudflat near
Oranjekreek. In key area Nw. Nickerie (1), also characterised by a low
sand content, most of the samples were taken from the accretionary
part of the mudflat at the height of the Nickerie River embouchure and
from a saltpan at the same mudflat some 10 km to the east. In areas where
abrasion prevails higher values were found. The sand content is fairly
high at Katkreek (12) where the samples were collected (in 1966) at the
isolated remains of a mudflat which are under severe erosion. The man-
ner in which the sand is stored in the pelite deposits will be discussed in
chapter IV-1.4.

TABLE 11

Average sand percentages for coastal pelites in different key areas.

n = number of samples; standard deviation in brackets.

key area n % of sand

Bigi Santi-14 14 0.4 (0.7)
Matapicca-13M 41 1.1 (1.6)
Katkreek-12 24 2.5 (2.7)
Hamilton-5 12 0.8 (0.7)
Friendship-4 10 0.9 (1.3)
Bucklebury-3 10 0.8 (0.5)
Nw. Nickerie-1 27 0.3 (0.4)

These figures show that it is not correct to use mean values of sand con-
tent for extensive areas as did ALLERSMA (1968) when he assumed that the
chenier sand in the Surinam coastal plain originated from the marine pelites.
His argument was the similarity of the estimated portion of sandy chenier
sediments in terms of the total coastal plain deposits with the sand con-
tent MIGNIOT (1968) had found in an estuarine mud sample from French
Guiana (2%). Heavy mineral analyses prove that this theory can easily
be rejected (chapter 111-4.4).

111-2.4 The coarse sediments

In chapter 111-1.2 two types of sand a medium to coarse and a fine
sand were distinguished with the aid of a triangle diagram (fig. 16).
This distinction can also be demonstrated by scatterplots in which mean
grainsize, sorting, skewness and normalized kurtosis are plotted by pairs
(fig. 21). All plots prove the local differences between the two sands. Both
types of sand will be treated separately.
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Fig. 21. Scatter plots of the various grainsize parameters.
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A. The medium to coarse sands
The original theory was that the sand of the cheniers was supplied by the local rivers

(I JzEENIAN 1931, GEIJSKES 1952, BROUWER 1953, ZONNEVELD 1954, VAN DER EYK 1957,
VAN DER VOORDE 1957, VANN 1959). This was mainly based on the position of the large bun-
dles of cheniers in relation to the mouths of the northward flowing rivers. There is conclus-
ive evidence from mineralogical data that the sand of the cheniers in the eastern part of
the Young Coastal Plain originate from the Marowijne and from the coast of French Guiana
(KIEL 1955, KROOK 1969). The present investigation demonstrates that this sand some-
times has a local admixture of sand from the pelite deposits off the coast. A detailed expla-
nation of the mineralogical composition of the medium to coarse sands is given in chapter
I11-4.

The water-borne medium to coarse sand along the coast

If the Marowijne River and the coast of French Guiana are considered to
be the source of the medium to coarse sand, the path of the grainsize dis-
tribution of the water-borne chenier sands can be followed in the direction
of transportation (i.e. to the west). Mean grainsize, sorting, skewness and
normalized kurtosis, averaged for the distinct key areas, are therefore

skewness+
norm. kurtosis

......------

mean grainsize+
sorting 0

----- Mean grainsize
Skewness

Normalized kurtosis

Sorting

1 9

PopakMmarna

00 112
113

Weg-naar-Zee

Katkreek

117

1

lvt9tapicceKrotajapassi Bigi santi I

0 25 km

2.0
1.5
1.0
0.5
0
0.5
1.0

Fig. 22. The path of the mean grainsize, the sorting, the skewness and the normalized kur-
tosis of the medium to coarse sands along the eastern part of the Surinam coast. The
key areas are indicated by circlets. The number of samples used per key area are :

Eilanti (17) :24 Matapicca (13M) :33
Bigi Santi (14) :20 Katkreek (12) :21
Krofajapassi (13K) :9 Weg-naar-Zee (10) :24
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plotted againt their respective geographical ppsition (fig. 22). The useof these four grainsize parameters is particularly aimed at indications ofthe sedimentary environment which they may reveal. The mean grain-
size is generally thought to represent the average velocity of transporta-
tion. The range of the fluctuations in the velocity might in that case berelated to the grainsize distribution of the sediment and can be indicated
by the degree of sorting. An asymmetry in the velocity distribution thenyields an asymmetry in the related grainsize distribution, which is ex-pressed in the skewness. The kurtosis may provide information concerning
admixture to and truncation of the grain population, thus pointing to the
rate of fluctuation in the extremes of the velocity range. The paths of the
four graphs (fig. 22) show a marked break between Krofajapassi (13K)
and Matapicca (13M). In the period 1966-1968, when most of the samplesin these key areas were collected, the coastal area between Krofajapassi
(13K) and Matapicca (13M) was characterized by discontinuous chenierdeposits, with many indistinctive wash-over fans at the landside. Thispoints to a reduced supply of sand along the shore in that area. In thevicinity of the entrance of the Matapicca-channel, however, much sand,
derived froman old chenier now being eroded (see Plate XVII) is available.This chenier was already present at the time when the plantation AnnaCatharina was established in the seventeen nineties (from the Surinaamse
Almanak, 1793 and 1796) and the sand is relatively coarse and well-sorted.
Table 12 shows that it is obviously not related to the present supply fromthe east. The sand of the presently developing chenier at Matapicca (13M)shows great similarity with that of the old deposit (fig. 23). Therefore thefresh chenier sediments at Matapicca (13M) must have been providedmainly by the old abraded chenier.

If fig. 22 is to be reconsidered and if the above explanation is taken into
weight
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Fig. 23. Comparison of the grainsize composition of the sand from the recent chenier (A)and from an older chenier (B) under abrasion at Matapicca (13M).
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account, the mean grainsize appears to tend to decrease (= increasing
yt. value) in a westward direction. This fall in mean grainsize is not caused
by a hydrodynamic controlled decrease in mean transport capacity along
this part of the coast, since such a decrease has not been found. The reason,
apart from differences in exposition of the coast against the open sea, is
that time is too short to provide the shore with a more or less homogeneous
sediment, due to the presence of the westward migrating mud flats, which
continually detain parts of the cheniers. As the slower grains (i.e. the coar-
ser and heavier ones) are overtaken easiest, the finer and lighter ones are
able to migrate over larger distances. Finally this process leads to a dimin-
ishing of the total mass of sand (fig. 17B), a decrease of the mean grain-
size (fig. 22) and a fall in the heavy mineral content (fig. 31) in a west-
ward direction.

The skewness, still positive in key area Eilanti (17) adjacent to the
Marowijne estuary, clearly shows a negative trend in the direction of trans-
portation, which agrees with statements in literature (FRIEDMAN 1961,
DEPUYDT 1972). The skewness is not related to a minimum level of wave
energy, which should prevent the settling of the finest sand fractions
(DEPUYDT 1972), as fine sand deposits occur along the Surinam coast,
sometimes (particularly in west Surinam) even in large quantities.

The negative trend will be due to the same process described above,
as the shift of the modus towards the finer fractions not only causes the
decrease of the mean grainsize, but also the lagging behind of the coarser
grains, providing the grainsize distribution with an extending coarse tail.
This agrees with the behaviour of the kurtosis, which is generally slightly
leptocurtic but with a tendency to diminish, except in key area Weg-naar-
Zee (10). There, the grainsize distribution is truncated at the coarse as well
as at the fine end, both because of the proximity of the Surinam River
estuary : the former probably due to problems in estuary crossing, thelatter to the stronger currents caused by the supply of westward deflecting
river water thus preventing the finest particles to settle.

For the same reason the sorting index at Weg-naar-Zee (10) is better
than in almost all other key areas of eastern Surinam. The increasingly
negative skewness and the diminishing peakedness of the grainsize dis-
tributions already point to a decrease in sorting in the direction of trans-
portation. The grainsize range of 100-200 p.m does not show the best
sorting, since along the Surinam coast the sorting appears to become poor-
er with decreasing mean grainsize. This disagrees with the current results
(FOLK 1966, INMAN 1952, WALGER 1962). Although low energy environ-
ments generally seem to yield less well sorted sediments (FTICHTBAUER
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& MULLER 1970), the, trend in the degree of sorting of the medium to
coarse sands under consideration will be determined by the effect of the
westward migrating mudflats.

The water-borne medium to coarse sands perpendicular to the fore-
shore/foreslope

During high tide waves break above the lower part of the foreshore
(foreslope), whereas at the higher part swash/backwash processes are ac-
tive. Since the foreshore (foreslope) is usually narrow (ranging from a few
meters to a few tens of meters), and differences in wave energy, in gra-
nular composition of the sediment (particularly the content of shell clas-
tics) and in orientation of the foreshore (foreslope) towards the direction
of wave propagation are relatively small, a uniform behaviour of the
sand in the direction perpendicular to the shore may not be expected.
For this reason little attention was paid to sampling focussed on this
subject. In the following only some general aspects will be treated.

Although the paths of the grainsize parameters in the transverse di-
rection are sometimes even opposite, the mean grainsize usually decreases
to the crest of the chenier, as already noted by BAKKER (1957). By breaking
waves suddenly lose their transportation energy (SCHIFFMANN 1965 in:
INGLE 1966) and previously transported coarse grains will settle immediate-
ly. This process will be reinforced when the backwash strikes the incoming
water (MILLER & ZEIGLER 1958, SCHIFFMANN 1965 in: INGLE 1966). The
crestward diminishing mean grainsize points to a decrease in transporting
energy so that the influence of the surf seems to dominate the swash/
backwash effect. The minor influence of the swash/backwash process is
also reflected by the sorting values that, even at the higher parts of the
foreslope, are relatively poor, although swash/backwash is usually a highly
selective process (DEPUYDT 1972).

Sorting at the seawardmost part of the foreshore (foreslope) is some-
times rather poor. At Krofajapassi (13K), in 1967-1968 an area with re-
latively high waves, the sediments concerned (eight samples) have bi-
modal grainsize distributions, which according to SCHIFFMANN (1965 in :

INGLE 1966) is caused by a high content of coarse lag grains. Skewness
and kurtosis show great contrasts in trends and have therefore not been
taken into account.

As an example a foreslope profile at Eilanti (17) will be treated briefly
(fig. 24). The width is 15 meter and the angle of inclination is about 70
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Fig. 24. The grainsize parameters along a cross section of the chenier foreslope at Eilanti (17).

There 10 sample points: 9 true water-borne sands and 1, from the high-
est position, possibly influenced by eolian activity. The parameters of the
granular composition concerned are given in separate graphs. A difference
between the values on the seawardmost and shorewardmost parts of the
foreslope can be seen. Only the mean grainsize shows a more or less consis-
tent upslope decreasing tendency. Generally however the seawardmost
part, under the influence of breaking waves, shows far more irregularity
than the shorewardmost part under swash/backwash. This matter will
be treated more extensively in chapter IV-2.

The medium to coarse wind-borne sands

Probably due to the small fetch, wind deposits on the cheniers are re-
stricted to small initial dunes with heights of about half a meter, which
only develop in the presence of vegetation (Sesuvium portulacastrum). If
the parameters of the granular composition of sand from an initial dune
are compared with those of the water-borne sand from the same key area
Krofajapassi (13K) (see table 12) the initial dune sands appear to be
generally finer and to have a better sorting. They are almost symmetrical
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TABLE 1 2

Grainsize parameters of the medium to coarse textured sand, averaged for
the different key areas in eastern Surinam.

N = number of samples ; standard deviation in brackets.

N sample area Mo

Fun

Md

m

Mz

P-In

Mz

46

Sk K K' So

24 Eilanti-17 666 608 582 0.89 +0.74 5.38 0.80 0.63
(water-borne) (414) (262) (221) (0.59) (0.80) (3.78) (0.10) (0.22)

23 Bigi Santi-14 269 290 305 1.77 0.33 3.11 0.75 0.76
(water-borne) (121) (111) (96) (0.40) (0.44) (0.56) (0.03) (0.16)

9 Krofajapassi-13K 199 261 288 1.84 -0.46 2.48 0.73 1.13
(water-borne) (121) (103) (64) (0.31) (0.48) (0.73) (0.0) (0.20)

6 (wind-borne) 252 250 251 2.03 -+ 0.11 3.25 0.77 0.42
(61) (58) (55) (0.34) (0.28) (0.33) (0.02) (0.05)

34 Matapicca-13M 433 437 442 1.27 +0.14 4.06 0.77 0.53
(water-borne
recent chenier)

(197) (198) (201) (0.46) (0.53) (4.77) (0.05) (0.09)

(water-borne 434 437 433 1.23 +0.28 3.23 0.76 0.68
old chenier) (113) (79) (71) (0.24) (0.20) (0.10) (0.01) (0.10)

25 Katkreek-12 414 409 406 1.38 -0.06 3.01 0.74 0.85
(water-borne) (320) (207) (144) (0.46) (0.55) (0.84) (0.03) (0.22)

24 Weg-naar-Zee-10 249 272 291 1.80 0.53 3.88 0.78 0.56
(water-borne) (24) (40) (47) (0.25) (0.26) (1.25) (0.05) (0.13)

and show normal kurtosis values (about 3.00). It was not always possible
to make a distinction between water-borne chenier sand and initial dune
sand (see chapter IV-5.).

B. The fine sands

In the eastern part of the Surinam coast the fine sand predominantly
occurs both concentrated in laminae and spatially scattered in the
pelite deposits, and as a thin cover over the top. In the central and west-
ern parts of the coast, the fine sand also occurs as chenier deposit.

The broad range of occurrences, owing to settling under different hy-
drodynamical conditions varying from relatively quiet wave-conditions
to turbulent surf and swash/backwash environments together with the
small amount of samples, hamper a comparison between the different
key areas such as was made for the medium to coarse textured sands.
Particularly the sands which occur in the pelite deposits can hardly be
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collected without pelite admixture. This is a serious difficulty in finding the
lower boundary of the grainsize composition of the sandy sediment.

The samples of western Surinam generally originate from chenier sedi-
ments and from well-proportionated laminae in or at the pelite deposits.
Their granular composition usually includes coarse silt, chiefly of the sub-
fraction 32-50 p.m. Frequent admixtures of fine silt and clay are clearly
distinguishable. The samples of Popokaimama (9), collected from the pre-
sent chenier, have the same composition.

In eastern Surinam, part of the samples has been taken at the shelf with
the aid of a "van Veen"-grab (chapter 111-2.2). Therefore it is not exactly
known if the sand originates from one or more different single laminae
or single beds on or in the mud, and to what extent sandgrains scattered
through the clayey sediment are involved. Moreover, in these samples the
sand is surpassed by the finer material and so no answer can be given here
to the question which part of the coarse silt belongs to the sandy sediment
and which part to the pelite.

To enable the comparison of the samples, fractions smaller than 50 [an
have been left out of consideration. The parameters of the remaining san-
dy component, averaged for the eastern part of the coast : from Eilanti
(17) to Weg-naar-Zee (10), for Popokaimama (9) and for the western part
of the coast : from Coppenamepunt (7) to Nw. Nickerie (1) are given in
table 13.

Comparison indicates that the fine sands from the chenier at Popokai-
mama (9) are generally coarser than those from the pelite deposits in eas-
tern Surinam, which in turn are coarser than those from pelite deposits.

TABLE 1 3

Grainsize parameters of the fine textured sands, averaged for east Suri-
nam, Popokaimama and west Surinam

Fractions < 50 p.m excluded. N = number of samples; standard deviation in brackets.

sample area Mo
i.m

Md

[1'

Mz

t-tm

Mz

Sh

Sk K K' So

9 east Surinam
Eilanti-17 85 87 94 3.43 1.86 10.91 0.90 0.51
Weg-naar-Zee-10 (13) (12) (14) (0.21) (0 .95) (4.48) (0.04) (0.26)

5 Popokaimama-9 114 114 120 3.06 1.92 9.26 0.90 0.46
(8) (10) (3) (0.14) (0.44) (1.91) (0.02) (0.10)

10 west Surinam
Coppenamepunt-7 79 83 88 3.35 1.31 11.81 0.87 0.41
Nw. Nickerie-1 (15) (12) (15) (0.24) (1.10) (7.49) (0.09) (0.22)
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and cheniers in west Surinam. Chapter 111-4.5 demonstrates that the lat-
ter difference is caused by a small admixture of medium to coarse sand
from the cheniers between the Marowijne River estuary and Weg-naar-
Zee (10). This is confirmed by the skewness. Although a negative skew-
ness may be expected since the sediment has artificially been truncated,
the mean skewness value for the chenier sand at Popokaimama (9) is
more negative than that of the fine sands in east Surinam. The sand from
west Surinam has the least negative mean skewness. Consequently the
best sortings are found in west Surinam and the mean value is even rather
high owing to a few cases of winnowing, by which the subfractions in the
remaining sediment at the coarse side of the modal class have decreased
in importance. For that same reason the mean normalized kurtosis for
west Surinam is somewhat below that of Popokaimama (9) and east Suri-
nam. In general the kurtosis is extremely leptocurtic, which may partly
be attributed to the artificial truncation.

Based on mineralogical grounds it is assumed that the sands from west
Surinam are generally free of mixing phenomena. Sample 367 was an
exception to this. This may have been due to influence from the Nickerie/
Corantijn drainage basin. The figures of table 13 show that mixing at
Popokaimama (9) is more evident than in east Surinam. This is caused by
the mixing procedures in relation to the geographical environment.

At Popokaimama mixing is made possible by the in westward direction
decreasing quantity of medium to coarse sand being an effect of the migrat-
ing mudflats on that westward moving sand. As the quantity of this me-
dium to coarse sand, transported by beachdrift has diminished sharply at
Popokaimama (9), mixing with fine sand winnowed from the pelite de-
posits, is obvious. In east Surinam mixing in the chenier deposits has sel-
dom been found since there medium to coarse sand predominates. For an
example see fig. 33 (sample 221).

Admixture of medium to coarse sand in the coastal pelites occurs in two
different ways :

1. As waves surpass a critical steepness value, sand is transported in a
direction seaward of the surf (KING 1972). Seaward transport of sand is
observed locally in the Bigi Santi area (14), at Krofajapassi (13K) and
possibly in front of the Matapicca channel entrance (13M).

2. Drainage systems over parts of the shelf which fall dry at ebbtide
may supply the mud with sand derived from the nearby cheniers, where
they usually originate. At several places along the coast in small gullies,
which drain the mudflats or the muddy abrasion platforms and their
hinterland during ebbtide, a thin sandy bottomlamina was present. This
manner of mixing seems to be most important (chapter 111-4.5).
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111-2.5 Basic data on granular composition

See p. 70, 71, 72 and 73.

111-3 THE MINERALOGY OF THE PELITE FRACTION

In order to analyse the (clay)mineralogical composition of the coastal
pelite, fractions smaller than 2 p.m and 2-50 t_Lm were subjected to X-ray
diffraction. Supplementary evidence for the determination of the clay
minerals was obtained by differential thermal analysis. The chemical
analyses have been performed by means of the X-ray fluorescence method.
In addition the contents of carbonate, organic carbon and nitrogen of the
pelite have been determined. Carbon/nitrogen ratios have been calculated
and (soil) pyrite counts made.

111-3.1 Laboratory procedure

The clay fraction (smaller than 2v.m) was selected by decanting of the suspension follow-
ing Stokes law as an extension of the grainsize analysis (chapter III-2.1). The collected sus-
pension was centrifuged in order to separate the clay particles from the water + dissolved
Peptiser (chapter III-2.1). Subsequently the samples were dried and ground. In a number of
cases the fraction 2-50 t.an was also collected and treated as the clay fraction.

X-ray diffraction analyses of random powder specimens of the samples were mainly car-
ried out with a Philips X-ray diffraction equipment. A few samples were (also) analysed
With a Philips X-ray diffraction Camera (Debije-Scherrerpowder camera, diameter 1114.83
rnm). In both cases Co-radiation and Fe-filters were used (Xco- 1.7902 A).

The instrument used for differential thermal analysis was a Du Pont de Nemours model
990 thermal analyzer, consisting of a 1200°C DTA-cell with small platinum cups, and a
Honeywell-recorder. In the laboratory the constant heating rate for routine analysis was
20°C/minute. The thermal reactions of samples were measured from room temperature up
to 1100°C against a reference standard of white powdered A1203. Each sample was measur-
ed for about one hour and the electric furnace of the DTA-cell was allowed to cool for an-
other hour. In special cases the heating rate was brought down to 10°C or even 5°C/minute.
Air was used for most samples. The atmosphere could be changed to a vacuum or a stream
of nitrogen if necessary.

For the chemical analysis by means of the X-ray fluorescence method, a number of
samples was preheated during 4 hours at 900°C. Four hundred milligrams of each preheated
sample have been fused into a Li-borate pellet, with a calculated total weight of molten
material of 4400 mg for each sample. The pellets have been analysed for Na20, Mg0, P205,
Si02, A1203, K20, CaO, Ti02 and Fe203 contents, in this sequence, with the aid of a Philips
X-ray spectrometer.

For the determination of carbonate the samples were shaken with a concentrated HC1
solution in a "Scheib ler-apparatus" (Ho ESTEE 1963). The amount of CO2 released from the
samples was taken as a measure for its CaCO3 content. When this method is used no distinc-
tion can be made between calcium carbonate and several other carbonates.

For the determination of oxidizable organic carbon the "Walk ley-Black" method was
applied, with the use of K2Cr207 as an oxidizing agent.
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number mode
Aim

median
Aim

mean
gramsize

Aim

mean
grainsize

0
skewness kurtosis

norm,
kurtosis sorttning

1 442 326 331 +1.60 -0.08 +2.53 +0.72 +0.802 458 .43 443 +1.17 +0.36 +4.57 +0.82 +0.743 182 183 189 +2.41 -0.51
+0.33

+6.88 +0.87 +0.364 636 693 687 +0.54 +3.22 +0.76 +0.745 181 336 332 +1.59 +0.10 +2.55
+3.34

+0.72 +0.706 1333 1178 844 +0.25 +1.41 +0.77 +1.33
+0.74
+0.44

7 1805 1056 982 +0.03 +0.54 +2.18 +0.698 337 331 331 +1.59 -0.21 +4.17 +0.819 221 231 243 +2.04
+1.85

-1.14 +6.07 +0.86 +0.55
+0.50
+0.58

10 259 267 277 -0.38 +3.37
+2.69

+0.7711 308 304 308 +1.70
+1.51

-0.11 +0.73
+0.73
+0.81

12 399 359 351 +0.35 +2.69 +0.5713 475 .41 416 +1.26 +0.89 +4.21 +0.5314 497 489 438 +1.04 +1.88 +15.62 +0.94 +0.25
+0.60

15 531 542 541 +0.89 +0.93 +5.18 +0.84
+0.90
+0.85

16 524 540 561 +0.83 +0.92 +9.13 +0.4117 665 742 714 .0.49 +1.13 +5.49 +0.6818 700 816 799 +0.32 +1.15
+1.29

+6.09
+7.12

+0.86
+0.88

0.6619 744 382 858 +3.22 +0.5920 703 754 643 +0.64 +1.02 +3.24 +0.76
+0.80

+0.99
+0.96
+0.65

21 165 176 218 +2.20 -1.35 +3.89
+4.83

22 132 145 168 +2.57
+3.97
+4.28

-1.13 +0.8323 57 59 64 -3.69 +19.53 +0.95 +0.8524 58 58 52 +2.55 +12.74
+2.41

+0.93 +1.3025 2 2 2 +8.66 -0.54 +0.71 +1.4226 187 198 226 +2.15 -1.79 +6.44 +0.87
+0.82

+0.6427 687 305 801 +0.32 +0.51 +4.42 +0.6028 693 757 761 +0.39 +1.60
+0.46

+11.65 +0.92
+0.74

+0.4129 575 517 499 +1.00 +2.85 +0.6730 521 460 440 +1.18 +0.41 +2.61 +0.72 +0.6431 806 375 832 +0.26 +2.34 +12.38
+2.68
+2.43

+0.93 +0.4832 406 368 372 +1.43 +0.06 +0.73
+0.71

+0.6133 285 345 357 +1.49 -0.06
+0.64
+0.42
+0.56

34 719 791 774 +0.37 +1.96
+0.31

+11.77
206 +0.9235 440 385 381 +1.39

+0.74
+0.79

36 583 551 534 +0.91 +0.77 +3.68 +0.5837 264 299 327 +1.61 -0.43 +2.82 +0.74 +0.6238 203 262 269 +2.26 -0.34 +3.23 +0.76 +0.5139 1831 076 968 +0.05 +0.47 +2.53 +0.72
+0.65

+0.6940 2 2 2 +8.82 -0.44 +1.88 +1.2841 1 2 3

+5.26
-0.51 +2.61 +0.72

+0.71
+0.79

+1.48
+1.64

42 2 3 3 -0.50 +2.5043 258 261 268 -0.17 +3.72 +0.46
+0.50

44 226 219 221 +2.18 -0.15 +3.86 +0.7945 1865 326 641 +0.64 +0.58 +2.03 +0.67
+0.92

+1.27
+1.86

46 176 207 205 +2.29 +2.49 +11.36
+2.92

47 261 313 343 +1.54 -0.44 +0.74
+0.69

+0.72
+1.47
+1.53

48 1 3 4 +8.02 -0.05 +2.22
+2.20
+1.93

49 1 3 3 +8.17 -0.24 +0.6950 1 3 3 +8,32
+8.28

-0.09 +0.66 +1.43
+1.50

51 2 3 3 -0.14 +1.84 +0.6552 2 3 4 +7.95 -0.21 +1.77
+1.86

+0.64 +1.7953 2 2 3 +8.47 -0.31 +0.65 +1.4754 1 3 3 +8.22
+2.16

-0.18 +2.01 +0.67
+0.79

+1.5355 215 216 223 -0.50 +3.84
+2.88

+0.5056 85 81 43 +4.54
+3.11

+0.94
-1.62

+0.74 27357 85 90 116 +4.48 +0.82 +1.0358 2 142 50 +4.32 +0.70 +1.95
+10.72
+3.34

+0.66 +3.3559 112 109 110 +3,18 -1.22 +0.91 +0.3160 237 252 275 +1.87
+1.83

-0.63 +0.77
+0.78

+0.75
+0.53

61 254 267 282 -0.46 +3.4562 2 1 2 +9.05
+7.81

-0.91 +2.66 +0.73 +1.2763 1 4 4' +0.05 +1.84 +0.65 +1.6564 169 168 92 +3.44 +1.38 +3.70 +0.79 +2.8165 211 207 212 +2.24
+2.10

-0.25 +3.27
+3.12

+0.77 +0.52
+0.59

66 229 ?27 234 -0.31 +0.7667 251 365 397 +1.33 -0.18 +2.15
+3.11

+0.68
+0.76

+1.0468 671 687 615 +0.70 +0.79 +0.8569 211 270 320 +1.64 -0.40 +2.19 +0.69
+0.81

+1.0370 217 223 239 +2.06 -0.87
+2.51

+4.24 +0.6771 230 201 136 +2.87 +9.01 +0.90 +1.96
+0.68

72 281 339 351 +1.51
+1.14

-0.12 +2.81 +0.7473 490 457 453 +0.11 +2.91 +0.74
+0.90

+0.6274 265 285 204 +2.29 +2.56 +8,88 +2.1975
76
77

2. 2 3 +8.27
+1.66

-0.92 +3.83 +0.79 +1.81253 290 317 -0.33 +2.74 +0.73 +0.79242 252 267 +1.91 -0.48 +3.30 +0.77
+0.92

+0.6378 159 178 157 +2.67 +2.59
-0.81
+0.16

+10.85
+4.12
+2.49

+1.8379 236 244 260 +1.94
+0.80 +0.6680 522 439 423 +1.24

+1.48
+8.78

+0.71 +0.7981 239 322 359 -0.31 +2.31 +0.70 +0.9682 2 2 2 -0.47 +1.97 +0.66
+0.74

+1.3283 506 457 444 +1.17 +0.14 +2.79 +0.68
+0.82

84 392 378 372 +1.43 +1.30 +7.04 +0.8885 378 366 368 +1.44 +0.27 +3.37 +0.77 +0.5186 473 455 452 +1.14
+1.26
+2.41

+0.28 +4.08 +0.80 +0.4387 415 406 418 -0.21 +2.91 +0.74 +0.54
+0.54

88 168 180 188 -0.33 +2.69 +0.7389 287 279 280 +1.84
+1.52

+0.17
+0.56
+0.24

+2.73 +0.73 +0.5290 356 350 348 +3.67 +0.79 +0.4491 254 254 257 +1.96 +3.30 +0.77 +0.39
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number mode
prn

median
prn

mean
grainsize

prn

mean
grainsize

0
skewness kurtosis

norm.
kurtosis

0
sorting

187 2 1 2 +8.85 -0.43 +1.62 +0.62 +1.28188 1 2 3 +8.61 -0.38 +3.44 +0.77
+0.82

+1.28
+1.71

189 1 3 4 +5.12
+8.29

-0.86 +4.52190 1 3 3 -0.80 +4.26
+4.51

+0.81
+0.82
+0.66

+1.61
+1.68

191 1 3 4 +7.99
+8.67

-0.75192 2 2 2 -0.42
-0.49

+1.93
+1,90

+1.39193 2 1. 2 +8.78
+7.94 +0.66 +1.34194 2 3 4 -0.56

-2.62
+2.28 +0.69

+0.94
+2.00
+0.41

195 66 71 75 +3.73
+7.04

+14.70
+1.67

196 2 5 8 -0.17 +0.63
+0.95

+2.44
+0.54
+2.07

197 61 65 72 +3.79 -3.67 +18.62198 2 3 4 +7.82 -0.67 +2.71 +0.73
+0.91

199 61 66 78 +3.69 -2.67 +10.13
+3.32

+0.70200 2 2 3 +8.46 -1.01
-2.75

+0.77
+0.93

+1.81201 64 70 77 +3.70 +12.57 +0.52202 2 3 3 +8.33 -0.68 +3.62 +0.78
+0.69

+1.60203 2 3 3 +8.20 -0.35 +2.23 +1.63
+1.89
+0.52

204 2 5 5 +7.59
+3.64

-0.13
-2.12
-0.54

+2.15 +0.68
+0.89

20 5 67 74 80 +8.45206 2 3 4 +8.04
+3.76

+2.60 +0.72
+0.86

+1.81207 67 72 74 -1.25 +6.10 +0.32208 1 3 4 +8.05 -0.28 +2.34 +0.70 +1.65209 2 5 8 +6.97 -0.18
-0.60

+1.46 +0.59 +2.63210 83 83 82 +3.61 +6.58 +0.87 +0.30211 2 3 3 +8.34 -0.24
-0.19

+1.89 +0.65 +1.51
+1.50
+1.60

212 1 3 3 +8.27 +2.01 +0.67
+0.65
+0.64

213 2 3 3 +8.20 -0.22 +1.89214 82 20 15 +6.02 +0.41 +1.74 +2.42
+0.31

215 82 82 81 +3.63 -0.90 +8.27 +0.89216 1 3 4 +8.02 -0.13
+6.60

+1.96
+55.41

+0.66 +1.64217 88 90 58 +3.51
+8.34 +0.98 +0.72

+1.51
218 2 3 3 -0.20 +1.84

+10.70
+0.65
+0.91

219 257 309 309 +1.70 +1.82
+1.16
+4.29

220 2 13 35 +4.84 -0.14 +1.34 +0.57221 100 120 202 +2.31 -1.05 +2.35
+2.03

+0.70
+0.67
+0.74

+1.55
+1.70

222 2 3 4 +8.04 -0.24
223 2 2 3 +8.55 -0.70

-0.23
+2.88 +1.52224 1 3 3 +8,34 +2.34 +0.70

+0.95
+1.43225 541 541 456 +1.13 +3.80 +19.22 +1.72226 1 3 3 +8.38

+7.92
-0.46 +2.60

+5.94
+0.72
+0.86
+0.58

+1.51227 1 3 4 -1.67
+2.24228 2 6 16 +5.99 -0.27 +1.36 +3.83229 239 263 273 +1.87 +2.28 +18.89

+3.71
+0.95
+0.79

+1.06230 264 363 379 +1.40
+1.42

+0.19 +0.89231 473 406 375 +3.83 +24.08
+2.45
+3.24

+0.96 +1.38232 1 3 3 +8.34 -0.12 +0.71 +1.35233 2 2 3 +8.53 -0.89 +0.76
+0.71

+1.63234 557 480 473 +1.08 +0.09 +2.45 +0.85235 195 226 226 +2.14 +2.93 +16.69 +0.94 +1.55236 256 343 368 +1.44 -0.25 +2.49 +0.71 +0.93237 249 304 327 +1.61 +2.05 +17.95
+28.86

+0.95 +1.12238 267 346 355 +1.49 +3.47
+0.97 +1.10

+3.41
239 2 18 22 +5.50 -0.01 +1.51 +0.60240 2 2 2 +8.68

+1.69
-0.66
-0.36

+2.72 +0.73
+0.74

+1.42241 231 275 310 +2.90 +0.94242 255 285 298 +1.75 +3.83 +29.87 +0.97 +1.11243 272 334 352 +1.51 -0.05 +3.53
+2.85

+0.78 +0.76244. 1 3 3 +8.20 -0.32
-0.57
+2.42

+0.74
+0.73

+1.48245 2 2 3 +8.40 +2.72 +1.56246 662 525 396 +1.33 +9.23
+2.80
+6.70

+0.90 +2.20
+0.86

247 628 550 513 +0.96 +0.44
+0.74248 664 671 635 +0.66 +1.37

+0.13
+0.87 +0.55249 393 379 384 +1.38 +2.88

+22.04
+0.74 +0.55

+1.45
250 260 274 248 +2.01 +4.14

+2.62 +0.96251 637 582 359 +1.48 +8.95
+2.57
+3.87

+0.90 +2.47252 484 427 425 +1.23 -0.08 +0.72 +0.66253 265 278 292 +1.78 -0.34 +0.79 +0.44254 257 274 258 +1.79 -0.37
+4.11

+2.84
+18.74
+34.96

+0.74 +0.56255 176 174 142 +2.81
+0.95
+0.97
+0.97

+1.58256 176 175 156 +2.68 +5.66
+1.19257 215 219 209 +2.26 +5.53

-0.94
+37.68
+3.20

+1.16258 239 270 320 +1.64
+0.76
+0.81
+0.85

+0.80259 253 263 281 +1.83 -0.78 +4.24

+4.58

+0.48
+0.38
+0.44

260 252 256 267 +1.91 -0.78
-0.87

261 256 268 286 +1.80
+0.82262 250 247 209 +2.26 +4.35 +22.04

+2.89
+3.79

+0.96 +1.47
+0.75

263 273 355 371 +1.43 -0.22 +0.74264 252 261 275 +1.86 -0.30
+0.79 +0.53265 263 294 320 +1.64 -0.44 +2.94 +0.75 +0.60266 265 312 336 +1.57 +0.22 +5.62 +0.85 +0.69

+0.48
+0.71

267 253 262 276 +1.86 -0.57 +3.95 +0.80268 278 342 363 +1.46 -0.34 +2.77
+3.21

+0.73269 257 278 299 +1.74
+1.65

-0.40 +0.76 +0.57
+0.61

270 261 292 319 -0.43
-0.45

+2.99 +0.75271 269 308 331 +1.59 +3.02 +0.75 +0.62272 248 250 208 +2.27 . +3.60 +15.90 +0.94 +1.71273 254 '269 287 +1.80 -0.48 +3.83 +0.79 +0.57274 265 335 362 +1.47 -0.39 +2.81 +0.74 +0.74
+0.71
+0.56

275 258 296 332 +1.59 -0.63 +3.32 +0.77276 244 252 267 +1.91 -0.68 +4.06 +0.80277 262 298 323 +1.63 -0.33 +2.78
+2.85
+3.20

+0.74 +0.61
+0.61

278 253 277 300 +1.74
+1.77

-0.39 +0.74279 256 276 294 -0.21
-0.93

+0.76
+0.75
+0.71

+0.60280 2 1 2 +9.08 +2.96 +1.22281 2 1 5 +7.52 -1.06 +2.45 +3.34
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The "Kjeldahl" method was used for the measurement of nitrogen. This took place in a
"Parnas-Wagner apparatus" which is a modification of the original "Kjeldahl-apparatus".

An optical microscopical method, described by SLAGER (1967), was used for the pyrite
counts. Although comparisons with chemical data have never been made, KAMERLING
(1974) found the method adequate.

II1-3.2 The clay mineralogy

Since the clay mineralogical composition of the coastal clays in Surinam
has been studied by several researchers (BAKKER 1963, BRINKMAN 1967,
EISMA & VAN DER MAREL 1971), it will be discussed only superficially. The
similarity of the clay mineralogical composition of the Surinam coastal
pelite and that of the young alluvial sediments of the Amazon estuary was
demonstrated by EISMA & VAN DER MAREL (1971) (chapter 111-2.3). This
similarity cogently points to the Amazon River as the main source of the
Surinam pelite. The mineral identification will be explained before the
clay mineralogical composition is discussed further.

Mineral identification

For the identification by X-ray diffraction intensive use was made of the following refer-
ences : BORG & SMITH 1969, BROWN 1963, SMITH 1960, 1962, 1963 and 1967. For additional
information with regard to glauconite and chamosite PORRENGA (1967) may be referred to.
The current clay mineralogical identification method in the laboratory of the Department
of Physical Geography of the University of Utrecht (where the samples have been analysed)
has been described by ROMEIN (in prep.). The following short description is based on his
work.

The normal basal spacing (001) of the well-crystallized kaolinite (T) at room temperature
is 7.15-7.16 A, with an equally strong (002) reflection for 3.573 A. For b-axis disordered
kaolinite (pM) these values are 7.18 and 3.584 A. In diffractometer-curves these peaks can
be observed separately when both types of kaolinite are present in the same soil sample.
In several samples, however, the 3.57 A-"reflection" is hardly observable; therefore the
kaolinite may be poorly crystallized, eventually with disorder in the direction of the c-axis

The normal basal spacing (001) for meta-halloysite may extend from 7.2-7.7 A, but the
reflection for d = 4.432 A is considerably stronger whereas there is also a typical reflection
for d = 1.484 A.

Characteristic reflections for greenalite (a serpentine but sometimes called iron kaolinite)
exist for d = 7.21 A; 3.60 A; 2.59 A; 2.20 A.

Chamosites may be placed between the kandites and the chlorites. Typical chamosite
reflections exist for d = 7.0-7.1 A; 3.52-3.55 A; 2.48- 2.52 A; 1.53-1.55 A.

The X-ray pattern of the chlorites is rather close to the chamosite pattern. Characteristic
reflections for d = 7.05-7.12 A; 4.70-4.75 A; 3.52-3.56 A; appr. 2.00 A; 1.53-1.55 A. The
most characteristic chlorite reflection for identification is the d = 4.70-4.75 A value. The
diabantite-chlorite variety however lacks this value.

