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SUMMIT LEVELS, BEDROCK CONTROL AND THE ETCHPLAIN CONCEPT IN 
THE BASEMENT OF SURINAME' 

S. B. KROONENBERG2 & P. J. MELITZ2 

ABSTRACT 

Kroonenberg , S. B. & P. J. Melitz 1983 Summit levels, bedrock control and the etch plain concept in 
the basement of Suriname. In : M. W. van den Berg & R. Felix (eds.): Special issue in the honour of 
J. D. de Jong - Geol. Mijnbouw 62:389-399. 

A comparison between summit levels distinguished by various authors in the basement of Suriname , 
photogeological landscape units, lithological information from the new geological map and LAND­
SAT imagery shows that many summit levels coincide with photogeological and litho logical units in 
the lowlands that form the main part of the basement. Steps that separate summit levels of different 
altitude commonly are also lithological discontinuities . Such steps might originate under humid 
climatic conditions as jumps in the weathering front due to differential chemical weathering of 
contrasting rock types. The steps are exposed at the surface during periods of semi-a rid conditions 
under savanna vegetation by stripping of the saprolite . In this etchplain model, summit levels at 
different heights do not differ essentially in age but o nly in resistance of underlying rocks to deep 
weathering. Only those levels that are protected by means of duricrusts against further surface 
lowering , or that were exhumed as domed inselbergs survived several cycles of e tching and stripping. 

INTRODUCTION 

Major landforms in the rainforest-covered interior of 
Suriname, underlain essentially by Precambrian igneous and 
metamorphic rocks of the Guiana Shield, have been looked 
upon in two different ways . (1) In terms of the concept of 
cyclic denudation (KING. 1964, ZONNEVELD. 1969) . On the base 
of topographical maps summit levels have been recognized at 
different altitudes, separated from each others by scarps or 
'steps'. These features have been explained by these authors 
by a cyclic alternation of periods with planational processes 
accompanied by parallel slope retreat , with periods of dissec­
tion. Planation levels usually are held to bevel different 
geological formations (KING. 1964; ZONNEVELD. 1969, 1982; DE 
BOER. 1972). (2) In terms of (photogeological) landscapes 
(o'HERNE. 1969a, b). o'HERNE (1969a) defines a landscape 

according to VAN DER EIJK (1957) as 'an area which as result of 
its specific geological origin , morphologically forms a unit, 
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characterized by a special rock formation and a variation in 
soil conditions and vegetation typical of the area'. O"HERNE 
adds : ' In a strongly weathered and densely forested country 
like Suriname, a landscape is characterized mainly by its 
particular vegetation . Similar landscapes usually show similar 
rocks or rock associations'. o·HERNE produced a geomor­
phological map, later renamed photogeological map, of the 
whole interior of Suriname , based on detailed analysis of 
aerial photographs. He distinguishes 54 different landscapes 
grouped according to the major lithological units; major 
escarpments, steps or other discontinuities are mapped as 
lithological contacts and/or tectonic lineaments. O'HERNE 
refrains from forwarding hypotheses as to the morphogenesis 
of these landscapes, because of the limited information avail­
able at that time about the geology of the basement. 

A lthough both concepts have been used next to each other 
in many publications dealing with the morphology of the 
Surinam basement, there is a clear controversy between them 
as to the role played by lithological differences . In the first 
concept, planation surfaces bevel different lithological forma­
tions and scarps originate by paralle l slope retreat; in the 
second concept scarps mark lithological contacts . The present 
paper aims to come nearer to a solution to this problem , now 
that knowledge of the interior has greatly increased by (1) the 
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completion of a new geological map 1:500000 (GEOLOGICAL& 
MINING SERVICE: 1977; BOSMA ET AL. 1977, 1983; DE VLETTER in 
prep.); (2) the forthcoming publication of a new landform and 
soil map at 1 :200000 of a large part of the northern half of the 
interior (MELITZ. in prep.); (3) the availability of LANDSAT 
imagery of parts of the interior. 

OUTLINE OF THE GEOLOGY 

In the Surinam basement three metamorphic belts have been 
distinguished: (1) the Falawatra Group in northwestern 
Suriname, consisting of charnockitic granulites mainly; (2) the 
Coeroeni Group in southwestern Suriname, consisting of 
various types of gneisses, and (3) the Marowijne Group, a 
typical greenstone belt consisting of low-grade metamorphic 
basic and intermediate volcanics and sediments (Paramaka 
Formation), metagreywackes, phyllites and schists (Armina 
Formation) and coarse volcaniclastic metasandstones and 
metaconglomerates (Rosebel Formation). These metamor­
phic belts are separated from each other by a huge granitoid 
complex which is associated with migmatitic gneisses in the 
east. and with acid metavolcanics in the western part of the 
country. Small intrusions of gabbroic of ultramafic rocks (De 
Goeje Gabbro) occurring throughout the country are 
included in the granitoid complex. All these rocks formed 
during the Trans-Amazonian Orogeny some 2000-1870 mil­
lion years ago. The Trans-Amazonian rocks are uncon­
formably overlain by unmetamorphosed sandstones and con­
glomerates of the Roraima Formation, equally of Precamb­
rian age. The basement is intersected by dolerite dykes, of 
which the thicker ones are generally of Precambrian age 
(Avanavero Dolerite), and the narrower ones of Permo­
Triassic age (Apatoe Dolerite). 

These crystalline rocks occupy the southern 80% of the 
country. Towards the coast they disappear below a cover of 
Cenozoic sediments. Outcropping sediments in the coastal 
area are the bauxite-covered Paleocene-Eocene sands and 
clays of the Onverdacht Formation, the Pliocene flu vial sands 
of the Upper Coesewijne Formation, the Pleistocene coastal 
sediments of the Coropina Formation and the Holocene 
coastal sediments of the Demerara Formation. Older forma­
tions have been found in both onshore and offshore drillings. 
Further details can be found in BOSMA ET AL (1977 , 1983) and 
DE VLETTER (in prep.) . 

OUTLINE OF THE MORPHOLOGY (see Fig. 1) 

Mountains in central and southern Suriname (over 300 m) 

The highest top of the Surinam interior is the Juliana Top 
(1280 m) in the Wilhelmina Mountains, in central Suriname. 
These mountains, just as the Eilerts de Haan, Kayser and 

Oranje Mountains in southern Suriname consist mainly of 
granitoid, and to a lesser extent, acid metavolcanic rocks . 
They protrude abruptly from the surrounding lowlands, and 
show a rugged morphology with steeply incised valleys, and a 
drainage pattern strongly influenced by lineaments of the 
basement (Fig. 2) . The outlines of these mountain complexes 
commonly seem to be related to tectonic features . Correlation 
between basement lithology and landforms is poor, except for 
the positive expression of remnants of a former Roraima 
sandstone cover within the Wilhelmina Mountains and larger 
Precambrian dolerite dykes (vERHOFSTAD. 1969, 1970). Many 
summits in these mountains are bare inselbergs, sometimes 
with corestones on top of them, at altitudes commonly bet­
ween 700 and 1000 m. Outside these mountainous areas 
domed inselbergs occur scattered throughout the granitic 
lowlands in the country. 

The Tafelberg (1026 m) a westward sloping plateau 
remnant occupies a special position , as it represents the 
downfaulted remnant of a once extensive cover of Roraima 
sandstones on top of the crystalline basement (Fig. 2). The 
base of the sequence of 700 m thick is situated at about 300 m , 
and is marked by a Precambrian paleosol developed in gran­
ites (KROONENBERG. 1978) which thence represents the oldest 
fossil groundsurface identified in Suriname. 