The vermiculite basal spacing (001) is appr. 14.0 A. Other typical reflexions exist for
d = 7.1-7.2 A (much weaker than the kandite reflection in this 7 A-band); 4.59-4.60 A;
2.550 A; 1.744-1.748 A; 1.537 A.
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Muscovite and illite, which are members of the mica group of minerals, are mainly char-acterized by their 10 A- and 5 A- reflections. Muscovite gives more and sharper reflectionsthan illite. Those of illite can be seen by a kind of fringe at one side of the muscovite reflec-tions.
The green glauconite has typical reflections for d = 4.53 A ; 3.63 A ; 3.09 A ; 2.59 A ; 2.40A. The 5.0 A reflection is missing here.
The smectites mentioned in the present study may be characterized by the reflectionsfor the following d-values:

Montmorillonite Beidellite Nontronite Faratsihite-
Nontronite

Appr. 15 A Appr. 15 A Appr. 15 A 13.9 A
5.15 A 5.03 A 7.10 A
4.50 A 4.45 A 4.56 A 4.44 A
3.07 A 3.02 A 2.64 A 3.54 A

(2.61) A , 2.60 A 2.56 A 2.59 A
2.55 A 2.49 A 2.43 A 2.51 A
1.71 A 1.69 A 1.72 A

The interstratified or mixed layer clay minerals can be divided into two groups:
A. Regularly interstratified minerals with regular alternations of montmorillonite andchlorite, chlorite and vermiculite, illite and montmorillonite etc. This type has a basal re-

flection which is the sum of those of the components (e.g. 10 + 14 = 24 A for an illite/
mentmorillonite alternation). This total basal reflection is so dominant that in many cases
the other reflections are only the higher order reflections of the basal spacing (d-values being

etc, of the basal d-spacing "001").
B. Randomly interstratified clay minerals. In the Surinam coastal pelite samples this

type occurs mainly as illite-montmorillonite random interstratification of the meta bento-nite type. The basal reflections give d-values in a rather vague "band" between 10.0 and
15.0 A.

The D.T.A.-methods are described by a.o. BLACK (1965) and MACKENZIE (1957). The
method is based upon the endothermal and exothermal processes which take place during
the heating of (clay) minerals. The temperatures at which these reactions appear are more
or less characteristic for certain (clay) minerals. For identification the shape of the D.T.A.-
curve of a soil sample is compared to those of the various well-known single minerals.

The clay mineralogical composition

The clay mineralogical composition of the coastal pelites appears to be
rather uniform. Small variations are attributed by EISMA & VAN DER MA-
REL (1971)

"to differential settling of floccules of different composition;
to incipent soil formation when the clays are (temporarily) deposited ;
to local reworking of weathered mud;
to supply of a local river (in one case)".
In fig. 25 two representative X-ray diffraction patterns of random pow-
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Fig. 25. X-ray diffractograms of a representative sample (151) of the average clay mine-
ralogical composition and of a deviating sample (280). The differences are expressed
particularly by the shape of the mica reflections (9.98 A, 4.98 A and 3.194 A). The graph of
sample 280 shows sharp points indicating the presence of muscovite. For sample 151 the
corresponding shapes are less sharp, broader and notched, which points to illite. Moreover,
the chlorite reflections (14.1 A, 4.71 A and 3.52 A) are more obvious in sample 280 than in

sample 151.
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der samples of the clay fraction are shown. Estimates of the relative pro-
portions of the constituent (clay) minerals in the grainsize fraction con-
cerned have been made by comparing the peak-areas of the basal re-
flection characteristic of the (clay) minerals. The average mineralogical
composition of the clay fraction (<2p,m), estimated from 50X-ray patterns,
is given in table 14. Traces of heavy minerals, chiefly those which also
occur in the sand fractions of the fine marine sands (chapter 111-4), are
not listed in the table. Traces of anatase, rutile, epidote, zoisite and diop-
site regularly occur in the X-ray pattern. Brookite, ilmenite, tremolite and
zircon were occasionally found.

In broad outlines the analysis corresponds to the results presented by
VEEN (1970) and by EISMA & VAN DER MAREL (1971). Contrary to the "av-
erage mineralogical composition" estimated by VEEN (1970) only a trace
of vermiculite and vermiculite-montmorillonite were found. Moreover
the presence of muscovite in the clay fraction, apart from illite, has been
established from the X-ray diffractograms. In one case muscovite even
appeared to be the dominant mineral. This was demonstrated with the
aid of differential thermal analysis (fig. 26).

TABLE 1 4

The range of the estimated (clay) mineralogical composition, averaged for
50 X-ray analyses.

xxxx: dominant compound
xxx: large quantities (over 20%)

xx: medium quantities (5-20%)

x: small quantities (1-5%)
tr : trace (less than 1%)
a: absent

kaolinitel
meta-halloysite
chamosite
greenalite (and other

serpentines)

illite
muscovite
glauconite

smectite (a.o.
montmorillonite,
beidellite, nontronite,
faratsihite-nontronite)

xxxxx
trx
trx
trx
xxxxx
xxxxx2
trx

chlorite (a.o. diabantite,
sheridanite) trx

vermiculite tr

interstratified clay minerals xxx

quartz

plagioclase felspar
alkali felspar

gibbsite

trx
trx
atr

1 both T- and pM-kaolinite were found.
2 in one case xxxx.
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Fig. 26. D.T.A. curves of a representative sample (151) of the average clay mineralogical
composition and of a deviating sample (280). The curves are explained in the text.

In fig. 26 the curve of sample 151 is fairly characteristic for most of the
DTA-curves of the samples of this investigation. The rather strong endo-
thermic effects which have peaks at 100°C and 525°C disclose illite as the
principal clay mineral, and so does the weak endotherm at 900°C, im-
mediately followed by a somewhat stronger exotherm (910-990°C).
Though sufficient kaolinite is present in the sample and though this clay
mineral undoubtedly deepens and sharpens the 525°C endotherm, its
characteristic sharp exotherm at 1000°C is completely absent. This nearly
always appeared to be the case when sufficient mica-clay mineral is
present. A not negligible amount of quartz is also present, as the X-ray
pattern of sample 151 clearly shows (fig. 25), but the grainsize of the quartz-
particles must be so minute, that the typical oc-13-quartz transition at 575°C
is not produced at all in this curve. This oc-p-transition is clearly shown,
however, in the curve of sample 280. The quartz-content is higher than
in sample 151 (fig. 25) and the grainsize will be somewhat larger. The
endotherms, now with their "peaks" at ca. 80°C and 515°C resp., show that
there is a considerably smaller loss of water than during the heating-pro-
cess of sample 151. After the ot-i3-quartz transition hardly any thermal ef-
fects can be perceived at higher temperatures. Although the curve of samp-
le 280 essentially still belongs to the mica-type curves, in this case not
illite but muscovite is the principal mica-component, though some illite
is also present. It is known from literature that a DTA-curve of very fine
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muscovite shows virtually no thermal effects at all (MACKENZIE 1957). The
curve for larger muscovite-crystals, on the other hand, shows an endother-
mic effect between 850 and 900°C. The statement that grainsize is the dif-
ferential characteristic of illite and muscovite (VEEN 1970) must therefore
be rejected.

Gibbsite was only present in very small amounts. Hematite and limo-
nite were not found. The analysis of the fraction 2-50 tan revealed an in-
crease in the amount of quartz (which mostly became dominant), and
felspar at the expense of the clay minerals.

EISMA & VAN DER MAREL (1971) demonstrated that the Surinam coastal
pelite originates from the Amazon River. They based this statement on
the great similarity of the clay mineralogical composition of the coastal
pelites of Surinam and the recent alluvial deposits in the Amazon River
estuary. Although the analyses of the clay minerals in the present study
are more qualitative in character than the determinations of EISMA &
VAN DER MAREL (1971), the results show interesting similarities. The only
deviation of importance is the higher value of the "intermedia + swelling
minerals" of EISMA & VAN DER MAREL, which may partly be explained by
the fact that the interstratified clay minerals and the smectites have been
treated separately in the present study.

The effect of HC1 used by the pre-treatment of the samples (chapter
III-2.1) has been checked by analysis of samples, which were treated only
with H202. The complete samples were used (up to 50 tlm), and for this
reason larger quantities of quartz and felspar are found than in the <2
tan fraction. The most salient result is the small increase of glauconite.
The same applies to chamosite and Fe2+-chlorites.

The results from the chemical analysis of eleven coastal pelite samples
are given in table 15. Samples 330-329-348 347 and 346 are fresh pelites.
Samples 362-362A-361-360 and 359 are taken from a well mature clay
soil in a former plantation area, east of the Nickerie River. Sample 307
was taken at Coronie about 1250 m offshore in relatively deep water. It
is a stiff, mottled clay soil, covered by a few centimeters of fresh pelite
and appears to belong to an older deposit.

The similarity between the corresponding chemical values and the minor
variation in the loss on ignition confirms the uniform clay mineralogical
composition. The Si02/A1203-ratio in the top horizons of the former
plantation soil at Nw. Nickerie (362-362A-361) and that of the stiff and
mottled subsoil of the nearshore shelf at Coronie appears to be lower than
the value of fresh pelite and of the subsoil of the former plantation soil.
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This might indicate a beginning silica leaching, a phenomenon which can
not be seen from the X-ray patterns of the (clay)mineralogical composition.

111-3.3 Calciumcarbonate content

In the Surinam coastal pelites the carbonate content is usually very
low (see table 16). Generally fine shells and shell fragments are dissolved
in a kilometer-wide zone along the shore where river- en swampwatcr,
rich in organic acids, mixes with seawater (PoNs 1966, KAMERLING 1974).
The influence of the freshwater supply is reflected in the salinity of the
coastal waters, which is clearly related to seasonal variation (chapter
II-1.5). CaCO3 will therefore not always dissolve with the same rate of
aggressivity. The pelite deposits, though usually carbonate-free, locally
show CaCO3 contents up to 11%, which contradicts the postulations of
PONS (1966) and MOORMANN & PONS (1975) which explain that any CaCO3
present in the transported sediments will be dissolved before deposition.
The occurrence of shell elastics in the pelite deposits is confirmed by the
examination of thin sections (chapter IV-1.4).

Comparison of the calciumcarbonate content of fresh shelfmud and more
or less mature clay soils seems to point to a decrease in the latter. This
agrees with the behaviour of the pH (see table 16).

III-3.4 Organic matter

An organic carbon content of 1-2% with considerable variations was
found in the coastal pelites of Surinam by EISMA & VAN DER MAREL (1971).
The average organic carbon content from 20 mud samples from the coastal

TABLE 1 6

Average calciumcarbonate contents and pH values for Surinam coastal
pelite deposits.

Standard deviation in brackets.

sediment number average number average
of CaCO3 of pH

samples content samples
fresh shelf mud

pelite deposits showing initial
soil formation

pelite deposits in general

22 0.45% (0.73) 16 7.7 (0.4)

16 0.35% (0.44) 16 7.4 (1.0)

38 0.41% (0.63) 32 7.5 (0.8)
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waters between the Amazone and the Oyapoc (French Guiana), mostly
collected from waterdepths between 10 and 20 meters, is 0.65% ± 0.10
(TJOE AWIE 1975). A few samples collected nearshore and from land on
the Surinam coast show organic carbon values which are considerably
higher (see table 17). They agree with data for the nearshore area and the
rivermouths, provided by Delft Hydraulics Laboratory (1962), although
the latter tend to be somewhat lower. The same is true for the C/N-ratios.
In view of this the increase in organic matter content may have been caus-
ed by the proximity of the coastal vegetation.

111-3.5 Pyrite

Sedimentary pyrite is formed in a reductive aquatic environment in
which, when reactive iron minerals are present, sulphides are produced by
sulphate-reducing bacteria. The required energy is drawn from oxidation
of organic materials (PONS & VAN DER KEVIE 1969, MOORMANN & PONS
1975). Therefore the development of the sulphate reducing bacteria to-
gether with the production of sulphide depends on the supply of utilizable

TABLE 1 7

Organic carbon content and C/N-ratio for samples of the Surinam coast.

sample
number

key area environmental description

Bucklebury (3) saltpan with dead Avicennia trees;
388 sampling depth 0-20 cm

Bucklebury (3) saltpan with dead Avicennia trees;
389 sampling depth 0-30 cm

Bucklebury (3) saltpan with decaying Avicennia trees;
390 sampling depth 0-15 cm
391 sampling depth 37-52 cm

Bigi Santi (14) uncovered mudflat, about 500 m
392 offshore (slingmud) ; sampling depth 0-5 cm

Eilanti (17) uncovered mudflat* ;
393 sampling depth 0-5 cm

Eilanti (17) uncovered mudflat* ;
394 sampling depth 0-5 cm

* about 100 m offshore
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organic matter. According to RICKARD (1973) this supply is dependent on
the relative rate of total organic matter supply to its rate of oxidation by
aerobic micro-organisms. The organic matter supply is optimal in waters
of low turbulence, where remnant organic detritus can settle most effi-
ciently. This explains the common relationship between anaerobic con-
ditions and fine-grained sediments.

There is a linear relationship between organic matter and sulphide con-
tent (except extremely low organic nutrient concentrations and very high
organic matter concentrations) (RICKARD 1973). PONS (1966) mentions
7 me S per percentage organic material for Guiana coastal pelites.

Two main forms of pyrite can be distinguished (Po Ns 1963 in : BRINK-
MAN & PONS 1973). The formation of "primary" pyrite, which presum-
ably originates from animal protein (PoNs 1966, PONS & VAN DER KEVIE
1969), is thought to take place during suspension transport of the usually
pelitic material in saline or brackish water. Therefore, after deposition,
it is distributed at random throughout the sediment. "Secondary" and
"tertiary" pyrite originate from vegetable matter and are stored in the
sediments during or after deposition.

In Surinam, after the Avicennia vegetation has settled, "secondary"
pyrite is formed inside the immature pelite deposits, while at the surface
this formation takes place synsedimentary. "Secondary" pyrite is linked
to the decaying of vegetable matter, which is irregularly distributed
throughout the sediment. This results from the strong variation in the
density of the vegetation and from the development of the pneumatopho-
res (AuGusTINus & SLAGER 1971). Therefore "secondary" pyrite is not
found evenly distributed throughout the sediment. Moreover, variations
in the amounts of "secondary" pyrite are attributed to differences in cele-
rity of pelite accumulation (SLAGER 1968), as pyrite formation seems to
occur at a fast rate compared with the sedimentation rate (RICKARD
1973). "Tertiary" pyrite, formed when mature soils are flooded with sa-
line or brackish water, hardly occurs in this area.

The pyrite content of coastal pelites is important in relation to the de-
velopment of acid sulphate soils, which are soils with very low pH-values
due to free sulphuric acid produced by oxidation of sulphides (pyrite) in
the absence of sufficient neutralizing components (PoNs & VAN DER KEVIE
1969, PONS 1970, BRINKMAN & PONS 1973, MOORMANN & PONS 1975). Acid
sulphate soils have restricted agricultural potential and the economic feas-
ibility of reclamation is questionable (vAN DER KEVIE 1969, 1972, MOOR-
MANN & PONS 1975). BRINKMAN & PONS (1968) used the pyrite content to
distinguish between former clay sedimentation at constant sea level (with
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TABLE 1 8

Pyrite content of Surinam coastal pelite deposits

Counts dr. ir. S. SLAGER.

sample key area
number

site description % by
weight

remark

108 Matapicca
(13M)

184

186

188

189
190
191

193

Matapicca
(13M)

Matapicca
(13M)

Matapicca
(13M)

Matapicca
(13M)

198 Katkreek
(12)

204 Katkreek
(12)

214 Katkreek
(12)

abrasion platform, about 900 m offshore.
Sampling depth 0-5 cm

abrasion platform, about 150 m offshore.
Sampling depth 4I-80 cm

abrasion platform, about 300 m offshore.
Sampling depth 14-80 cm

uncovered saltpan; samples 188-191.
Sampling depth 55-80 cm
Sampling depth 30-55 cm
Sampling depth 2-30 cm
Sampling depth 0- 2 cm

abrasion platform, about 650 m offshore.
Sampling depth 0-2 cm

uncovered remnant mudflat under severe ero-
sion, about 1500 m offshore.
Sampling depth 0-5 cm

uncovered remnant mudflat under severe ero-
sion, about 1200 m offshore.
Sampling depth 0-5 cm

uncovered remnant mudflat under severe ero-
sion, about 2200 m offshore.
Sampling depth 0-5 cm

41001111111111111116P-

small amounts of "primary" and "secondary"
0.1-0.3 pyrite, partly decomposed

minute amounts of "primary" and "secondary"
0.1 pyrite

medium quantities of "primary" and "second-
0.3-0.6 ary" pyrite

0.1
0.1

0.1

iminute amounts of "primary" and fine "sec-
ondary"1 pyrite

no pyrite found
minute amounts of "primary" pyrite

medium quantities of "primary" and fine "sec-
0.3-0.6 ondary" pyrite

0.1-0.3 minute amounts of "primary" pyrite

small amounts of "primary" and "secondary"
0.1-0.3 pyrite, partly decomposed

appreciable amounts of "secondary" pyrite, in
0.6-1 size classes up to 20 [km
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327

329 Bucklebury
(3)

330

331 Bucklebury
(3)

332 Bucklebury
(3)

336 Bucklebury
(3)

Bucklebury uncovered saltpan. Sampling depth 6-78 cm
(3)

erosion surface, about 100 m seaward of the
chenier.
Sampling depth 20-160 cm
Sampling depth 0 8 cm

erosion surface, about 100 m seaward of the
chenier.
Sampling depth 2-11 cm
Sampling depth 0- 2 cm

uncovered part of a mudflat, only flooded
around springtide.
Sampling depth 0-5 cm

uncovered part of a mudflat, only flooded
around springtide.
Sampling depth 0-5 cm

0.6-1 appreciable amounts of "primary" and "sec-
ondary" pyrite, in size classes up to 20 tim,part-
ly decomposed

0.1-0.3 Ismail amounts of "primary" and "secondary"
0.1-0.3 fpyrite

0.1 iminute amounts of "primary" and "second-
0.1-0.3 ary" pyrite

0.3-0.6 medium quantities of "primary" and "second-
ary" pyrite

0.1 minute amounts of "primary" pyrite
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Avicennia vegetation, producing relatively little organic material) and at
rising sea level (with an almost pure Rhizophora vegetation, producing
relatively high percentages of organic matter).

Pe lite samples collected offshore in the Surinam tidal waters generally
show low pyrite contents (see table 18). This agrees with the organic
matter content for fresh coastal pelites of the Guianas (chapter 111-3.4)
and is known from literature (PoNs 1966, BRINKMAN & PONS 1968, MOOR-
MANN & PONS 1975). Besides "primary" pyrite "secondary" pyrite is often
present although usually in very small quantities. This admixture of
"secondary" pyrite may be due partly to the increased supply of vegetable
matter in the nearshore area (chapter 111-3.4), and partly to erosion of
parts of the coast formely covered with an Avicennia vegetation.

Sample 214 however, taken at almost 21- km offshore at the uncovered
remnant of a mudflat, at that time under severe erosion, has an apprecia-
ble amount of "secondary" pyrite in size classes up to 20 pm. This may be
due to the supply of organic material and "secondary" pyrite through the
gully systems draining the parts of the shelf which fall dry at ebbtide.
Thus, before Avicennia covers the pelite deposits they may already have
considerable ("secondary") pyrite contents.

111-4 MINERALOGICAL COMPOSITION OF THE SAND FRACTION

111-4.1 Laboratory procedure

The normal procedure in use at the laboratory of Physical Geography was followed in the
preparation of the samples. The fraction 50-500 p.m (+4.32 +10), obtained by wet siev-
ing, was treated with H202 30% and HC1 10% (ca. 10 min) in order to remove organic ma-
terial, iron and carbonate coatings from the grains. Separation of the light and heavy min-
erals was achieved by means of bromoform. The light and heavy fractions of most samples
were dried and weighed before they were mounted with canada balsam.

A number of fractionated mineral analyses (ZONNEVELD 1946) was made, apart from the
normal mineral countings of the size range 50-500 p.m (+4.32- +10) as a whole. The pre-
paration in that case was the same except for the subdivision into the size grades 50-75 p.m
( +4.32 +3.74 0), 75-105 p.m ( +3.74 + 3.25 0), 105-150 p.m (+3.25 +2.74 0), 150-210
pm (+2.74 +2.25 0), 210-300 p,m (+2.25 +1.74 0), 300-420 p.m (+1.74 +1.25 0) and
420-500 p.m ( +1.25 +1 0), achieved by dry sieving.

The mineral counts (line-counting method) were made with the aid of a polarisation mi-
croscope. In the light fraction 300 minerals were counted (felspar being rather scarce). The
following counts were made for the heavy minerals (EDELMAN & DOUGLAS 1933, VAN STEYN
1974) :

1: opaque plus non-opaque grains up to a total number of 100 grains;
2 : subsequent counting of the non-opaque grains up to a total number of 100.

Biotite which occasionally occurred in the heavy fraction was not included in the counts.
An additional determination of opaque minerals was made with the aid of a binocular mi-
croscope for refracting illumination.
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111-4.2 Description of the minerals

Reference is made to the textbooks of KERR (1959), MILNER (1962) and
READ (1970) for a general description of the minerals. Only some special
characteristics of the minerals concerned and remarks important to this
study will be given below.

Garnet

Garnets varying in colour from colourless to rose/red are present in almost all samples from
the recent sediments. To identify the member of the garnet group represented, grains con-
centrated by means of a Franz magnetic separator followed by handpicking, were submitt-
ed to X-ray diffraction with the aid of a Debije-Scherrer Camera. The line spectrum showed
that almandine was the main representative although the lattice distance for d 2.5A wereslighty too high for pure almandine. The lattice distances have a slight tendency to approach
those of pyrope and spessartite, so that partial substitution of Fe by Mg and Mn is probable.

Zircon, Malacon and Monazite
In Surinam zircon occurs together with the metamict variety malacon. The characteristics

of these related minerals were compared by KROOK (1965). Monazite also occurs, ranging
from zero to a few percents. When a common microscope is used the distinction between
zircon and monazite is however rather problematic. In this study monazite and malaconhave been counted as zircon.

Hornblende

In the sediments concerned only green hornblendes usually occur, although in a few cases
some brown ones are also present (samples 257 and 258 p.e.). Besides hornblende very small
quantities of the related minerals tremolite and anthophyllite were sometimes noticed.
They are classed with the green and brown hornblendes in the mineral tables under horn-
blende s.l.

Epidote

The epidote family is represented mainly by epidote. Subordinate percentages of zoisite
and clinozoisite are counted together with epidote.

Sillimanite

Sillimanite appears as distinct crystals or as fibres (fibrolite). The latter are found com-
monly in the coarser size grades.

Alterites

Alteration products of various minerals are classed under alterites. They are characteriz-
ed by aggregate polarisation.

111-4.3 The light minerals

A detailed study of the light minerals was not expected to contribute
much to the investigation of the source and the distribution of the sedi-
ments along the Surinam coast. Therefore only a few samples were analys-
ed to obtain a general impression. In all cases quartz was the predominant
mineral. Minor quantities of felspar are present, i.e. usually the more
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stable forms : K-felspar (a.o. microcline) and albite. This agrees with the

results of I JZERMAN (1931), KROOK (1969) and DE BOER (1 972). Musco-

vite is generally present in small amounts. Sponge needles were usually

found in the light fraction of the fine textured marine sands. UZERMAN

(1931) had already observed sponge needles in the pelite deposits.

II1-4.4 Heavy mineral associations

A heavy mineral association is a combination of heavy minerals by

which a sediment is characterized (vAN ANDEL 1950). Heavy mineral data

of the sediments of the recent Surinam coast are listed in chapter 111-4.9.

From these data two main associations can be recognized, between which

mixing occurs in a restricted area. The following general description of the

associations can be given :

Staurolite association
The staurolite association contains about 45-70% of staurolite, some

tourmaline and garnet, and moreover, small amounts of hornblende, epi-

dote, metamorphic minerals (andalusite, sillimanite, kyanite) and zircon.

Epidote-hornblende association
In its pure form the epidote-hornblende association is characterized

by roughly equal amounts of epidote and hornblende (20-40%), some

staurolite and zircon, and, besides, a few tourmaline, garnet, rutile, and

metamorphic minerals (andalusite, sillimanite, kyanite).

In order to determine if there is a relation between the associations (and

their mixtures) and the spatial distribution of the sediments concerned, a

triangle diagram was used with axes for staurolite, epidote + hornblende

and for the remaining minerals. The samples were plotted according to

their occurrence in separate geographical distribution areas. As can be

seen in fig. 27, four cluster areas can be indicated, the mineral composi-

tion of which appears to depend on the geographical position.

173 of the 178 samples from the medium to coarse sand/shell deposits and the immediately

adjacent clays between the most western part of the coast of French Guiana and Weg-naar-

Zee (10) form a cluster near the staurolite corner. Two of the five deviations (sample 2 and

4) concern heavy mineral concentrates, in which almost 100% consist of staurolite + garnet.

The mineral composition of sample 24, from a 2 centimeter thick fine sand cover on the mud-

flat west of Eilanti, and of sample 221, from the chenier foreslope near Katkreek (12), will

be explained later. No explanation could be found for sample 86, from a place ca. 100 meter

west of the Matapicca channel (key area 13).
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16 of the 17 samples from the muddy abrasion platform in front of the Matapicca coast-
line, collected in a zone between 250-1000 meter offshore, form a distinct cluster which
slightly overlaps that of the staurolite.

12 of the 14 samples from the remnant of a mudflat in front of the Katkreek area, col-
lected in a zone between 250-2000 meter offshore, form a narrow elongated cluster over-
lapping the former one.

19 of the 22 samples from the fine grained sand/shell deposits between Coppenamepunt and
the Corantijn River and from the adjacent area up to 2000 meter offshore, form an elongat-
ed cluster in the epidote-hornblende corner. There is a small overlap with the former clus-
ter. The deviations of the last three clusters will be discussed later.

7 samples from the shell/sand deposit at Popokaimama are scattered over the above-
mentioned clusters.

REST

STAUROLITE EPIDOTE +HORNBLENDE

Fig. 27. The geographical distribution of the heavy mineral associations along the Surinam
coast.

= chenier sand and sand extracted from the clayey sediments which are less than 250 m
away from the mean high water shoreline (in seaward direction), between the most western
part of French Guiana (18) and Weg-naar-Zee (10). = sand extracted from the clayey
sediments between 250 and 1000 m seaward from the mean high water shoreline at Mata-
picca (13M). * = Sand extracted from the clayey sediments between 250 and 2000 m sea-
ward from the high water shoreline at Katkreek (12). o = chenier sand and sand extracted
from the clayey sediments up to a distance of 2000 m seaward from the mean high water
shoreline between Coppenamepunt (7) and the Corantijn River (1). = chenier sand from
Popokaimama (9). = sand extracted from the clayey sediments in the coastal part of the
shelf between the Amazon River and the Marowijne River. 0= the number of samples
(19) of the corresponding geographical position (o) in a cluster area. 2 = sample number.
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The distribution of the heavy mineral associations along the coast, to-
gether with the results of previous investigations, gives indications to the
sources of the sand.

As stated in chapter 111-2.4 originally (mainly on geomorphological
foundations) the sand of the cheniers was believed to have been supplied
by the local rivers. Mineralogical data were scant and restricted to the
cheniers. KIEL (1955) found, from chenier samples from the central and
eastern parts of the Young Coastal Plain, that those deposits belonged to
his B-association, characterized by staurolite (as the main mineral) and
some tourmaline, garnet, epidote and hornblende. He mentioned the Maro-
wijne and French Guiana as the possible sources for this assemblage.
KROOK (1969), compared the mineralogical composition of the sands of
the Young Coastal Plain with that of the sands supplied by the Surinam
rivers and distinguished two mineral associations in the ridges : a stauro-
lite association in the sands from the Marowijne River westward to the
coast northeast of Paramaribo, and a staurolite-epidote association from
the Surinam River to the west. He stated that the staurolite association
was probably provided by the Marowijne River and the coast of French
Guiana. The staurolite-epidote association probably originated from the
Surinam River, because the rivers of western and centralnorthern Surinam
appeared to supply little or no sand to the coast.

As to the Coesewijne sands KROOK (1971) considers the staurolite in the
heavy mineral composition to be the erosion product of the highly meta-
morphosed schists of the Armina Formation. The outcrop of the Armina
Series is notably extensive in east Surinam (fig. 3) and French Guiana,
where it is called "série de l'Orapu" (CHOUBERT 1966, O'HERNE 1966). The

important occurrence of staurolite-bearing rocks in the Marowijne drain-
age basin was already described by IPERMAN (1931).

DE BOER (1972) in his investigation concerning the Marowijne River,
shows that staurolite and other metamorphic minerals can be supplied
by this river, although in recent times little sand has been transported
upstream of the estuary. Samples 1, 2, 3, 4, and 5 from the western part of
the coast of French Guiana, and KK 230 and KK 231 which were placed
at my disposal by L. KROOK, show a clear staurolite association, so that
KROOK's idea concerning the source of the association can be confirmed.

When KROOK (1969) considered the staurolite-epidote association (to
which the fine sands in western Surinam should belong), he noticed a sud-
den decrease of staurolite and a sudden increase of epidote and hornblende
in the most western part of the Surinam coast, which could not be explain-
ed. The present study shows that the mineral composition of the sands
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from the Coppename River to the west is the association characterized by
epidote and hornblende. The staurolite-epidote association distinguished
by KROOK (1969) is a mixture of the epidote-hornblende and the staurolite
associations.

In east Surinam, besides pure EH-sands from the mud along the coast
(samples 203 and 210 e.g.), there are mixed EH/S-assemblages from the
pelite deposits (sample 24, 107, 119, 202 and 215 e.g.) as well as from the
ridges (sample 221 e.g.). For this reason the Surinam River cannot any
longer be considered to be the source of this material.

There is a great difference between the heavy mineral composition of the
EH-sands and that of the corresponding size grades of the S-sands (chap-
ter III-4.5). Therefore the EH-sands cannot have formed a part of the
S-sands (as suggested by DOST 1956).

In western Surinam the sand, extracted from the pelite in front of the
coast, showed exactly the same association (EH) as the sand component
of the cheniers. This led to the hypothesis that this sand was not supplied
by the local rivers, but probably by the Amazon River, together with the
finer suspension material. When the results of the three studies on shelf
sediments from the area between the Gulf of Paria and Guiana at the
height of the Demarara River (vAN ANDEL & POSTMA 1954, KOLDEWIJN
1958, NOTA 1958) were compared, it appeared that epidote and horn-
blende are prominently present in the heavy mineral composition of the
sand fraction in the pelitic sediments. The same is true of the pelite de-
posits on the Surinam shelf, beyond the area studied by the present author
(NOTA pers. COMM. 1976). Recently BOUYSSE & KUDRASS & LE LANN
(1977) provided mineralogical data on the shelf off French Guiana, be-
yond the pelite belt. Although they did not present detailed data, not
even of the heavy mineral associations, epidote and particularly hornblen-
de do obviously occur over a large part of the shelf.

In order to obtain additional data to support the hypothesis sands ex-
tracted from six samples collected by TJOE AWIE along the coastal part
of the shelf between the Amazon River and the Marowijne River, were
analysed. The coordinates of these samples are given in table 19. The
results of the heavy mineral counts were plotted in the triangle diagram
of fig. 27. Four of the six samples show a pure epidote-hornblende asso-
ciation, whereas the remaining two appear to be influenced by other asso-
ciations. GIBBS (pers. comm. 1970) maintained that epidote and horn-
blende are among the characteristic minerals brought to the Atlantic Oce-
an by the Amazon River.
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The possiblities for transportation of the sand under consideration in
the low to medium energy environment along this part of the north coast
of South America, are described in chapter IV-1.3. This leads to the con-
clusion that the sand, characterized by the EH-association and found in
the pelite along the Surinam coast and in the cheniers of West Surinam,
originates from the Amazon River. KROOK'S extensive research of the
mineralogy of the Surinam coastal area agrees with this view and yields
conclusive evidence (in press).

At the border of the two associations, changes caused by mixing occur in
the mineralogical composition of the sand. These variations and the process
of mixing in general will be treated in chapter 111-4.5.

TABLE 1 9

Coordinates of the samples from the coastal part of the shelf between the
Amazon River and the Marowijne River,

collected by TJOE AWIE.

Sample
number

geographical coordinates

Tl 05-03.5 N 52-22.0 W
T2 04-42.4 N 51-48.1 W
T3 05-30.6 N 52-47.4 W
T4 05-50.8 N 53-46.9 W
T5 05-55.5 N 53-42.5 W
T6 01-26.0 N 49-04.0 W

111-4.5 V ariations in the mineral composition

The heavy mineral composition within a single association can vary con-
siderably as can be seen in the list of basic data in chapter 111-4.9. The
differences are caused by a number of factors and can be grouped under
the headings : chance variations, granular variations, variations due to
the manner of supply and transport, variations depending on the degree
of mixing and variations due to weathering of minerals.

In order to obtain an insight into the mutual influencing of these fac-
tors and the consequences with regard to the count-results, a great num-
ber of fractionated samples was analysed. However, an accurate evalua-
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tion of all influences if possible at all would necessitate a thorough in-
vestigation, which would go beyond the scope of this study. Therefore,
only a brief review and some examples are given below.

Chance variations
The differences in the composition of the samples belonging to a single

association will partly be determined by statistical variations in the mine-
ral distribution, by small inherent inaccuracies of the analysing technique
and by sampling errors. Usually these deviations lie within narrow limits.
The procedure described under 111-4.1 was followed with nearly all samp-
les at the Laboratory of Physical Geography of the State University of
Utrecht.1 If the sampling errors only are to be considered, the distribu-
tion of the sampling activity along the rapidly changing coast over a re-
latively long period (1966-1967/1968-1972) will probably be of some im-
portance.

Granular variations
Differences in sorting during transport and sedimentation cause granu-

lar variation in the mineralogical composition. Sorting of minerals in wa-
ter-borne deposits, and therefore the grainsize distribution of the minerals
is determined by a number of factors, which are, according to L JUNGGREN
& SUNDBORG (1968) :

the original size of the minerals;
the mechanical sorting by flowing water, according to density and par-

ticle shape;
wearing during transport.
Since wearing during transport may expected to be of little importance

in the relatively low energy environment along the Surinam coast, atten-
tion will only be paid here to the remaining two factors.

The preference of minerals for certain grainsizes is one of the causes of
variation in the mineral composition. In table 20 the fractionated analysis
of the average S- and EH-association is given. The relationship between
the percentages of some characteristic minerals and the size grades in
which they occur, is illustrated in fig. 28. Only the preference of the mine-
rals of the S-association can be visualized clearly, because the occurrence
of the EH-sand is practically limited to the finest three size grades.

In the S-association zircon, garnet and epidote occur especially in the

1 The mineral counts were carried out with the cooperation of W. BLEUTEN. Checks on
the comparability of the counts gave only small differences.
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S-association: Ii
4.32-3.74 0 ( 50- 75 p.m) : 45
3.74-3.25 0 ( 75-105 p.m) : 75
3.25-2.74 0 (105-150 p.m) : 94
2.74-2.25 0 (150-210 pim) : 92
2.25-1.74 0 (210-300 pim) : 78
1.74-1.25 0 (300-420 : 34
1.25-1.00 0 (420-500 p.m) : 14

EH-association
4.32-3.74 0 ( 50- 75 p.m): 6
3.74-3.25 ( 75-105 pim) : 6
3.25-2.74 0 (105-210 (i.m) : 3

Fig. 28. The percentages of some charac-
teristic minerals of the S- and EH-associ-
ation in relation to their size grades.
Ninety four samples of the S-association
and six of the EH-association have been
used. n = numbers of each size grade
averaged.
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finest fractions. Hornblende, andalusite, sillimanite and tourmaline usual-
ly reach their maximum in the medium size grades, whereas staurolite is
found to increase towards the coarser fractions. A comparison of the po-
sition and shape of the curves of the minerals, which belong to the EH-
sand with those of the finer part of the S-sand points to a different source
of the two sandtypes.

As the mean grainsize of the S-sand has a tendency to decrease in a
westward direction along the coast (see fig. 22), it seems reasonable that
the coarser and heavier grains will decrease in number and the smaller
and lighter ones will relatively increase. Furthermore platy minerals,

Garnet

Epidote

Hornblende

Zircon

Staurolite

Andalusite /
+++4++ Tourmaline/

\ ...
X -------------\

X.,Jr\ ...xX
-

\Jr

\ I \\ / \..
_::-X-4:, --- -- "--.-',.. /

-... .........../...
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20

16

12

Fig. 29. The occurrence of some characteristic minerals of the S-association along the coast.
The values have been calculated from the overall counts (fraction 1.00-4.32 ik = 500-

50 p.m) and averaged for the various keys areas. Eilanti (17) : 23 samples; Bigi Santi(14) :
21; Krofajapassi (13K) :9 ; Matapicca (13M) :29 ; Katkreek (12) :20 ; Weg-naar-Zee (10) : 20;
Popokaimama (9) :7.
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because of their shape, may be expected to be transported farther than ba-
culiform or irregular ones.

Fig. 29 shows the occurrence of some characteristic minerals of the S-
association along part of the coast. None of the lines have a distinct pat-
tern. They all show climbing and decending parts in a downstream direc-
tion and the distribution of the heavy minerals in key area Weg-naar-Zee
(10) deviates only a little from that of Eilanti (17). Yet, the minerals
with high density such as zircon and garnet, generally seem to decrease in
number, whereas minerals with lower density, such as tourmaline and
andalusite, generally increase. However, the differences in density seem
to be rather unimportant in this environment when considered in detail.
Between Eilanti (17) and Matapicca (13M) the pattern of the line repre-
senting staurolite (density 3.71) is quite the same as that of tourmaline
(density 3.09). On the other hand, the lines representing zircon (density
4.60) and garnet (density 4.20) between Eilanti (17) and Katkreek (12)
show ups and downs in opposite directions. The shape does not seem to be
of any influence since the line representing the generally flaky hornblende
has the same tendency as the lines of the usually baculiform or irregular
epidote and the bipiramidal or baculiform zircon.

The deviated pattern of the lines indicates that there must still be other
influences which control the mineral variation, than those mentioned
above.

V ariations due to the manner of supply to the Surinam coast
In section 111-4.4 the fact that the S-sand originates from two source

areas was mentioned : the Marowijne River and the coast of French Guia-
na. Besides variations caused by local differences in the source areas, the
heavy mineral composition will be affected by the manner of transport of
the sediment. Discharge variations of the Marowijne River will cause dif-
ferences in transport capacity, resulting in differences in the granular com-
position of the sand. Thus, the heavy mineral composition will also show
some variation. This variation may be even greater when older cheniers
in which the mineralogical composition may be changed by weathering,
are eroded.

The sand from the coast of French Guiana probably originates from ero-
ded coarse coastal deposits and from (some of) the local rivers, e.g. the
Mana River. The fluvial transport corresponds with the transport describ-
ed for the Marowijne River. The westward transport along the coast of
French Guiana is comparable to that along the Surinam coast. Therefore
some of the factors discussed in "variations caused by the manner of
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transport of the sands along the Surinam coast" will also be of interest.
There is no constant supply from both source areas. Owing to the presence
of mudflats the supply from French Guiana is as a consequence intermit-
tent in character. DE BOER'S information that in the Marowijne River up-
stream from the estuary little sand has been transported in recent times,
has already been mentioned. The heavy mineral composition of the sand
of the cheniers just west of the Marowijne estuary is determined by the
rate of mixing of the sands supplied from both source areas and will
therefore show variations in the time.

The EH-sand, which is thought to originate from the Amazon River, is
submitted to a long and relatively quiet marine transport before reaching
the Surinam coastal waters. However, the variation in the mineralogical
composition of this, to a certain extent homogeneous material will in-
crease due to the process by which the sand is winnowed from the mud
(chapter IV-3.2). Nevertheless, after comparing the averages and standard
deviations of the minerals of the size fractions 105-150 m (+3.25
+2.74 0), 75-105 pall (+3.75 +3.25 s6) and 50-75 pm (+4.32 +3.75 9)
of the EH-assemblage with those of the corresponding size grades of the
S-association, the variation in the mineralogical composition in the former
generally appears to be smaller than in the latter (table 20).