Mountains in northern and eastern Suriname 

The highest elevations in northern and eastern Suriname are 
of an entirely different character. They are all laterite- or 
bauxite-capped plateaus which commonly reach 500-650 m. 
Among the most prominent ones are the Nassau Mountains 
(500-550 m) , Lely Mountains (600-650 m), Browns Mountain 
(500 m) , Brokolonko Mountains (500 m) and Bakhuis Moun­
tains (400-450 m) (see review by ALEVA. 1979). Most plateaus 
have developed on metamorphic rocks; those of northeastern , 
southeastern and northern Suriname on basic metavolcanics 
of the Paramaka Formation, those in the Bakhuis Mountains 
on charnockitic granulites; high-quality bauxite have formed 
especially on anorthosites in the latter area (KROOK & DE 
ROEVER. 1975; ALEVA. 1983). The Bernau Top (Saramacca 
river) and the De Goeje Mountains plateau in southeastern 
Suriname have been formed on ultramafic and gabbro intru­
sions related to the granitoid complex (De Goeje Gabbro). 

Moreover there are a great number of steep elongate ridges 
with summits between 400-700 m, which only locally have flat 
plateau-like surfaces but a ll carry laterites on top. These 
ridges correspond with thick Precambrian dolerite dykes 
(Avanavero Dolerite). Conspicuous examples are the Van 
Asch van Wijck Mountains (Fig. 2), the horseshoe-shaped 
mountains in the Dalbana Creek area, the Emma Range, 
Ebba Top, and many others. Narrower dolerite dykes, both 
Precambrian and Permo-Triassic ones and De Goeje Gabbro 
intrusions also stand out above the surrounding lowlands and 
have laterite covers, but they do not reach altitudes higher 
than 150-300 m as a rule. 



Jt ... ++ 

• . 
..,"'+"' • .., ... 

J( ............ + : 

D Leve l 6 

~ Level 5 

~:;:::::;:::;~ } L e v e l 4 a 

Fig. 1 

g 
[E3 . -

'if N 

100 km 

Level 4b 

Level 3 

Mounta ins 

Summit levels in the Surinam lowlands, after ZONNEVELD. (1982). Numbered 
boxes refer to figures in the text. 

Fig. 2 
LANDSAT image (band 7) of the central part of Suriname. W - Wilhelmina Mountains; T - Table 
Mountain ; E - Emma Range ; A - Van Asch van Wijck Mountains; 8 - Bakhuis Moun tains; C -
Coppename River; S - Saramacca River. 
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The lowlands 

By far the greater part of the basement of Suriname is 
occupied by extensive lowlands, which rise from about 60 min 
the north to about 250-300 m in the extreme south of the 
country. The mountains described above generally protrude 
from them with abrupt escarpments. The lowlands do not 
have a perfect flat surface, but they are dissected by small 
creeks into 'a monotonous mosaic of equal-sized five- or six­
sided hills' in the words of STAHEL & GEIJSKES (1940) who first 
flew over the country. Incision depth is commonly in the order 
of magnitude of 10-50 m. Within the lowlands smaller escarp­
ments are visible, in the order of magnitude of 20-50 m, 
themselves equally dissected, separating levels of slightly 
differing altitude . Locally thin lateritic covers occur, depend­
ing upon rock type: rare on granites and gneisses, common on 
Marowijne Group (especially Paramaka Formation) 
metamorphic rocks (see also MAAS. 1977). Corestones and low 
bare outcrops (ruwares) are commonly found in areas under­
lain by granites but are only occasionally visible from the air 
because of the vegetation canopy. 

Weathering depths are in the order of magnitude of 10-
50 m, depending upon rock type and position in the land­
scape. The larger rivers only locally succeeded in reaching the 
weathering front ; where they meet fresh bedrock, extensive 
rapids (sulas) developed (zoNNEVELD. 1972). Drainage often 
shows rectangular patterns suggesting bedrock control. 

Quartz gravel terraces are locally found along the larger 
rivers, mainly in central and eastern Suriname (BAKKER. 1968; 
DE BOER. 1972; BALSEM ET AL. 1979). 