Variations caused by the manner of transport of the sands along the Surinam
coast

The cheniers in east Surinam originate directly west of the Marowijne
River embouchure due to the sand supply from the Marowijne River and
the coast of French Guiana. In the western part of the country, new che-
niers sometimes develop as a result of severe abrasion of the east side of a
mudflat and the adjacent shelf. Both types of cheniers extend in a west-
ward direction under the influence of waves (beach drifting) and to a les-
ser extent of currents. If the transport velocity of the sand is greater than
the migrating velocity of the western lying mudflat, the maximum west-
ward extension of the chenier is generally determined by the position of
that mudflat. When a new mudflat settles in front of the eastern part of the
chenier, the direct sand supply to the part west of it is cut off, and that
part becomes isolated. From then on this part will be governed by a num-
ber of local influences, which can differ from place to place. The variation
of the heavy mineral composition of the sands, caused by the manner of
transport along the coast can generally be attributed to the non-synchro-
nous deposition and/or development of the cheniers.

Behind a mudflat the sand is practically inactive, because the wave
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TABLE 20
A. Mineralogical composition of the staurolite sands ill

B. The same values for the EH-sands, averaged for the

x = trace. Standard-.
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EILANTI

50 75 Pm 55.9 (7.9) 11.9 (4.5) 5.1 (3.9) 1.9 (2.9) 1.4 (1.0) 56.1 (8.6) x x

75 - 105 pm 45.7 (10.0) 18.2 (3.2) 6.2 (2.7) x 4.9 (2.1) 7.6 (6.5) x x

105 150 Pm 24.8 (6.7) 11.8 (4.9) 8.5 (3.8) x 7.2 (2.7) x x x

150 210 pm 32.1 (13.3) 9.5 (4.5) 6.2 (3.3) 1.0 (1.3) 8.6 (5.8) x

210 - 300 pm 47.4 (13.3) 8.4 (5.4) 4.3 (1.3) 1.4 (1.8) 7.3 (4.4) x x x

300 420 pm 48.2 (16.7) 8.9 (6.3) 1.6 (1.3) x 2.4 (1.7)

420 500 pm 35.0 (13.9) 4.9 (2.0) x x x x

BIGI SANTI

56.7 (5.6) 11.3 (4.3) 4.8 (2.8) 1.2 (1.2) 2.7 (2.5) 42.3 (18.5) 1.2 (0.8) x50 75 Pm

75 105 Pm 32.9 (7.7) 17.7 (5.3) 8.2 (3.0) x 5.1 (2.6) 3.4 (2.7) x x

105 150 Am 16.6. (5.4) 10.8 (5.1) 7.8 (3.3) x 8.8 (3.1) x x

150 - 210 AM 18.5 (8.3) 7.0 (4.5) 6.6 (2.0) 1.2 (1.0) 13.3 (9.3) x x

210 300 Am 20.5 (8.8) 5.3 (2.7) 4.5 (2.0) 2.0 (1.4) 7.1 (5.0) x

300 420 Am 16.5 (0.4) 2.5 (0.4) 2.0 (0) 7.0 (3.0) 3.0 (1.0)

KROFAJAPASSI

49.1 (10.1) 12.4 (2.7) 9.9 (3.8) x 7.0 (4.0) 18.3 (20.0) x x50 - 75 Pm

75 - 105 gm 30.0 (10.5) 9.0 (5.1) 10.0 (3.2) x 8.6 (3.7) 2.4 (3.9) x

105 - 150 Pm 26.8 (6.7) 7.0 (4.4) 10.4 (2.7) x 19.4 (7.8) x x x

150 - 210 Pm 42.7 (16.4) 9.6 (3.6) 3.4 (1.6) x 21.7 (7.5)

210 - 300 Am 42.0 (23.9) 5.7 (2.8) 2.5 (1.2) x 5.5 (1.5)

300 420 Pm 11 2 1 9

MATAPICCA

35.2 (7.7) 20.0 (4.9) 5.7 (1.7) x 3.7 (3.0) 7.8 (10.4) x x75 105 Pm

105 - 150 Pm 21.0 (6.4) 16.0 (6.0) 4.6 (1.6) x 5.3 (1.9) 1.3 (1.6) x x

150 210 Pm 15.0 (5.2) 11.3 (4.7) 3.4 (0.9) x 5.5 (3.6) x x

210 - 300 Pm 17.4 (8.7) 5.1 (2.4) 2.7 (1.4) x 4.1 (2.0)

300 - 420 gm 19.9 (8.3) 3.9 (2.1) 1.1 (0.8) x 1.8 (1.4)

420 500 Pm 14.3 (7.7) 2.5 (0.4) x 1.0 (0.7) 2.3 (1.8)

KATEREEK

46.2 (8.7) 10.5 (6.4) 9.3 (3.8) x 5.8 (4.6) 29.0 (16.6) 1.0 (0.8) x50 75 Pm

75 105 Pm 33.4 (9.3) 14.0 (5.1) 10.7 (3.7) x 8.7 (4.6) 6.3 (6.2) x x

105 150 Pm 17.3 (7.0) 14.9 (7.5) 5.6 (2.6) x 7.0 (3.8) x

150 210 pm 18.0 (9.6) 7.2 (4.6) 3.7 (2.0) x 9.1 (3.6) x

210 - 300 Pm 27.3 (17.7) 4.0 (2.2) 1.8 (1.3) 1.3 (1.1) 6.0 (3.5)

300 420 Pm 26.0 (9.2) 3.0 (3.5) 2.0 (0.8) 1.0 (0.8) 4.0 (0.8) x

WEG-NAAR-ZEE

40.0 (10.9) 12.7 (3.1) 10.7 (0.8) x 8.7 (3.2) 9.7 (2.3)50 75 Pm

75 105 Pm 31.0 (3.1) 13.5 (3.3) 7.0 (3.6) x 5.2 (1.7) 3.5 (1.5) x

105 - 150 gm 11.3 (3.2) 9.6 (2.7) 4.3 (1.9) x 8.8 (4.5) x

150 - 210 Pm 8.6 (2.0) 4.2 (1.5) 4.2 (2.3) x 8.2 (2.4)

210 - Am 8.7 (2.4) 2.3 (1.6) 2.4 (1.5) x 8.5 (2.5)
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50 75 Pm 59.3 (10.0) 3.3 (0.9) 36.7 (4.4) 0.8 (0.7) 20.2 (6.0) 9.3 (6.0) 1.3 (1.1) x

75 105 Am 75.0 (8.9) 2.5 (1.2) 32.5 (8.8) x 32.3(10.2) 2.0 (1.4) x x

105 - 150 pm 71.3 (17.9) 3.3 (3.4) 19.0 (4.3) x 46.3(11.2) 1.0 (0.8)
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relation to grainsize, averaged for the key areas concerned.
coastal area between Coppenamepunt and the Corantijn River.
deviation in brackets.
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x x 20.4 (5.7) x x x x x 7

x x 53.7 (6.9) x x 5.5 (2.6) x 11

x x 55.1 (5.5) x 1.7 (1.4) 1.0 (1.1) 12.0 (4.6) x 13

x x x 51.5 (10.3) x 4.3 (3.5) 2.4 (1.2) 14.5 (3.8) x 13

x 57.3 (10.8) x 5.8 (2.9) 3.3 (1.9) 11.8 (4.0) 12

x 73.6 (8.0) 4.2 (3.0) 2.4 (2.6) 6.4 (3.6) 10

87.9 (3.7) 2.0 (2.2) x 2.4 (0.8) 8

. x x 31.8 (9.1) x x x 2.1 (1.7) x 12

x x 57.9 (5.0) x x x 4.9 (1.9) 14

x x 56.2 (7.4) x 1.1 (1.4) 1.8 (1.2) 12.0 (4.1) x 15

x x x 47.9 (14.9) x 4.9 (2.3) 2.5 (2.3) 15.3 (4.9) 15

x x 57.5 (12.2) x 7.4 (4.5) 3.6 (1.3) 12.0 (5.7) x 8

70.0 (8.0) x 6.0 (2.0) 2.0 (0) 7.0 (4.0) 2

x 43.1 (9.7) x 1.0 (1.0) 1.0 (1.1) 6.0 (3.6) 8

x x 58.0 (5.5) x 1.4 (1.4) 1.6 (1.0) 7.1 (2.7) 7

x x 46.1 (8.6) x 3.0 (1.4) 1.9 (1.0) 10.6 (3.4) x 8

x x 46.1 (7.5) x 5.0 (1.9) 7.1 (4.0) 6.6 (2.5) 7

68.0 (3.9) x 5.7 (2.7) 3.8 (2.3) 8.2 (2.4) 6

67 12 6 3 1

x x 56.8 (8.8) x x x 3.8 (2.4) 17

x x x 55.7 (5.2) x 2.1 (1.3) 1.5 (0.8) 12.1 (3.8) x 24

x x x 58.5 (7.6) x 3.7 (2.4) 2.5 (1.7) 14.0 (5.6) x 24

x x x 63.7 (8.6) x 7.3 (3.6) 3.9 (2.7) 11.9 (3.8) x 22

72.1 (7.9) x 6.9 (3.9) 5.0 (3.3) 8.4 (3.0) 14

79.5 (9.3) x 6.5 (5.4) 2.8 (1.8) 4.5 (0.4) 4

x x x 35.2 (10.0) x 1.3 (1.0) x 3.7 (1.8) x 6

x x x 49.6 (5.0) x 1.5 (1.0) x 6.6 (2.5) x 10

x x 56.6 (8.4) x 2.3 (2.0) 1.1 (1.0) 11.1 (5.0) x 11

x x 53.9 (7.4) x 4.4 (1.5) 2.5 (1.4) 16.6 (3.4) x 10

x x x 49.5 (10.4) x 12.1 (5.2) 6.9 (3.0) 17.4 (4.4) 8

x 55.3 (7.5) 12.3 (4.8) 7.0 (6.4) 14.0 (0.8) 3

,

x 51.0 (1.4) 1.7 (0.3) x 5.0 (2.1) 3

x x 58.7 (6.4) x 2.3 (1.4) 2.2 (1.8) 5.5 (1.3) x 6

x 57.3 (7.4) x 3.5 (2.1) 1.9 (0.7) 14.4 (2.5) 12

54.8 (7.9) x 7.3 (2.5) 3.3 (2.3) 17.7 (3.1) 12
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action is subdued by the mud. Sometimes mud accumulation takes place
over it. After the mudflat has passed and the chenier is affected by the
wave action again, the EH-sand in the mud can be washed out and added
to the S-sand (a situation existing in eastern Surinam).

Which processes occur in the isolated part of a chenier depend on va-
rious factors, a.o. the differences between the migrating velocity of the
mudflats and the intermediate chenier part, the direction of the local
coastline in relation to the wavefront approach, the height of the waves
in connection with the windforce and the waterdepth.

In one and the same stretch between two mudflats erosion and sedimen-
tation can occur simultaneously. Under severe erosion the retreating coast-
line can cut into an older inland lying chenier, in which the heavy mineral
composition may deviate. On the contrary, under certain wave conditions
S-sand can be transported seaward, possibly leading to mixing with wash-
ed out EH-sand. The same can happen at the eastern side of a mudflat,
where great amounts of mud are abraded. The EH-sand, eventually wash-
ed out, can add to the S-sand of the chenier. All this mixing lead to varia-
tions in the mineralogical composition of the sediments. They are consider-
ed in the next section.

Variations dependent on the degree of mixing
The heavy mineral composition of sand from samples collected in a

narrow zone in front of the coast of Matapicca (13M) and Katkreek (12),
proved to be mixtures between the staurolite and the epidote-hornblende
association. Mixing in this coastal part of the shelf can occur by wave
action, depending on the steepness of the waves, or via the drainage sys-
tems over the parts of the shelf, which fall dry at ebbtide. The occurrence
of true epidote-hornblende associations among the mixtures (illustrated
in fig. 30), points to the greater effect of the latter possibility. Seaward
transport of sand due to wave action was ascertained only in the Bigi
Santi area (14 and 13K). At several places along the coast however, in
small channels, which drained the mudflats or the muddy abrasion plat-
forms during ebbtide, a thin sandy bottomlayer was present. Sand from
the clays in the immediate vicinity of the ridges show a predominantly
staurolite assemblage, although epidote and hornblende percentages are
sometimes fairly high. Staurolite bearing sand from the cheniers in eastern
Surinam is mixed with the clay by the activity of burrowing organisms
(e.g. crabs).

The influence of the staurolite association in the mixed composition near
Matapicca (13M) is more evident than at Katkreek (12). This is caused
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Fig. 30. Heavy mineral associations and intermixing phenomena in key area Katkreek(12).

by the westward decreasing supply of staurolite bearing sand (fig. 17B)
and moreover by the decreasing percentage of heavy minerals in westward
direction (fig. 31).

At Popokaimama (9), in the central part of the Surinam coast the mine-
ralogical composition of the chenier sand shows remarkable spreading.
Most of the samples have a composition like that of the sand extracted from
the mud in front of Matapicca (13M). Under the prevailing circumstances
the transport of staurolite bearing sand has diminished so far that mix-
ing no longer appears to be restricted to the areas just in front of the che-
niers, but takes place in the chenier body itself.

It can be questioned if mixing within the cheniers of eastern Surinam
had already occurred at an earlier stage. As shown in fig. 27 some of the
samples of the distribution area of the staurolite association have fairly
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Fig. 31. The path of the mean heavy mineral content of the staurolite sands along the
coast. The dotted lines are the standard deviations
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TABLE 2 1

Samples which are suspected to be mixtures of the S-and EH-association.

site and sample description

initial dunes
surface foreslope, shell rich sediment
surface foreslope, almost pure sand
chenier basis, consisting of shell rich sediment
local thin sand cover over mudflat
sand, extracted from clay in the vicinity of cheniers
sand, dredged from the Marowijne River estuary
foreslope chenier at 170 cm depth

sample no. total
number

55, 94 2
97, 99, 101, 102, 103 5
18 1

78,225,239,246,265 5
59,217 2
188,189,191,245 4
386 1

28 1

high epidote-hornblende percentages. When only the most compact cluster
is encircled in the S-sand cluster area, 21 samples fall outside (see fig. 32)
The deviating samples are classed in table 21.

Mixing is to be expected in the samples from the clay and in the sand-
covers on the mudflats. The EH-content of the sample from the Marowijne
River estuary can easily be explained since DOST (1956) reports transport
of sand (through sandbars) and mud in the lower Marowijne River and DE
BOER (1972) mentions an epidote-zircon-staurolite association in the low-
er Marowijne River resulting from a mixing of distinct mineral assemblages.

Strikingly high percentages of epidote and hornblende occur in samples
that contain a lot of shells and shell debris. The transportation of shells
from the shelf in a coastward direction in areas where abrasion prevails,
will be treated in chapter IV-2.1. They are washed out of the mud, a pro-
cess which is most effective at the abrasion side of mudflats, in the short
dry season when strong winds are frequent. During the same process the
fine sand content will be winnowed from the mud and therefore a reasonable
suggestion would be that shell layers will originally have contained a cer-
tain amount of this epidote/hornblende sand. The total sand content of the
layers in which shell material dominates will be determined by the quan-
tities of S-sand supplied along the coast by the process of beachdrifting
together with the fine EH-sand washed out of the mud.

The rate in which the mixing of both sands becomes noticeable depends
on the quantities which are mixed, on their granular composition and on
the percentages of heavy fraction they contain. If the low sand content
of the mud (chapter 111-2.3) is taken into account, it may be expected
that, if the influence of the EH-sand on the S-sand of the cheniers between
the Marowijne and the Weg-naar-Zee area becomes recognizable, much
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Fig. 33. The graphical representation of the grainsize distribution of 5 mixed staurolite
and epidote/hornblende sand samples. Mixing is obvious for sample 221 and probable
for the samples 99, 102 and 103. In sample 246 it can only be recognised by the presence of
some clay in a predominantly medium to coarse sand. Neglecting the fractions smaller than
50 p.m (4.32 4.), it is impossible to consider this sample to be a mixture just from the grain-

size distribution.

EH-sand must have been added in proportion to the S-sand. This has to
be reflected by the grainsize composition. Some examples are presented
in fig. 33.

In table 22 an overall picture is given of the average weight percentages
of the heavy fraction in the two associations in various areas and/or dif-
ferent environments. The course of the heavy mineral content of the water-
borne S-sands in a westward direction is in accordance with the path of
all (= water-borne + wind-borne) S-samples in fig. 31. The standard
deviation with regard to the mean heavy mineral content is relatively
small excepting key area Eilanti (17), where heavy mineral concentrations
were found (chapter 111-4.8).

The standard deviations for the EH-sands are relatively high and the
heavy mineral values in these sediments are widely spread. It seems that
owing to the winnowing process the heaviest grains are concentrated, in
the cheniers as well as in the formation of lamina and lenses in the mud.
Since the average percentage of the heavy fraction in the EH-sand extract-
ed from the mud, and the standard deviation belonging to it, is lower than
the corresponding values for the EH-sand of the cheniers, it may be sug-
gested that in general the process of concentration is most effective
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TABLE 2 2

The mean heavy mineral content of the water-borne chenier sands of the
S- and Ell-associations and of a mixed association, together with the
heavy mineral content of sands extracted from the mud in western Sur--

nam.

% : mean percentage; n: number of samples; standard deviation in brackets.

S-association
key area Eilanti [17]
key area Bigi Santi [14]
key area Krofajapassi [13K]
key area Matapicca [13M]
key area Matapicca [13M], abraded older chenier
key area Katkreek [12]
key area Weg-naar-Zee [10]

Mixed association of S- and EH-sand
key area Popokaimama [9]

EH-association
Coppenamepunt-Corantijn River [key area 7-1]
sand extracted from the mud
chenier sand

% heavy
minerals

II

0.862 (0.927) 23
0.612 (0.386) 19
0.685 (0.324) 9
0.304 (0.197) 27
0.280 (0.114) 6
0.382 (0.202) 20
0.240 (0.141) 20

0.137 (0.083) 7

0.470 (0.441)
0.759 (0.664)

9
11

during the formation of the ridges. The weight percentages of the heavy
minerals in the samples from the mud between the Amazone and the Maro-
wijne (basic data, sample numbers T IT6) also show considerable mutual
differences.

Considering the demonstrated occurrence of relatively high weight
percentages of heavy minerals in the EH-sand even when that sand still
forms part of the mud sediment no large quantities of EH-sand are need-
ed to enable the recognition of a mixture with S-sand.

In fig. 34 and fig. 35 the average granular composition, the average
weight percentage of the heavy mineral content between 50 and 500 tim
(+4.32 +1 0), and the resulting average granular distribution of the
heavy fraction are presented in a diagram for 12 samples from key area
Eilanti (17) and for 5 samples from key area Friendship (4) respectively. The
modal class in the distribution of the heavy fraction of the S-association
(represented by the 12 samples from Eilanti) is the 105-150 pm (+3.25
+2.74 (k) size grade. Towards the finer size grades the occurrence of the hea-
vy minerals shows a sharp and continuous fall, whereas towards the 500
p.m (+ 1 0), after a drop, the content stabilizes more or less at a lower
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Fig. 34. The grainsize distribution, the heavy mineral content and the relation between
them for the average of 12 water-borne chenier samples from key area Eilanti (17). Sample
numbers 6, 11, 12, 13, 20, 21, 29, 30, 32, 33, 35, and 36. A : average grainsize distribution.
B: average percentage of heavy fraction for the size grades between 1 and 4.32 qS (= 500-
50 p.m). C: average relation between size grade and heavy mineral content in percentages
of the total amount of sand in each size grade between 1 and 4.32 qf (= 500-50 p.m).

level. For the EH-association, represented by the 5 samples from Burn-
side, the occurrence of the heavy fraction is highest in the 50-75 t.Lm.

(+4.32 +3.74 0) size grade. It is possible to recognize mixing due to the
combined influence of grainsize distribution and weight percentage of the
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Fig. 35. The grainsize distribution, the heavy mineral content and the relation between
them for the average of 5 water-borne chenier samples from key area Friendship (4).
Sample numbers 319, 320, 321, 323 and 324. A : average grainsize distribution. B: aver-
age percentage of heavy fraction for the size grades between 1 and 4.32 = 500-50 t.L111.)

C: average relation between size grade and heavy mineral content in percentages of the
total amount of sand in each size grade between 1 and 4.32 cb ( = 500-50 [km) .

heavy fraction, even at lower quantities of EH-sand on the condition that
the mineralogical composition of the finest size grades of the S-sand clearly
deviates from that of the EH-sand.

A calculation was made, in which the numbers of component heavy
minerals for both associations have been converted into weights. To avoid
exceptions, the heavy mineral composition of a few samples was averaged
for both assemblages. The numerical percentages of the component heavy
minerals for the S-association in the distinct grainsize fractions between
50 and 500 p.na (+4.32 sb) are presented in fig. 36. A similar picture
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Fig. 36. (1.) An example of the distribution of the heavy minerals in the staurolite association
of the size grades between 1 and 4.32 0 (= 500-50 The values are averages of 4
samples from key area Eilanti (17). Sample numbers 11, 30, 32 and 35. The legend is given

in fig. 37. A : the ratio opaque- non opaque. B: the non opaque heavy minerals.

Fig. 37. (r.) An example of the distribution of the heavy minerals in the epidote/hornblende
association of the size grades between 1 and 4.32 ( = 500-50 p.m). The values are aver-
ages of 3 samples from key area Friendship (4). Sample numbers 321, 323 and 324. A :

the ratio opaque non opaque. B: the non opaque heavy minerals.
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is given in fig. 37 of the EH-association, of which only the finest three size
grades are present in sufficient quantities to yield any result in the heavy
mineral analysis. The differences in heavy mineral composition between
the finest three size grades of the S-association and the EH-assemblage
(already pointed out under the heading "granular variation"), are visualiz-
ed here once again.

The conversion of the percentages by number into percentages by weight
has been made by the multiplication of the numbers of the component
heavy minerals (n) for every size grade and their specific gravities (SG).
These values were put into the next formula:

n . SGmineral 1
. 100 = weight % mineral 1

E (n . SGmineral 1x)

where x is the number of mineral species per size grade. A mean specific
gravity of 4.75 has been assumed for the opaque minerals, after some
rough calculations. The used specific gravities of the other component
heavy minerals are listed in table 23.

The percentage by weight of the heavy fraction in every size grade in
relation to the overall grainsize distribution between 50 and 500 I.Lm
(+4.32 +1 0) is calculated as follows :
the percentage by weight of every size grade in the grainsize distribution
between 50 and 500 m (+4.32 +1 0) divided by 100 and multiplied with
the respective percentage of heavy fraction per size grade.
It is subdivided with the aid of the above computed weight percentage
of the component heavy minerals.

This calculation is only an approximation of the real values as the used
specific gravities are averages taken from references. Moreover the sim-

TABLE 2 3

The specific gravities of the heavy minerals used for the calculations of
figs. 38 and 39.

alterites 2.90 hyperstene 3.40
andalusite 3.15 kyanite 3.64
anatase 3.89 rutile 4.22
apatite 3.10 sillimanite 3.24
chloritoid 3.42 staurolite 3.38
corundum 4.03 titanite 3.48
enstatite 3.20 topaz 3.58
epidote 3.38 tourmaline 3.09
garnet 4.20 xenotime 4.50
hornblende 3.15 zircon 4.60
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Fig. 38. Average heavy mineral composition of 4 S-sand samples from key area Eilanti
(17), expressed in percentages of the total amount of material in the grade to which the
minerals belong, corresponding to their size. The samples used are 11, 30, 32 and 35.

The legend is given in fig. 39.

plification that all grains within a single grade have the same size, has
been made. Nevertheless, the results as visualized in fig. 38 and fig. 39,
respectively showing the averaged 4 samples of the S-association (Eilanti)
and the averaged 3 EH sand samples (Friendship), enable us to obtain an
insight in the changes in the heavy mineral composition when mixing oc-
curs.

When the S- and EH-associations mix together a comparison of fig. 38
and fig. 39 shows that changes will occur particularly in the very fine sand
fractions. Since the finest size grades generally occur only scarcely in the
S-sand and the weight percentage of the heavy fraction decreases in a
westward direction, the influence of the EH-association, in case of mixing,
will augment in that same direction. In some cases mixing can be deduced
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Fig. 39. Average heavy mineral composition of 3 EH-sand samples from key area Friend-
ship (4), expressed in percentages of the total amount of material in the grade to which the
minerals belong, corresponding to their size. The samples used are 321, 323 and 324.

from the grainsize distribution (sample 221, fig. 33). However, as the
number of grains in given amounts of sand of different size grades are
inversely proportional to the third power of their diameters (VAN ANDEL
1950) a small amount of very fine EH-sand may influence the mineralogi-
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cal composition of a medium to coarse sand more than might be expected
from the grainsize distribution. This can be demonstrated by comparing
the values of epidote and hornblende for key area Katkreek (12) in gene-
ral and sample 246, with the corresponding values of the fractionated ana-
lysis of sample 246 (table 24). Particularly the finest size grades account
for the high values of epidote and hornblende in the overall size range
50-500 m (+4.32 +1 0). In the grainsize distribution these finer frac-
tions are scarcely present (fig. 33).

TABLE 2 4

The presence of epidote and hornblende in the size range 50-500 I km of
the chenier sand

in key area Katkreek (12) in general and in sample 246, and also in the distinct subfractions
of sample 246.

size grade
in pan

epidote hornblende

key area Katkreek (12) (average of 20 samples) 50-500 7.5 (2.0) 9.4 (5.2)

sample 246 50-500 9 17

sample 246 fractionated analysis 50 75 15 12

75-105 14 17

105-150 8 14
150-210 4 8
210-300 5

300-420 no count
420-500 no count

Thus generally the relatively high percentages of epidote and hornblen-
de in the 50-500 [im (+4.32 +1 0) size range of the staurolite sands
must have been caused by small admixtures of EH-sand. This is not clear
from the grainsize distribution.

In western Surinam the situation is reverse. A few EH-samples were
found to have fairly high staurolite and garnet percentages (sample 326
and 382). Since the Saramacca and the Coppename cannot be held respon-
sible for these deviations (KRooK 1969), a reasonable suggestion for the
occurrence is that staurolite sand, supplied from eastern Surinam by beach-
drifting, may still be of influence. Although at present the influence of
the staurolite component in the sand decreases sharply from Popokaima-
ma (9) to the west, some sporadic supply of staurolite-bearing sand to
this part of the coast might still occur. Viewed in this light the SE-as-
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semblage distinguished by KROOK (1969), which has proved to be a
mixture of the S-and EH-association (chapter 111-4.4), was described to
occur up to and including the eastern part of Coronie. However, KROOK's
data are averaged for the combined Comowine/Moleson phase and for the
Wanica phase, whereas until now the present study has only dealt with
data of the Comowine phase. The S-influence in the past may have pos-
sibly extended further westward.

The composition of sample 367, from the Nickerie River embouchure,
seems to have been influenced by that river (or its older deposits), as the
kyanite and topaz percentages for the EH-association are higher than usu-
al.

V ariations due to weathering
The weathering of relatively unstable minerals will alter the mineralo-

gical composition of a deposit. Severe weathering occurs in the highly des-
structive soil-environment (RAESIDE 1959). Some varieties of garnet, no-
tably those with high iron content (which occur in the Surinam coastal
sediments) and epidote and hornblende are known to be unstable (ALLEN
1948, RAESIDE 1959). KROOK (1969) thinks garnet to be much more un-
stable than epidote and hornblende. DE BOER (1972) reports that under
oxidizing conditions garnet, hornblende and epidote are corroded con-
secutively.

The content of relatively unstable minerals in an assemblage is ob-
viously connected with age. KROOK (1969) reports that garnet-bearing
sands are found almost exclusively in the cheniers of Subatlantic age
(Moleson and Comowine phase). In the older beachridges the sand
belonging to the same mineral associations, contains only traces of strong-
ly weathered garnet. In the Quaternary sands of the Calcutta deepdrilling,
epidote and hornblende occur in amounts varying from moderate to
abundant, except for the Pleistocene soil profiles, where they are almost
absent. He described similar phenomena in a soil profile of Subboreal
age.

The cheniers situated along the present-day shoreline are too young
for weathering to be of any appreciable influence. Nevertheless, under
severe erosion, the transgrading sea can cut into an older inland lying
chenier. In the easternmost part of the Surinam coast the Subboreal che-
niers are close to the shore. It is therefore quite possible that, in that area,
sand from which the unstable minerals have disappeared, has been added
to the sediment which is being transported along the coast. No examples
of this influence have yet been found.
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II1-4.6 The distribution of the heavy mineral
associations in the past

The question may arise if the area, where at present the variations due
to mixing are found in the cheniers, is in the same position as it has been
in the past. KROOK (1969) found that the S-association occurred east of
the Surinam River during the late Holocene. The assemblage which agrees
with the EH-association of the present study, was restricted to the area
from the western part of Coronie to the west.

In order to obtain additional information, in fig. 40, 47 samples of older
cheniers were plotted in the triangle diagram used in fig. 27. The heavy
mineral data are listed in chapter III-4.9.*

The Comowine phase is represented by 24 samples from the Young
Coastal Plain between the Marowijne and coordination sector 10. The
mineralogical composition of 20 of the samples agrees with that of the S-

REST

Comowine phase'Z34

O Moleson phase

O Wanica phaseOZ33

18
0 0 0

Z22 07-28

\

STAUROLITE EPIDOTE+

Fig. 40. The S- and the EH-associations and their mixtures in the older chenier deposits of
the Surinam Young Coastal Plain, plotted in the triangle diagram of fig. 27.

* The heavy mineral counts of 38 of these samples were placed at my disposal by J. I. S.
ZONNEVELD. These samples were collected about 25 years ago.
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association of the recent cheniers. Two samples, numbers Z1 and Z17
from Katkreek (12) and Weg-naar-Zee (10) respectively, are mixtures such
as the recent samples 221 from Katkreek (12) and 287, 290 , 379 and 380
from Popokaimama (9). Sample Z18 belongs to the EH-association. No
explanation can be given for the mineral composition of sample Z8.

Samples of the Moleson phase have only been taken from the central
and western parts of the Surinam coastal plain, since in east Surinam the
Moleson is not recognized. According to PONS (1966), during the Moleson
phase the protruding position of the eastern part of the Surinam coast
is the reason why no sediments are deposited there during that period. Re-
markably however, one of the Moleson samples from central Surinam
(Z21) belongs to the S-association while two others (Z22 and Z28), from
central and western Surinam respectively, show relatively high staurolite
percentages. The subdivision of the Holocene in Surinam is based on soil
characteristics in clays (Po Ns 1966, BRINKMAN & PONS 1968). Nothwith-
standing the absence of Moleson clayey sediments in east Surinam, the
above mentioned staurolite values might signify that the sand supply from
the Marowijne River and from the coast of French Guiana continued dur-
ing the Moleson phase. In that case S-sand cheniers will have occurred in
east Surinam at that time. They have, up till now, possibly not been re-
cognized in that capacity or have disappeared by abrasion. The remain-
ing four samples from west Surinam belong to the EH-association.

The samples of the Wanica phase, all from the eastern part of the coastal
plain, are usually found somewhat higher in the diagram and more to the
epidote/hornblende zero line. They usually contain relatively high con-
tents of zircon, rutile and anatase. These minerals have a preference for
the finer size grades, as does garnet (table 20). The garnet content in the
sediments concerned however is very low and this also applies for a lesser
extent to epidote and hornblende. The higher position in the diagram men-
tioned above is in fact caused by the weathering of these relatively un-
stable minerals. The samples Z33 and Z34 do not fit in very well. Probably
they are strongly impoverished sands of the EH-association or of the
mixed S/EH-type. No explanation can be given for the relatively high
percentages of kyanite in the samples from the Moleson and Wanica de-
posits of the central part of the Surinam coastal plain, since neither the
Saramacca, nor the Coppename seem to supply kyanite in any appreciable
amounts (KRooK 1969).

If the results presented in fig. 40 are summarized (while taking the sta-
tements of KROOK (1969) into account) the distribution of the heavy min-
eral associations shows that since late Atlantic times conditions of depo-
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sition along the Surinam coast have not changed drastically. This is in
agreement with NOTA (1971), who drew the same conclusion regarding the
morphology of the shelf floor, and PONS (1966) and BRINKMAN & PONS
(1968) who concluded likewise on pedological grounds. However, the high
staurolite content in the Pleistocene sands on the edge of the Surinam shelf
(NOTA 1967, 1971) and on the western Guianese shelf (Nom 1958), de-
posited during the regression of the sea in the last glacial period, points
to a process of beachdrifting which was much more intensive (see also
KROOK 1969). The sea level at that time was between 80 and 90 meters
below the present one (Nom 1967). The stronger beachdrifting process
was possibly due to higher waves on the steeper shelfslope.

A comparison of the mineralogy of the dune sands and the water-
borne chenier sediments

Eolian activity on beach sediments produces an enrichment of heavy
minerals (DOEGLAs 1944, CROMMELIN & SLOTBOOM 1945, BoYE 1962,
DEPUYDT 1972, REINECK & SINGH 1973). As the weight of a mineral in
water is less than it is in air, due to the difference in upward pressure, the
ratio between the weight of a heavy and a light mineral of equal volume
in (sea)water is higher than in air. For instance the values of the ratios
of almandine (SG 4.20) and quartz (SG 2.65) are

in water :
4.20 1.03

= 1.96
2.65 1.03

and in air :
4.20

= 1.58
2.65

Therefore the difference in mean force, necessary for the transportation
of heavy and light mineral grains of the same volume, has to be greater
in water than in air. Thus the dune sands are expected to contain more
heavy minerals than the water-borne chenier sediment. KROOK (1966)
compared the mineralogical data of one (initial) dune sand sample from
Matapicca (13M) with those of a nearby water-borne chenier sand sample
and found the opposite to be true.

In table 25 the percentages by weight of the heavy fraction and the
amounts of some frequent minerals in the S-association are listed for dune
sands and non-eolian chenier sands of the corresponding key area. For
the latter they are presented as mean values. These data show that gene-
rally the dune sands do indeed contain the highest percentages of heavy

116

II1-4.7

:

f S.



TABLE 2 5

The weight percentages of the heavy fraction and the numerical percen-
tages of staurolite and garnet in the dune sands, compared with the mean

values for non-eolian sands of the corresponding key areas.

mean percentage; "S-: mean staurolite content; G: mean garnet content; n: number of
samples used.

sample
number

key
area

dune sands water-borne chenier sands

% heavy
minerals

heavy
minerals

8

10

43
55

89
90
91
92
93
94

141
145

17
17

14
14

13K
13K
13K
13K
13K
13K

13M
13M

3.545
2.212

2.683
1.140

0.898
0.644
0.786
0.707
0.752
0.653

0.304
0.568

72
68

65
69

62
64
63
63
67
57

57
71

14
11

19

7

7
15

17
12
12
9

15
7

0.862

0.612

0.685

0.304

56.1

54.7

52.3

57.7

10.4

11.8

10.8

11.3

23

19

9

27

minerals. The remaining data however, show that this rule has to be
used carefully. Minerals with high specific gravities, such as garnet and
staurolite, are thought to increase in the dune sands. The staurolite beha-
ves as expected, whereas the behaviour of garnet (with an even higher
specific gravity) shows some deviations. More detailed studies, with the
aid of fractionated analyses, revealed an even more complicated picture.

The variations in the mineralogical composition of the water-borne
staurolite sands, explained in chapter 111-4.5, must be reflected in the
dune sands of the corresponding area. It is, however, impossible to point
out which strata did contribute material to the upbuilding of the small
dunes. Moreover, the top laminae of the chenier foreslope are often some-
what cemented by salt, particularly in the dry periods and during the lower
tides, as a result of evaporation. Sand, supplied from areas where the su-
perficial cementation has been disturbed (or did not occur) can move so-
me tens of meters over that cemented surface before it contributes to the
dune formation. A relation between the mineralogy of the dune sands and
the nearby water-borne chenier sediments is therefore often absent.
/CROOK'S results, mentioned above, must be attributed to this. A statistic
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approximation should probably yield good results. However, the number
of dune sand samples collected for the present study is too small for
such an approximation.

III-4.8 Heavy mineral concentrations

In Surinam, dark redbrown sands which proved to be heavy mineral
placers are found particularly along the cheniers Pruimeboomstrand and
Baboensanti (the area just west of the Marowijne estuary). They are also
found in the most western part of the coast of French Guiana, in front
of the Mana embouchure. This geographical situation seems to be deter-
mined by the rather sudden fall in transport capacity at the place where
the riverwater spreads out into the ocean. The high percentages of heavy
fraction in the sands near the embouchures of the Mana and the Marowijne
(sample 2, 4, 9 and 38), combined with the decreasing heavy mineral con-
tend to the west (see fig. 31), point to the same conclusion. At all locations
where heavy mineral concentrations are found, the chenier foreslopes ex-
tent seaward even at low tide and therefore may be called foreshores. The
placers, originating from differences in the behaviour of heavy and light
minerals especially when they are moved as bedload (INMAN & FILLoux
1960) seem to develop in environments, where the process of swash and
backwash, in combination with the effects of the tides, is not restricted
to the very narrow foreslopes commonly found along the Surinam coast.
The significance of the swash/backwash process for the relative sorting of
minerals with different densities is explained by CLIFTON (1969).

In three cases (samples 2, 4 and 9) the placer bands are found to start
at the intersecting line between a recent foreshore and an older chenier
body of which the topstrata are definitely eolian in origin. Pre-concentra-
tion by wind-action, such as described for the dunesands in chapter III-
4.7, definitely plays an important part in the enrichment process.

In areas where the heavy mineral content of the sand is very low, dark
coloured sediments can hardly develop. The most western location where
a S-sand placer was seen is the area between the Motkreek and the Krofa-
japassi (sample 88). Nevertheless, enrichment does take place in the more
westerly transported staurolite sands. It can only be observed by the
heavy mineral content, which will be much higher than the corresponding
values of other nearby strata. Sample 84 (2.314%; mean percentage for
key area 13M is 0.315) and sample 242 (2.148%; mean percentage for
key area 12 is 0.382) are good examples.

Concentration within the EH-assemblage was discussed in section III-
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I 18 C (r.s.) 6.897 29 17 4 4 tr. tr. 67 3 I 4

2 18 31.338 14 43 tr. 54 tr. I 2

3 18 1.14e 4 19 6 7 I 45 3 1 18

4 18 7.804 12 50 1 1 tr. 2 43 I I tr. I

5 18 0.615 19 14 5 1 5 2 49 5 3 16

6 17 2.678 47 II 5 2 5 7 tr. 61 tr. tr. 9

7 17 0.151

8 17 3.545 22 14 2 tr, I tr. 73 tr. 3 7

9 17 83.157 15 32 I 67

10 17 2.212 52 11 4 5 68 3 3 6

II 17 2.554 49 9 1 I 2 I 71 1 2 12

17 0.395 25 5 7 2 14 2 1 I 47 1 3
12 15

13 17 0.361 63 6 5 2 14 2 tr. I tr. 50 tr. 4 3 13

14 17 0.032 72 15 6 14 4 I 44 3 I 12

15 17 0.054 27 II 10 II 1 49 2 2 14

16 17 0.636 42 20 3 3 4 64 I I 4 tr

17 17 0.362 22 9 7 12 I 51 5 2 13

18 17 0.260 27 8 11 17 2 44 3 3 12

19 17 0.137 25 17 4 5 I 1 61 3 3 5

20 17 0.329 26 8 7 I 10 2 54 4 I 13 tr.