SUMMIT LEVELS 

At the request of the Geological and Mining Service of 
Suriname KING (1964) made an analysis of Surinam landforms 
on the base of topographical maps at scale 1:100000. In his 
internal report and accompanying map, KING distinguished 
three different summit levels, which formed the starting point 
for geomorphological research in Suriname. The highest level 
is formed by the bauxite- or laterite-capped plateaus at 500-
600 m, which was termed Early Tertiary level. Below this 
level , scarce remnants of a Late Tertiary I surface occur at 
around 300-350 m, whereas the extensive lowlands of the 
Surinam interior were designated Late Tertiary II level. Simi­
lar summit levels were described in the neighbouring coun­
tries by McCONNELL (1966), BERRANGE (1975) and CHOUBERT 
(1957). KING (1964) assumed intermittent uplift to be respon­
sible for the cyclic development of Surinam morphology. In 
his model, uplift would lead to incision, while during a subse­
quent period of tectonic quiescence the valley slopes formed 
during dissection retreated parallel to themselves, thus cre­
ating pediments at their foot (KING. 1953). 

KROOK (1970, 1979) advocates a model which is much more 
controlled by climatic change . Periods with arid or semi-arid 

climatic conditions, partly coinciding with glacials give rise to 
the development of savannah vegetation, as evidenced also by 
palynological data (wuMSTRA & VAN DER HAMMEN. 1966). These 
circumstances lead to stripping of saprolite cover from the 
bedrock, formation of pediments by sheet wash , and transport 
of coarse-grained sediments by braided rivers to the sea. 
Humid periods, partly coinciding with interglacials , give rise 
to the return of the rain forest, leading to progressive deep 
chemical weathering and vertical dissection of planation 
levels , and only little supply of sediment to the coastal area. 
By studying correlative deposits in the coastal area and the 
continental shelf, KROOK (1979) established a more detailed 
chronology of the morphological development as related to 
climatic changes. The summit levels recognized in Suriname 
and their equivalents in neighbouring countries are listed in 
Table I (taken from KROOK. 1979). 

Whereas KING (1964) did not subdivide the Late Tertiary II 
level , ZONNEVELD (1969) concluded from topographical pro­
files constructed perpendicular to the main rivers, that several 
steps can be recognized within the lowlands. In this way he 
came to a subdivision into 5 additional levels ; his map is 
reproduced here as figure 1. 

ZONNEVELD (1969) discusses three possible origins of the 
minor steps detected in the lowlands: (1) a stepped peneplain 
concept comparable to that of KING (1964) , (2) a 'steady state' 
concept in which summit levels are controlled exclusively by 
drainage density and degree of depth erosion, and hence bear 
no relation to any planational processes, and (3) control by 
different resistance of specific rock types. He adopts a mod­
ified version of the first model (see also ZONNEVELD. 1982) , in 
which tectonically induced knickpoints in the river longitudi­
nal profile form the starting points for a wave of parallel slope 
retreat, spreading successively outwards from the river chan­
nel. This would occur under climatic conditions comparable 
to those of East-Africa at present. This process was largely 
brought to an end by Quaternary dissection caused by the 
spreading of rain forest vegetation . In this way a combination 
of tectonic and climatic factors are held to be responsible. 

Detailed mapping in several areas in the lowlands ( RIEZEBos. 
1979; KIPS & SNEL. 1979 and others) confirmed the presence of 
several steps, separating summit levels of different altitude. In 
these studies the steps are considered to be due essentially to 
parallel slope retreat, and to bear little relation to lithological 
contacts. Some key areas will be discussed below. 

DISCUSSION OF SOME KEY AREAS 

1. Coeroeni-Lucie area 

In a sequel to his 1969 paper, ZONNEVELD (1982) shows a 
longitudinal and a transversal profile across the Lucie River 
drainage basin. These have been reproduced here as figure 3 
and figure 4. Several summit levels are distinguished , which 
partly would be related to knickpoints in the river . 
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Fig. 3 
Summit levels in a topographical profile across the Lucie River Basin 
after ZONNEVELD (1982). 

On the other hand, ELSINGA (1966, 1972) made a detailed 
photogeological analysis of the area between the Lucie and 
Coeroeni rivers, in which he distinguishes 14 different land­
scapes, of which the most important are the Gt and Gk 
landscapes in the western part , and the Gw landscapes in the 
eastern part of the area. Supported by limited field and 
petrographical data he correlates the Gw landscapes with 
granitoid and volcanic rocks, and the Gt and Gk landscapes 
with heterogeneous granitic and gneissic rocks. During 
detailed field and petrographic study of the area (KROONEN­
BERG. 1976) the validity of ELSINGA's contact was not only 
confirmed, but is was also possible to conclude on the base of 
the petrographic symbol maps that within the western area, 
occupied by the Coeroeni Group , the Gt landscape corres­
pond to quartzofeldspathic gneisses, and the Gk landscape to 
sillimanite-muscovite-biotite gneisses and related rocks (see 
Fig. 6). Even on the LANDSAT image both landscapes are 
clearly individualized (Fig. 5). 

These landscapes are not only distinct in drainage pattern 
and degree of dissection, but also in altitude. The granitoid­
volcanic landscapes in the east, and north of the Lucie River, 
define a summit level sloping from 270 min the east to 230 m 
in the west; the landscapes in si llimanite-muscovite-biotite 
gneisses a level from 210-170 m, and the quartzofeldspathic 
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Summit levels above the longitudinal profile of the Lucie River, after 
ZONNEVELD (1982). 

gneisses a level from 190 to about 140 m . These levels can be 
compared directly with ZONNEVELo's summit levels in figure 3, 
and comparison with his small scale summit level map (Fig. 1) 
indicates that these levels correspond to his 4a, 5 and 6 levels , 
respectively, both in their altitude and in their extension on 
the m?p. 

2. The Sipaliwini area 

This area in the extreme south of the country is of special 
interest as it is the only savannah area of some extent in the 
interior. It consists essentially of granites and acid to inter­
mediate metavolcanic rocks similar to those in the eastern 
part of the Coeroeni-Lucie area (MAAS & VAN DER UNG EN. 1975) . 
A detailed geomorphological and soil study of the area was 
made by RIEZEBOS (1979). This author distinguishes three main 
summit levels on the basis of topographical profiles and 
photoanalysis . Comparison with the geological map (Figs . 7 
and 8) shows that the higher level I between 360 and 320 m is 
essentially underlain by granitoid rocks, the intermediate 
level II between 320 and 290 m by the acid metavolcanics. 

Summit levels in Suriname and neighbouring countries , after KROOK ( 1979) 
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Fig. 5 
LANDSAT image (band 7) of the Coeroeni-Lucie area. C - Coeroen i River; L - Lucie River ; 
BC - Boven-Corantijn River. 
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Fig. 6 
Geological map of the Coeroeni-Lucie area, same area as figure 5. After 
KROON EN BERG (1976)' BOSMA ET AL. ( 1983) and BERRANG E (1977) (southwestern 
part). 1- Biotite granites; 2 - Fine grained granites and leucogranites; 3 - Acid 
to intermediate meta volcanic rocks; 4- 5 - 6: Coeroeni Group; 4- Sillimanite­
muscovite-biotite gneisses mainly; 5- Quartzofefdspathic gneisses; 6-Garnet­
cordierite-sillimanite-biotite gneisses; 7 - De Goeje G abbro; 8 - Avanavero 
Dolerite; 9 - Kayser Dolerite. 
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Level III corresponds with th ·actual val I y floors. This broad 
coincidence between summit le ve ls a nd underlying lithology 
cannot be ignored in any explanation rega rding their origin , 
the more so as a very similar re lat ionship between granitic and 
acid metavolcanic morphology has been found in the rain­
forest covered Zuidrivier area (MAUER. 1969). 

3. Northeastern Suriname 

Although only limited fie ldwork has been done in the north­
east after the completion of O'HERNE's (1969a, b) photo geolog­
ical map, a reexamination of all rock samples and thin sections 
and their plotting on the map (BOSMA ET AL 1977 , 1983) reveals 
a good coincidence between lithology, the landscapes distin­
guished by O'HERNE. and the pattern of summit levels of figure 
1. Even at a cursory inspection of the LANDSAT image of the 

area, the structural control of the morphology is clearly seen 
(Fig. 9, 10) . Among the most prominent units to be noted are 
the bauxite plateaus and the rugged Brokolonko landscapes 
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Fig. 8 
cologicnl nwp of the Sipaliwini area, simplified after MAAS & vAN om 

u N01,N ( 1975). ' rosscs: granitoid rocks; dots: acid to intermediate 
m IHVO IC<11li . rocks . 