21 17 0.741 30 9 4 9 3 60 4 11

22 17 2.009 32 9 6 8 7 61 I 8.
23 17 C (r.s.) 0.714 48 26 4 4 14 50 2

24 17 0.074 55 6 15 15 26 I 1 31 tr. 1 tr. 3 1

26 17 0.845 35 9 6 10 tr. 1 50 1 3 2 18

27 17 0.274 34 9 5 5 II 2 tr. 46 tr. 2 4 14

28 17 0.206 11 14 2 I 43 4 2 17

29 17 0.332 38 8 10 1 6 4 tr. I 49 2 3 16

30 17 0.557 30 II 9 2 8 1 51 5 3 10

31 17 0.238 35 6 10 13 3 I 46 3 5 13

32 17 1.950 45 II 2 3 tr. 64 I 4 5 10

33 17 2.294 36 20 6 6 58 3 2 5

34 17 0.179 29 7 II I 13 I 48 4 2 13

35 17 1.909 60 8 3 1 74 I 13

36 17 0.659 35 7 6 5 I 67 3 1 9

37 17 2.813 35 8 5 4 tr. I 68 3 2 9

38 17 82.215 31 20 2 I 3 68 1 5

39 17 19 19 I I 5 2 I 66 2 tr. 3 tr.

41 14 1.220 51 14 II 2 8 9 1 48 3 I 3

43 14 2.683 8 19 5 4 65 2 5

44 14 23 14 7 I 9 I 59 1

2

3

I

5

7

8

46 14 26 8 6 I 18 1 I 56

47 14 29 10 4 9 3 64 tr.

55 14 1.140 36 7 6 2 7 2 I 69 2 I 3

58 14 0 520 32 13 7 7 1 2 59 2 2 6

,. 59 14 C (r.s.) 0.109 47 6 15 2 16 5 I tr. 49 2 I 3

60 14 1.304 21 17 3 6 5 I 1 59 1 7

64 14 0.217 33 7 8 I 13 3 tr. 54 2 1 II

65 14 0.491 32 13 4 2 7 2 I 63 I tr. 7

66 14 0.638 25 17 5 I 8 1 49 tr. 4 I 14 tr.

67 14 0.091 33 8 6 4 15 1 1 44 2 3 16

68 14 0.063 25 10 8 3 16 2 1 cr. 46 3 3 8

69 14 0.227 19 10 5 2 14 I 47 I 3 4 12 1

70 14 0.539 20 9 7 2 10 2 1 53 tr. 4 tr. 12
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71 14 0.930 18 10 6 9 . 61 2 2 10

72 14 0.712 18 1 8 3 6 2 56 3 1 7

73 14 0.836 22 16 3 1 5 1 1 58 4 I 10

74 14 0.808 22 9 4 I 12 I I I 59 I 2 8

75 14 23 4 6 2 tr. 61 1 . 14

76 14 0.708 28 23 6 1 6 2 50 1 tr. II

77 14 1.463 18 16 11 6 I tr. 57 tr. 1 I 7

78 14 0.598 28 8 13 1 15 2 I tr. 44 1 1 I 13 tr.

79 14 1.055 20 10 6 I 6 1 I 64 2 9

80 14 0.165 21 8 8 9 2 tr. 51 2 3 16 I

81 14 0.254 23 10 8 6 3 I tr. tr. 54 2 2 14 tr.

83 13 0.455 24 19 4 8 58 1 I 9

84 13 2.314 30 21 2 1 4 68 1
3

85 13 0.144 19 7 6 10 4 60 3 3 7

86 13 0.021 61 2 3 I 14 tr. 34 16 19 II

87 13 0.663 16 8 3 4 72 4 2 7

88 13 62.594 20 29 6 I 2 59 3

89 13 0.898 16 7 3 6 1 62 1 5 1 14

90 13 0.644 18 15 3 1 6 tr. tr. tr. 64 tr. 2 2 7

91 13 0.786 7 17 63 2 2 8

92 14 12 4 2 I 63 4 2 8

93 13 0.752 11 12 4 4 2 67 tr. 2 1 8

94 13 0.653 19 9 10 1 II tr. 57 1 I 10

95 13 0.691 34 15 5 5 3 57 1 3 I 10

96 13 0.498 38 12 12 6 4 I 55 2 1 7

97 13 0.501 0 8 10 II 2 tr. 59 I 2 7

98

99

13

13 NM 0.433 47 10 II 13 6 I 1 48 I 2 7

0.608 33 6 13 12 1 1 1 53 4 I 8

100 1.546 31 14 7 1 5 6 56 1 2 2 6

101 133 0. 475 32 II 11 17 2 7 6 tr. 6

102 13 0.601 29 9 10 14 2 tr. 53 10

103 13 0.812 26 12 14 12 4 tr. 3 1 2 tr. 12

104 13 48 8 29 17 7 I 2 2 I 18 2 1 6 3

105
13 Mill 11 11 3 1 3 1 31 I 3

107 13 5 25 3 18 7 1 35 tr. I I

108 13 2

11111

20 I 15 16 I 2 31 5 I 4

109 13 3 17 17 17 tr, 3 33 3 5 I

110 13 6 15 17 8 1 41 4 I 3 4

III 13 51 II 18 3 17 6 3 tr. I 31 tr. 4 4 2

112 13 52 7 22 4 14 11 2 tr. I 27 tr. 5 6 I

113 13 45 2 27 4 21 I 1 I 1 2 27 3 9 I

114 13

13

48 5 28 2 17 8 I 2 I 1 26 I 1 1 5 I

119 51 6 21 I 18 9 1 I 3 1 28 5 4 2

120 13

13

61 6 18 1 14 20 1 1 35 tr 3 I

-

122 71 8 20 13 17 1 1 I I tr. 31 1 5 1

123 13 60 5 25 I 17 5 tr. tr. I tr. 39 5 I I tr.

124 13 43 17 10 I 6 4 I tr. tr. I 56 1 3

126 13 31 13 3 2 1 64 2 3 12

127 13 31 11 10 9 4 I 53 1 I 10

129 13 41 12 II 5 3 1 tr. 51 I 2 1 12 I

132 13 48 10 II 16 8 I 1 36 3 1 13

133 13 27 9 10 23 I tr. 44 tr.

134 13 38

135 13 10 4 I 6 55 15 8 10
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138 13 C (r.s.: 0.340 II 13 6 5 2 58 3 2 II

139 13 0.413 22 13 4 1 10 1 58 3 2 8

140 13 0.204 27 15 8 5 2 49 5 2 13

141 13 0.304 13 15 2 I 3 1 57 4 2 14 I

143 13 0.787 44 22 32 I I I 26 3 3 II

144 13 0.561 9 8 I 1 4 tr. 72 3 2 9

145 13 C (r.s.: 0.568 4 7 2 I tr. I Cr. 71 3 I 14

152 13 0.445 13 II 2 3 cr. 1 69 2 I II

153 13 0.367 16 16 4 5 cr. 1 tr. 56 1 3 3 II

161 13 0.795 16 17 3 5 I
63 I tr. 10

162 13 0.269 20 7 3 6 3 tr. 57 5 4 15

163 13 5 0.084 20 5 6 7 I tr. 50 I 9 6 15

164 13 0.060 48 10 6 9 tr. 48 7 3 17

165 13 0.040 41 5 3 I 4 I tr. I 50 11 7 17

166 13 0.051 46 6 6 4 tr. 52 7 4 21

167 13 0.109 27 9 6 I 8 I I 52 4 3 15

168 13 0.343 20 15 I 7 cr. I 58 2 1 15

169 13 0.207 35 10 4 3 4 1 55 1 4 2 15 I

170 13 0.517 18 15 3 4 1 1 56 1 3 3 13

171 13 0.501 22 13 I 6 tr. I 68 2 I 8

172 13 0.375 17 17 4 5 tr. 62 tr. 4 I 7

173
13

0.323 9 II I I I tr. 64 3 5 14

174 13 5 0.223 13 10 6 I 2 1 1 65 tr. 2 2 10

175 13 0.258 16 11 5 I 6 1 52 5 5 14

176 13 0.142 22 12 2 I 6 1 I 1 54 5 4 12 I

177 13 0.281 19 17 2 3 6 56 2 3 10 I

178 13 0.491 15 13 2 3 4 tr. 63 4 2 9

179 13 0.351 15 16 2 3 64 cr. 3 2 9 I

180 13 0.277 32 19 5 4 4 tr. tr. 52 3 I 12

181 13 C (r.s.) 0.261 19 II 4 5 1 59 3 4 12 I

182 13 0.246 21 13 2 2 2 I 65 3 2 10

183 13 0.082 30 12 2 2 4 1 67 I 2 9

188 13 0.288 27 9 16 2 II 3 1 1 2 42 1 3 8 I

189 13 0.579 60 7 14 1 12 3 2 51 I 2 I 5

190 13 0.432 37 13 9 11 I tr. I 1 53 2 2 7

191 13 0.479 20 8 15 1 12 I I tr. 1 46 I I tr. 13

195 12 70 27 34 I I 27 I 8

197 12 65 5 20 29 14 tr. tr. 2 20 tr. I tr.

199 12 63 2 24 25 13 4 20 7 5

202 1 47 9 29 2 14 6 I I I 2 28 tr. tr. 3 2

203 12 78 2 29 5 45 1 3 8 2 5

205 12 27 1 31 3 32 I I 2 2 17 I 2 1 6

207 12 35 3 24 6 30 2 I I 2 I 19 1 I 9

208 12 47 5 26 4 21 3 I I tr. I 2 27 I tr. 2 6

210 12 34 1 31 5 46 1 2 7 tr. 2 tr. 3 2

211 12 49 4 24 5 26 I I 27 4 tr. 8

212 12 35 2 27 4 26 I tr. I I tr. 26 2 I 7 2

213 12 41 2 24 1 36 1 18 3 13 2

215 12 20 I 33 2 29 tr. I 21 1 3 tr. 7 2

216 12 35 4 28 3 25 4 I 2 19 I 2 I 9

217 12 0.863 59 5 18 4 12 7 I tr. tr. 42 1 I I 7 I

219 12 C (r.s.) 0.367 45 9 5 1 9 1 1 53 I 1 18 I

220 12 0.365

221 12 0.958 53 6 18 I 19 1 I 32 4 2 15 I
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224 12 C (r.s.) 21 47 10 7 tr. 51 2 1 12

225 12 0.102 19 8 7 14 4 41 7 6 13

226 12 33 12 12 9 5 1 52 I 1 6 1

227 12 19 12 8 9 2 56 3 1 9

228 12 0.376 25 9 10 11 2 1 50 1 5 1 10

229 12 0.558 23 14 12 5 2 tr. 52 3 2 10

230 12 0.173 32 8 9 12 tr. 53 3 2 12 1

231 12 0.349 22 12 6 1 7 2 52 tr. 4 2 14

232 12 39 12 14 7 4 1 49 2 2 I 7 1

233 12 21 9 7 II 3 I 56 3 2 8 tr.

234 12 0.298 21 II 7 7 1 54 3 4 13

235 12 0.460 28 7 9 20 I
2 46 4 2 9 tr

236 12 0.893 29 16 8 8 1 I 54 1 I 10

237 12 0.709 34 12 6 7 3 53 3 I 15

238 12 0.554 30 13 8 5 2 61 tr. 2 1 8

239 12 0.301 34 8 8 1 22 6 39 3 6 7

240 12 24 13 9 2 5 3 47 1 5 3 II 1

241 12 0.622 24 9 11 II 1 47 4 3 14

242 12 2.148 26 17 6 I 1 64 3 1 7

243 12 23 15 6 1 8 tr. tr. 55 tr. 1 I 13

244 12 53

245 12 C (r.s.) 30 7 16 15 1 I 47 4 1 8

246 12 0.230 40 5 9 3 17 1 1 tr. 3 2 38 I 3 2 15

247 12 0.263 25 10 5 I 5 2 1 tr. 1 tr.. I 50 2 5 17

248 12 0.161

249 12 0.071

250 12 0.302 15 6 4 10 tr. 1 59 2 5 13

253 12 0.481 13 11 4 4 tr. I I 57 1 6 2 13

254 10 0.093 9 6 3 1 6 tr. 59 tr. 8 3 14

255 10 0.119 8 6 5 10 1 tr. 54 8 4 12

256 10 0.122 11 9 6 14 1 55 tr. 4 3 8

257 10 0.202 7 9 3 1 6 tr. 64 5 4 8

258 10 0.154 7 5 4 1 8 I tr. 58 1 3 2 17

259 10 0.387 4 6 3 2 6 1 64 tr. 4 I 13

260 10 0.423 8 5 7 8 56 3 2 19

261 10 0.358 7 6 6 6 59 6 I 16

262 10 0.308 5 4 7 2 9 1 54 I 3 3 16

265 10 0.048 12 6 7 3 14 38 15 3 14

266 10 0.034 5 7 4 4 11 I 45 7 7 14

268 10 0.523 11 8 3 5 I 61 3 tr. 19

269 10 0.503 13 12 3 1 5 I 59 4 2 13

270 10 0.326 11 6 4 7 tr. 62 4 4 13

271 10 0.252 8 8 2 1 4 tr. I 60 5 3 16

272 10 C (r.s.) 0.304 10 9 3 I 5 tr. tr. 57 7 3 15

273 10 P 0.111 II 4 5 8 50 4 5 24

274 10 0.237

278 10 0.149 5 6 tr. 13 tr. 55 10 tr. II

279 10 0.142 7 5 8 1 49 10 6 18

285 9 0.010 20 3 20 29 1 I 20 10 4 12

287 9 0.152 30 5 14 24 5 I tr. 1 1 33 I 4 4 7

288 9 0.244 49 8 14 11 5 I 39 3 17

289 ,9 0.097 26 5 12 1 14 6 tr. 1 I 53 3 2 2 tr.

290 9 0.112 81 7 10 1 25 1 2 I 2 30 I 4 1 14 1

291 7 0.706 43 7 25 3 23 7 I I 22 5 1 5
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294 5 C (r.s.) 51 I 39 1 16 20 4 I 12 1 I 3 I

300 5 0.080 69 3 32 3 25 7 3 2 14 2 2 5 2

306 4 0.769

308 4 0.058 69 6 32 5 25 6 1 1 2 2 9 2 4 3 2

309 4 0.168 70 5 38 15 12 I 1 I 20 2 I 4

310 4 0.459

312 4 0.734

319 '' 4 0.699 67 2 32 39 8 tr. tr. tr. 13 tr. tr. tr. 6 tr.

320 4 0.221 40 ' 2 38 I 29 II 1 tr. 1 tr. tr. 9 2 tr. 6

321 4 1.643 78 3 31 32 4 I tr. I tr. 16 5 7 tr.

322 4 46 12 29 21 10 I tr. 2 14 1 7 3

323 4 0.484 58 5 23 40 4 I 15 3 3 4 2

324 4 C (r.s. 0.057 50 3 29 36 8 I 3 12 4 3 I

325 4 0.185 54 9 23 I 20 18 2 tr. 1 2 2 II 3 1 6 1

326 3 0.093 18 8 15 I 13 1 1 38 4 2 17

328 3 0.268

333 3 2.232 93

338 3 1.250 68 5 27 2 21 23 2 2 13 tr. I 4 tr.

364 1 1.124

366 1 0.050 44 1 39 3 41 5 2 tr. I 7 1 tr.

367 ., I 9.737 92 I 14 4 4 37 2 3 10 5 2 10 3 5

371 4 67

372 10 5 3 4 I II I tr. I 48 tr. 5 7 18 1

376 13 0.932 51 13 13 9 10 2 I 49 1 2

377 1 50 7 33 I 17 17 1 1 4 1 I 9 I 2 2

378 1 34 3 23 2 43 6 1 tr. 2 tr. 2 13 I I tr. 3 tr.

379 9 0.077 37 6 27 18 3 2 35 I 3 tr. 5

380 9 0.265 30 2 24 2 17 1 tr. 2 2 36 5 tr. 9

381 17 24 II 4 I 6 3 1 1 58 2 2 11

382 5 43 14 19 4 14 4 I 2 1 3 30 1 5 2

383 4 1.290 61 3 27 2 26 5 tr. 2 I 2 12 2 5 tr. 12 I

384 4 41 I 39 9 17 6 tr. 17 tr. 1 2 8 tr.

385 5 51 1 39 15 20 4 I II I I 5 2

386 17
C (r.s.) 30 6 14 2 16 1

]

44 3 2 12

KK 230 C (r.s.) 18 II 3 3 tr. 71 tr. 6 6

KK 231 C (r.s.) 27 II 2 3 3 tr. 63 I 1 16

71 2.410 72 1 26 4 24 16 1 3 21 1

12 2.174 90 7 14 I 29 25 I I 2 11 1 7 1

13 2.153 84 1 32 3 41 4 tr. 2 13 tr. I tr. 3 tr.

T4 4.686 84 3 16 I 12 25 1 tr. 36 tr. 1 tr.

15 0.075 38 2 23 30 5 tr. I tr. 33 4 2 tr.

T6 0.069 62 7 35 2 25 9 I 2 tr. II 4 4 tr.

-

7

Al II C 45 13 4 10 4 I 55 3 10

A2 II C 37 12 12 7 4 1 49 3 12

A3 II C 29 6 10 8 1 58 I I 15

A4 12 1,1 56 I 9 1 26 I 1 47 7 7

A5 W 59 I 3 I 21 1 53 12 8

A6 14 W 31 4 7 3 3 57 I 10 I 14

A7 12 57 58 2 5 6 .22 1 3 45 4 1 II

A8 W 39 7 4 5 66 2 10

A9 10 C 28 7 5 II II 45 2 4 15
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Z1 12 C 44 4 26 2 13 1 2 40 I 3 7 I

Z2
, )

12 C 7 6 I 4 6 59 1 4 3 14

23 12 C 0.221 18 8 2 7 1 65 6 II

24 12 C 14 14 4 2 70 2 8

25 13 C 3 4 I 6 54 12 6 17

26 13 C 6 8 1 6 62 1 7 4 11

27 II C 8 II 1 2 6 66 1 6 2 5

28 II C 2 3 5 I 10 32 II 6 32

Z9 II C 1.225 21 19 2 I 64 I 2 II

210 11 C 0.750 31 12 4 2 64 4 1 13

211 13 C 21 12 8 I 8 64 I 2 4

212 12 C 16 12 2 2 65 2 4 1 12

213 II C 20 24 2 2 65 1 6

2I4 II C 7 23 2 4 59 1 10 I

ZI5 0
12 C 5 5 3 3 66 3 1 17 I

216 II C 12 18 68 2 12

217 II C 57 5 13 23 4 3 1 1 4 33 2 11

218 13 C 55 7 37 16 7 16 2 8 7

219 13 C 19 21 3 69 1 6

Z20 13 C 34 12 19 4 1 51 1 1 II

Z2I 9 M 1.783 39 I 15 3 II 2 3 45 4 16

Z22 9 M 26 13 7 I 2 4 31 12 14 2 14

Z23 10 w 54 5 2 16 5 5 47 5 4 II

224 10 w 39 10 3 10 8 9 38 2 8 12

225 10 14 38 6 1 7 3 4 50 7 4 I 17

226 10 34 16 8 I I 4 27 II 8 I 23

0
227 10 W 0.801 64 2 20 1 4 45 7 5 I 16

228 5 M 59 6 13 17 21 8 23 3 3 2 4

Z29 4 H 35 5 22 28 3 I 20 5 7 9

230 5 14 0.204 34 2 18 3 41 9 5 I 5 3 3 I 8 I

231 ) /
5 27 28 1 42 6 1 3 11 3 6

232 5 M 14 3 30 I 33 3 2 13 5 3 7

Z33 8 w 24 9 19 13 6 1 22 4 7 1 18

234 8 14 24 6 2 42 6 21 4 6 3 10

235 14 14 37 8 2 5 9 1 5 54 3 2 11

236 15 w 3.897 12 5 I I 85 8

237 15 w 16 7 1 1 60 1 2 tr. 28

4)
238 15 61 26 1 4 1 59 7 3 20
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4.5. The winnowing process, by which sand and clay are separated in the
coastal waters, is held responsible for the greater part of the enrichments.
Moreover the same causes which lead to the concentration of the S-sands
can be applied.

111-4.9

See p. 119-124.

Basic data on mineralogy

III-4.10 Conclusion

The sandy deposits along the Surinam coast belong to two sedimentary
petrological provinces, since, in agreement with EDELMAN (1933), they
can be divided into two groups of sediments that both "constitute a natu-
ral unity of age, origin and distribution". The Marowijne River and the
coast of French Guiana have been confirmed as the sources of the stauro-
lite sand. The epidote/hornblende sand probably originates from the Ama-
zon River.

Both associations show much variation, owing to a number of factors.
Chance variations proved to be of little importance. The granular varia-
tions and the variations due to the manner of supply and transport are
more important, particularly since the deposition and development of the
cheniers is not synchronous along the whole shore. Imperfect mixing
occurs between the S- and the EH-sand, in the pelite deposits as well
as in the cheniers. Variation due to weathering only plays a part if older
(Wanica) cheniers are abraded.

III-5 SHELL CLASTICS IN THE COASTAL DEPOSITS

The shells which form part of the recent coastal deposits are considered
to belong to the same species as those living in the Surinam coastal waters.
This idea had been put forward by MARTIN in 1888, but lacked con-
clusive evidence. Many species, however, have meanwhile been found
alive in their own environment (GREEN & HILL 1971, GEIJSKES, pers.
comm. 1974).

Although most of the molluscs of the Surinam coastal waters live in or
at the clayey substrate, shell accumulations have only seldom been found
in the clay deposits. This may be attributed to chemical and biological cor-
rosion of the shells in the nearshore area. PONS (1966) and KAMERLING
(1974) mentioned the aggressivity of the water in a kilometer broad zone
along the coast, due to the mixing of seawater with river water and swamp
water, which are both rich in organic acids. BOY et al. (1975) mentioned
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pH-values of 5 and 6. In tropical mangrove soils acidity may also result
from oxydation of sulfides (pyrite e.g.) (chapter 111-3.5). BoYE et al.
(1975) and PLAZIAT (1975) suggested the influence of boring algae. Because of
their activity the surface area of the shells is enlarged and dissolution there-
fore increases. PLAZIAT (1975) thinks that the chemical corrosion proceeds
faster than the biological corrosion. It continues after the shell is buried.

Shell elastics contribute to the chenier sediments in varying amounts.
The proportion of the shell elastics generally increases from the Marowijne
estuary to the chenier at Popokaimama (9), due to the decreasing amount
of medium to coarse sand (chapter 111-2.4). Further to the west, the recent
cheniers are usually built up of shell elastics, with only a small admixture
of fine marine sand, except for a few cases in which the cheniers consist
almost completely of fine marine sand.

The composition of the shell elastics in the cheniers is determined by the
littoral mollusc communities present there. The composition of the mol-
lusc population depends on the salinity of the environment, on the charac-
teristics of the substratum and on the depth of the tidal water (Boyii
et al. 1975). The substratum in the Surinam coastal area is generally mud-
dy and the depth range of the tidal water over large distances is in the
same order of magnitude. The influence of the salinity was therefore con-
sidered to be dominant, apart from a number of species which may origi-
nate from the offshore sandy shell floor, beyond the 20 m isobath.

This influence of the salinity was used by DELANEY (1966) for the re-
construction of the youngest geologic history of the Surinam coast. He
found the number of species to increase with increasing salinity, which
means : in a westward direction with increasing distance to a river mouth
(chapter 11-1.5). The application of this knowledge to older ridge systems
enabled him to trace the positions of river outlets in earlier times. The
stages in coastal development were dated by the radiocarbon method.

This reconstruction of the geological history depends on three fundamen-
tal conditions, formulated by DELANEY (1966) : "uni-directional offshore
current ; the presence of several river mouths or inlets ; a molluscan fauna
with stenohaline elements". (Fauna elements are stenohaline when they
have a minor range of salinity tolerance).

To provide additional data, samples of shell elastics were collected and
analysed.

III-5.1 Method of sample collection and analysis

A superficial impression of the qualitative composition of the shells in the chenierswas ob-
tained by "searching everywhere on the shell ridges and digging into them, to seek out each
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individual species" (DELANEY 1966). Samples were taken to obtain quantitative information
concerning several aspects of the shell clastics:
1. the numerical relation between the dominant species along the coast;
2. the size of the individual specimen of one species along the coast;
3. the differences between the composition of the basic shell layers and the covering shell
layers in young cheniers, particularly in mangrove areas;
4. the weight ratio between complete shells and shell debris along the coast.

Since the quantitative analysis is rather time consuming, not more than seven samples
have been analysed up till now. Therefore the results allow only preliminary conclusions.

III-5.2 Shell associations in the chenier sediments

Comparison of the results of the qualitative analysis with regard to the
geographical position of the sample locations revealed a pattern similar
to that described by DELANEY (1966), although the number of species
found during the present investigation was much higher. Generally the
number of species increased from one river mouth towards the next west-
ward lying one. In table 26 the species found in five locations in west
Surinam are given. For those locations (see fig. 41) the data of the quali-
tative analysis are supplemented with the results of the quantitative ana-
lysis. The qualitative analysis of the sample west of the Hamilton sluice
canal concerned the superficial shells, while a quantitative analysis was
made of the basic shell layer. The low number of species at the east bank
of the Nickerie River is a result of the estuarine influence.

The sample from Hamilton, just west of the Hamilton sluice canal show-
ed relatively few species. The sample from 750 m west of the Totness
fresh water sluice canal on the contrary contained approximately twice
as many species. Thus sluice canals and creeks have only a very local in-
fluence on the composition of the shell elastics in the cheniers, and therefore
the decrease in the number of species DELANEY (1966) found between Bigi
Santi (14) and Matapicca (13M) cannot have been caused only by the in-
fluence of the Motcreek and the (small) Oranje creek.

In west Surinam, a decrease in the number of species was noticed west-
ward beyond Burnside (see table 26). The samples at Burnside have been
taken from a shell ridge on the remnant of a fine sandy chenier. Cheniers
built up of fine marine sand are characterized by foreshores extending
seaward of the mean low water level for hundreds of meters (chapter IV-3.2).
They form a local interruption in the extensive muddy substratum and
may support mollusc species which do not occur on mud.

At the shore the shells of this community on sand are mixed with those
of the muddy environment, through beachdrift and wash-over. To the
west the effect of the local sandy substratum will decrease since the num-

127

-

.

'



TABLE 2 6

The mollusc species collected from 5 sample areas along the western part of
the Surinam coast.

The locations are given in fig. 41. Identifications according to ALTENA 1969, 1971 and1975.

SPECIES OF MOLLUSCS

in'
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gr-
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--4,-
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,-,
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0
fil

-..,
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0

-xo

Z
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g cq0 4.,
i- -I-

o 0- ----
Z

Gastropoda

Neritina zebra (Brug.) X X

Littorina nebulosa (Lam.)
Littorina scabra angulifera (Lam.)

X x
x

X

Hydrobiidae sp. 3 X

Assiminea succinea (L. Pfeiffer) X X x
Cyclostremiscus caraboboensis Weisbord X
Epitonium albidum (Orbigny) X
Epitonium turnerae Altena X X x
Lunatia marochiensis (Gmelin) x X x x x
Natica cayennensis Recluz
Natica pusilla Say
Bursa spadicea (Montfort)
Tonna galea (L.)
Thais coronata trinitatensis (Guppy) x

X

k
x
x
X

X

X

Thais cruentata (Gmelin) x x x x X
Anachis obesa (C. B. Adams) x X x X
Anachis radwini Altena x X X X
Melongena melongena (L.) X
Pugilina morio (L.) X X

Nassarius polygonatus (Lam.) X
Fasciolaria tulipa (L.)
Olivella olssoni Altena
Olivella verreauxii (Ducros) X

X

x
Prunum prunum (Gmelin) X X x x
Odostomia sp. x x X
Eulimastoma engonium surinamense Altena X

Eulimastoma weberi (Morrison) X

Egila virginiae Altena x x X

Phasianema anomalum (C. B. Adams) X X X

Chrysallida jadisi (Olsson & McGinty) X X X

Turbonilla (Strioturbonilla) sp.
Turbonilla (Chemnitzia) sp.

x X X

x
Cylichnella biplicata (Lea) x x x
Melampus coffea (L.) x x x X x
Ellobium pellucens (Menke) x x x x
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4-4 PCI Z
Scaphopoda
Dentalium gouldii colonense Henderson X X

,
Bivalvia
Nuculana acuta (Conrad) X X
Nuculana concentrica (Say)
Adrana gloriosa (A. Adams)

x
x

X X

Anadara ovalis (Brug.)
Scapharca brasiliana (Lam.)

X x x
x

x x

Scapharca chemnitzii (Philippi) x X X X X
Noetia bisulcata (Lam.) X X X X
Mytella charruana (Orbigny) X X x x X
Chlamys linki (Dall) x X X X
Anomia simplex Orbigny X X X
Crassostrea lacerata (Hanley) x x x x X
Crassostrea sp.
Lucina muricata (Spengler)

x x
x

x x

Trachycardium muricatum (L.) X X X
Mulinia cleryana (Orbigny)
Mactrellona iheringi (Dall)

x X

X

X X

x
X

Tellina trinitatis (Tomlin)
Tellina diantha Boss
Strigilla gabbi Olsson & McGinty

x
x

X X

X

X
x

Strigilla pisiformis (L.) X
Macoma constricta (Brug.) x X x x
Donax striatus L.
Donax denticulatus L.
Iphigenia brasiliensis (Lam.)

x X

x
x X

X

x
Tagelus plebeius (Lightfoot) x X X
Polymesoda aequilatera (Deshayes) X X X
Chione subrostrata (Lam.) x X X x x
Protothaca pectorina (Lam.) x x X X
Sphenia antillensis Dall & Simpson X
Corbula caribaea Orbigny X X X X
Corbula aequivalvis Philippi X x
Cyrtopleura costata (L.) X X X X
Pholas campechiensis Gmelin X X X
Lignopholas clappi Turner X x X
Martesia striata (L.) X.

Totals 29 1 51 50 44 26
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Fig. 41. The location of the shell samples in western Surinam.

ber of specimens will be increasingly surpassed by that of the muddy
environment. This may explain the local increase in species at Burnside
and Totness, which lie in the region where similar sand accumulations have
been noticed in former years (chapter IV-3.2). Since the number of species
at Burnside and Totness is about the same, the effect of a local sandy
environment seems to be greater than that of the fresh water supply by
creeks and sluice canals.

The same reasoning can be applied to Bigi Santi (14). Observations in
1967 and 1968 revealed that the chenier foreshore extended seaward of the
mean low water level for several tens of meters, probably due to the steep-
ness of the waves (chapter II-1.3). The drop in the number of species west-
ward of Bigi Santi, which DELANEY (1966) attributed to the influence of
the Motcreek and of the (small) Oranje creek will be explained more ade-
quately by the strong increase in species at Bigi Santi itself.

Before conclusions based on the results of the quantitative analyses
were drawn their reliability was checked by the analysis of two samples
from the same location and the comparison of the results. Table 27 shows
that the differences between the counts of Nw. Nickerie are negligible.
The differences are greater at Burnside but the consecutive species are the
same. The sample sites were the same (surface foreslope) except for the
sample from Hamilton which came from the basis of the foreslope. The
counts may, however, be influenced when strongly crushed layers, in
which the species are restricted to those being able to sustain the severe
(mechanical) erosion in the surfzone, are (partly) included. This could
have happened e.g. at Burnside. The deviations of the shell deposits at
the basis of young cheniers will be discussed later.
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TABLE 2 7

Numerical percentage of dominant mollusc species, number of all recog-
nizable specimens of all species, and total weight of samples,

including the shell debris for two samples of Burnside and two of sample area Nw. Nickerie

genera of molluscs Burnside Nw. Nickerie

Crassostrea 53.2% 68.8% 84.1% 82.4%
Chione 22.6% 16.7% 9.8% 11.1%
Mulinia 21.6% 11.1% 1.3% 1.2%
Anachis 0.6% 1.3% 2.9% 3.1%

Total number of all recognizable specimens 8152 13699 10523 15532

Total weight of the sample (in g) 2002.4 2370.3 486.2 665.8

In the samples analysed quantitatively Crassostrea lacerata is usually the
dominant species (see table 28). This agrees with DELANEY'S results (1966)
concerning the recent shell deposits in western Surinam. Chione subrostrata
is the second most populous species. This is not true of the sample taken
just west of the Hamilton sluice canal and from the east bank of the
Nickerie River. In both locations it is exceeded by Mulinia cleryana and
in Hamilton also by Anachis obesa Anachis radwini. Although DELANEY
(1966) assigned both Chione subrostrata and Mulinia cleryana to the meso-

TABLE 2 8

Numerical percentage of the dominant mollusc species, number of all
recognizable specimens of all species, and total weight of samples,

including the shell debris for the 5 sample areas indicated in fig. 41.

Hamilton Friendship Burnside Nw. Nickerie Nickerie
(5) (4) (4) (1) River

(1)
(east
bank)

Crassostrea 52.5% 47.0% 63.0% 83.1% 15.4%

Chione 6.3% 20.7% 18.9% 10.6% 11.8%

Mulinia 6.9% 11.1% 15.0% 1.2% 40.1%

Anachis 25.2% 15.2% 1.0% 3.1% 3.1%

Total number of all
recognizable specimens 1220 9545 21851 26055 162

Total weight of the
sample (in g) 234.5 805.3 4372.6 1152.0 120.5
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euryhaline fauna group, which means that both species live in a meso-
haline environment (salinity 3.0-16.0%0) and possess a wide range of sali-
nity tolerance, Mulinia cleryana seems to be more tolerant to lower and
fluctuating salinities than Chione subrostrata. The small number of samp-
les analysed in detail does not permit further conclusions. A few ideas
however, which have arisen from the quantitative analyses, merit a brief
discussion.

The samples from Nw. Nickerie, an area where (in 1968) the east side of
a mudflat had just been removed by abrasion, showed a large proportion
of juvenile specimens compared to other sampling locations. This can be
expressed in terms of the mean weight per individual. The value calculat-
ed for Nw. Nickerie over 2173 complete specimens of Chione subrostrata
was 0.153 gram. The same value, calculated for 2442 individuals at Burn-
side is 0.353 gram. Likewise the mean weight per individual of Mulinia
cleryana, calculated over 231 specimens in Nw. Nickerie is 0.126 gram; at
Burnside calculated for 1898 specimens: 0.440 gram. Probably the abra-
sion of the east side of a mudflat causes the wholesale death of the mollusc
population which had lived on and in it, juveniles as well as adults. Nor-
mally predominantly adult specimens will die. This phenomenon, how-
ever, will have a low preservation potential since the probability that the
tiny "juvenile" shells will be crushed during beachdrift and wash-over
transport is higher than for the more "adult" ones. Generally the debris
content increases with the increasing exposition of the shell deposits to
wave action. The mean debris content of the samples from Nw. Nickerie,
where abrasion had recently began (in 1968), was 25.2%. At Burnside
where abrasion had lasted for a much longer period the mean debris con-
tent of the samples was 45.9%.

Comparison of a sample from a basal shell deposit (Hamilton) to samples
from the foreshore yielded relatively high contents of the genera Anachis
and Thais. Although little is known of the specific mollusc fauna of the
Surinam mangrove swamps and algal mats, it is assumed that they include
these genera. The starting erosion, which produces the basal shell deposits,
will particularly hit the superficial living gastropods. Owing to the wash-
over process the preservation potential of this basal deposits is not very
high, with the exception of the accretionary cheniers.
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IV SEDIMENTATION, EROSION AND
SEDIMENTARY STRUCTURES

IV-1

IV-1.1

THE FINE SEDIMENTS

Transport and sedimentation

The fine cohesive sediments, originating practically all from the Ama-
zon River, are transported in suspension along the north coast of South
America, although part of them is temporarily stored in mudflats. The
amount of fine sediment involved in the mudflat propagation was roughly
computed at 50 million tons per year from generalized shoaling and deep-
ening celerities (Nedeco 1968).

Transport in suspension in the Surinam coastal waters occurs as a re-
sult of current and waves; the tide only changes the direction of the cur-
rent (chapter II-1.4). Current and waves in the observed area of investiga-
tion show seasonal influences, mainly determined by the wind (chapter
II-1.2 and 11-1.3). As they are for the greater part responsible for the
transport of fine sediment in suspension, this will also be related to the
wind.

Nedeco (1968, ALLERSMA 1968) deduced that the silt transport along the
Surinam coast was roughly proportional to the fourth power of the wind
speed. They made approximations for the sediment transport in a rough
month (April) and in a calm month (September), using all available in-
formation concerning currents, winds and waves. These yielded 25 and 2
million tons per month respectively. The transport in suspension for the
other months was then roughly computed assuming that the current velo-
city might be regarded an indication for the effect of the wind at sea. Hen-
ce, the annual sediment transport was found to be about 100 million tons
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(Nedeco 1968, ALLERSMA 1968), which agreed with estimates of Delft
Hydraulics Laboratory (1962) and DIEPHUIS (1966) for the coastal waters
of Guiana. The contribution from the local rivers about 2 million tons
per year may be neglected in this aspect (Nedeco 1968, ALLERSMA 1968).

Apart from current and waves the transportation of fine sediment is
also affected by properties of the material involved. The sediment is co-
hesive and contains only small amounts of sand. For this reason current
velocities of 0.70 m/sec are needed for the detachment of particles from the
bottom (MIGNIOT 1968, MIGNIOT & LARSONNEUR & DANGEARD 1968,
Nedeco 1968).

This critical velocity has never been found for the sea current as men-
tioned in chapter 11-1.2. The orbital motion at the bottom, due to the
waves in the investigated area (discussed in chapter 11-1.3), was on the
other hand found to be able to detach particles from the shelf and to keep
them in suspension, in cooperation with the current action.

The capacity to keep fine mineral particles in suspension is strongly
affected by the salinity of the sea water and the concentration of the
particles.

Fine mineral particles flocculate in salt water (chapter 111-2.3) and the
agglomerates settle down considerably faster than the composing single
particles. MIGNIOT (1968) says that the mean sinking rates of agglomerat-
ed particles are between 0.15 and 0.60 mm/sec, independent of the size
of the elementary particles.

The dynamic behaviour of floccules differs from that of solitary partic-
les. According to TJOE AWIE (1975) the probability that floccules have a
greater mass than spherical particles falling with the same settling velocity
is very high. Hence the grainsize distribution determined under defloccula-
tion conditions (chapter 111-2.3) does not give valid information with re-
gard to the hydrodynamic process.

To obtain an idea of the textural composition under natural conditions
three samples of suspended mud were analysed in sea water and without
pre-treatment. The results are given in fig. 42. The size class smaller than
2 p.m and that of 2-4 p.m are represented only slightly. In comparison the
fractions 4-8 p.m and particularly 8-16 p.m are dominant. The mean partic-
le size is approximately 8 m, which agrees with the results of Delft
Hydraulics Laboratory (1962) at the coast of Guiana. Fig. 42B shows the
grainsize distribution of sample 370 under deflocculation conditions and
under natural conditions in sea water (17000 mg C1/1). The finer particles
(smaller than 16 p.m )have a greater ability to flocculate than the coarser
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Fig. 42. The grainsize distribution of two samples of pelitic sediment (sample numbers
374 and 375), suspended in the saline Surinam coastal water, analysed without any pre-
treatment (A). For comparison the grainsize distributions of sample 370, analysed using
the method just described and following the standard procedure (= deflocculated) are

shown (B).

ones. MIGNIOT (1968) shows that the ability of coagulation decreases with
increasing particle size and stops for particles with diameters around 30 p.m.

In the Surinam pelite deposits the quantities of material in the size
classes above 32 p.m are small (see fig. 19) and therefore about 98% of the
clay suspension in the coastal waters is transported in a flocculated state.

WHITEHOUSE & JEFFREY & DEBBRECHT (1960) found that the size of
the flocs is influenced by the mineralogical composition. However, they
used pure well-crystallized clay minerals and artificial seawater for their
laboratory experiments. The value of the results for a natural environ-
ment was contradicted by GIBBS (1977). He based his contradiction on
the presence of relatively thick metallic and organic coatings on the va-
rious natural mineral particles. He postulated a blanketing of their elec-
trostatic properties and therefore the elimination of the cause for the dif-
ferential flocculation. Since, moreover, the differences in the clay mineral
composition of the Surinam pelites are small (chapter 111-3.2) the influen-
ce of differential flocculation, if present, may be neglected here.
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The median equivalent particle size appeared to augment with increas-
ing salinity of the water (Delft Hydr. Lab. 1962, DIEPHUIS 1966). MIG-
NIOT (1968) showed that only small quantities of salt are needed to floccu-
late suspended clay particles and that from that moment the settling ve-
locity increases with increasing salinity until a maximum is reached. Above
that value sinking rates are more or less constant up to a salinity of 30L.
When high salinities occurred together with high silt concentrations ma-
crofloccules with lower settling velocity developed.

Apart from the salinity an increase in silt content also yields an increase
in the median equivalent particle size since the probability that particles
collide with fellow particles is higher (Delft Hydr. Lab. 1962, DIEPHUIS
1966, Nedeco 1968, ALLERSMA 1968, MIGNIOT 1968). The latter showed
that the settling velocity of floccules in sea water increases with increasing
silt concentration up to a value of about 15 g/l. In that case the settling
velocity may be ten times higher than at concentrations of 1 to 2 g/l. The
other studies which had been referred to (and which had used sediment
from Guiana and Surinam) yield the same result but found the break in the
settling velocity to occur at about 5 g/l.

Above the critical concentration, the fall velocity decreases with a still
increasing silt content. A striking difference in the manner of settling down
of particles from suspensions below and beyond the critical concentration
was first described by Delft Hydraulics Laboratory (1962). Below the
threshold value the floccules settle down in a solitary manner. At concen-
trations higher than the critical value the floccules no longer behave soli-
tary but agglomerate to a type of structure that settles as a whole, while
the water is expelled through the voids. The suspension, in other words,
becomes a gel which, as long as it is potentially fluid, is called "slingmud"

based on the analogy of boiled down sugar syrup (Delft Hydr. Lab.
1962, DIEPHUIS 1966) or "soft silt" (Nedeco 1968, ALLERSMA 1968).

The peculiar properties connected to this type of sedimentation will be
treated in more detail in the next chapter (IV-1.2).

In a natural environment flocculated particles vary continuously in
size and composition (TERWINDT 1971). Coarser components will dislodge
more easily than finer ones and they will also settle down more easily.
So with increasing water turbulence not only the size of the floccules will
be reduced, but also the size of the composing particles.

Without claiming to have made a thorough study of all factors govern-
ing the floccule size in the clay suspension of the Surinam coastal waters
it may be stated that salinity, sediment concentration and water turbu-
lence, apart or interacting, affect the settling velocity of the sediment
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particles and therefore the grainsize distribution of the Surinam pelite
deposits.

Movement of clayey material also takes place in other ways than trans-
port in flocculated condition : i.e. in aggregated form due to biological
activity and as clay pebbles.

There are some indications for the transport of feacal pellets from thin
section analysis (chapter IV-1.4). However after a sediment has been
stirred up (by wave action for instance) the pellets may desintegrate,
causing the evidence for this type of transport therefore to disappear. On
the other hand, when material from a more or less consolidated pelite
deposit is put into suspension again, the floating capacity of particles,
floccules and aggregates can be supported by the presence of floating and
drifting particles of biological origin (algae, diatoms).

Clay pebbles develop as a result of wave action on more or less consoli-
dated clay in the tidal area. The conditions for the formation of clay pebb-
les are : emergence at low tide, a low gradient of the shelf bottom and a
minimum thickness of the pelite deposit. The presence of sand layers in
the pelite deposits facilitates the development (NossiN 1961). When a
sediment at low tide is exposed to the air it will desiccate and suncracks
may develop. If slingmud is pushed over sandy chenier sediment, as ob-
served in Surinam, the consolidation is accelereated since sand has better
drainage possibilities. Owing to wave action pieces of the cracked surface
may be loosened and carried landward.

IV-1.2 Physical properties of the slingmud

When clay particles flocculate the usually platy particles may associate
in three different ways: face-to-face, edge-to-face and edge-to-edge
(vAN OLPHEN 1963, MATTIAT 1970). Face-to-face and edge-to-edge asso-
ciations are attributed to the VAN DER WAALS attraction forces, taking
into account that the edge-to-edge bonds are stronger because "all of the
atoms in one particle attract all of the atoms in a neighbouring particle
through the smallest possible area" (Low 1968). The edge-to-face arrange-
ment is based on the electrical attractive forces between the negative-charg-
ed planar surfaces and positive edges (VAN OLPHEN 1963, YOUNG & WAR-
KENTIN 1975) .

The three types of particle arrangement appear to have different physi-
cal effects. The face-to-face association yields thicker flakes thus causing
a decrease in viscosity. Edge-to-face and edge-to-edge associations result

137

.

s>.

1

Ii



in three dimensional voluminous card-house structures which increase the
viscosity. Although there is no conclusive evidence concerning the arran-
gements of the clay particles in marine environments (Low 1968) the con-
cept of edge-to-face association has widely been accepted to be charact-
eristic (YOUNG & WARKENTIN 1975). There are however indications that
different clay minerals show differences in particle association at equal
salinities (vAN OLPHEN 1963). In concentrated suspensions, particularly
the edge-to-edge and edge-to-face associated particles are linked to a more
or less rigid network a gel which appears to behave as a "Bingham sys-
tem", characterized by a "Bingham yield stress" (VAN OLPHEN 1963).
This gel condition is referred to here as slingmud or soft silt. When, owing
to water turbulence for instance the internal bonds between the particles
are broken, the yield stress is reduced and the "Bingham system" will
convert into a fluid once more. This phenomenon is called thixotropy.

Soft silt is a stage in every type of pelite sedimentation. Usually the
accumulation takes place rather slowly and, if the environment permits,
the deposits will gradually consolidate. In particular areas however, such
as in the Surinam coastal waters, accumulation occurs by incidental sup-
plies of large quantities of slingmud (Delft Hydr. Lab. 1962).

The consolidation of soft silt is strongly dependent upon the initial
thickness of the layers. Tests by Nedeco (1968) revealed that the consolida-
tion in originally thin layers at first occurred rather quickly in comparison
to thicker ones, since in the former the distance to the surface traversed
by the expelled water is shorter. Afterwards, compaction is predominantly
determined by the weight of the natural mass and hence will occur faster
in the thicker layers. The latter will ultimately become more compact
(MIGNIoT 1968, Nedeco 1968).

Stages in consolidation were described by MIGNIOT (1968) as: floc
"bedding down" and water being "squeezed out" (first phase), water
eliminated by porosity and drainage wells (second phase) and water eli-
minated by compaction (third phase). The concentration of the deposit
was found to vary as the logarithm of time during the distinct stages in
consolidation. MIGNIOT also demonstrated that an increase in concentra-
tion caused an increase of the critical drag velocity U. As the current
velocity of the water is proportional to the square of U., as time passes
on, it will be increasingly difficult for the current to erode the sediment.
ALLERSMA (1968) mentions current velocities of 0.5 to 0.6 m/sec to enable
the erosion of freshly deposited mud, while more consolidated pelites are
thought to resist velocities above 1 rn/sec.
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Fig. 43. A: The orbital motion during wave action over a mud bed. B: The residual move-
ment of water and mud during wave action. (After LHERMITE 1958; figures from Delft

Hydraulics Lab. 1962).

Quantitative descriptions of erosion phenomena of pelite deposits are
given by MIGNIOT (1968). These phenomena which concern erosion caused
by currents, range from the mixing of water and fluidized mud (due to
the activity of eddies at the undulating sediment water interface of the
freshly deposited mud), to the detachment of mud-chips from well consoli-
dated pelite accumulations. As the current velocities in the Surinam coastal
waters are relatively reduced (chapter II-1.2) these processes rarely occur.

The influence of wave action on fine cohesive sediments shows two as-
pects. Depending on the nature of waves and material the mud can be
brought into suspension again, or can be transported en masse in the direc-
tion of wave propagation. LHERMITE (1958) has demonstrated from la-
boratory tests that the orbital motion of water waves, although reduced
by the viscosity of the mud, proceeds on into the pelite deposit (see fig.
43A). The deposit is stirred up, resulting in a slowing down of the consoli-
dation process and, due to the thixotropic properties, in a fluidizing of the
slingmud. The depth of penetration of the oscillatory movement is deter-
mined by the degree of consolidation of the sediment. Delft Hydraulics
Laboratory (1962) mentions a depth in the order of magnitude of a few
tens of meters for slightly consolidated muds (viscosities below about 100
centipoises). The effect decreases rapidly with increasing compaction.

LHERMITE (1958) from the same laboratory experiments found that the
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residual movement in the fluidized mud was in the direction of wave pro-
pagation (see fig. 43B). Therefore, due to wave action, possibly together
with the sea current, fluidized mud may be carried shoreward over the
Surinam shelf without being dispersed into suspension. This would explain
the appearance of slingmud pushed up against rather steep slopes. It was
found covering the foreshore (foreslope) and even (part of) the backslope
of cheniers. In key area Nw. Nickerie (1) soft silt was observed to fill up
(temporarily) the bights of a so called "Happen-coast". The slingmud
surface was wrinkled as a result of the continual pressure from the direc-
tion of supply (see Plate Ma).

On the contrary, unconsolidated mud has the property to change the
laws of wave propagation (LHERMITE 1958, MIGNIOT 1968). Waves are
affected by the viscous bottom over which they propagate. They are damp-
ed, or even may disappear completely, when they arrive in areas with sling-
mud. This property of the mud decisively influences the shore processes
(Mom 1970). The dissipation of wave energy results in an increase in se-
dimentation, while erosion is pushed further into the background. Along
the Surinam coast these events are clearly linked to the west flank of the
mudflats. They also occur more or less incidentally at other locations.

IV-1.3 The behaviour of the sandy components during transport

As discussed in chapter 111-2.3 the pelite deposits contain a small ad-
mixture of fine sand. In chapter 111-4.4 mineralogical evidence was pre-
sented for the statement that the fine sand, such as the pelitic components,
originated from the Amazon River. The sand must therefore be transported
simultaneously together with the finer particles that usually are carried
along the shore in suspension.

Transport in suspension of pelitic material in the investigated area
occurs by current and wave action. The erosion of fine cohesive sediments
is almost completely governed by wave action (chapter 11-1.3) as the ve-
locity of the sea current was generally found to be far below the critical
value for clay erosion (chapter 11-1.2). The critical velocities for the de-
tachment and transport of fine sand are however considerably less than
those needed for the erosion of clayey sediments. The sea-current may have
more influence with regard to the detachment and transport of fine sand.

The behaviour of moving sand over a muddy surface was studied by
MIGNIOT (1968) from laboratory experiments. He observed that during
transport over unconsolidated mud (yield stress below 1 dyne/cm2) sand-
grains were trapped in the sediment. At higher concentrations (yield stress
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above 10 dyne/cm2) the sandgrains may be transported as traction load
or in saltation over the surface of the deposit, without being captured.

In a study concerning the transport of sediment in the "Jade" area
(N. Germany) WUNDERLICH (1969) mentions besides the transport of
single grains also the transport of sand captured in flocculated pelitic
particles and as aggregates. The floating capacity together with a relative-
ly large surface area enables the floccules to function as a parachute for
enclosed sandgrains, which can be transported in this way over large dis-
tances. They may even be transported to unexpected places due to the
hydrodynamical conditions of the environment.

Current and wave action in the " Jade" area (REINECK & WUNDERLICH
1969) are comparable with those in the Surinam nearshore waters as far
as the respective transport capacities are concerned. Thus the so-called
parachute-transport of sand will probably also occur in the Surinam coas-
tal waters. The floccules in a natural environment may desintegrate to
smaller ones due to wave action (MIGNIcrr 1968) and their size tends to
become smaller with increasing turbulence (TERWINDT 1971). However
high silt-concentration in the area concerned will counteract these ef-
fects. Moreover, with a higher silt-concentration the sandgrains are more
likely to fall from one floccule into another.

The internal sedimentary structure did not provide much information
for the manner of transport described above. Disturbance of the uncon-
solidated sediment should lead to a better sorting of the components and
the sand particles should concentrate in laminae. Yet, in thin section
analysis sandgrains are sometimes found dispersed in a fine matrix, how-
ever these may have been supplied as single grains (see chapter IV-1.4).
An indication for the parachute-transport may be found in the grainsize
distribution of the sandy constituents of the pelite deposits. It would in
any case give an explanation for the presence of rather large grains (in
the order of magnitude of 500 to 1000 p.m (1 0 0), with regard to the
generally reduced transport capacity of the water. Transport of single
grains would have resulted in an earlier deflection or truncation of the
coarse end of the cumulative grainsize curve.

Transport of material in aggregated form due to biological activity has
already been treated in chapter IV-1.1. Sand grains may be transported
as part of faecal pellets. The floating capacity of aggregates, flocks and
single particles may be enhanced by mucus of biological origin (gelatinous
algae for instance). The latter is comparable to the parachute-transport
of sand as far as it is able to carry the sandgrains into areas where they
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would never have been deposited if the hydrodynamical conditions of the
environment should be taken into account.

IV-1.4 Sedimentary structures

Method of investigation
Large thin sections ( JONGERIUS & HEINTZBERGER 1975) were used for

the examination of the fine textured sediments. The thin sections are des-
cribed according to the nomenclature proposed by BREWER (1964) even
though this was actually meant for soil description. A Leitz Ortholux
polarizing microscope was used for the analyses.

Observations
The mudflat sediments mainly consist of a clay matrix. Skeleton grains,

predominantly silt sized, occur in a random distribution pattern or are
concentrated in laminae. NOTA (1958) found this lamination to decrease
in a seaward direction and attributed this to the decrease of the win-
nowing effect of the waves in that direction.

The sandy laminae are usually very thin, ranging in thickness from a
few tens of microns to some hundreds of microns. No systematical varia-
tion in the thickness could be established. The coarser laminae mainly
consist of grains in the size classes between 20 and 50 pm . Quartz, musco-
vite, felspar and glauconite are the most common minerals. Organic fau-
nal remains also contribute to the coarse laminae. Generally elongated
elements (plant remains, sponge needles) are found to lie parallel to the
bedding planes in the thin sections.

The clayey laminae are usually thicker than the coarser ones, ranging from
approximately 500 pAn to a few centimeters. The textural alternation has led
to the development of joint planes (due to contraction of the soil material
after the sample was taken), which appear to be tied to the coarser laminae.

Relatively thick laminae of clay size material in similar deposits have
been described by SLAGER & JONGMANS & PONS (1970). They concluded
that these laminae were undisturbed owing to the presence of a unistrial
plasmic fabric. This type of arrangement of the plasma was considered
to be determined by the sedimentary process. Accordingly, it occurs pre-
dominantly in the (undisturbed) subsoil, whereas in the upper tens of
centimeters and increasingly towards the surface reorganisation of the
plasma takes place (Masepic, Omnisepic, Channel Vosepic plasmic fabrics).
The unistrial plasmic fabric gradually diminishes in that same direction
and is finally restricted to isolated irregular fields in the surface laminae.
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The disturbances in the upper zone are caused by bioturbation. The
degree of bioturbation varies between 0 and 100%. Locally this may be
caused by the high rate of deposition (at the west flank of the mudflats
for instance). The strongest bioturbations were found at the east side of
the mudflats and close to the coast.

Isotubules are the most common feature. In vertical sections they are
characterized by funnel-shaped deformations. A number of organisms may
be held responsible for these burrows. Small fishes (Gobionellus oceanicus
(Pallas) and also Gobionellus boleosoma (Jordan & Gilbert)) are present in
large numbers. During the periods when the mudflats are emerged these
fishes take refuge in holes which they make in the mud. A great number
of worms, chiefly Polychaeta (family Nereidae) were collected. Moreover
Eunicidae (Lumbrinerinae), and Nemertean worms (Heteronemertini)
were found. They were usually found at a few centimeters below the sur-
face. When the deposit has silted up to about mean high tide, Crustacea
occur in large numbers. They are mainly represented by the family
Ocypodidae, a.o. Uca cumulanta, Uca maracoani and Uca rapax (cf.
HOLTHUIS 1959). In areas with severe erosion members of the families
Xanthidae (Panopeus bermudensis) and Goneplacidae were collected.
Furthermore two species of Isopoda were found. Since the samples were
taken mainly seaward of the zone where the crabs usually occur, the iso-
tubules will presumably be caused by fishes and worms.

Matric faecal pellets (single as well as welded ones) occur with an asepic
plasmic fabric. They are 250-300 p.m in diameter and possess a few micron
thick shell of parallel oriented clay domains. SLAGER & JONGMANS &
PONS (1970) attributed these pellets to the small fishes. They may however,
also originate from worms.

Faecal pellets were found in pedotubules as well as in layers. In the
latter case they must have been transported, probably together with the
coarser mineral particles from the same layer.

Another bioturbution feature, chiefly occurring in the softer sediments,
was found. These were well-rounded vesicle-like features, surrounded by
a channel vosepic plasmic fabric (Pl. IIIb). They range in diameter from
a few tens of microns up to 1000 p.m. No root remains have been found. The
neo strians concerned are thought to be caused by the growth of organisms
originally deposited simultaneously with the pelite.

Pyrite has been found in large amounts. It often occurs as single grains.
Sometimes however, they are found to be clustered, i.e. tied to the organ-
ic remains. Towards the surface they are partly or totally oxidized.
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IV-2 THE MEDIUM TO COARSE TEXTURED CHENIER SEDIMENTS

IV-2.1 Supply and transport of sand and shell elastics

The medium to coarse sand is supplied by the Marowijne River and the
adjacent west coast of French Guiana including the local rivers (chapter
111-4). The riverain supplied sand is not brought far outside the estuaries
or the rivermouths. This is illustrated by the subaquous levees bordering
the distributary channels of the Marowijne and the Mana Rivers (see fig.
44). They may be regarded as a reaction to the sudden drop in transport
capacity when the open see is reached. The presence of the subaquous
levees is a strong indication to the supply of sand by the Marowijne and
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Fig. 44. The distribution of sandy sediments at the mouth of the Marowijne River and the
Mana River (French Guiana), based on a survey of 1947 by the Service of Harbours and
Pilotage, Paramaribo. The pelite (in various stages of consolidation) and the not sur-

veyed areas have not been shaded in.
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the Mana. In front of the Surinam River and Coppename estuaries they
are absent. Slingmud has never been found in the area just in front of the
Marowijne River estuary. This may be due to the great supply of fresh
river water, particularly in the wet seasons, and to the related current
regime. The bottom clay appeared to be rather well-consolidated at least
to such an extent as to prevent the sinking of sand in it.

Sand of a similar texture and mineralogy, which was found at the deep-
er part of the shelf, must be excluded as a source of the recent chenier
sediments. It is found below the 20 m isobath, that is seaward of the zone
of wave incidence on the bottom (chapter II-1.3). The residual currents
will not be capable of the transport of this medium to coarse sand, which
is considered to be a relic of the late Pleistocene and Holocene transgres-
sion (Nom 1958, 1967, 1971), to the coast. Moreover the current direction
in the coastal waters is predominantly parallel to the coast (EIsmA 1967).

In the area where the waves touch the bottom the shelf is covered with
pelite sediments. The fine sandy component can be transported by current
as well as by wave action. A small admixture of fine sand originating from
the pelite deposits can sometimes be demonstrated by the mineralogical
composition of the medium to coarse chenier sands (chapter 111-4) .

However, the influence is in general very reduced and for this reason this
supply will be neglected further.

Shell clastics originate from shell animals living in different environ-
ments on the shelf. After the death of the animals, the shells are carried to-
wards the coast by the combined action of waves and currents. This is possi-
ble because, due to their low specific gravity and their shape, shell clastics
behave like solids with low hydraulic size in relation to their particle size.

The medium to coarse sand is transported particularly around high
water level. The sand is moved from the area where it had originally been
deposited just seaward of the Marowijne River estuary towards the
adjacent coast by constructive waves. Constructive wave action appears
to be highly effective in the coastward transportation of sand in the low
to medium energy environment of the Surinam coastal waters. It results
in a concentration of the sand in a small zone around high water level.
There the grains are put into suspension by the turbulence of the break-
ing waves and transported further by beachdrift.

Beachdrift is the term for the collective action of swash and backwash.
When waves break obliquely on the foreshore (foreslope) of a chenier the
swash drives the sand and shell clastics towards the crest in the direction
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of its motion. Meanwhile the velocity and depth decline due to friction,
percolation and gravitational pull. The backwash returns down the line
of the greatest slope. The velocity is related to the volume of water avail-
able and to the slope and length of the foreshore (foreslope). The back-
wash velocity appears to increase with increasing slope (INGLE 1966) un-
til it meets the next swashwave. Moreover it is also significant that the
backwash flows down to the breakerzone before the next wave should
break. The swash/backwash action at the Surinam coast results in a
westward directed transport.

The relation between swash and backwash is determined by respective
velocity characteristics. The swash acts with a high velocity but is of short
duration, whereas the backwash has a lower velocity but acts over a longer
period.

The initial velocity of the swash is determined by the energy and the
position of the breaking wave. As the wave energy (E) is taken to vary as
the product of the wave length (L) and the square of the wave height (II)
(ZENKOVICH 1967: E = 1/8 H2L) the initial uprush velocity will depend
largely on the wave height and to a lesser extent on the wave length (or
wave period). Moreover the manner of breaking is important as already
explained by LEWIS in 1931. The effect depends on the magnitude of the
horizontal component of motion in the breaker. At Bigi Santi (14) where,
in any case in 1967/1968 destructive wave action could be demonstrated
(chapter 11-1.3), the breakers were predominantly of the plunging type,
which tends to have relatively small horizontal components of motion.
The reduced swash is overruled by the backwash resulting in a net trans-
port of sand and shell elastics seaward of the breakpoint. The position of
the breakerzone is important since the initial swash velocity is greater if
the distance the collapsed breaker must travel is shorter (INGLE 1966).
The energy in this respect will be maximum if the breakerzone borders
directly on the swashzone.

Due to the limited available apparatus and manpower exact measure-
ments of the swash and backwash velocity could not be made. Yet, a
rough impression of the swash velocity could be obtained.

The foreshore (or foreslope) was divided in segments of equal length, starting from the
high water breaker line. The length of time necessary for the uprush to cross a segment was
measured with a stopwatch and as a consequence the average velocity per segment could
be calculated. A restriction of the method was that, due to the time needed for reading the
stopwatches and noting the results, the observations could not be made continually. On an
average one out of five consecutive waves could be considered and the higher waves were
generally selected. Moreover, the velocity was only determined when the width of a seg-
ment was completely covered. The calculated velocities will therefore give obviously higher
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averages than the real mean values. The results are presented in table 29 together with a
number of relating factors such as wave height (just before breaking), slope, sediment com-
position.

Only some very general conclusions can be drawn from this information.
The length of the swash varies roughly between 4 and 10 meters and as a
result the decline in uprush velocity is very sharp. There is a weak tenden-
cy for higher breakers to give higher swash velocities, but there are many
variations due to other factors. The influence of shell elastics, which aug-
ment friction as well as percolation, is reflected by observation XXXVIII
(table 29), where a relatively low average swash velocity has been measur-
ed over segment A-B which was covered by shell clastics. There is only a
slight drop in velocity in the next segment, where the swash continues
over a bare clay surface. The velocities are in any case far above the criti-
cal value for clay erosion (about 0.70 m/sec). Small cliffs or even troughs
which are sometimes present in the clay surface at the seaward side of
cheniers confirm the erosive power of surf and swash.

A complication was encountered in key area Krofajapassi (13K), where the velocity in
segment C-D was found to be higher than in the preceding segment B-C. This may be ex-
plained by the very oblique direction of wave incidence of the relatively high waves which
cause the breaking waves to rush up the foreshore in tongues and not as a more or less clos-
ed front. On the analogy of GORYCHI (1973) the breaking waves, and therefore the swash,
are found to be structured as salient tongues separated by turbulent zones of reduced flow.
The latter are possibly comparable to the patches of highly turbid water described by Rus-
SEL & MCINTIRE (1965) and attributed to a longshore current. The alternation of swash
tongues with high velocities and intermediate zones of reduced flow in an oblique direction
on the foreshore caused salient tongues just east of the measuring location to arrive before
or together with the one which was being measured in segment C-D. The same mechanism
is held responsible for the genesis of beachcusps, since beachcusps have only been found un-
der these circumstances.

The transport of coarse chenier sediment is not always 'restricted to
beachdrift. In 1967/1968 pronounced wave obliquety in key area Bigi
Santi (14), in combination with high waves (table 3) and a relative steep
shelfgradient (fig. 9) promoted a strong westward longshore current.
Measurements of the current velocity with the velocity meter available
(chapter II-1) were not made because of the turbulence of the water.
Estimates are in the order of magnitude of 0.80 to 1.00 m/sec. The rapid
development of the spit across the Krofajapassi outlet in the period 1966
1970 was caused by the supply of sand by this longshore current. The in-
termittend accretion of the spit indicates that the existence of a longshore
current, comparable to the occurrence of destructive waves (chapter
11-1.3), is not a permanent one. Apart from changes in the wave charac-
teristics, the longshore current may disappear due to adaptations in the
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TABLE 2 9

Averaged values of a number of uprush velocity measurements on chenier foreshores (or foreslopes) in relation
to wave height, slope and sediment

observation
number

key area F. in cm Hmax

(cm)

Tis, in m/sec N ils2 in m/sec N Vs3 in m/sec N mean swash-
length (m)

slope sediment
sand shell elastics

XXXI Bigi Santi (14) 60 (15) 95 4.05 (1.20) 15 2.50 (0.60) 15 1.60 (0.05) 2 5°
medium
sand

.

XXXII
XXXIII

Krofajapassi (13K) 65 (25)
100 (30)

120

160

4.00 (1.65)
4.00 (0.85)

25

25

1.65 (0.45)
1.70 (0.35)

25

25

1.70 (0.45)
2.00 (0.60)

15

22

6°

71°
medium
sand

+

XXXIV
XXXV
XXXVI

XXXVII

Matapicca (13M)
35 (10)
50 (15)

50 (10)

50
80

70

3.10 (0.70)
2.85 (0.65)
2.40 (0.50)

3.75 (0.75)

25

25

25

25

1.60 (0.35)
0.95 (0.20)
1.25 (0.40)

1.60 (0.50)

15

14

13

22 1.10 (0.20)

5.85 (0.75) 71°
7i0
71°

7°

coarse
sand

medium
sand

*

*

XXXVIII Friendship (4) 50 (10) 70 1.60 (0.40) 15 1.50 (0.55) 10 61° ++ 1)

MEASURING

quantities of shell clastics:subordinate *
abundant +

dominant ++

17: averaged waveheight
.Vsl: average uprush velocity over segment AB.
TT's,: Vsl, averaged for the period of observation
II: number of observations

1)
Segment AB of this measurement location was covered with a few centimeters
thick layer if shell clastics. Segment BC was a bare clay surface.
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topography of the shorezone. The wave characteristics may change due
to the deposition of slingmud or to seasonal differences in wind velocity.
Changes in the topographical pattern are usually caused by the migra-
tion of mudflats. Needless to say that effective movement of sand is only
possible as long as sand is present.

IV-2.2 Chenier formation and destruction

As explained in chapter IV-2.1 the transport of the medium to coarse
sand is concentrated in a narrow zone along the mean high water line
(except for the coastal area adjacent to the Marowijne River estuary).
There is no supply from the adjacent muddy part of the shelf. The me-
dium to coarse sandy cheniers are built up by along shore supplied sedi-
ment produced by a complex mechanism of swash/backwash, supported
locally at times by longshore currents and wash-over. At salient points of
the coast the cheniers develop from spits.

At the coast adjacent to the Marowijne River estuary the initial stage
of chenier development has not been observed. A suggestion has been
made that the sand, as soon as the constructive waves have delivered it
over to the breaker zone, is transported further coastward by the swash.
At this stage, the influence of the backwash, due to the low gradient of
the bottom, will be negligible as far as the sediment movement is concern-
ed. The sand will therefore settle at approximately the limit of the swash.
Slightly arched deposits will be the result. These are comparable to those
observed at the initial chenier formation from shell elastics at the east
side of the mudflats.

When the formation of the ridge has begun and this applies to sandy
cheniers as well as to cheniers built up of pure shell elastics it develops
further depending on the phase of the tide, considering the supply of
coarse sediment to be constant and the clay surface remaining the same.
At receding tide accretion occurs mainly at the seaward slope. Initially, this
occurs mostly by swash. However with the increasing steepening of the
foreshore (foreslope), the backwash gains an increasing influence in the
process.

At rising tide, when the chenier in status nacendi will be subjected to
the influence of the approaching breakers, the deposit will be partly erod-
ed. At the seaside, sediment is stirred up and, depending on the height
of the "crest", will be washed-over towards the landward side, and/or
carried westward by beachdrift. During the period that the sediment
body is low, it moves gradually landwards, due to the wash-over process.
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However, as it grows higher, it will be more difficult for the swash to cross
the crest and beachdrift becomes dominant. The crest of the chenier will
finally reach such a height that it remains dry, even with the highest spring
tide. The backslope which is by now covered with vegetation, holds the
blown sand, further increasing the height of the chenier.

This stage of equilibrium is, however, seldom reached and if so for only
relatively short periods, because the two premisses mentioned above
(constant sand supply and identical shelf bottom) hardly ever occur in
nature. The sand supply is variable, depending on a number of factors.
The supply from a source is not a constant one. Long term and short term
variation in precipitation will for instance change the discharge of the lo-
cal rivers and, as far as they are carrying sand to the sea, the quantities
will also vary. The sand transported along the coast of French Guiana is
subjected to the same variations as occur along the Surinam coast. This
will be discussed below.

The availability of alongshore transported coarse sediments is strongly
affected by the mud flats. The chenier in front of which the mud flat moves
westward is fixed. This occurs particularly at the most western side of the
mud shoal, where slingmud is normally present and wave action is
damped. The cheniers just west of the mud flats are therefore always cut
off from their supply. The local direction of the coastline may reveal a
similar result. Since, all other factors remaining equal, the amount of
displacement is proportional to the cosine of the angle of wave incidence
(ZENKovIcH 1967), the local directions of the coastline determine the va-
riation in magnitude of the westward beachdrift component.

The clay surface is also continually changing. Abrasion of the clay sur-
face enables the surf to come nearer to the chenier, causing indirectly an
increase in beachdrift and wash-over action. On the other hand, sedimen-
tation at the shelf bottom in particular in the case of slingmud will
keep the surf action away from the chenier, locally producing inactivity of
sand and shell elastics concerned.

Cheniers of shells can develop without the supply of material parallel
along the coast. This occurs particularly on the east side of the mudflats.
In this erosive environment many shells are churned loose. They are easily
transported towards the coast due to their form and low specific gravity.
Once they have arrived in the swashzone (and if the supply is sufficient) a
chenier can develop in the same manner as described above.

In east Surinam, apart from the area direct west of the Marowijne
River mouth, cheniers develop generally from a combined supply of me-
dium to coarse sand (which has already taken up shell material) parallel
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to the coast and of shells supplied by the shelf. The shell supply towards
the coast usually occurs faster than the longshore sand transport. The
abrasion on the east side of the mudflat usually causes a small shell ridge
to develop which is built up even further by longshore supplied sediment.
GEIJSKES (1952) assumed that in most cases the chenier formation had
begun with a shell ridge.

Generally two types of coarse sandy cheniers can be distinguished : those
bordering an accretionary coast and those bordering a retreating one. The
latter predominantly prevails in Surinam.

As soon as more sediment is supplied than is removed, the chenier be-
gins to extend. As a result of constructive wave action accumulation on the
foreshore (or foreslope) exceeds erosion. When, proportionally, there is
more sand supplied than taken away during a spring neap spring tide
cycle, a new ridge is deposited against the existing one (fig. 45). During
the chenier formation, from spring-tide high water to neap-tide high wa-
ter, sedimentation will occur particularly on the foreshore (or the fore-
slope), concentrating increasingly at the lower part. Around neap-tide
high water level the sediment takes the shape of a ridge (this has been ob-
served a few times). There is a great deal of agreement with PANIN'S

Fig. 45. The development of a new ridge in fromt of an existing chenier, when the supply
of sediment strongly exceeds the transport. Phase I : ranging from high water spring-
tide to high water neap-tide. Phase II : around high water neap-tide. Phase III : around the

next spring-tide.
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description (1967) of the formation of the lowest berm on the beach of the
Black Sea. During rising high water level (towards high water spring-tide),
the sediment is partly eroded under the influence of the approaching surf,
while the remaining part is extended further and bodily moved upslope by
wash-over and swash/backwash action.

When the original chenier has reached its approximate maximum height
and consequently the wash-over action has diminished to a minimum,
the chance that the new ridge will merge into the existing one is very
small. Hence, the new ridge will keep its own appearance thus making the
chenier more complex. (Two cross sections through an accreting chenier
are shown in fig. 60).

If the supply of sand and shell clastics decreases or even completely
ceases, more sediment will be removed than is deposited. If the crest of
a high chenier is seldom reached by the swash, the foreshore (or foreslope)
is lowered due to the dominating sidelong transport. The greatest trans-
port takes place at the lower and central parts of the foreshore (or fore-
slope) where swash and backwash velocities are both high. At the approach
of springtide the crest is increasingly undermined and a small erosion cliff
develops (see fig. 47). Depending on the height of the springtide, either
the crest is abraded or the small cliff will be saved from further erosion
until a next higher springtide.

As the chenier crest is lowered, the wash-over proces becomes increasing-
ly active. Sediment stirred up at the foreshore (or foreslope) and trans-
ported by the swash, is washed over the crest and deposited at the back-
slope. When the mangrove swamps or the salt pans landward of the che-
nier are submerged (e.g. during high tides or in rainy seasons), sand and
shell clastics are deposited at the landward border of the backslope in
small deltas. The landward slope is for that reason often bordered by a
steep and irregular line of small "deltas" (see Pl. IVa) : the backslope
front. These transport activities cause the chenier to shift landward leaving
the exposed clay surface at the mercy of the breaking waves (see Pl. XIII).

As soon as the clay surface is abraded the attack on the chenier is con-
tinued in the way described above. During this process, the chenier crest
is lowered and therefore the wash-over action will be active at an earlier
stage. As long as the sidelong transport simultaneously continues, the
volume of the chenier diminishes in the course of time. Therefore, the land-
ward movement of the chenier is accelerated and finally the chenier will
completely disappear unless the supply increases again or the breaker ac-
tion decreases. The outline of the landward movement of an ever-decreas-
ing chenier is presented in fig. 46.
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Fig. 46. Successive stages in the erosion of a chenier (after UZERMANS 1968).

When the dimensions of a chenier have strongly decreased, during high
tides the seawater may sometimes break through it thus forming shallow
channels of several meters width. The eroded sand and shell elastics are
carried to the land side of the chenier and deposited there as a thin and
irregular blanket of sediment which can hardly be named a wash-over fan.

Although the Surinam coastal waters are usually characterised by low
to medium energy waves (chapter 11-1.3), high energy phenomena are
sometimes found in the troughs between the mudflats. In chapter 11-1.3
and IV-2.1 destructive wave action in key area Bigi Santi (14) was dis-
cussed. In 1967/1968 and in 1972, the author found that sand must have
been transported seaward beyond the low water breaker line. The che-
nier present in this higher energy environment showed some resemblance
with a barrier island. This phenomenon is discussed in general by KING
(1972). Occasionally, seaward of the swash zone an inner rough and an
outer planar facies were found, as described by CLIFTON & HUNTER &
PHILLIPS (1971) for a high energy coast. The inner rough facies is character-
ised by a limited number of straight-crested almost symmetrical ripples
with amplitudes of about 15 cm and wave lengths of approximately 50
cm. Seaward of this relatively narrow zone the sand surface is almost
flat : the outer planar facies. In terms of flow regime the inner planar (swash
zone) and the outer planar facies are considered to belong to the upper
flow regime. The inner rough facies, where opposing transient wave in-
duced currents occur, is thought to belong to the upper part of the lower
regime (CLIFTON & HUNTER & PHILLIPS 1971).

The inner rough facies was situated at the relatively steep landward
side of a very flat (low water) ridge. The connected runnel is suggested
to be the transition to the inner planar facies (swash zone). The longshore
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current, responsible for an appreciable transport of medium to coarse se-
diment in suspension, flows over this low water runnel and the inner rough
facies. During very low tides, small dendritic rill systems, draining the
upper foreshore, discharge in the exposed runnel and develop micro del-
tas. A low water ridge and runnel system was only found in key area Bigi
Santi (14). High water systems have been found more often. They are
reduced in magnitude due to the generally small width of the high water
swash zone. The width of the runnels is usually in the range of 1-11 meters.
The rip channels which drain these runnels to the sea are even smaller.
The occasional occurrence of runnels and ridges at low water and high
water level considered to be adaptations of a generally flat foreshore
gradient to the steeper swash slope achieved by constructive wave action
(KING 1972), stresses once more that destructive wave action is not a per-
manent phenomenon in this area.

Various values have been mentioned in the references for the seaward
and landward slopes of the Surinam cheniers. GEIJSKES (1947) mentions
a gradient of 5°-15° for the foreshore (foreslope) by the morphological
description of the cheniers; BAKKER & LANJOUW (1949) 7°-11°. ZONNE-
VELD (1954) reports values of approximately 100 for the seaward side and
approximately 40 for the landward side, and VANN (1959) 5°-15° for the
seaward slope and 2°-4° for the backslope.

Seaward slopes measured during the present research range from 1-13°.
The gradient of the foreshore (foreslope) is primarily determined by the
grainsize composition of the sediment and by the wave steepness (DAvIs
1972). The relative strength of the backwash is thereby decisive. It is
especially influenced by percolation and by friction with the bottom.

Correlation of the seaward gradient with the average grainsize of the
sediment (as proved by a.o. WIEGEL (1964)) has been found only in broad
lines. The sediment of the foreshore (foreslope) changes strongly over short
distances (chapter 111-2.4) because a large part of the relatively narrow
seaward slope is covered by the overlap of swash and breaker zone. The
relation is even more difficult to prove due to the presence of shell clastics.
The roughness of the surface and the percolation increase particularly if
the cheniers chiefly exist of loosely packed shells. As table 30 shows, the
largest slopes are measured on cheniers, chiefly composed of whole shells
and shell fragments. The fine sandy cheniers (without shell elastics), which
will be treated in chapter IV-3.2, have very gentle slopes (r-2°). The fore-
shores (foreslopes) of the cheniers mainly consisting of medium to coarse
sand, with a subordinate to considerable admixture of shell materials,
usually lie between 4°-7°.
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TABLE 3 0

The average seaward gradient and the composition of the sediment (in
broad lines) for the different key areas

*: subordinate
C: coarse sand

: abundant : dominant
M: medium sand F: fine sand

Negligible quantities of shell clastics omitted; minor quantities of fine sand between acco-
lades; standard deviation in brackets; N = number of measurements.

key area N slope sediment

sand shell elastics

shells shell
fragments

Eilanti (17)
Bigi Santi (14)
Krofajapassi (13K)
Matapicca (13M)
Katkreek (12)
Weg-naar-Zee (10)
Popokaimama (9)
Hamilton (5)

Friendship (4)

Bucklebury (3)

Nickerie (1)

5
16

10
7
3
1

1

1

1

6
1

4
2
2

7. (i.)
5. 01
61° (10)
6° (11-°)
70 (1.)
6°
6i°
810

1.