unde rl a in by Paramaka basic metavolcanics. The strongly 
dissected summit leve l a t I 00 m above sea level of the Tem­
pati landsca1 c is unde rl a in by Armina Formation metagrey­
wackes and phyllitcs, and the dark-toned subdued Sabanpasi 
landscapes with ccasio nal ridges of more resistant rocks are 
underla in by Rose bcl Formation coarse elastic rocks. The 
wide oval basins a t 50-60 m above sea level visible in the 
LANDSAT image coiTespond with diapiric intrusions of 
tonalite . The escarpment of th ese lowlands against the higher 
reliefs of the metamorphic rocks delicately follows the 
lithological contacts . Slightly higher-grade metamorphic 
amphibolites of the Paramaka Formation along the contacts 
with the tonalites southeast of the storage lake form several 
prominent ridges which stand out conspicuously in the mor­
phology. The large storage lake visible in the LANDSAT 
image also occupies such a tonalite basin; the dam has been 

constructed in the gap where the Suriname River breaches the 
step at the contact of the Paramaka metavolcanics with the 
tonalites. 



Fig. 9 
LANDSAT image of northeastern Suriname (band 7). M- Marowijne River; T - Tapanahony River; S­
Suriname River; B - Browns Mountain; N - Nassau Mountains; L - Lely Mountains. 
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Geological map of northeastern Suriname, after BOSMA ET AL (1983). 1 -
Pyroxene granites; 2- Biotite granites ; 3- Migmatitic gneisses; 4- Tonalites ; 5 
- Rosebel Formation; 6- Armina Formation; 7 - Paramaka Formation; 8- De 
Goeje Gabbro ; 9 - Apatoe Dolerite. 



4. Saramacca-Suriname area 

n behalf of the completion of the landform and soil map of 
the Surinam interior between the 4th and 5th parallel (MELITZ. 
in prep.), detailed geomorphological and soil studies of sev-

ral areas between the Saramacca and Suriname rivers were 
made by a joint team of the Soil Survey Institute at Para­
maribo and the Free University of Amsterdam (sooTSMAN & 
DERCKSEN. 1977; RHEBERGEN & BALSEM. 1979; KIPS& SNEL.1979; DE 
Pl ETES & VAN DER GAAUW. 1982) . The resu lts of the three first 
mapping campaigns have been compiled on a landfo rm and 
soil map scale 1:200000 (sALSEM ET AL. 1979). T hese autho rs 
distinguished mountains up to 700 m, bornhardts of 100-
300 m, planation surfaces at 100 , 50 and 30 and river terraces 
at 15 and 5 m above the river level. Their data show that there 
is a good correspondence between the landform units dist in­
guished in the higher levels, O'HERNE's (1969a, b) photogeolo­
gical landscape units, and the lithological units derived from 
the new geological map. The mountains correspond with 
Avanavero Dolerite dykes and Paramaka basic metavol­
canics . Within the 100 m level , landscapes in fine-grained 
biotite granites, Paramaka amphibolites and narrow dolerite 
dykes could be mapped separately . The 30 and 50 m levels 
cannot be easily related to lithological differences. These 
levels are underlain in the north by tonalites similar to those of 
northeastern Suriname, passing through a migmatitic zone 
into more homogeneous biotite granites in the south . No 
unanimity exists among the various authors (sooTSMAN & DER­
CKSEN. 1977; RHEBERGEN & BALSEM. 1979; KIPS & SN EL. 1979) about 
the validity of those levels as they distinguish respectively one, 
none and two levels between 15 and 50 m above the river 
level. Apparently the irregularity of summit altitudes makes a 
distinction of summit levels difficult in this area. 

The river terraces ate the only landform units that close ly 
follow the present drainage pattern in the Saramacca­
Suriname area. 