8i (21°)
2°
9. (ii.)
r ( _)

,n., (1.)

M-C
M
M
M-C
M
M

{F}
{F}
F

{F}
F

{F}
F

{F}

*1+
*1+

*

+

+1++

+

*1++

*

+
*1+

*1+
+

+ +
+

*/++

+

*1++

The effect of the steepness of the waves on the gradient of the foreshore
(foreslope) is determined by the relatively high power of the backwash
of destructive waves. Consequently steep waves level out (KING 1972,
PANIN 1967, ZENKOVITCH 1967). In key area Bigi Santi (14), the only
area in which destructive wave action was found (chapter 11-1.3), the
slopes concerned therefore were, on an average, lower than respective
cheniers in other areas (see table 30). Generally the effect of the grainsize
content appears to overshadow the effect of the wave steepness on the
seaward slope.

Sometimes the slope of the backslope consists of two parts : a gently
sloping upper surface and a steep backslope front. The latter develops
when water is present on the landside of the chenier. Besides the parallel
laminae which slope landwards on the upper surface, subaquatic backslope
wash-over deltas showing crossbedding are formed. The gradients of the
upper surface vary from to 5° and the backslope front reaches values of
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-.-
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28/3-08.00 h

28/3-18.15 h

29/3-07.00 h

29/3-24.00 h

11)Fig. 47. The changes of two foreshore profiles I and

300. This agrees with the results of GREENSMITH & TUCKER (1969) who
mention similar values for deposits in the chenier plain of Essex (G. B.).

The cheniers continually adapt themselves to the prevailing wave re-
gime. Figs. 47-I and 47-II show the change of two profiles in key area
Krofajapassi (13K) during a period from neap-tide to spring-tide. Both
profiles are situated at short distances from each other (approximately
40 meters) over the most seaward ridge of a complex chenier, which shows
the beginnings of erosion. The measurements were mainly made after
every high tide. The most landward point was marked with a signpost.

The measurement results show that the chenier profile hardly changes
around neap-tide. After a few days, particularly the foreshore (foreslope)
begins to show distinct changes. The wave height grows with the rising
high tide level. This causes the energy, which is emitted from the surf for
the churning up and the transport of sediment to increase. When the top of
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2.00 m

1.00

26/3-12,00 h-.
26/3-18.30 h

first surveyed profile
-1- high tide

black coloured sand injection

14 key area Bigi Santi (14) from neap-tide to spring-tide.

the chenier has not yet been or will not be reached by the swash, small
cliffs can be formed if the removal of sand exceeds the supply. There are
many reasons for this and one of these is that the higher surf waves are
more of a plunging character. Therefore the vertical component of move-
ment increases which, under certain circumstances e.g. strong winds, can
lead to a dominant backwash (destructive waves). The small cliffs dis-
appear with the next higher tide. The sediment taken up by this process
is largely deposited on the upper part of the foreshore (foreslope) and the
profile becomes smooth again. When the water level has become suffi-
ciently high the swash sweeps more or less regularly over the crest of the
chenier, and continues over the backslope as wash-over. During this pro-
cess the sediment which is removed from the foreshore (foreslope) is de-
posited on the backslope. This phenomenon results in a steadily inland
movement of the chenier body, as can be seen in the last profiles of both
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Fig. 48. The changes of a foreslope profile in key area Eilanti (17) from spring-tide to
neap-tide.

series of measurements. Even before wash-overoccurs, changes on the back-
slope have already taken place but these are due to wind action. If the
water level (after spring tide) drops the wash-over process diminishes.
After a few days the changes are limited to the foreshore (foreslope)
again. Fig. 48 shows four measurements in key area Eilanti (17) in which
this phenomenon can be seen.

The changes in the content of the chenier profile have been studied with
the aid of dyed sand which was brought vertically into the profiles des-
cribed above in Krofajapassi (13K) and Eilanti (17). Since the locations of
these so-called black coloured sand injections were measured accurately
they could easily be found again after one or two high tides. The locations
are given in figs. 47 and 48. The black sand columns were dug out after
each tide. Measurements of the remaining black sand and (possibly) the
natural sand deposited on top give an impression of the processes occur-
ring during the high water period. The results are shown in table 31.

The measurements in key area Krofajapassi (13K) could not be taken
without interruptions. The black sand which was "injected" on 23/3 had
completely disappeared on 25/3 due to an enormous change on that part
of the foreshore (see figs. 47-I and 47-II). However, this first series of
measurements shows that around neap-tide the higher part of the fore-
shore (as far as can be reached by the swash) shows accretion whereas the
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lower part, in the vicinity of the high water breakerline, is eroded. The
environment of the measuring point in profile II behaves the same as the
environment of point 1 of profile I which situation it strongly resembles.

The figures show that the black sand is generally eroded first and that
later the natural sand is deposited over it. It is not, however, possible to
obtain information concerning the course of events before the erosion of
the black sand, with this method. Thus supplementary observations were
made, which taught that with rising tide natural sand was first deposited
over the black sand.

The energy maxima surf and swash move with the increase of the water
level. Particularly the surf will affect the depth of disturbance. WILLIAMS
(1971) found a correlation between the depth of disturbance and the brea-
ker height in the breaker zone. In the swash zone the depth of disturbance
was correlated with the seaward gradient. On the relatively narrow che-
nier foreshore (foreslope), of which the greatest part is covered by the
overlap of surf and swash zone, such a relation cannot easily be found.
The movement of surf and swash can be seen in the figures of table 31.

In conclusion the following general picture can be given. Starting with
the neap-tide at the central and upper parts of the foreshore (foreslope),
as far as it can be reached by the swash, sedimentation dominates. On
the lower part of the seaward slope, where the tide remains for the longest
period during the tidal cycle, the depth of disturbance can exceed 20 cm.
As the water level rises this system shifts towards the top of the chenier.
When the swash sweeps over the crest, sediment from the seaward side
is deposited on the landward side, resulting in erosion of the foreshore
(foreslope). The whole process is reversed from spring-tide to neap-tide.
In other words with rising water sediment is deposited in the limit of the
swash. With the oncoming of the breakerline erosion increases. Deposition
occurs again with the receding tide. The relation between erosion and
deposition determines whether the chenier is retreating or shows accretion.

Wind action does not have much effect on the development of cheniers.
The small width of the cheniers in combination with the prevailing wind
direction (chapter 1-3) results in a very short fetch. Owing to the presence
of shell elastics a shell pavement develops which prevents further defla-
tion. Moreover the surface of the part of the foreshore (foreslope) which
becomes dry at low tide often is slightly cemented by salt.

Erosion of the loose sand particles underneath the cemented surface
produces a slight relief of undeep irregular depressions. Wind ripples only
occur at higher parts of the foreshore (foreslope) and at the backslope.
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TABLE 3 1

The results of measurements regarding erosion of and sedimentation on a foreshore profile in key area Bigi Santi
(14) and a foreshore profile in key area Eilanti (17)

The measurements were carried out with the aid of black coloured sand injections. The locations of these sand injections are shown in figs.47
and 48.

date and
time of
observation

length of black
sand injection in

cm

loss of black
sand in cm

addition of natural
sand in cm

erosion () or
accretion ( +)

in cm

length of black
sand injection

replenished to the
surface in cm

at 1 at 2 at 1 at 2 at 1 at 2 at 1 at 2 at 1 at 2

23/3 20 20
24/3 08.30 h 20 0 0 >20 6 ? +6 ? 26 38
24/3 18.00 h 25 29 1 9 12 4 + 11 5

at 3 at 4 at 5 at 3 at 4 at 5 at 3 at 4 at 5 at 3 at 4 at 5 at 3 at 4 at 5

27/3 30 30
28/3 07.30 h. 21 19 9 11 51 8 3-i 3 30 30 30
28/3 19.20 h. 29 16 19* 1 14 11 0 7 7+ 1 7 34 30 30 30
29/3 06.30 h. 27 ? 3 0 16 3

at 1 at 2 at 3 at 4 at 1 at 2 at 3 at 4 at 1 at 2 at 3 at 4 at 1 at 2 at 3 at 4 at 1 at 2 at 3 at 4
31/3 30 30 30 30
01/4 27 26 27 3 4 3 4 7 4 +1 +3 +1 31 33 31
02/4 27 25 26 4 8 5 3 4 5 1 4 0 30 29 31
03/4 28 25 27 2 4 4 1 3 3 1 1 1 29 28 30
04/4
05/4 30 29 25 ? ? 5 1 3 0 +1 2 30 30 28
06/4 30 30 23 5 1 2 0 +1 3 30 31 25
07/4 30 31 20 5 I 2 0 +4 3

* observation done at 22.00 h.
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Small initial dunes sometimes occur at the backslope where plants (es-
pecially Sesuvium portulacastrum) fix the wind blown sand. They are only
found on more or less stable cheniers and on prograding cheniers. This is in
accordance with GRIPP'S observations (1968) on the origin of coastal dunes
in Nordfriesland (W. Germany).

IV-2.3 Sedimentary structures

The study of the sedimentary structures concerns the whole of the che-
nier body to the water saturated zone. Practically speaking this means that
with the exception of the lower foreshore part of the chenier in Bigi Santi
(14) the chenier profiles in all key areas concerned should be studied from
the base to the top.

The bi-directional lamination of the backslope and foreshore (foreslope)
is a predominant feature. The sedimentary structures can roughly be
divided into a narrow strip of seaward dipping foreshore (foreslope)
laminae, whereas landward dipping stratification takes up the remaining
chenier body. A similar description was given by TEICHMULLER & TEICH-
MULLER (1957, in : PSUTY 1966) for the sedimentary structures in a beach
ridge at Corsica (France). The landward movement can be seen by the
presence or absence of crude layered shell strata at the base.

In the foregoing chapter (IV-2.2) the development of the cheniers in
east Surinam was discussed. They usually originate around a nucleus of
shell clastics, chiefly consisting of complete shells deposited on an erosive
base plain (see Pl. IVb). If the chenier moves landwards at a later stage,
through erosion at the seaside and accretion landwards, the original shell
nucleus will systematically disappear. The foreslope is displaced at the
cost of the earlier deposited backslope sediments. This phenomenon can
be seen on Plate Va.

The laminae vary considerably in composition, with every possible
combination of whole shells, shell fragments and quartz sand. This varia-
tion is not simply an indication of the hydrodynamic conditions but is also
determined by the respective supplies of sand and shells. When the supply
of shells is adequate the foreshore (foreslope) is covered with a layer of
whole shells, sometimes containing even articulated valves. As the
supply of shells decreases shell fragments will soon predominate.

Imbrication of the shell elastics was particularly found to occur in more
or less stable cheniers, which have suffered protracted wave-action. In
that case whole shells have been comminuted for the greater part, due to
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the prolonged exposure to breaking waves and swash/backwash action.
The resulting flakes are more appropriate for imbrication than the more
or less convex or spheroidal valves and snail-shells. The whole shells,
owing to their shape, are conductive to mobility (GREENSMITH & TUCKER
1968). The shell elastics of incipient cheniers, which are usually very mo-
bile, therefore mainly consist of randomly orientated whole shells. This
agrees with the interpretation of GREENSMITH & TUCKER (1969) who found
no imbrication of the shell clastics in the prevailing cheniers of the che-
nierplain of Essex (Great Brittain) and attributed this absence to the great
mobility of the cheniers during storms. Shell fragments contribute highly to
the development of a closer packing, thus increasing the resistance against
erosion and the (eventually) resulting shoreward migration of the chenier.

Imbrication is found in all parts of the more or less stable chenier body.
On the backslope, in the even laminae as well as in the wash-over delta
foresets, the edgewise fabric appears to be related to the direction of
transportation i.e. in a landward direction. On the foreshore (foreslope)
this phenomenon is less clear due to the opposite action of swash and back-
wash.

Foreshore (foreslope)
At the foreshore (foreslope) seaward dipping laminae are deposited

from clouds of sand in suspension. Since swash and backwash produce
rather high currents and strong turbulence, this type of sedimentation is
characteristic for the swash/backwash environment (CLIFTON 1969). Even
lamination also occurs in the zone exposed to strong surf action (REINECK
in : LAUFF 1967, REINECK & SINGH 1973) and is therefore the conspicuous
sedimentary structure for the whole upper foreshore or foreslope envi-
ronment of the Surinam cheniers.

In sections parallel to the chenier crest the laminae are usually not lon-
ger than a few tens of meters at a maximum. In transverse sections they
are much shorter, usually not more than a few meters. This is to be ex-
pected because of the small width of the foreshore (foreslope) of the che-
niers. The angles of the laminae generally range from 4°-8°.

The foreshore (foreslope) lamination usually, rests clearly discordant
on landward dipping parallel backslope laminae. This situation is similar
to that of type A (fig. 49) of the four major types of cross-bedding in beach
deposits (THOMPSON 1937, REINECK & SINGH 1973). It is a Common phe-
nomenon in retreating cheniers. The thickness of the sets of laminae paral-
lel to the foreshore (foreslope) is an indication of the rate of erosion. Che-
niers subjected to severe abrasion have only few foreshore (foreslope)
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Fig. 49. Diagram showing the major types of cross bedding in beach deposits (after
THOMPSON 1 937) .

parallel laminae (see Pl. Va). The remaining three types of bi-directional
stratification (fig. 49) are seldom found. They appear to be linked to ac-
cretionary cheniers which have been found only locally. Of these three,
type B (fig. 49) is the most prominent.

Differences in transport capacity cause a difference in the transportation
of grains in proportion to size and specific gravity. In the most eastern
part of the Surinam coast, where the heavy mineral content is relatively
high (chapter 111-4.5), lamination frequently depends on differences in
specific gravity alone. An alternation of dark brown laminae, mainly
consisting of almandine and staurolite, with light coloured laminae rich in
quartz was commonly found in the area between the Marowijne River
estuary and Eilanti (17). In this area the direction of wave propagation is
more or less perpendicular to the coast. Swash and backwash occur there-
fore in more or less opposite directions, which leads to winnowing of the
heavy minerals. To the west this phenomenon disappears as a result of the
diminishing heavy mineral content (fig. 31). In key area Bigi Santi (14)
dark coloured sand was found only once.

Apart from parallel foreshore (foreslope) lamination, buried cliffs and
filled up channels (runnels and rip channels) sometimes occur. Buried
cliffs can be recognized by cross-lamination separated by a steep erosion
face. The direction of the erosion face runs parallel to the strike of the
laminae under and above the face.

Filled up runnels and rip channels are found only in compound che-
niers. The runnels which are usually only a few decimeters deep, are filled
up laterally from the sea. For this reason they show a festoon lamination
such as described for the lateral filling of small shallow gullies in braided
river systems (DOEGLAs 1962) and in fluvio-glacial outwash plains
(AuGusTINus & RIEZEBOS 1971). The filled runnels are covered by hori-
zontal or weakly landward sloping parallel laminae (see fig. 45). These
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belong to the lee side of the former ridge, which has moved over them.
In the case of receding cheniers the foreshore (foreslope) cuts into this
system, resulting in cross-bedding of type A (fig. 49).

Rip currents more or less follow the gradient of the foreshore (foreslope).
The previously scoured channels are filled up by the alternating lateral
and parallel action of swash and backwash. The resulting slightly asym-
metric bottom parallel fill-structure is thickest and coarsest at the eastern
side, due to the direction of the approaching swash. In the final stage of
the filling up process the depression has become very shallow so that the
normal foreshore (foreslope) sedimentation predominated, resulting in
even lamination (see Pl. Vb).

Sedimentary structures of micro deltas which sometimes form in the
runnels during low tide have not been found. They obviously have a low
preservation potential.

Backslope

The water-borne sediments at the backslope are usually laminated such
as the foreshore (foreslope) deposits. The landward extension of the lami-
nae depends on the range of the wash-over process. This is determined by
the volume of water that is pushed over the top, by the grainsize compo-
sition of the chenier sediment and by the water level in the chenier. If
the volume of water is small and the infiltration rate is high, the down-
slope running surface water will have percolated before the landward
border of the chenier is reached. In that case the landward extension of the
laminae is relatively short. The angle of the landward dipping laminae
ranges up to 5°, depending on the coarseness of the sediment. The lateral
extension of the laminae is comparable to that of the foreshore (foreslope),
since the wash-over process, in common with the swash (chapter TV-1.1),
does not act in a united front but is concentrated in tongues.

Cross-bedding occurs intercalated in the evenly laminated sand and
shell elastics. This kind of structure is related to the water level in the
mangrove swamps or in the saltpans landward of the cheniers. When the
water level is very low, or if there is no surface water at all, the sediment is
deposited in parallel and almost horizontal laminae (as described above)
to the very limit of the chenier. If the water level is sufficiently high to
cover part of the backslope, small wash over deltas develop at the land-
ward side. At the spot where the running water moves into the stagnant
water accretion occurs due to the sudden slowing down. Foresets raise
themselves till the maximum angle of internal friction is reached. From
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that moment the well-developed lee-face is maintained by avalanching.
The formation of wash-over deltas is restricted to the periods in which

water and sediment are washed-over to the backslope, i.e. usually around
springtide. When large quantities of water are involved the upper part of
the lee-side lamination may be eroded. On Plate VIa steeply inclined fore-
set laminae are capped by thin sets of almost horizontal laminae.

After the springtide has receded, the wash-over action diminishes and
usually ends before neap-tide. The topsets and corresponding foresets
from this final stage in sedimentation are preserved. They contain finer
material due to the lowered energy conditions and are therefore more
compact (see Pl. VIa). The outermost boundary of the whole sedimenta-
tion unit is called the "pause plain".

During the next tidal cyclus sedimentation may be reactivated, start-
ing from this pause plain. When the landside of the backslope is still cov-
ered by water the wash over delta will grow further at a level correspond-
ing with the stagnant water level. When the water landward of the chenier
has disappeared (in the dry seasons for instance), the steep backslope front
is filled up and integrated with the smooth gradient of the upper surface.

The occurrence of large scale cross-bedding at the landward side of beach
ridges has been discussed by WERNER (1963) and PSUTY (1966). In the
chenier backslope however, the steep landward dipping foreset units,
sometimes even covered by topsets, are intercalated in gently inclined
backslope lamination. For this type of Surinam cheniers this appears to
be a characteristic feature. Since the development of the large scale cross-
bedding is dependent on the water level landward of the chenier, the po-
sition of successive intrasets does not necessarily mark successive stages
in the migration of the chenier body.

In key area Eilanti (17) the backslope deposits appeared to be cyclic
in character. An alternation of coarse and medium sandy sets of strata has
been found. This is probably related to the position of the high water
breakerline. When around springtide the breakerline approaches the crest
of the chenier, sediment washed-over to the backslope is coarser than dur-
ing receding tide. The phenomenon of cyclic deposits is restricted to the
most eastern part of the Surinam coast. To the west it probably is increas-
ingly obscured by the diminishing range of the sand size and the growing
influence of shell clastics.

Wind blown sediments are found only on the backslope of more or less
stable and of prograding cheniers. They usually appear as small initial
dunes linked to plants, which grow higher as the sand and shell elastics
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around them accumulate (BAGNOLD 1948). The sedimentary structures in
these initial dunes are characterised by undulating parallel lamination
interrupted by roots. They are destroyed by the wash-over process and
therefore the water-borne sediments have had no opportunity to cover
them. The same applies to wind ripple structures.

Bioturbation structures
The stratification in a superficial layer (approximately a meter thick)

of the voluminous chenier complexes of the sand accretionary coast (chap-
ter V-2.2) may be completely disturbed at times owing to the nesting ac-
tivity of the sea turtles (SCHULZ 1968). On the smaller medium to coarse
grained cheniers trace-making species are restricted in number. Only
burrows of the White Ghost Crab (Ocypode quadrata) occur frequently.
These vertical or oblique burrows have diameters of a few centimeters
to about one decimeter and range up to more than half a meter in length.
On the lower part of the foreshore and on the sandbanks worms (Oligochae-
ta) were sometimes found. Their burrows influence the sedimentary struc-
tures only at a micro scale.

Plant and tree debris
In the case that the development of an older, more or less stabilized

chenier is reactivated, sediment taken up at the foreshore (foreslope) and
washed over the crest may cover the growing vegetation on the backslope.
In a later stage this will be recognizable as a rootlevel.

Usually much dead plant and tree debris is found on the cheniers. This
is especially true for retreating cheniers. The trunks and root systems of
particularly Avicennia germinans disturb the regular sedimentation pat-
tern since they cause different types of infill structures.

Towards the end of the short dry season, the period in which the most
important changes take place, plant and tree remains which have floated
together, locally form layers on the foreshore (foreslope). Normally they
are a few centimeters thick but in exceptional cases thicknesses of more
than one meter were found. They have never been found intercalated in
the clastic sediments. This points to a low preservation potential.

Sandbanks and induced lenticular bedding
Since the medium to coarse sand is supplied alongshore, sandbanks

seaward of the cheniers are generally absent. However, a few sandbanks
were found just in front of the mouth of the Matapicca channel, where an
old sand ridge is being abraded (see Pl. XVII). During 1966 and 1967/1968
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from these banks sand was transported in small ripples over the abraded
fields of the former plantation Anna Catharina in the direction of the coast.
These ripples were covered with mud during the receding tide, when the
flat area landward of the sandbanks became more or less protected against
wave and current action. Wavy and lenticular bedding resulted, as can
be seen on Plate VIb. Since in key area Matapicca (13M) erosion generally
continued at that time, these deposits will have little preservation poten-
tial.

IV-3 THE FINE TEXTURED CHENIER SAND

IV-3.1 Supply and transport of the fine sand

The mineralogical composition, and the occurrence in the pelite de-
posits, leads to the conclusion (chapter 111-4.4) that in all probability the
Amazone River is the source of the fine sand. A long-continued transport
in a relatively quiet marine environment sounds plausible, regarding the
fine texture and the very good sorting of this sand (chapter 111-2.4).

The possible ways of transport were discussed in chapter IV-1.3. After
deposition the fine sand occurs in the pelite deposits as single grains and
concentrated in laminae. These laminae are frequently disturbed by bur-
rowing organisms and converted to nests and trails of fine sand in the peli-
te (chapter IV-1.4). The development of the fine sandy cheniers starts
out from these fine sand occurrences and is treated in the next chapter.

IV-3.2 Chenier formation and destruction

Since small admixtures of fine sand are a general feature in the pelite de-
posits (chapter IV-1.3), fine sandy cheniers might be expected to occur along
the whole Surinam coast. However, they are only found in west Surinam.

During the field study, particularly during 1967/1968 and 1972, the
development of a fine sandy chenier in west Surinam could be followed.
Aerial photographs made during 1966, revealed two areas with fine sandy
coastal deposits in west Surinam. A small deposit was located in front of
Perseverance (locally known as the beach of Mary's Hope). A vast spitlike
deposit streched along the shore in front of Burnside, Hope, Oxford and
Potosi. Observations at Perseverance and Burnside revealed that the de-
posits consisted of a few decimeters thick layer which covered an erosive
clay surface. They were built up of parallel laminated fine sand, which al-
ternated increasingly with pelitic laminae in a seaward direction. Compar-
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ed to the medium to coarse sandy deposits in east Surinam, the fine sandy
cheniers in status nacendi have flat slopes and a great width.

During the following years the sandy deposits migrated to the west
and also gathered volume. In 1972 the most westward lying deposit had
developed into a spitlike chenier, which stretched over a distance of five
kilometers at low tide, from Oxford to the mouth of the Bucklebury creek.
Further to the west it continued under water for several hundreds of meters,
resting against the seaward margin of the erosive eastside of a mudflat.

The fine sand appears to be winnowed chiefly at the erosive eastside of
the mudflats. Mineralogical evidence in chapter 111-4.5 proves the occur-
rence of an admixture of EH-sand to the S-sand of a chenier near the rem-
nant of a mudflat under severe abrasion (key area Katkreek (12)). Pe lite
samples of the same remnant proved to be relatively high in sand content
(chapter 111-2.3, table 11). However, regarding the smallness of the sand
content of the pelite a long erosion period will be required to deliver suf-
ficient sand for the formation of a chenier.

In east Surinam the coastal erosion is hampered, due to the presence
of the medium to coarse sandy cheniers. For this reason the quantity of
fine sand winnowed from the mud will probably never be adequate for
chenier formation.

In west Surinam the coast offers less resistance against abrasion. More-
over the erosive power of the waves is greater in west than in east Surinam.
This is partly due to the larger angle of wave incidence in west Surinam
(chapter II-1.1). The duration of the short dry period (a season with strong
winds) which is more pronounced in west Surinam (chapter 1-6) can be
another reason.

Since the last decades the supply of fine sand in west Surinam has been
stimulated by the persistent erosion of the coast of Coronie. This is possib-
ly caused by the large jump of the coastline at the mouth of the Coppena-
me River (see fig. 1). The steep north western flank of the mudflat which
moved past Coppenamepunt until the early nineteen seventies therefore
attained a more or less fixed position. This steep flank continued towards
the coast near Totness (see fig. 8). At the west side of the mudflat no sedi-
ment could settle. At the east side abrasion proceeded. For this reason
the mudflat did not migrate westward but "dissolved" itself. The related
trough in front of Coronie was far greater than usual and even expanded
westward. Another factor that prevented the formation of mudflats along
the shore of Coronie could be the presence of the sluice canals.

PRICE (1955) and MCFARLAN (1959) found that the cheniers in south-
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west Louisiana were for a large part located along more or less stable
segments of the coast, downcurrent of the mudflats or deltaic headlands
undergoing erosion. The cheniers were chiefly of an accretionary type.
Sedimentation at the landside of the chenier occurred only during storms.

Along the Surinam coast stable areas are absent. Erosion and accretion
alternate with a periodicity of about 30 years. Coronie, however, is an
exception; there the coast has been abraded since approximately 1920,
with only a short interruption in the nineteen fifties. The most pronounced
chenier lies at the downcurrent side of the trough.

Although this seems to agree with the development of the cheniers in
southwest Louisiana the continuous abrasion of Coronie must be seen as a
coincidence. Without such a coincidence fine sandy cheniers will also de-
velop, albeit that a long period of net erosion will be needed to deliver
sufficient sand.

In the erosive environment, i.e. at the east side of the mudflats, clay is
stirred up. The sediment is suspended, either directly or after an interme-
diate stage of mud-chips. Suncracks, developed during periods of mudflat
emergence, accelerate the process. The suspended sediment is transported
coastward by the combined action of waves and current. Closer to the
coast, where the water is quieter, the sand will settle whereas the finer
particles are transported even further. The tidal cycle superimposed over
the obliquely landward shifting of the severe abrasion belt causes the sand
to pile back over the superficial eroded surface of the east side of the mud-
flats. It forms a thin sandy veneer downcurrent of the location where it
had been stirred up. In a later stage a migrating mudflat may cover it for
the next 30 years or more, until towards the end of a long period of net
abrasion, sufficient sand is accumulated to support a chenier.

The development of a ridge will be most effective where the waves are at
a specific level for a long period (KING 1972). Since the sand is supplied
from the seaside the chenier formation will start approximately at a mean
low water level. Sand is suspended by breaker action and carried shore-
ward by the swash. A longshore bar will develop more or less parallel to
the refracted waves and as a result an equilibrium swash/backwash gra-
dient will build up.

According to MCKEE & STERRETT (1961) the development of a longshore
bar depends on the water depth, the wave action and the availability of
sand. Laboratory experiments revealed that in very shallow water emer-
gent bars commonly form. They are driven shoreward by increasing wave
action. In the shallow coastal waters of Surinam wave action may in-
crease in a shoreward direction due to the severe and continued abrasion
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on the east side of the mudflats. The availability of sand determines whe-
ther the sedimentation takes place chiefly at the seaward side (sufficient
sand) or at the landward side.

The fine sandy cheniers in west Surinam originate in the manner des-
cribed above. The longshore bar moves obliquely landward and gathers
volume and height. Once the east end of the ridge is attached to the coast
it gives an impression of a spit, separated from the coast by a lagoon like
tidal flat. According to REINECK & SINGH (1973) the term lagoon is avoid-
ed since the area, except for a small channel, falls dry during ebb.

The growing chenier migrates further landward over this protected tidal
flat and its deposits. When the bar is under water sediment transported
by waves is carried over the top and deposited at the steep landward face.
Sedimentation at the landward side can also take place when the ridge is
partly above water. It is then caused by overwashing swash waves. Both
processes lead to a landward migration of the chenier in status nascendi.
In doing so its direction gradually shifts to a direction parallel to the coast
(fig. 50) : closer to the coast erosion occurs at a slower rate because the
clay is more compact (chapter V-2.1). Moreover the growing volume of the
sand body results in a greater protecting capacity against erosion. The
angle of wave incidence increases and the westward beachdrift becomes
more important.

In fig. 51 two cross-sections perpendicular to the shore of the fine sandy
chenier in front of the Bucklebury creek are shown. The base of the fine
sandy chenier is obviously below that of the landward lying older chenier
of shell clastics. Cheniers of shell elastics develop above mean high tide

chenier (in statu nacendi)

--- old chenier

Fig. 50. The gradual shifting of a fine sand chenier to a direction parallel to the coast due
to wave refraction.
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level, even as the medium to coarse sandy cheniers in east Surinam, where
the sediment is supplied alongshore (chapter IV-2.2). The shell elastics
are indeed supplied in the same manner as the fine sand, but owing to
their low specific gravity and their shape, shell elastics behave as solid
particles with a low hydraulic size in relation to their particle size. This
makes them easily transportable. Fine sandy cheniers therefore do not
develop around a nucleus of shell elastics, as the medium to coarse che-
niers do in east Surinam.

With the growing height of the chenier however, the part of shells and
shell fragments in the sediment increases. In the initial stage the fine
sandy chenier has a gentle seaward gradient and a rather steep landward
slope (see fig. 51A). The similarity between the form of beach ridges
(which are closely related to cheniers) and of model swash bars was discussed
by KING (1972). She points to the constructive action of the waves in the
building up of the swash slope as the main formative process in both features.

In a later stage this form may be modified, particularly as a result of
accretion at the landside. The landward migration slows down with the
growing height of the sand body. The chenier emerges for longer periods
during the tidal cycle and sedimentation at the backslope will be supplied
increasingly due to wash-over. This results in a delta-like accretion at the
landside as long as the backslope is partly covered by water. A flat back-
slope will develop and the chenier will gain symmetry (fig. 51B).

Vegetation starts to grow at the back slope with the growing height of
the chenier. Sesuvium portulacastrum, in eastern Surinam instrumental in
initial dune formation, was found to be the pioneer plant. Dunes however,
have not been found. Owing to the low position of the chenier (with re-
gard to the waterlevel), in combination with the fineness of the sediment,
the sand will remain too wet (= cohesive) to be transported by the wind.

Since the seaward slope undergoing constructive wave action is also
controlled by the grainsize (RussEL & MCINTIRE 1965), the foreshore
(foreslope) of the fine sandy chenier is extremely gentle : usually less
than 10 (see table 30). It stretches some hundreds of meters seaward and
is covered by water for considerable part of the tidal cycle. After the emer-
gence of the foreshore (foreslope) very flat ridges and runnels are some-
times visible. The regular pattern of long crested, asymmetrical wave
ripples that cover large part of the seaward slope is interesting. The ripple
crests are more or less parallel to the longitudinal axis of the chenier.
They are directed landwards and show bifurcation. Wave lengths are up
to 50 cm and the wave heights range from 3 to 5 cm. They are quite similar
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Fig. 51. Profiles (A and B) of a fine sandy chenier just east of Bucklebury creek (4). The sediments have been surveyed and indicated in
profile B.
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to those described by WUNDERLICH (1972) at the beaches of Sapelo Island
(Georgia), although there the wave height was "often more than 10 cm
per layer". This however can be explained by the difference in grainsize of
the respective sediments. Higher at the foreshore (foreslope) seaward
directed shallow water current ripples (chiefly rhomboid ripples) occur and
these are partly superimposed over the asymmetrical wave ripples.

In both ripple systems lighter coloured particles, i.e. mainly fine shell
clastics, are collected in the ripple troughs. These contrast sharply against
the brownish colour of the quartz sand (chapter III-1.21. Particularly in the
case of the asymmetrical wave ripples this feature is so dominant, due to the
regularity of the system, that it can easily be recognised in aerial photographs
(see Pl. VIIa). The lighter particles are probably washed into the troughs
by the declining swash (/backwash)action during the receding water level.

The fine sandy cheniers may finally arrive at the coast depending on the
erosive power of the landward lying channel. Such as the medium to
coarse sandy cheniers and those built up of shell clastics, the further de-
velopment thereafter will largely depend on the water level at the back-
slope (chapter IV-2.3). When the supply of fine sand diminishes, the che-
nier body will probably obtain a similar profile as the cheniers built up
of coarser material although they will have more gentle slopes. This, how-
ever, has never been observed during the investigation.

When a trough between two mudflats undergoes severe and continued
abrasion such as in front of Coronie, so much pelite may be stirred up
locally that sufficient sand is winnowed to form a chenier. The development
in that case occurs rather quickly. The mean low water line, due to the
steep gradient of the shelf in the trough, is close to the mean high water
line. No protected tidal area over which the chenier body can migrate is
formed. The deposit directly covers an erosive clay surface, as can be
seen at Perseverance. Destruction of the fine sandy cheniers occurs when
more sand is carried away by beachdrift and wash-over than is supplied
from the east or from the seaside. This development is comparable to that
of the medium to coarse sandy cheniers and those built up of shell clastics.

Finally it must be emphasised once more that the fine sandy cheniers
in Surinam are produced by tidal action, superimposed on the oblique
landward shifting belt of severe abrasion. Storms, often mentioned in litera-
ture as the common cause, do not occur in Surinam (chapter I-6). According
to GIERLOFF-EMDEN (1959) the same applies to the coast of El Salvador.
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IV-3.3 Sedimentary structures

In the period 1967-1968 the fine sandy cheniers in west Surinam were
in an early stage of development. At Perseverance, the so-called beach
of Mary's Hope, a 30 to 40 centimeter thick, evenly laminated sand layer
covering an erosive clay surface over a length of 500 m and a width of
200 m was found. Very thin beds of shell clastics were intercalated. In
front of Burnside there was a similar sand cover. The top of it was raised
by a 45 centimeter thick ridge of loosely packed shells and shell fragments.
The sand and shell clastics have obviously been thrown into a dead Avi-
cennia germinans "forest" under abrasion. Many Avicennia trunks, stems
and branches were scattered over and in the deposit, which means that
the erosion continues despite the presence of the sand cover. Tot the west
the fine sandy deposit seemed to be less eroded.

In 1972 both cheniers had shifted westward and gathered volume. A
new one had started north of Lesawes and Clyde. The sedimentary struc-
tures in the most western chenier were studied during a short visit. Due
to the short length of time this could only be done in broad outlines. The
sedimentary structures along cross-section B of fig. 51 were studied. They
generally fitted the descriptions for longshore bars and beach ridges
(THOMPSON 1937, McKEE & STERRETT 1961, HOYT 1962, REINECK 1963,
BIGARELLA 1965, PSUTY 1966, WUNDERLICH 1972).

Most of the chenier was built up of a thick bedset of gentle seaward
dipping laminae, with intercalated very thin beds of coarse shell clastics.
Sometimes even small scale cross-bedding has been preserved (see Pl.
VIIb). At the crest of the chenier this complex was more than 120 cm
thick. At the lower part of the foreshore (foreslope) burrowing organisms
were found: Bivalves (e.g. Mulinia cleryana and Chione subrostrata),
worms (Oligochaeta and Nereidae), and Enteropneusta. No estimates of
the degree of bioturbation are made.

At the steeper landward side large scale cross-stratification perpendi-
cular to the chenier occurred. So far as could be seen this was more regu-
lar here than in the medium to coarse sandy cheniers in east Surinam,
since during high tide the backslope of the fine sandy chenier was always
covered by water.

Just landward of the chenier the sediment of the lagoonlike tidal flat is
characterized by interlayered sand/mud bedding. The sandy laminae are
most pronounced and occur most frequently immediately behind the
chenier. They disappear increasingly in a landward direction. The coarse
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laminae probably originate from sand that is washed over the chenier
during rising or falling tides, when the protected tidal area contains water.
This would explain the landward decrease of sand. Mud accumulation will
occur around high tide slack water. Sometimes thick clay layers which
have possibly settled as slingmud, occur.

Locally, a channel has cut into the rhythmic deposits. The channel bed
is covered with a veneer of winnowed fine sand. In the channel the current
velocity particularly during the end phase of falling water, is strong enough
to produce small ripples. Around high tide slack water these ripples will
also be covered by mud. When, at the next ebb period, this mud is re-
moved incompletely a flaser bedding develops. Plate Villa shows a bi-
furcated wavy flaser bedding (REINECK & WUNDERLICH 1968) overlain
by an interlayered sand/mud bedding in which mud dominates. The upper
part shows burrows made by the Tanaid Crustacean Discapseudes holt-
huisi (BACEscu & GIFT 1975). They were U-shaped with an average depth
of 40 mm and proved to be characteristic for this environment.

Both rhythmic deposits and flaser bedding (if present) will be over-
ridden by the landward moving chenier. This has been noticed several
times and must be regarded as an important sedimentary characteristic
of this type of cheniers. When a new ridge migrates over an earlier one, inter-
layered sand/mud bedding will be intercalated. This can be seen in fig. 51B.

IV-4 CLAY INTERCALATIONS IN THE CHENIER DEPOSITS AND THE
FORMATION OF CLAY PEBBLES

As discussed in chapter IV-1.2 slingmud can be transported shoreward
without being dispersed into suspension. This causes the occasional sett-
ling of thick clay layers at the foreshore (foreslope) or backslope of cheniers.
They can easily be distinguished from the rhythmic deposits treated in the
preceding chapter since the latter originate in the shelter of a chenier and
consist of interlayered sand/mud bedding. The clay layer can be inter-
calated with the continuing sedimentation of sand and shell elastics.

If the clay is not covered immediately, it desiccates during exposure,
particularly because the drainage of the clay is strongly favoured by the
sandy subsoil and suncracks develop. The next oncoming flood water at-
tacks the exposed clay along the cracks (NossiN 1961). Blocks and flakes
are loosened and modelled during the to and fro movement of the swash/
backwash environment. Plate VIIIb demonstrates the desintegration of a
clay layer over a sandy foreshore and the modelling to clay pebbles.

The formation of clay pebbles occurs along the whole Surinam coast,
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particularly in the erosive areas. Wherever clay is exposed during low tide,
suncracks may develop. However, since there is usually no sandy sub-
soil, the process is slower than in the case just mentioned.

A specific manner of clay pebbles rounding occurs during the formation
of potholes. This will be treated in chapter V-3.1.

IV-5 SEDIMENTARY ENVIRONMENT AND GRAIN SIZE DISTRIBUTION OF THE

SANDS

Since the provenance of the sandy sediments and the related sedimenta-
ry environment are known, it would be interesting to see if the genesis of
these sediments can be correlated with their texture. A grainsize curve,
when plotted on log/probability paper, shows straight line curve segments ;

each segment denoting a single sub-population. VISHER (1969) assumes
that systematical variations in number, amount, size-range, mixing and
sorting of the sub-populations are related to the provenance, the sedimen-
tary process and the sedimentary dynamics. All samples containing more
than 5% of particles coarser than 50 p.m (+4.32 0) have been plotted on a
log/probability diagram. The analyses is based on the recognition of sub-
populations within individual log normal grainsize distributions, assum-
ing that each log-normal sub-population may be related to a different mo-
de of transport : suspension, saltation and surface creep (Moss 1962, 1963).

Generally speaking objections can be raised against the "Visher-method", namely that
the value given to the fine and coarse "tails" of the grainsize distribution is questionable
and moreover, in this case the number of size grades used is very small.

In chapter 111-2.2 the general reliability of the grainsize analysis has been discussed. To
discern the influence of the inaccuracies in the usage of the Visher-method in fig. 52 the
eight portions of sample 254 (chapter 111-2.2, table 8) were plotted on a log/probability
scale. They are presented as a zone diagram since they are too close together to be repre-
sented separately. All curves have their breakpoints at about the same grainsize. Small
differences only exist in the angles of the curve segments and this applies to the "tails" as
well as to the central parts.

The log/probability diagrams used by VISHER (1969) run from 1000 [i.m. (0 0) to 50 p.m
( +4.32 0). Therefore, owing to the used set of sieves (chapter 111-2.1), only a maximum of
ten size grades can be plotted. Since the reliability of a curve segment increases with the
number of points by which it is fixed, ten is rather a low number.

A problem was presented by samples which are rich in shell elastics. Due to the pre-treat-
ment of the samples with HC1 (chapter 111-2.1) all shells and shell fragments were dissolved.
Fig. 53 shows that this may change the shape of the original grainsize distribution. Usually
the differences are greater in the coarser fractions (fig. 53A), although on cheniers under-
going severe erosion, where the shell elastics are strongly pulverized, the finer size classes
also show marked differences (fig. 53B). Shell beds sometimes contain a small percentage of
pelite, which has accumulated afterwards in the shells and on their rough surfaces. This adds
an amount of suspension load to the sediment that is not in accordance with the sedimentary
environment in which the bed was formed (fig. 53A).
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Fig. 52. Zone diagram of eight portions of the same sample (254) plotted on a log/probabil-
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The grainsize distribution of the samples was plotted (the restrictions
being taken into account), on the above-mentioned log/probability paper
and straight line segments were constructed. The samples can be classed
for a large part into a small number of types, related to definite sedimen-
tary environments. In figs. 54, 55 and 56 the most obvious examples are
shown.

The wave zone

The curves in fig. 54A are characteristic for the samples from the wave
zone. It should be remembered that the present study only deals with the
coastal part of the wave zone, from the narrow high water surf zone up to
about 2i km offshore. The greatest water depth appeared to be around 6
m at high tide.

Although the samples from the muddy shelf are usually taken as mix-
tures from composite beddingsets, consisting of an alternation of clayey
and sandy laminae, the shape of the grainsize curve between 1000 and 50
1.i.m (0 and +4.32 0) does show the characteristics of wave zone sediments.
The amount of suspension load smaller than 50 tIm. (+4.32 0) appears to
determine only the extension of the curve in the diagram. Only samples
which contain at least 5% of material coarser than 50 pm (+4.32 0) were
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Fig. 54. Some examples from the wave zone, plotted on a log/probability scale. A: true
marine sands with various amounts of pelite; B: as A, but with a small admixture of me-

dium to coarse sand, originating from the coast.
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used. This condition has been made because the errors made are rela-
tively too large in comparison with the small values to give usable
results and, moreover, because the distance between the points in the
diagram becomes too small to permit reliable lines.

The wave zone samples are characterised by a small and poorly sorted
rolling and sliding population, a very well sorted saltation population
(ranging from about 2% to near 90%), and a varying percentage of the
suspension population (10-95%). This description is quite similar to that
given by VISHER (1969) although there are some salient differences with
regard to the details of the curve shape.

The bedload population of the true marine sands, originating from the
Amazone River (chapter 111-4.4), usually ends abruptly at the coarse end
below 500 p.m (+1 0). The breakpoint between the bedload population
and the well sorted saltation population is in the range of 150-105
(+2.74 +3.25 ciS). Both the abruptly ending small surface creep popula-
tion and the narrow size range of the saltation population, point to low
energy conditions during sedimentation. The break between the saltation
and the suspension population is in the very fine sand range, generally
near 75 p.m (+3.74 0).

In the vicinity of the medium to coarse sand deposits, originating from
French Guiana and from the Marowijne River, mixing occurs between the
two types of sand. This was shown by the results of the heavy mineral
analysis (chapter 111-4.5). As far as the sediments of the wave zone are
concerned this mixing is reflected in the shape of the grainsize curve by
an addition of coarse material (coarser than 500 p.m = +1 0). It can often
be recognised by an extra knickpoint between 600 and 420 t/m (+0.74
+1.25 0) (fig. 54 B).

The chenier environment
Since fine sandy cheniers are scarce (chapter IV-3) there are only few

samples from the related foreshores (foreslopes) and backslopes. These
have chiefly been taken at the most western end of the chenier east of the
mouth of the Bucklebury creek and these generally still show the charac-
teristics of wave zone sediments. In the following only the medium to
coarse sandy chenier environment will be discussed.

The foreshore (foreslope)
The samples of the foreshore (foreslope) can be classed into two grain-

zise composition types. On the upper foreshore (foreslope) the curve shows
two saltation populations. This points to the process of swash and back-
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wash (fig. 55A). The influence of the (high-water) surf is dominant on the
lower part of the foreshore (foreslope) (fig. 55B). The foreshore (foreslope)
is usually very short (ranging in width from a few meters to about 20
meters) and therefore transitions between the two types are not uncom-
mon.

The curve shapes of the upper foreslope samples which represent salta-
tion populations with swash/backwash separation, are quite similar to
those described by VISHER (1969). The bulk of the sediment is concentrated
in both saltation populations (90-98%) and the swash/backwash separa-
tion is usually between 300 and 210 p.m (+1.74 +2.25 0). Truncation of
the coarser saltation population by the surface creep population, generally
containing less than 10% of the sediment, is in the 600 and 420 p.m (+0.74

+1.25 0) range. The suspension population may be absent but usually
ranges up to 1% of the sediment. The truncation point with the saltation
population is between 150 and 105 p.m (+2.74 +3.25 0).

The samples of the (high water) surfzone are characterized by a moder-
ate to poorly sorted, but abundant surface creep population that is truncat-
ed at the coarser end. A varying amount of well sorted saltation load is
added to the surface creep population. The breakpoint is usually around
175 p,rn (+2.50 0). The saltation population is truncated by a generally
very small suspension population at about 105 p.m (+3.25 0).
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The plungezone is a belt of high turbulence. Breaking waves keep the
depositional interface in a state of agitation and for this reason the sus-
pension load can hardly settle down. The importance of the rolling and
sliding population depends on the wave conditions and on the source area
(VISHER 1969). With regard to the latter, the extension of the sliding and
rolling population decreases with decreasing mean grainsize in westward
direction (chapter 111-2.4, fig. 22). This is even more obvious in the case
of the coarser branch of the surface creep population. In table 32 this is
visualized from samples of key area Eilanti (17) and Krofajapassi (13K).

TABLE 3 2

The percentages of the traction population and of the coarser part of it in
foreshore (foreslope) samples of the (high water) plungezone in key area

Eilanti and Krofajapassi.

key area number of traction coarser branch
samples population traction population

Eilanti (17) 10 86-99.5% 75-98%
Krofajapassi (13K) 7 24-66% 15-44%

Most of the samples from the Krofajapassi area (13K) have, in contrast
to the general picture, relatively high suspension populations. The samp-
les under consideration mainly consist of shells and shell debris and the
very fine suspension sand is probably captured in the coarse interspace
(fig. 55B, sample 102).

The backslope
When waves curl over the top of a chenier the water moves in a rela-

tively thin sheet, such as a small scale bore, landward over the flat back-
slope. Whether the water will reach, at least partly, the landward border
of the chenier or not, depends on the quantity of water involved, the in-
filtration capacity of the sediment and the water table in the sand body
(chapter IV-2.3).

Regarding the curve shapes of the backslope samples two types are
salient, both occurring equally frequent (see fig. 56A and B). It is strik-
ing that all the samples of the type represented in fig. 56A appear to have
a swash/backwash separation at 300 p.m (+1.74 0), comparable to the
samples of the upper foreshore (foreslope) (fig. 55A). The only difference
is that the coarser saltation branch is very short (420-300 pm (+1.25
+1.74 0) : 15-30%) and truncated by a rather prominent surface creep
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A : sediment deposited by water which percolated into the backslope; B: sediment deposit-

ed by water which ran across the full width of the backslope.

population (usually 20-50%). This type of sediment is thought to be
deposited when the water at the backslope percolates into the sand before
reaching the landward border of the chenier. Owing to the short distance
of transport this material will still show characteristics of the original
sediment in the source area: the upper foreshore (foreslope).

The other type of backslope sediment is tripartite. The coarse end of
the saltation population is truncated around 300 p.m (+1.74 0) by a sur-
face creep population of variable size (usually 20-60 %). The saltation
population commonly contains 40-80% of the sediment. The suspension
population is small (0-1.5%).

Apart from the rudimentary short coarse saltation branch of the first
type there is much similarity between the curve shapes of fig. 56A and B,
particularly with regard to the sorting of the surface creep and saltation
populations. It is reasonable to assume that curvetype B and A are relat-
ed. Large quantities of water and/or low infiltration rates lead to the mo-
vement of water and sediment over the full width of the backslope, usu-
ally in the order of tens of meters. The characteristics of the original upper
foreslope sediment, still visible in the A-type samples, are wiped out and
the new grainsize distribution is characterized by fairly high amounts of
saltation and surface creep populations.
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Initial dunes
Eolian deposits are only represented by small initial sand dunes the

development of which is enhanced by vegetation (Sesuvium portulacas-
trum). As only few dune sand samples were taken they are not treated
here in detail. Although transport has apparently at times been too short
to wipe out all characteristics of the original water-borne sediments there
seems to be a trend towards a dominating saltation population at the
cost of the surface creep population.

Conclusion

Using the Visher-method there appears to be a close relation between
the depositional environment and the granular composition of the un-
consolidated sediments along the Surinam coast. Comparison with examp-
les published by VISHER (1969), however, sometimes shows marked dif-
ferences in the position of breakpoints, slope of segments, etc. It is there-
fore dangerous to attribute a universal value to this method, but in a re-
gional study, it may be very useful.
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V THE MAJOR SCALE PATTERN OF THE LANDSCAPE UNITS

V-1 INTRODUCTION

The Surinam coast is characterised by an alternation of areas with
accretion and areas where abrasion dominates. Consequently a classifi-
cation in accretionary coasts and receding coasts is obvious. ZONNEVELD
(1966) moreover distinguished "sand-coasts" by means of aerial photo-
graphs, although he added to this that, strictly speaking, parts of a coast
along which beaches develop are accretionary. Since receding shorelines
are often also accompanied by deposits of sand and/or shell elastics, the
term "sand-coast" is not appropriate for further use.

The accretion of the Surinam coast can occur by a dominant deposition
of mud or of sand. The respective landscapes are very different. The ma-
jor scale pattern of the receding coast is independent of the type of sedi-
ment which is eroded. The presence or absence of a chenier is only impor-
tant with regard to the time needed to reach a certain stage of abrasion.
For these reasons the landscape units along the Surinam coast are classi-
fied as follows:

1. The accretionary coast

2. The receding coast.

A. the clay accretionary coast.
B. the sand accretionary coast.

V-2 THE ACCRETIONARY COAST

Along the Surinam coast clay accretion prevails. It is related to the
westward migrating mudflats and therefore concerns extensive areas, with
lengths of some tens of kilometers and widths ranging up to a few kilo-
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meters. Although the intermediate troughs are characterised by erosion,
sand accretion occurs at times, depending on the local circumstances. The
rate of accretion however is much less extensive than in the case of clay
accretion : varying in width from a few tens of meters to some hundreds of
meters over lengths of some kilometers. In the next two chapters both
types of accretionary coasts will be discussed.

V-2.1 The clay accretionary coast

The Surinam mudflats are extensive pelite deposits which slope in a
seaward direction and to the west. Cross-sections drawn from the depth-
contour chart of fig. 8 revealed that the slopes, except the steep north
west flank, are generally very gentle (fig. 9). Cross-sections of (parts of)
the intertidal zone surveyed during the investigation confirm this general
view (fig. 57). They, moreover, yield detailed information concerning the
minor scale relief of the emergent part of the mudflat.

At the western nose of the mudflat where slingmud sedimentation do-
minates, the surface is smooth, owing to the unconsolidated state of the
sediment (fig. 57A). To the east the drainage system gains relief : a pitted
surface develops and sometimes low "ramparts" are formed (fig. 57B).
The development of this relief is made possible by the changes the sedi-
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Fig. 57. Profiles of a mudflat.
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ment has undergone in the course of time. An older deposit has had more
time for compaction and for initial soil formation. Measurements carried
out by BRUCKWILDER (1973) during this investigation revealed that the
concentration of the pelitic sediment in the mudflats did indeed increase
towards the east. The laboratory experiments of MIGNIOT (1968) were
mentioned in chapter IV-1.2. He found that the concentration of the de-
posit during the distinct stages of consolidation varied with the loga-
rithm of the time.

Initial soil formation begins as soon as the sediment is affected by soil
forming factors, particularly climatological and biological factors (Po Ns &
ZONNEVELD 1965). The related processes have been indicated as physical,
chemical and biological ripening. Physical ripening mainly concerns de-
hydration processes of the sediment (HIssINE 1935, PONS & ZONNEVELD
1965). The beginning dehydration of the Surinam intertidal flats will only
be the result of direct evaporation. After an Avicennia vegetation has
settled transpiration will, however, become an increasingly important
factor. Chemical ripening comprises processes of desalinization, of base
exchange, oxidation and reduction, etc. Biological ripening refers to all
aspects of the ripening process which are affected by biological life, in-
cluding the development of that life (VEEN 1970). In practice these ripen-
ing processes can hardly be separated. The influence of the vegetation on
physical ripening has just been mentioned. The formation of pyrite in this en-
vironment is indissolubly linked to the action of sulphate-reducing bacteria
(chapter 111-3.5). Some digging organisms, crabs for instance, bring fresh
sediment to the surface and in doing so expose it to accelerated oxidation.

The compaction together with the soil ripening cause an originally soft
pelitic sediment to change gradually into a more or less firm clay. The
wave damping property of the fresh pelite at the west side of the mudflats
therefore disappears towards the east. Consequently in that same direction
the deposit is increasingly affected by the waves. The orbital velocities at
the seabottom in the investigated part of the Surinam coastal waters in
combination with the sea current were found to be high enough at times
to enable the erosion of clayey deposits (chapter II-1.3). Measurements of
swash velocities after the breaking of the waves gave even considerably
higher values. It is therefore to be expected that the erosion will increase
towards the east side of the mudflats.

Since the water which at intervals covers the intertidal part of the mud-
flats, is shallow and the seaward slope of the floor is very gentle the pre-
vailing waves are generally quite low. Therefore sedimentation still domi-
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nates abrasion. Local erosion by waves (probably around springtide),
causes small and shallow irregular depressions. These usually have steep
walls, due to the cohesiveness of the clayey particles, which is even rein-
forced by mucus of biological origin (e.g. gelatinous algae). After the ero-
sion has stopped, the depressions are normally slowly filled up with fresh
sediment.

Towards the eastern border o'f the mudflats the waves become higher.
They have propagated over trough areas, where the water is deeper and
the gradient of the floor is steeper (fig. 9). Therefore less of their energy
has dissipated. Under these circumstances the depressions are no longer
filled up, but on the contrary grow deeper. Widening is accelerated by the
rotational sliding of the steep walls (BRIDGES & LEEDER 1976). The de-
pressions become increasingly interconnected, resulting finally in a general
lowering of the surface. In this way local erosion takes the form of an
overall attack of the waves, especially of the breaking waves. These events
are however characteristic for a retreating shoreline and will therefore be
treated further in chapter V-3.

The geomorphology of the intertidal flats is, apart from the pitted sur
face discussed above, largely determined by their hydrographical network.
The intertidal channels lead the rising flood water into the emergent parts
of the mudflats and channel the receding water during ebb-tide (BRIDGES
& LEEDER 1976). The main channels usually run consequent to the slope
and have a low sinuosity. The tributary channels generally show higher
rates of sinuosity and meandering increases as they become more per-
pendicular to the main channel concerned. Their position indicates that
they will be formed chiefly during ebb-tide. REINECK et al. (1970) observ-
ed the same feature.

Two main types of intertidal channels can be distinguished :
i. channels which are the seaward continuation of inland creeks;
2. the natural drainage system of the intertidal flats.

Creeks which drain inland lying areas may be both natural and (in
origin) man-made. The latter are canals dug to drain the fields of former
plantations. They were connected to the local rivers. After the plantations
were abandoned some of the canals were captured by the sea. They have
developed since without human interference. Since the former drainage
canals are connected with rivers they have rather large discharges during
ebb-tide. In the rainy seasons this also applies to the natural creeks which
drain the inland swampy areas. They are therefore able to cut relatively
deep into the subsoil and may reach widths of several meters.

In contrast with rivers the creeks are not deflected by an approaching
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Fig. 58. The development of the Mana River mouth since 1785. The northward flowing
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Mr. COUY. 1930, Kaart van Suriname, sheet 4. L. A. BAKHUIS & W. DE QUANT. 1948,

Esquisse photogrammetrique de la Guyana Francaise, feuille NB-22-VII-3.

mudflat. They are dammed up through slingmud. During ebb-tide the
discharged water has to find an outlet over the intertidal flat. In key area
Hamilton (5) the seaward flowing canal water was observed to spread out
over the young pelite deposit which had just settled in front of the Hamil-
ton (sluice) canal mouth. The water became increasingly concentrated
with a growing distance to the shore and suddenly a channel was cut into
the mud. This channel extended landward by retrogressive erosion.

River mouths are too wide to be dammed up by slingmud. Moreover the pressure exerted
by the supplied water will be too high for a complete closure. Therefore the smaller rivers
are deflected until they reach a larger river of which the discharge is great enough to pre-
vent mud accretion at the east bank of its mouth. At the Mana River (French Guiana) this
development started in the 18th century. It is illustrated in fig. 58. Several examples of the
deflection of rivers can be seen in the Young Coastal Plain of Surinam (for instance the
Cottica River, the Commewijne River, the Saramacca River, the Nickerie River).

Since the seaward parts of inland lying mangrove swamps, saltpans and
salt marshes, particularly in the rainy seasons or after spring-tides, drain
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groundwater table
at low tide

chenier

(stagnant) water

Fig. 59. Erosion due to outwelling water at the seaward side of a chenier during low tide,
when stagnant water fills the landward swamp.

directly to the sea through the chenier, channels sometimes originate at
the foreshore (foreslope) of the chenier. When that water level at the land-
ward side is very high, a large potential difference in the groundwater be-
tween the landside and the seaside develops during ebb-tide. The resulting
groundwater flow appears at the foreshore (foreslope) which may be lo-
cally eroded (fig. 59). Channels may develop in the clay surface thus guid-
ing the water further seaward. These channels differ from the creeks dis-
cussed above in that they do not function as an inlet.

The natural drainage system largely agrees with descriptions of other
intertidal flats (VAN STRAATEN 1954, REINECK et al. 1970, BRIDGES &
LEEDER 1976). The channels vary in width from a few decimeters to more
than 10 meters. The depths range up to a meter. The intermediate areas
are drained by surface flow.

In slingmud areas the drainage systems are very indistinct. The chan-
nels have more relief with increasing consistence towards the east.
BRIDGES & LEEDER (1976) demonstrated that there is a relation between
the width and the depth of the channels. At a ratio W/D < 5 rotational
sliding occurs. This results in a strong increase of the width. Rotational
sliding in the channel banks proved to be a normal feature in the Surinam
intertidal zone (see Pl. IXa).

Sometimes longitudinal ridges occur on the mudflats, more or less paral-
lel to the border of emergence. The gently sloping elevations consist of
pelite and dominate the surrounding surface for only a few decimeters
(see fig. 57B). They appear to be linked to the process of accretion at the
west side of the mudflats around neaptide.
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Slingmud is formed during and shortly after low water slack, when the
silt concentration in the seawater is at its height (chapter II-1.6). This
will happen particularly during the short dry period, since in this rough
season the water usually contains more suspended load than at any other
time (chapter II-1.6). The slingmud may be bodily transported in a fluidiz-
ed state (chapter IV-1.2) during the next flood towards the border of
emergence. After the tide has receded once more the soft silt is exposed to
the air and the consolidation accelerated. These events may be repeated
several times.

At a later stage, when the accumulation is submerged during high water,
the pelite has become sufficiently compact to resist further migration in a
fluidized state. A kind of low natural rampart has developed and this plays
a definite part in the settlement of Avicennia germinans on the mudflat.

The micro relief of the mudflat surface is largely determined by the ac-
tivity of certain digging organisms. In the fresh mud which falls dry for
only short periods Gobionellus oceanicus, and also Gobionellus boleosoma,
were found in great numbers. During the periods of emergence these fishes
flee into burrows which they make in the unconsolidated mud (AuGusTI-
NUS & SLAGER 1971). The largest specimen, caught in a vertical burrow of at
least half a meter deep, was about 12 centimeters long. Since they make their
burrows under water no remains of their activityare found at the clay surface
after ?mergence except at the entrances, which are always clearly visible.

When the mudflat has accumulated up to about mean high tide level
crabs start to inhabit the sediment (Pl. IXb). They chiefly belong to the
family Ocypodidae (a.o. Uca cumulanta, Uca maracoani and Uca rapax;
HOLTHUIS 1959). Crabs bring fresh sediment to the emerged surface thus
mixing its components and allowing oxygen to start oxidizing it (AuGus-
TINUS & SLAGER 1971) .

Soils

From about the mean high water level towards land the reducted (dark)
olive gray pelite was found to be covered by a thin oxidized layer. This
agrees with observations made by DIEMONT & VAN WIJNGAARDEN (1975)
concerning the development of the soils in an open accreting coastal en-
vironment in West-Malaysia. Because of the great similarity of both en-
vironments, several of the characteristics described by DIEMONT & VAN
WIJNGAARDEN are applicable to the Surinam mudflats. Although a sys-
tematical research of the soil development was beyond the scope of this
study, a landward increase of the degree of ripening can indeed be con-
firmed. The same applies to the poor vertical drainage of the intital soils,
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largely caused by the slight differences in potential due to the shallow-
ness of the channels.

The clayey soils of the mud accretionary coast generally belong to the
Entisols and Inceptisols of the U.S. soil classification (U.S. Dep. Agric.
1973). They have been classified at subgroup level by PONS & PONS (1975).
They proved to be distributed in zones more or less parallel to the coast.
This is obvious since the (initial) soil formation here is strongly controlled
by the frequency and duration of inundation, which in an open environment
largely depends on the tidal movement in combination with the local height.

Vegetation
When (a part of) a mudflat has accumulated to about mean high water

level, the development of a tidal mangrove vegetation may begin. Accord-
ing to DAVIS (1940) the term mangrove is used for vegetations which are
dominated by woody species which normally grow in the tropical saline
or brackish tidal environment.

The coastal mangrove in Surinam is an almost pure stand of Avicennia
germinans. Laguncularia racemosa appears to prefer sandy soils (DAvIs
1940, CHAPMAN 1976). These mangroves were chiefly found on creek levels
(as also mentioned by PONS & PONS 1975). Both species have pneumato-
phores for aeration. These erect from an extensive system of horizontal
roots anchored by a system of vertical roots (CHAPMAN 1976). Since the
young coastal mangrove vegetation is rather dense there is hardly any
undergrowth, except for algae and diatoms.

The propagules of Avicennia tend to establish above the level of mean
high water spring tide (STEINKE 1975). BALTZER (1969) demonstrated
with the use of statistics that the occupation frequency of the Black
Mangrove (Avicennia) is indeed maximum for that level. In the diagram
however Avicennia already occurred from about mean high water. Along
the open accretionary coast of West-Malaysia DIEMONT & VAN WIJNGAAR-
DEN (1975) found that the mudflats were colonized by Avicennia when they
had accumulated to mean high water neap-tide.

The sensitivity of Avicennia seedlings and young plants to a continual
inundation is mentioned by various authors (e.g. DAVIS 1940, LINDEMAN
1953, BALTZER 1969, BALTZER & LAFOND 1971). Three arguments are
given by BALTZER (1969).
I. Since the propagules of Avicennia (and of Laguncularia) have a globu-
lar form they can only become established if they are lying at the mud.
A water layer of a few millimeters may be present. On the contrary the
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elongated propagules of the Rhizophoraceae, a mangrove family chiefly
present in the estuaries in Surinam, can settle in a water cover of one or
two decimeters.
2. The metabolism of the seedlings of Avicennia (and of Laguncularia),
in contradiction to that of Rhizophora, is not adapted to a development
under water.
3. The lack of oxygen and the feeble light, impeded by the pelitic particles
in suspension and deposited on the leaves prevent a sufficient photosyn-
thesis of the young plants. Plants with four to six leaves proved to be the
most sensitive to inundation (DAVIS 1940).

Laboratory experiments by STEINKE (1975) showed that regular inun-
dation in itself has little effect on the growth once the seedlings have be-
come established. The experiments, however, were carried out under con-
stant light conditions and at frequent intervals air was introduced into the
water. His results are therefore not applicable to natural conditions.

The supply of seedlings, apart from the water level, also appears to be
significant for the settlement of a mangrove vegetation (DAvis 1940,
EGLER 1952). The tidal movements are responsible for the distribution of
the propagules. In a submerged mangrove area the propagules are supplied
directly to the surface water. When the area is not inundated the seedlings
are supplied partly to creeks while the remainder collects at the dry clay
surface. In the latter case their survival depends on "the number of conse-
cutive days at any one level when there are no floodings" (CHAPMAN 1976).

In areas with a well-developed coastal mangrove the seedlings are dis-
tributed along the whole front, protruding along the creeks. This agrees
with CARTER (1959) who found the Avicennia to advance "in a series of
horns, which occur at the mouths of small streams and ditches". Owing to
their slightly higher position the creek levees are more suited for the estab-
lishment of the propagules. The same applies to the natural ramparts.
Therefore the pioneering Avicennia is sometimes found at hundreds of
meters from the supplying coastal mangrove. They form narrow strips of
tidal mangrove thus fencing off an uncovered area. A "rampart" (with
young Avicennia trees) is indicated in fig. 57B.

When the drainage of the coastal mangrove vegetation is impeded (for
instance because of the development of a chenier), hypersalinity of soil
and/or water may temporarily arise during the dry seasons, thus causing
the vegetation to die (chapter V-3.3). New seedlings can only be supplied
with the water of the larger creeks which drain the "distant" hinterland.
In that case the increase of the pioneering mangrove vegetation is slowed
down and concentrated mainly along the banks of those creeks. Sometimes
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the settling of a mangrove vegetation fails to occur (temporarily at least)
even though the mudflat has accumulated to a sufficient height. As a
result the (initial) soil formation will also be backward.

The increase of sedimentation due to a tidal mangrove vegetation is a
generally accepted phenomenon. The dense Avicennia forest and particu-
larly the pneumatophores reduce the current velocity and the wave action
and so favour the conditions for the settlement of particles in comparison
to the bare mudflat environment. Moreover the pneumatophores and (in the
initial stage of the vegetation) the pioneering shrubs will exercise a filter
effect (a.o. DAVIS 1940, BALTZER 1975), which will be furthered by the pre-
sence of algae, oysters, climbing snails, etc. The value of this filter effect
was questioned by VAN STEENIS (1941).

DIEMONT & VAN WI JNGAARDEN (1975) observed a steeper slope of the
vegetated area between mean high water neap-tide and mean high water
spring-tide and attributed this to an increased vertical deposition. Above
mean high water spring-tide they found that the sedimentation slowed
down as a result of the decreasing number of submergences. BALTZER
(1975) even thinks that the deposition at the uncovered mudflat is increas-
ed by an adjacent mangrove forest, since the latter reduces the reflection
of the waves. With a view to the usually quiet conditions by which man-
groves germinate, this idea is thought to be of little practical value.

Owing to the accelerated sedimentation the vegetated "rampart" will
accumulate more quickly than the landward lying lower uncovered areas.
The relief, in other words, increases. At a later stage this "rampart" may
impede the drainage, possibly resulting in the hypersalinity of the en-
vironment (chapter V-3.3).

The effect of the vegetation on the sedimentation will be the greatest in
the outermost fringe. There, the increased sedimentation rate may cause a
rampart by itself. BALTZER (1975) (in his description of the coastal re-
gions of Cameroon and New Caledonia), maintains that this type of "ram-
part" extends seaward and thus follows the frontline of the mangrove ve-
getation. They have not been observed in Surinam. The rate of extension
of the pioneering Avicennia vegetation is possibly too high for the develop-
ment of a local rim of soft mud.

The manner of settlement and the extension of the mangrove vegeta-
tion are important factors in the landscape of the mudflats. In the case
that tidal mangroves extend in a close front (Pl. X), the vegetation (going
from west to east) begins at about mean high water level with a narrow
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strip of Avicennia, which gradually broadens up to a kilometer over a dis-
tance of a few tens of kilometers. This type of landscape agrees with des-
criptions of LINDEMAN (1953) and ZONNEVELD (1954). Generally speaking
the canopies gradually descend in a seaward direction. This points to a
rapid accretion (STEUP 1 94 1 ) .

When "ramparts" occur on the mudflat and are overgrown by Avi-
cennia, the vegetation develops rapidly into an elongated and narrow
strip, either isolated at some distance from the acting mean high water
shoreline, or connected to an eastward lying dense(r) tidal mangrove vege-
tation (which has supplied the seedlings) (see Pl. XIa). A stagnation in
the supply of propagules leads to an erratic vegetation pattern. The local
settlement of the pioneering Avicennia is largely determined by the manner
of supply and the distribution of the higher spots over the mudflat (Pl. XIb).

One may ask why the coastal mangrove in Surinam (and the adjacent
Guianas) is mainly composed of Avicennia. Palynological data from the
Guiana coastal basin (WIJNISTRA 1971) have revealed, that Rhizophora
pollen has been present ever since the lower Miocene. Usually it is do-
minant as far as the mangrove pollen is concerned. Salient percentages of
Avicennia pollen have occurred ever since the Pliocene. THOM (1975) de-
fends the hypothesis that "the present distribution and physiognomy of
mangroves can be largely explained in terms of the relations of component
species to habitats and that mangrove habitats are the product of geo-
morphical processes which have been in operation over the late Holocene
period (i.e., the interval since the sea level has taken more or less its pre-
sent position, approximately 6000 years ago to present)". If this hypothe-
sis is to be accepted Avicennia as well as Rhizophora must have been pre-
sent during that period. Both families will have produced seedlings and yet,
at present, Rhizophora is found in the Guianas mainly in the estuarine en-
vironment, whereas Avicennia is the outstanding pioneer at the open coast.

LINDEMAN (1953) reasons that climatic conditions resulting in reduced
wave action and the lack of storms, explain the pioneer status of Avicen-
nia. Moreover he did not see Rhizophora seedlings float along the open
coast. The scarcity of seedlings was therefore supposed to be (at least
partly) the cause for the absence of Rhizophora.

BALTZER & LAFOND (1971) proposed that the minor resistance against
the erosion of Rhizophora could be a partial explanation for the absence
along the open coast of the Guianas. Continued abrasion strikes the mud-
flats from the east and consequently hits the older trees first. This how-
ever, will not affect the germination the pioneering mangrove further to
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the west. Moreover EGLER (1952) and CHAPMAN (1976) maintain that
Rhizophora has more resistance to erosion than Avicennia.

If the regions where Avicennia occurs as the pioneer mangrove along the
open coast are compared, they all appear to be actively prograding (a.o.
STEUP 1941, CARTER 1959, SAENGER & HOPKINS 1975, DIEMONT & VAN
WIJNGAARDEN 1975). THOM (1967) found Rhizophora chiefly growing on
slowly accreting deposits, while Avicennia colonized rapidly prograding
mudflats. The latter also applies to Surinam.

The lower boundary of the Rhizophora settlement is generally related to
lower tide levels than in the case of Avicennia (e.g. DAVIS 1940, EGLER
1952, BALTZER 1969). The oblong propagules of Rhizophora may establish
in a water layer of a few decimeters. DAVIS (1940) however noticed that the
establishement failed to occur if the subsoil was vigorously in motion.

As shown in chapter IV-1.2 the orbital motion of the waves penetrates
into soft mud, depending on the degree of consolidation. The mud is
fluidized and may be bodily transported without being dispersed in sus-
pension again. The accumulation of the uncovered parts of the mudflats
particularly results from the settlement of slingmud. This phenomenon is
most obvious at the west flank and decreases to the east.

The hypothesis put forward here is that the mud, around the tide level
where the Rhizophora seedlings should become established, is still so little
consolidated that it can be fluidized by wave action to a certain depth,
thus preventing the settlement of the propagules. As the degree of com-
paction increases towards land this process decreases. At about mean high
tide level the Avicennia seedlings may become established unimpeded. In
other words : The settlement of the Rhizophora seedlings is prevented by
the high rate of sedimentation (in the Guianas largely because of the sett-
ling of slingmud), which allows the mud only a short period for consoli-
dation, so that wave action keeps it in motion up to a relatively high water
level. It might also explain the occurrence of pioneering Avicennia along
other actively prograding coasts.

The hypothesis might throw a new light on the appearance of Avicennia at the beginning
of the Pliocene. WIJMSTRA (1971) considers Avicennia to be a "relatively young component
of the flora of the Guiana Basin" which "may have migrated to this area at that time".
However, in one of his diagrams (T-20), a few grains of A vicennia pollen occurs as early as
the lower Miocene (zone E2) . The appearance of Avicennia in sizable percentages therefore
might also indicate an important increase in the rate of accretion of the coast. In that case
the period in which the Amazone River highly contributed to the filling up of the Guiana
Basin is indicated. This would have begun during the upper Miocene or the lower Pliocene.
This idea conflicts with the view expressed by SioLI (1956) who places the breaking through
of the Amazon River to the Atlantic Ocean in the Pleistocene era.
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During the development of the Surinam coast there is a cyclic alterna-
tion of accretion and abrasion with a periodicity of 30 years (chapter 11-2).
During the erosional stages cheniers are usually built up and the drainage
of the landward growing mangrove vegetation (chapter V-3.3) is impeded.
The successive dry and wet seasons induce important fluctuations in the
salinity of soil and water. During the dry periods the surface water may
evaporate completely and the clay surface may desiccate.

Both Avicennia and Laguncularia can grow on soils which are dry for
a large number of consecutive days, whereas Rhizophora is strongly de-
pendent on regular floodings (CHAPMAN 1976). Moreover Avicennia and
Laguncularia tolerate rather high salinities whereas the tolerance of Rhi-
zophora is limited (DAvis 1940). The salinity tolerance of Avicennia and
Laguncularia appear to interact with the soil texture. Both show high
tolerances on clay soils but failed to survive hypersaline conditions on
sandy soils (MCMILLAN 1975).

For these reasons during the various stages of the coastal development,
the chance that Rhizophora settles or grows along the open coast or be-
hind the cheniers, is very low. At present the Rhizophora vegetation in
Surinam is practically restricted to the estuarine environments whereas
Avicennia and (to a subordinate part) Laguncularia compose the coastal
mangrove. This distribution must affect the supply of the respective seed-
lings along the coast.

An exception was found in the most eastern part of the coast. From
Galibi to Eilanti a chenier has locally migrated into a mature Rhizophora
stand mixed with Avicennia. The Rhizophora could possibly develop here
since the salinity of the local seawater is low (due to the enormous dis-
charge of the Marowijne River). This lowers the chance of hypersalinity
in areas with impeded drainage. Another contribution to this decrease
will have been the lesser effect of the short dry season in east Surinam
(chapter 1-6).

During 1967 Spartina brasiliensis was observed at Coppenamepunt, pioneering in more
or less round clumps seaward of the Avicennia vegetation. This phenomenon was described
by LINDEMAN (1953) and attributed to a very rapid accumulation. Spartina will generally
disappear at a later stage owing to overshadowing by Avicennia and Laguncularia, which
grow overhead. In the case just mentioned, however, the Spartina disappeared due to abra-
sion after the passage of a mudflat.

V-2.2 The sand accretionary coast

The seaward accretion of the cheniers is a rare phenomenon along the
Surinam coast. Compared to the mud accretionary coast the seaward ex-
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tension is small (usually measuring some tens of meters). Assuming the
transport capacity to be sufficient, the supply of sand is a pre-requisite.

In west Surinam the sand supply is related to the rate of marine erosion
of the pelite deposits (chapter IV-3.1). It appeared that a very long period
of abrasion was required for the collection of sufficient sand for the de-
velopment of a chenier. Such a chenier thus marks an erosional stage in the
coastal development. In east Surinam the sand originates almost comple-
tely from the Marowijne River and the coast of French Guiana. This supp-
ly shows much variation (chapter IV-2.2).

Moreover (and this applies to the entire coast), the chenier deposits
are fixed over large distances by the mudflats. The sand which eventually
occurs just west of the mudflats and which is subject to westward trans-
port, can therefore not be replenished. In the remaining part of the inter-
mediate troughs the sand supply depends (within the limits of availabili-
ty) on the local direction of the coastline with respect to the angle of wave
incidence (chapter IV-2.2). The availability is co-determined by the abra-
sion of older cheniers. Where, owing to the shape of the coast, more sand
is supplied thaq can be taken away, the chenier will accrete seaward.At the
mouth of the larger creeks and beyond protruding parts of the coast
accretionary cheniers develop as spits.

Geomorphology

The consecutive ridges, which lie against and partly across each other,
form complex chenier systems. Their genesis is treated in chapter IV-2.2.
In fig. 60 two cross-sections of an accreting chenier complex near the mouth
of the Matapicca channel are shown. The seaward gradient of the separate
ridges are comparable to those of the foreshores (foreslopes) of single
cheniers. They are sometimes partly steepened secondarily as a result of

N 10°

scale: [100cm

[ 0

10 tr

MATAPICCA 1

N 40°

MATAPICCA 2

Fig. 60. Profiles of a sand accretionary coast at Matapicca (13M), 1972.
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the undermining activity of runnels, which drain away the water washed
over the seaward laying ridge. The backslopes are often flatter than usual
since the velocity of the water which is washed-over, is decelerated, due to
the damming up effect of the next landward lying higher ridge of the
complex.

The increasing width of the chenier complex enables the prevailing wind
to obtain a better hold on the sand (when sufficiently dry). Small initial
dunes develop with the aid of vegetation, particularly Sesuvium portu-
lacastrum. Other relief features induced by wind action are small wind
ripples and undeep, irregular depressions resulting from the erosion of a
surface slightly cemented by salt (chapter IV-2.2). Shell pavements may
impede the formation of dunes and ripples.

The superficial relief may be strongly affected by biological activity.
The White Ghost Crab (Ocypode quadrata), leaves small mounds of raised
material behind when burrowing in humid sand. However, the effect of
the nesting activity of the sea turtles is more important (SCHULZ 1968).
The broad tracks resulting from their heavy tread through the sand up and
down the slopes and particularly the traces of the refilled nesting holes,
in which the eggs were laid, are salient relief characteristics. Since the
nesting holes are made in the dryer parts of the chenier (complex) i.e. at
the backslope, the round and shallow depressions (up to 2 m in diameter)
which remain after re-filling are visible for a long time.

Soils

The recent medium to coarse sandy cheniers such as the fine sandy
cheniers show only a slight soil development. The soils have been classi-
fied as Entisols in agreement with PONS & PONS (1975).