DEEP CHEMICAL WEATHERING 

The discussion of the key areas has shown that lithological 
control plays a much more important role in the occurrence of 
the summit levels and the steps in the lowlands than hitherto 
assumed . As most lithological boundaries in Suriname are 
steep to subvertical, the morphogenetic processes that led to 
their expression must have acted preponderantly in a vertical 
sense as well. The most powerful means of vertical differentia­
tion between rock types in tropical lowlands is deep chemical 
weathering. 

Saprolite depths are known for different rock types mainly 
as a result of diamond drilling for mineral exploration. A 
compilation of data until 1965 by O'HERNE (1966) shows that 
saprolite thicknesses in granitoid rocks rarely exceed 15-20 m. 
Seismic survey and diamond drilling along the Bakhuis rail­
road reveals an average depth of 10 m (BRGM. 1972; KROONEN-
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BERG. 1975). On deviating rock types such as cordierite dior­
ites and pyroxene granites greater depths up to 45 m have 
been reached (KROONENBERG. 1977). Gneisses show saprolite 
depths of 20-40 m, basic-ultrabasic De Goeje-type rocks 15-
35 m, metabasalts (greenstones) 10-35 m , phyllites, meta­
greywackes and quartz-sericite schists commonly reach 40-
70 m depth (m1 ERNE, 1966) . However, these data have to be 
considered with caution in geomorphological analysis, as 
often the position of the drill holes in the landscape has not 
been taken into acco unt , and many holes were drilled through 
laterite or bauxite caps. A qualitative confirmation of great 
weathering depths in Coeroeni-Group gneisses and 
Marowijne Group low-grade meta morphic rocks is the fact 
that even in vigorously dissected areas rock outcrops are much 
scarcer than in a reas und erl ai n by other rock types. A similar 
observation was made in the Coppename area by KROOK (pers. 
comm.). 

Extreme saprolite depths of over 200 m have been reached 
in the Muri Mountains alkaline complex, in the southwest of 
the country, on top of a presumed carbonatite body (B ARRO N. 
1981) . Nevertheless, the area is a prominent hilltop because of 
a protective laterite cover. 

The fact that ruwares, tors and domed inselbergs are essen­
tially restricted to areas underlain by granitoid rocks , suggests 
that the weathering front in these rocks is much more irregular 
than in other rock types, probably because joint spacing is a 
more important control in determining weathering depth than 
the weatherability of the rock itself. 

ORIGIN OF THE STEPS AND SUMMIT LEVELS 

The worldwide Late Cenozoic clima~ic changes led in the 
Amazonian area to an alternation of humid periods, during 
which tropical rainforest could prosper, and semi-arid periods 
in which savanna vegetation prevailed and rainforest was 
restricted to a number of refugia. This appears from paly­
nological ~vidence (wuMSTRA & VAN DER HAMMEN, 1966; VAN DER 
HAMMEN. 1974), phytogeographical and zoogeographical 
studies (HOOGMOED. 1979; PRANCE. 1978), and sedimentological 
and morphological data (e.g . BAKKER.1968, 1970; KROOK. 1970, 
1979). 

Assuming that indeed differential chemical weathering dur­
ing humid climatic conditions can give rise to subsurface steps 
in the weathering front at lithological boundaries, stripping of 
the saprolite covers under semi-arid climatic conditions would 
lead to the exposure of such steps . Minor irregularities in the 
weathering front may subsist as pockets of saprolite between 
exhumed outcrops. Major irregularities such as to be 
expected in terrains underlain by granites will give rise to 
irregular topography which is not easily accommodated 
within a single summit level. This may be the reason why 
summit levels seem much better expressed in metamorphic 
terrains such as the Coeroeni-Lucie area and northeastern 
Suriname, than in granitic terrains such as the Saramacca-
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Suriname area. 
At the return of the rainforest in a following humid period, 

renewed deep chemical weathering would lead to enlarge­
ment of the height differences at the steps. In such a way a 
repetition of humid and arid climatic conditions would give 
rise to the development of several summit levels which do not 
differ essentially in age but only in resistance of the underlying 
rocks to deep weathering. In this way downwearing by differ­
ential deep chemical weathering would be more important 
than parallel slope retreat (cf. Fig. 11). The model can be 
adequately described as alternate etching and stripping, and 
therefore the lowlands of the Surinam interior might be 
compared with an etchplain in the sense ohHOMAS (1974) and 
earlier authors . However, whether this hypothesis should be 
regarded as an alternative or merely as complementary to 
existing theories about planation processes in Suriname 
remains to be investigated . 