Vegetation
The active foreshore (foreslope) below the mean high water spring level

is free of vegetation. The remaining part of the accretionary chenier com-
plex is however usually overgrown by a dense carpet of particularly
herbs, interspersed with shrubs (e.g. Hibiscus tiliaceus) and mangroves.
Avicennia and Laguncularia invade the chenier complex from the land-
ward swamps or from the seaside in the case that a mudflat has fixed the
chenier. The dominant herbs found on these cheniers were Ipomoea pes-
caprae and Canavalia maritima. Other species also occur, a.o. Sesuvium
portulacastrum, Cyperus ligularis, Sporobolus virginicus. This generally
agrees with SAUER (1959). A more detailed treatise can be found in LIN-
DEMAN (1953) and PONS & PONS (1975). The development of the vegeta-
tion landward of the chenier complex will be discussed in chapter V-3.

198

I

-

.



V-3 THE RECEDING COAST

A coast recedes when more land is abraded than sediment is deposited.
Usually an abrasion coast is marked by a chenier. A chenier is indeed a
sedimentary feature, but it forms part of a receding coast, except for the
cases when too many sand and shell elastics are supplied so that seaward
accretion occurs (chapter V-2.2). The presence of a chenier decelerates the
abrasion. The wave energy, liberated at the shoreline in breakers and swash,
is partly used to keep the beachdrift and the wash-over action going. In
fact cheniers are the negative feed-back with regard to the erosion that
induced their formation. To demonstrate the retarding effect of a chenier
on coastal erosion the coast line over approximately 3-1. km east of the
Motcreek was compared for three consecutive two-year periods, namely

Bigi Santi

coast line 1972

coast line 1966 ATLANTIC OCEAN

:

5o0 m
chenier sediment clay

Fig. 61. Coastal recession in key area Bigi Santi (14) during the period 1966-1972.
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1966-1968, 1968-1970, 1970-1972 (fig. 61). The westward migrating re-
cession of the coast was obviously held up until 1970 due to the presence
of the coastal chenier complex. Once this barrier was cleared away, the
coastal retreat was accelerated (1970-1972).

In Surinam the cheniers are built up by sand and shell elastics which
have been supplied from the sea as well as from alongshore. The formation
of the cheniers (the coarse textured and the fine textured cheniers respecti-
vely) is discussed in chapter IV-2.2 and chapter IV-3.2. Their develop-
ment has many consequences for the geomorphology, the drainage, the
soils and the vegetation of the coastal zone. A variety of physiognomic
landscapes is the result. In fig. 62 the development of a vegetated mudflat
under erosion is visualized diagrammatically. Since no study could be ma-
de of the soil development, this has not been included in the diagram.
The vegetation growing on the developing cheniers has also been omitted
for the sake of simplification.

In the discussion on the sand accretionary coast (chapter IV-2.2) no at-
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to the coast

supply

alongshore

thin, sheetlike deposits
up to indistinct ridges

cheniers

accretion abrasion

voluminous chenier
complexes along
a straight coast

impeded
drainage

cheniers, decreasing
in volume, along --or
a straight coast

drainage only
by creeks

open mangrove forest
with halophytic herbs

(salt marsh)

halophytic herbs,
shrubs and mangrove swamp
rejuvenating mangroves

dead mangrove forest
(Avicennia "churchyard")

(salt pan)

bare clay surface
with stumps

indistinct cheniers,
ridges or sheets, along
an indented coast
("Happen"coast)

open
drainage

Fig. 62. The influence of the chenier formation on the geomorphology of the coast and on
the drainage of the adjacent area, and the related development of the vegetation.
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tention was paid to the development landward of the chenier complex.
Reference was made to this chapter. Therefore the accretionary chenier
and its effects on geomorphology, drainage and vegetation are shown in the
diagram of fig. 62.

This figure clearly shows that the chenier formation induces a diversity
of landscapes. Straight coasts, marked by cheniers of various dimensions
enclosing a vegetation which may comprise a number of specific types,
can change into strongly indented "Happen-coasts" with remnants of
cheniers at the seaward border covered with an inherited vegetation type.
A "Happen-coast" may develop directly when the amount of available
coarse sediment is too small for the building up of a chenier.

The rate of abrasion and therefore the rate of change in the physiogno-
my of the coastal area is affected by a number of factors. The most im-
portant are :

the volume of the sand and shell supply ;
the oceanographical conditions;
the degree of maturation of the clayey soil.
The volume of the sand and shell supply determines the dimensions of

the chenier and consequently its measure of protection. The oceanograph-
ical conditions determine the erosive power. The degree of maturation of
the clay soils determines its rate of resistance against erosion. The maxi-
mum retreat of the coast is moreover determined by the celerity of the
approaching mudflats.

In the next chapter, which concerns the physiognomy of the receding
coast, the development of the two major scale geomorphological unities
(straight coast "Happen-coast") is treated separately. Subsequently,
the response of the vegetation to impeded drainage is discussed. Finally,
attention is given to the influence of human activity.

V-3.1 The straight erosion coast

Chapter V-2.1 showed that the erosion was more excessive on a mud-
flat towards the east side, since the wave damping property of the mud
decreases with increasing consolidation. The small and shallow depres-
sions resulting from the local erosion of the surface are no longer refilled
with fresh sediment. On the contrary the depressions become deeper owing
to the scouring and whirling action of the water during periods of sub-
mergence. During exposure the steep walls desiccate and cracks, resulting
from shrinkage of the clay, appear parallel to the walls. With the next ris-
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ing tide a peel may be eroded and this results in the widening of the de-
pression. When the width/depth ration becomes too small (BRIDGES &
LEEDER (1976) mention a critical value of 5), rotational slides develop
(Pl. XIIa), thus accelerating the widening. An irregular pattern of depres-
sions with sheer faces and more or less isolated flat-topped mud-bastions
develops (Pl. XIIb).

The original hydrographical system has meanwhile practically dis-
appeared since most of the water which should have contributed to the
channels during the emergence of the mudflats is stored in the depressions
(which have no drainage possibilities). The depressions tend to merge
together in the direction of wave attack. Rather straight channels with
flat bottoms and steep banks, ranging in height up to one meter, are the
result. From that moment onwards the slided sediment can be more ef-
fectively removed by the channel flow and the lateral widening increases
further. The abrasion covers an increasingly broader area of which the
seaward gradient becomes steeper. A low cliff (up to one meter in height)
usually marks the temporary limit of landward directed erosion at about
mean high water.

When the landward shifting cliff approaches the foreshore (foreslope) of
an accreting or a temporarily stationary chenier, it is covered by the coar-
se deposits (fig. 63). The chenier foreshore (foreslope) in that case functions
as the limit of landward erosion. The lateral abrasion however normally
proceeds and therefore a more or less smooth eroded area with a relatively
steep gradient develops seaward of the chenier.

When the supply of sand and shell clastics decreases, the volume of the
chenier will also decrease. The wash-over process then plays an increasing-

mudflat foreslope backslope

1-:-:-:1 sand and shell clastics

0 r A clay
0 1 2 5 m

Fig. 63. A former cliff in the clay, burried by a chenier foreslope.
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ly more important part and the chenier migrates landward (chapter IV-2.2) .

Characteristic for this development are the small wash-over deltas (Pl.
IVa) and fans at the landward side of the chenier and the claysurface which
is freed at the seaward side, and which is therefore exposed to abrasion
(Pl. XIII).

The exposed clay surface may bear living trees of Avicennia and Lagun-
cularia if the receding chenier migrates at rather a fast rate through an
adjacent mangrove swamp. If the mangrove landward of the chenier has
already died (for instance owing to hypersalinity of the environment (chap-
ter V-3.3)) only trunks and tree-stumps will be present (Pl. XIII). After
they have been uprooted they are driven ashore. There they cover the
chenier foreslope, a feature characteristic for the receding coast (Pl. XIVa).

As the volume of the chenier decreases, the landward abrasion is in-
creasingly less impeded. The straight coast changes into an indented coast.
This will be discussed in chapter V-3.2.

The type of coastal abrasion just described mainly determines the re-
treat of the coast. The stress is greatest in the short dry season, when the
wave energy is greatest (chapter II-1.3). However, less spectacular pro-
cesses also contribute to the erosion. Crabs and other burrowing organisms,
for instance, bring fresh sediment to the surface of the mudflat from where
it is taken up into suspension by wave action and currents. The burrows
itself form points of impact for erosion.

The cornposition of the crab population in areas with severe abrasion
appeared to differ from that in areas with mud accretion. In the mud bas-
tions mainly small crustaceans were found, belonging to the family
Xanthidae (Panopeus bermudensis) and Goneplacidae (HourHuIs 1959),
and two species of Isopoda.

The formation of potholes is another small scale erosion process. Potho-
les occur in the swash zone and are caused by the presence of clay blocks
which are too large to be transported by the ordinary waves and breakers.
HAWKES (1962), who gave a clear description of the phenomenon, labelled
it "calm weather erosion".

Pothole formation in the coastal environment of the Guianas resolves
itself into a sapping of the blocks by the alongside swirling water and a
subsequent sinking into the excavated shallow depressions, after which
the detained blocks are set in a rotationary motion by the action of swash
and backwash. The sediment eroded by this drilling procelss is carried
away in suspension. In a later stage the mud balls, which have meanwhile
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decreased in volume, may be lifted from the holes and also be transported.
They have often been found at the exposed clay surface landwards of the
cliff. In Pl. XIVb some potholes and a lifted, well rounded mud ball are
shown. Since only large waves and breakers are capable of moving most
of the clay blocks, the pothole formation decreases in the short dry season.

The abrasion of the mudflats does not always occur at the most eastern
part. Often, the erosion breaks through the mudflat at some distance
(hundreds of meters) to the west. A number of times this appeared to be
induced by the ppsition of large creeks. In most cases however it is attri-
buted to the presence of a thin veneer of winnowed fine sand at the east
side of a mudflat. This sand cover prevents superficial erosion and in do-
ing so, restrains the development of the points of impact for further abra-
sion. In key area Katkreek (12) at the remnant of a mudflat such a thin
sandy veneer was indeed observed. It covered the rather smooth surface
of the most eastern part, while a few hundreds of meters to the west an
extensive mud-bastion landscape was present. The disconnected mudflat
remnants do not migrate westward since the east side is protected. They
therefore have a relatively long "life".

West of the remnant, where the mudflat is abraded, a new chenier of
shell elastics develops since that area is cut off from an alongshore sedi-
ment supply. Sometimes, when there is a large supply of pelite in suspen-
sion, the eroded gap is refilled with mud and as a result the new chenier
is fixed. This, for instance, occurred just west of the Bucklebury creek in
the period 1966-1973 (fig. 68). It may explain (at least partly), the erosive
interruptions at a mud accretionary coast (found by ZONNEVELD 1966).

V-3.2 The 'Happen-coast"

In chapter V-3.1 it was explained that a chenier can decrease in volume
to such an extent that the landward directed abrasion is no longer imped-
ed by it. If cheniers are entirely dependent for their formation on supply
from the sea side more or less perpendicular to the shore), the above-
mentioned situation exists usually immediately from the beginning of the
erosion. This is predominantly the case in west Surinam.

The landward directed abrasion protrudes through the existing straight
erosion channels or through new channels which are formed as a result of
the drainage of the inland swamps or saltpans. The exposed clay surface
landward of the abrasion cliff is attacked from these advanced positions.

Since the distribution of the protruding erosion channels is not uni-
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form over the erosive coastal fringe, there will be parts with more channels
and parts with less channels. The more channels the faster the area con-
cerned will be lowered. As opposed to those initial bights, capes develop
at places where few channels occur.

At low tide the remnants of the straight channel pattern in the bights
are clearly visible (Pl. XVa). A short geodetic survey revealed a contour
map of a bight in key area Popokaimama (9) (fig. 64). Here once more the
parallel "watersheds" between the adjacent erosion channels are obvious.

At the capes a radiate pattern of straight ersosion channels develops,
due to the growing depth of the adjacent bights and the related directions
of wave approach.

Since the abrasion is not hindered any longer by a chenier, the rate of
coastal receding depends only on the oceanographical conditions and on
the degree of consolidation of the clay soils. In mature clay soils no pro-
nounced "Happen-coast" was found to develop.

At a relatively rapidly receding coast many trees and tree-stumps are
uprooted. Since there is no (distinct) chenier they are no longer piled up
against the foreslope but are thrown into the landward vegetation. Whether
that vegetation is alive or not depends on the previous history (chap-
ter V-3.3). Plate XVb shows that Avicennia (and Laguncularia) remnants
have been thrown into an Avicennia "churchyard".

CASE (1938) has pointed to the hammer function of the waves which
are powered with wood. The present author rejects this idea, as does
LINDEMAN (1953). LINDEMAN gave two arguments :
i. the sea is normally so quiet that pieces of wood stick in the mud and
cannot be transported ;
2. pieces of wood are washed into the landward swamps or saltpans, with-
out damaging the standing mangrove vegetation.

Summarizing we may say that the "Happen-coast" is an indented
(erosion) coast which develops if a coast is devoid of cheniers. ZONNEVELD
(1966) indicated the chenier remains along a "Happen-coast" after they
have been fixed as a "guirlande rits".

V-3.3 The development of salt pans and salt marshes

When the drainage of a tidal mangrove vegetation is impeded, hyper-
salinity of the soil and the (ground) water may occur. This is a well known
feature in tropical areas with distinct dry seasons (GuILCHER 1959,
CHAPMAN 1976).
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Fig. 64. A contour map of a bight of a "Happen-coast" in key area Popokaimama (9) in 1968. The contours are drawn
with respect to an arbitrary zero-point. The heights are given in cm.



The Surinam climate shows two distinct seasons. Furthermore, as shown
in chapter 1-6, the precipitation along the seaborder is less than further land-
ward. The frictional convergence and convection cause clouds to develop
above the coast, but these generally burst further to the south due to the
prevailing winds. This seaward decrease in precipitation is accompanied
by an increase in radiation, which together with the relatively strong
winds, favours the evapotranspiration at the coastal border. The effect
will be maximum in the dry seasons.

Experiments carried out by KAMERLING (1974) in a wet rice field and in
a lake with a dense cover of Eichhornia showed that under a vegetation the
direct evaporation only contributes to a minor extent. The same will
apply to a dense tidal mangrove. When a more sporadic vegetation is
present or in uncovered areas the direct evaporation will undoubetedly be
more important.

When stagnant water is reduced by evapo(transpi)ration the salt con-
tent increases. GEI J SKES (1954) found the chlorinity in a near shore swamp
to be higher than that of the seawater. In agreement with PONS & PONS
(1975) the environment was indicated as hypersalinous when the salinity
had risen above 30.7%0 (chlorinity 17,000 mg CO), which is about the
value for seawater.

Due to the evapo(transpi)ration salt accumulates (temporarily) in the
soil and a thin surface layer of crystalline salt develops. Generally, the
clay soils in open tidal areas have lower salt contents than those in areas
with impeded drainage (table 33). PONS & PONS (1975) mention the de-
velopment of "temporary salic horizons, characterized by a content of
2% soluble salt over at least 15 cm depth" and class these soils as typi-
cal Halaquepts.

The rate of change in salinity is illustrated by measurements in a cross-
section in key area Nickerie (1) (fig. 65). A few days before spring-tide,
when seawater regularly penetrated the first swamp, four samples of
surface water were taken and analysed. After ten days new samples were
collected at the two most nearshore points. The salinities appeared to have
increased strongly, in one case up to a value of 60%. In addition it must
be stated that it had rained during the sampling period. Therefore these
salinity values are definitely no maxima. An extensive salinity measure-
ment programme was set up for the short dry season of 1972 in key area
Bucklebury (3). Originally the measurements of this series were planned
at regular periods through a spring-tide/neap-tide cycle, but because of the
heavy rainfall (which caused dilution), the measurements had to be stopp-
ed prematurely. They are only usuable to indicate the course of the sahni-
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ty in a landward direction, which ranges from almost 20% at the coastline
to 6%0 at a distance of 2 km landward. BAKKER & LANJOUW (1949) found
comparable values and also a landward decreasing tendency in a cross-
section at the end of the long dry period in 1948.

GUILCHER (1959) points to the possibility that hypersalinity explains
the occurrence of uncovered spots just landward of a mangrove fringe.
DAVIS (1940) measured the salt content in various mangrove environ-
ments. The Avicennia community was found to tolerate the highest con-
centrations of salt in the surface waters and in the soils. Laguncularia
also showed a high tolerance for salt.

MCMILLAN (1975) demonstrated with laboratory experiments that on
clayey soils Avicennia germinans was tolerant to a 48-Hr exposure to
salinity conditions between 3 x to 5 x those of seawater. The same applied
to a lesser extent to Laguncularia racemosa. On pure sand they both failed
to survive under the same conditions.

TABLE 3 3

The salinity of the clays in areas with open drainage and areas with more
or less impeded drainage.

The salinity is expressed in gram NaCl/kg dry material. N = number of samples; standard
deviation in brackets.

environment average salinity maximum
salinity

minimum
salinity

open tidal areas
salt pans

26.27 ( 7.60)
43.64 (13.49)

44.47
82.09

10.64
24.52

23
27

Experiments with Avicennia marina (STEINKE 1975) revealed that the
seedlings became established best, where the salinity was fairly low. After
establishment they became more tolerant to increased salinities.

At very high salt concentrations and depending on the substrate,
Avicennia and Laguncularia will die (MCMILLAN 1975). DAVIS (1940)
measured salinities of 10% in the soils of uncovered coastal areas in Flori-
da. Along the Surinam coast high salinity values were not measured be-
cause of the complete failure of the 1972 "salinity program". It can be
assumed however, that they do indeed exist.

Asphyxiation as a result of very poor drainage may also cause the death
of Avicennia and Laguncularia (BALTZER 1969, PONS & PONS 1975). When
the standing water rises above the level of the pneumatophores the man-
groves may die due to the lack of oxygen.
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Dependent on the rate of immersion and/or the degree of hypersalinity
the mangrove vegetation will die partly or completely. The relief of the
clay surface and particularly the presence of "ramparts" is therefore of
interest. According to fig. 65 the sharpest change occurs in the lowest
area. When Avicennia (and Laguncularia) trees die at scattered places
an open mangrove vegetation results with patches of herbaceous Halo-
phytes (chiefly Batis maritima) in between. The development of a salt
pan has begun. Apart from Batis maritima, which is even more salt tole-
rant than Avicennia (DAvis 1940), Sesuvium portulacastrum and Philoxe-
rus vermicularis occur. Sporobolus virginicus was mainly found on sandy
spots.

When the whole vegetation dies, an Avicennia "churchyard" develops.
The erect white trunks make a dismal scenery (Pl. XVIa). After some time
of decay, only the tree-stumps are still present. When the hypersalinous
environment is flooded with seawater again or when much rain has fallen,
the salinity decreases by dilution. The bare salt pan surface with tree-
stumps and/or trunks becomes overgrown with the halophytic herbs just
mentioned. These are either scattered over the clay surface in patches, or
occur as a dense cover (Pl. XVIb).

This vegetated salt pan has been named a salt marsh, according to
BEEFTINK'S (1977) definition : a "natural or semi-natural halophytic
grassland and dwarf brushwood on the alluvial sediments bordering saline
waterbodies whose water level fluctuates either tidally or non-tidally".
Avicennia and Laguncularia may start to regenerate and the salt marsh
gradually becomes a mangrove swamp once more.

V-3.4 The influence of human activity

Since the seaboard is practically uninhabited, human influence on the
coastal landscapes is not very great.

Owing to the presence of mudflats there is hardly any traffic in the coas-
tal waters, except at the mouths of some of the larger rivers. In the Suri-
nam River estuary for instance, only a narrow zone is marked with buoys,
in order to keep a fairway open through the slingmud. The vessels which
call at Paramaribo, and particularly those which call regularly at Moengo
and Paranam for the shipping of bauxite, churn up the slingmud with their
propellors and in doing so keep the fairway open. The mud is carried away
in suspension. There is no direct consequence for the coastal landscape.

The fishermen and the shell clastics-diggers account for most of the
navigation along the coast. The most drastic change produced by the fish-
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ermen is that they cut down the Avicennia trees for the "barbacot", on
which they smoke their fish. Digging off the cheniers which were built
up by shell clastics, results in a decrease in resistance of the coast against
abrasion. Since cheniers of shell clastics are usually of little volume, and
furthermore, since the digging activity takes place (by hand) on a small
scale, the effect on the rate of receding of the coast must not be overesti-
mated.

In Coronie, where the settlement is not far from the sea, polders are drain-
ed by sluice canals. At low tide superfluous fresh water is sluiced to-
wards the sea. It is thought that this will probably contribute to the con-
tinual and voluminous abrasion of the coast in this area (chapter IV-3.2).

The abrasion of former plantations shows a number of special phenom-
ena. In key area Nickerie (1) the abraded plantation area is covered by
a mudflat, which hides its features. In key area Matapica (13M) however,
the pattern of draining-ditches and trenches is still visible on the emergent
abrasion terrace (Pl. XVII). Moreover various remnant s of occupation
were found. After the plantations had been abandoned, the drainage of
the fields was no longer controlled and their condition worsened. Seawater
more or less regularly penetrated the area and under the prevailing cli-
matological conditions the fields turned into salt pans and salt marshes,
with mangroves mainly restricted to the sides of the ditches and trenches.
The receding chenier is locally arrested by narrow strips of mangrove
perpendicular to the sea. The chenier migration is not impeded (or is less
impeded) over the adjacent bare clay surfaces or salt marshes. These
parts of the chenier are streched out and this causes them to burst (Pl.
XVII).
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VI THE SYSTEM OF ACCRETION AND ABRASION

The accretion and abrasion of the Surinam coast are definitely linked
to the westward migrating mudflats. They are both characterised by
specific landscapes, which succeed each other within one accretion/abra-
sion cycle (about 30 years). A possible succession is shown for east Suri-
nam as a picture story in fig. 66.

The special feature of east Surinam is the local sand supply. Therefore a
sand supplying river, discharging into the coastal waters just east of a
mudflat has been pictured. The sand supply is assumed to be abundant.
The development of the coast (indicated in the numbers 2, 3 and 4 of fig.
66) is based on a similar average celerity of mudflat migration and che-
nier extension. A tidal mangrove was assumed to overgrow the mudflat in
a close front.

The sand and shell elastics behind the "nose" of the mudflat are inac-
tive, due to the wave damping property of the slingmud. The chenier se-
diment just west of the mudflat has beachdrifted westward and washed-
over landward without being replenished. The type of erosional coast that
will develop (a straight erosion coast or a "Happen-coast") depends on the
original volume of the chenier, on the degree of consolidation of the clayey
subsoil, on the power of the erosive forces and on the relative celerity of the
approaching mudflat. The chances that a "Happen-coast" has to develop
just west of a mudflat will however be better than elsewhere. In fig. 66
this zone has been indicated by vertical dashes.

Westward of the area affected by the mudflat (and beyond the even-
tual "Happen-coast") the sand supply is not necessarily excluded. There-
fore the variation in landscapes may increase, since besides the erosional
landscapes sand accretionary landscapes may develop. The seaward ex-
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Fig. 66. The generalized system of landscape succession along the coast of east Surinam,
pictured schematically for four consecutive situations.

tension of a chenier (complex) may occur at the east side of a mudflat,
when the supplied volume of sand and shell elastics exceeds the available
space, which is liberated by the westward shifting mudflat.
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The east side of the mudflats is eroded. A cliff marks the landward shift-
ing limit of abrasion. Beyond that limit shell clastics (and a minor pro-
portion of fine sand) winnowed from the mud usually form an indistinct
initial chenier. When the abrasion border-zone has reached a position so
that the medium to coarse sand and the shell clastics can be supplied from
the east by beachdrift, a full-bodied chenier will develop and extend
westward. (The development of the coast just west of a sand supplying
river, however, may be much more complicated; AUGUSTINUS 1969b).

Then the landward part of the mudflat may become fenced off and in
the meantime become more or less protected against further abrasion.
The drainage is, however, impeded. When insufficient creeks are present,
the water behind the chenier will become stagnant, thus increasing the
probability that the vegetation will die of asphyxiation or of the hyper-
salinity of the environment. The resulting Avicennia "churchyard" will
be succeeded afterwards by a herbaceous vegetation and the mangroves
may regenerate.

The whole cycle starts again with the arrival of a new mudflat (fig. 66
no. 4).

Essentially the western part of the Surinam coast passes through the
same stages of development as the eastern part. However, the chenier
development in west Surinam depends on the supply of shells and fine
sand from the sea side only, since the medium to coarse sand which origi-
nates from the Marowijne River and French Guiana has not been trans-
ported farther westward than the central part of the coast. In Saramacca
the western cheniers are usually insignificant and have little protection
ability. As a result "Happen-coasts" are more common in west than in
east Surinam. A full-bodied chenier may only develop after a long period
of abrasion, in which the coast has receded over a large distance.

When, contrary to the situation in the picture-story of fig. 66, the mud-
flats migrate faster than the cheniers, the (chiefly) erosional landscapes
are overtaken before they have fully developed. When the mudflats can-
not keep up with the migration of the cheniers, a great variety of land-
scapes will be the result.

In the case that a receding coast cuts into an older chenier the develop-
ment of the landscape is interrupted and the physiognomy may change
completely. A "Happen-coast" for instance may become a straight ero-
sion coast again, since the landward directed extension of the abrasion is
impeded by the chenier whereas the lateral erosion normally proceeds.
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From this stage of rejuvenation onwards, the development will proceed
as before, until the receding shoreline cuts into the next inland lying che-
nier, thus causing a new interruption. This may go on as long as the area
concerned is not fixed by a westward migrating mudflat. It will be clear
that the number of consecutive cheniers present now, does not necessarily
agree with the number of cheniers that has been formed in the past.

As stated above the local sand supply in eastern Surinam produces dif-
ferences in the landscape development between the east and the west
parts of the Surinam coast. These differences are even reinforced since the
wave energy in west Surinam is heavier than in east and central Surinam,
owing to the larger angle of wave incidence (chapter II-1.1). The persis-
tent and severe abrasion of the coast of central Coronie, which is a result
of the enormous accretion of Coppenamepunt (chapter IV-3.2), should be
mentioned in this context. In the following therefore the system of land-
scape succession will be elaborated by examples from both east and west
Surinam.

East Surinam
A section (about 65 km), beginning east of the Oranje canal and extend-

ing westward up to the Warappa channel has been chosen (fig. 67).
The accretion east of the Krofajapassi on the aerial photographs of

1947/1948 is interpreted as being caused by a mudflat (A). This mudflat
has migrated westward with an average velocity of 2 km/year in the pe-
riod 1947/1948-1957. A small chenier was shifting landward over the
eastside of mudflat A, a phenomenon which can be deduced from its
interrupted appearance. In 1966 mudflat A had shifted further to the
west (and outside of the area concerned in this figure). Meanwhile another
mudflat (B) had appeared in the eastern part of the area. The propagation
from 1957-1970 was approximately 1 km/year.

In this area, generally speaking, no severe abrasion was found. This
could be caused firstly (and this applies to the whole of the eastern Suri-
nam coast), by the quantities of sand being relatively large due to the
local supply from the Marowijne River and adjacent French Guiana. The
cheniers are therefore usually voluminous in comparison to those of west
Surinam. Consequently if abrasion should take place, straight erosion
coasts develop. Another reason for the minor occurrence of indented sho-
relines is the rather large area of former plantations. Here the abrasion is
impeded by the degree of maturation of the clay soils. A sand accretionary
coast Bigi Santi (14) has migrated westward with an average velocity of
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abraded during the following years (1966-1970). During the same time,
east of mudflat B, the emergent part of the protecting fine sandy chenier
had shifted westward, approximately km, and may have extended even
further under water. Under the lee of this protection zone the abrasion
gap had been filled up again with mud through which the local shell che-
nier had been fixed. The abrasion of the east side of mudflat B has been
postponed indefinitely, depending on the migration velocity of the fine
sandy chenier. In 1972 this chenier had shifted another kilometer to the
west. Calculated over 6 years this yields an average propagation of ap-
proximately km a year.

Since the cheniers in west Surinam are usually very small they possess
little protecting ability. Indented ("Happen") coasts are therefore a nor-
mal feature in this area.

Except for the former plantations just east of the Nickerie river the
whole shore in 1947/1948 and 1957 was mainly covered with mangroves.
On the mudflats the tidal mangrove extended seaward in a close front and
at some distance simultaneously kept pace (more or less) with the west-
ward migration. In 1966 at several locations the mangrove vegetation had
died due to the impeded drainage, caused by the formation of cheniers
(east side mudflat A) and/or ramparts (east side mudflat B). A herbaceous
vegetation has already re-settled locally. In 1970 the consequences were
visible. The lack of sufficient seedlings in areas where the mangroves had
died caused the rejuvenation to remain in abeyance or to be restricted to a
few higher locations. At the east part of mudflat B for instance the young
Avicennias are only found growing on ramparts. When seedlings are sup-
plied by creeks the mangroves may extend westward from this source
(central part of mudflat B).

The large number of factors involved in the development of the coastal
landscapes of Surinam appears to result in much variation in the suggested
succession (fig. 66). The most relevant factors in this respect are listed for
the three types of coasts that could be distinguished. The chapters which
concern these factors are given in brackets.

The mud accretionary coast :
the manner of supply and distribution of the mangrove seedlings

(chapter V-2.1).
the formation of a protecting (fine) sand cover at the east side of a
mudflat (chapter V-3.1).
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the impediment of the drainage through compaction or by "ramparts"
(chapter V-2.1).

The sand accretionary coast :
the shape of the coast (chapter V-2.2).

The receding coast :
the rate of supply of sands and shell clastics (chapters IV-2.1 and
IV-3.1).
the degree of consolidation of the clay soils (chapter V-2.1).
the erosive power of the waves (chapter II-1.3).
the impediment of the drainage (chapter V-3.3).
the possibility of cutting into inland lying cheniers (chapter VI).

Summarizing it can be said that the suggested system of landscape
succession is generally valid. For a detailed understanding all the local
factors must be known.

The question arises whether the system of consecutive erosion and ac-
cumulation phases will ultimately result in a net average recession of the
coast or in a net average accretion. In order to answer this question four
coastlines have been drawn (fig. 69) with the use of aerial photo series of
1947/1948, 1957, 1966 and 1970. The distinct major scale landscape units
have been indicated schematically. Similar generalized pictures have al-
ready been made by ZONNEVELD (1966) who used the oldest two photo
series, and by Nedeco (1968) who used the oldest three series. Their
classifications of the coastal phenomena deviate from the one presented
here (fig. 69), each in its own way. Nevertheless comparison of the conse-
cutive coastlines with respect to the alternation of the various landscape
units yielded the same result : a westward shifting pattern of erosional
and accretionary landscapes.

ZONNEVELD (1966) made a proportional division of the three types of
coasts. He distinguished abrasion coast, accretional coast and beach. How-
ever, this gives no information concerning the net average erosion or ac-
cretion. The "profit and loss balance" of Nedeco (1968) fits this purpose
better. In fig. 69 Nedeco's balance, made for the periods 1947/1948-1957

Fig. 69. The "profit and loss balance" of the Surinam coast computed from comparison
of the aerial photo series of 1947/48, 1957, 1966 and 1970. The calculations for the peri-

ods 1947/48-1957 and 1957-1966 are taken from Nedeco 1968.
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and 1957-1966, is completed with the one of 1966-1970. Nedeco used the
coast line charts drawn by the Central Bureau for Aerial Survey (C.B.L.)
in Paramaribo for the calculations. The coastline of 1970 has been drawn
by the author. Since the C.B.L. criteria for the determination of the exaxt
position of the coastline are not known, comparison of the three older coast-
lines used by Nedeco (1968) and the coast of 1970 may include a small
error.

Comparison of the results of the three "profit and loss balances" reveal-
ed a dominating erosion during the period 1947/1948-1957. In the next
period the erosion still dominated but in east Surinam there was a net
accretion, whereas the erosion in the central part (Saramacca) had dimi-
nished. In the following period (1966-1970) this shift towards accretion
continued, resulting in a general average accretion. This is a salient break
particularly for west Surinam. The fixation of the east side of the mudflat
in the central part of west Surinam, in the vicinity of the Bucklebury
creek (fig. 68) and the dyke which was built in order to defend Totness
from coastal erosion, will have added to this result. Apart from the alter-
nation of local erosion and accumulation along the Surinam coast, there is
possibly also a trend in general net erosion and accretion. Since the period
of observation has been too short for this purpose this might be an aim
for future research.
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PLATE I

Ia. The smooth and barren western part of a mudflat. (1: 20,000; K.L.M. Aerocarto, 1970;
copyright C.B.L.)

Ib. A sand accretionary coast, characterised by a broad chenier complex on a cloudy day.
(1: 20,000; K.L.M. Aerocarto; copyright C.B.L.)
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PLATE II

IIa. A straight erosion coast, characterised by a narrow chenier with small wash-over del-
tas at the landside. (1: 20,000; K.L.M. Aerocarto, 1970; copyright C.B.L.)

IIb. An indented erosion coast or a "Happen-coast" (GEusicEs 1947), where the erosion is
worst. (1: 20,000; K.L.M. Aerocarto, 1970; copyright C.B.L.)
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PLATE III

Ma. Wrinkled slingmud in a bight of the "Happen-coast" in key area Nw. Nickerie (1) -
February 1968.

IIIb. A thin section of a core sample from the mudflat in key area Bucklebury (3) showing
vesicle-like features, surrounded by a channel vosepic plasmic fabric, which is presumably
caused by the growth of organisms. (200 x ; circular polarized light, PAPE 1974; phot.

A. G. JONGMANS)
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PLATE IV

IVa. Small wash-over deltas at the lee side of chenier, built up during periods of stagnant
water at the land side. Key area Nw. Nickerie (1) 1968.

IVb. Shells and shell fragments deposited on an erosive clay surface form the usual basis of
the medium to coarse sandy cheniers. Key area Matapicca (13M).



PLATE V

Va. The very thin set of foreslope parallel lamination of a severely eroded chenier, resting
discordantly on landward dipping backslope parallel stratification. Key area Katkreek

(12).
Vb. A small (rip) channel, filled up from the east side (= left) and covered by evenly

swash/backwash lamination. Key area Popokaimama (9).
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PLATE VI

Via. Cross bedding of wash-over deltas dipping landwards. The stages of deposition are
marked by a "pause plain" (see arrows). At the top the delta cross-bedding is covered by

gently inclined backslope parallel lamination. Key area Popokaimama (9).
VIb. Wavy and lenticular bedding (thick connected and thick isolated lenses), developed
in a more or less protected area between the chenier and seaward lying sandbanks in key area

Matapicca ( 13M) .
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PLATE VII

VIIa. Asymmetric wave ripples at the foreshore of the fine sandy chenier east of the mouth
of Bucklebury creek. Lighter coloured particles (chiefly shell elastics) are washed into the
troughs by the declining swash/backwash action. The chopping-knife has a length of about

half a meter.
VIIb. Foreshore lamination of the fine sandy chenier east of the mouth of Bukclebury
creek. Very thin even lamination dipping seaward at very low angles (less than 1°) . In the
upper part of the picture a thin bed of relatively coarse shell clastics in intercalated. A small
ripple trough with washed-in lighter coloured shell fragments is preserved in the lower part.
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PLATE VIII

Villa. Tidal flat deposits at the landward side of the fine sandy chenier east of the mouth
of Bucklebury creek. At the top about 7 cm of interlayered sand/mud bedding occurs, in
which the clay content dominates. Some of the thicker clay layers have probably settled as
slingmud. This top cover is bioturbated by the small crustacean Discapseudes holthuisi. In
the lower part the deposit shows flaser bedding, produced by small ebb-current ripples

(formed in a channel bottom), which during high tide slack Water were covered by mud.
VIIIb. Exposed clay sheet with loosened blocks and flakes at the foreshore of the fine
sandy chenier east of Bucklebury creek. Modelling to clay pebbles has already started as

can be seen from the rounded blocks in the foreground.
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PLATE IX

-

IXa. The natural drainage system of a mudflat. Rather straight main channels with sinu-
ous tributaries. Note the rotational slides in the east bank of the main channel in the fore-

ground. Key area Nw. Nickerie (1).
IXb. Pioneering Avicennia in de midst of digging mangrove crabs, chiefly Uca. Key area

Popokaimama (9).
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X. The more or less wholesale seaward extension of Avicennia on the Wia-Wia mudflat in
1970. The dark zone supports a surface algae mat. Depressions caused by local erosion of

--- the surface can be recognized by their light color. (Phot. Dr. J. P. SCHULZ)
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XIa. Pioneering Avicennia on a mudflat, controlled by the presence
of "ramparts". (1: 20,000; K.L.M. Aerocarto, 1970; copyright

C.B.L.)

XIb. An erratic pattern of pioneering Avicennia on a mudflat caused
by stagnation in the supply of propagules. (1 : 20,000; K.L.M. Aero-

carto, 1970; copyright C.B.L.)
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PLATE XII

XIIa. An elongated depression incised in the mud showing rotational slides along the sheer
faces. Key area Friendship 1967.

XIIb. A mud-bastion landscape, developed at the remnant of a mudflat in key area Kat-
kreek (12) 1967.
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PLATE XIII

XIII. A landward migrating chenier in key area Bigi Santi (14) leaves the liberated clay
surface with Avicennia tree-stumps exposed to abrasion 1972.-



PLATE XIV

XIVa. Uprooted tree-stumps and trunks of (mainly) Avicennia piled up against the fore-
slope of a small chenier. Key area Bigi Santi (14) 1972.

XIVb. A well rounded mud-ball among potholes. Key area Friendship (4) 1972.
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PLATE XV

XVa. A bight of a "Happen-coast" in key area Nickery (1) at low tide, showing the emer-
gent remnants of the parallel "watersheds" of the straight erosion channels 1968. The

length of the piakka is about 8-i meter.

XVb. Remnants of uprooted mangroves thrown into an Avicennia "churchyard". Only a
few young trees are alive. Key area Popolaimama (9) 1968.
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PLATE XVI

XVIa. An Avicennia forest behind a chenier (not visible in the picture), which has died of
asphyxiation and/or hypersalinity (of soil and/or water) due to very poor drainage, resulting

in an Avicennia "churchyard". Key area Friendship (4) 1968.

XVII). A salt pan which has changed into a salt marsh. Remnants of the former Avicennia
vegetation are still present. Key area Bigi Santi (14) 1972.

7

r
-ffl _, ,.

1 '''' , - -
1'''' I. , .....-- .

_

;:il. ,,,_.-
; ,i : ": . .

°,.., e ..ill. , ..,..,.....--

-4

-

i,, 44- 4'. .--., .4',.. ,, -, =141, i
,..

, ..-.. -_-- _ _
Es.)i,, i., ,

__...., _ It'llr ..___

-, ,
_ . -_ L., ..... -.. - , ,-_

=
,

. - . . i- -- /
.,z,-;--:,.---- - ._

.. - -.
_ :-, :.:.- _ , .--, - ,,,;',........ 7, ' ,: ,.....--. ., - , .,

. 72
. . --..t.":-tik0::6:-.,4-..-4:',"'', a.,-,-. ., .. ,,:. .....-:.,.,-,....,,7k,i. .4, -,.: !_3, '-t"!!_t_

- -r- -_-
_

.4. ... ... _
_, .4-,--.. - -..--- . --- .,-, ... .

.... ---.,, - .?,. . 1 - - . .

j,
. -4'itt° .,

-

,



XVII. An aerial photograph of the Surinam coast on either side of the Matapicca channel, showing the abrasion of a former plantationarea 1966. The abraded part of an older chenier has been indicated bya dashed line. (1: 20,000; K.L.M. Aerocarto, 1966; copyright C.B.L.)
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