The mountains that protrude above the lowlands have been 
excluded from lowering by deep weathering and stripping in 
two ways (Fig. 11) . The laterite and bauxite caps of the Early 
Tertiary level of northern Suriname protect the underlying 
rocks against stripping since their formation in the Eocene­
Oligocene. Degradation of the high plateaus takes place by 

I I 

II I 

I V 

Fig. 11 
Schematic model of the development of summit levels by differential 
etching and stripping. 

dissection , undercutting and parallel slope retreat. The pedi­
ments that form at their foot essentially form the Late Tertiary 
I level, and often are lateritized or bauxitized themselves . 
Laterite caps developed at lower altitudes on a variety of basic 
rock types are equally excluded from further surface lower­
ing. In the second place, bare domed inselbergs are no longer 
attacked by deep chemical weathering, and are progressively 
exhumed during each cycle of etching and stripping in their 
surroundings. In this model , as outlined by THOMAS (1974) and 
others , both laterite plateaus and granitic inselbergs come to 
stand out above the etch plain . 

ACKNOWLEDGEMENTS 

This paper is dedicated to Prof. Dr. J . D. de Jong, who greatly 
stimulated tropical geomorphology during his professorship 
at the Wageningen Agricultural University. The critical 
review and helpful comments of Dr. L. Krook are gratefully 
acknowledged. Thanks are due to Mr. G. Buurman and 
Mr. P. G . M. Versteeg for drawing the figures . to Corrie 
Kroonenberg-de Dreu for designing Fig. 11 , to Mr. Z. van 
Druuten for reproducing the photographs, and to Ms. 
A . Bouter and Ms. G . Bruinsma for typing the manuscript . 

REFERENCES 

Aleva , G. J. J. 1979 Bauxitic and other duricrusts in Suriname : a 
review - Geo!. Mijnbouw 58: 32 1-336. 

-- 1983 On weathe ring and denudation of humid tropical inte rf­
luves and the ir triple planation surfaces. In : M. W. van den 
Berg & R. Felix (eds.) : Special issue in the honour of J. D . de 
Jong - Geo!. Mijnbo uw 62: 383-388 (this issue) . 

Bakker , J. P. 1968 Die Flussterrassen Surinams als Hinweise auf 
etwas trockene re Klimate wiihrend de r Quartiiren Eiszeiten -
Acta Geogr. Debrecina (Hungary) 7, 14: 9-17 . 

-- 1970 Differential tectonic movements and climatic changes in 
the mountain area of Surinam (G uyana) during the Quaternary 
period - Acta Geogr. L6dzi~nsia 24: 43-60. 

Balsem, T., C. S. Bootsman, P . M. Dercksen , P . A . Kips, G. J . 
Rhebergen & A. R. Snel 1979 Landforms, soils and use pos­
sibilities, middle Suriname and Saramacca rivers. Map 
I :200,000 - Dienst Bodemkart. Suriname . 

Barron, C. N : 1981 A short account o f the Muri Mountains alkaline 
complex, so utheast Guyana - Symposium Amaz6nico, Puerto 
Ayacucho, Venezuela , preprint. 

Berrange, J .P. 1975 T he geomorphology of southern Guyana with 
special reference to the development of planation surfaces -
A nais Decima Conf. Geo!. Inte rguianes, Be lem do Para, Brasil 
1: 804-824. 

-- 1977 The Geology of Southe rn G uyana, South America - Inst. 
Geo!. Sci . Overseas Mem. 4: 112 pp. 

Bootsman, C. S. & P . M. Dercksen 1977 Bodemgesteldheid en 
geomorfologie van he t samenvloeiingsgebied van de Sara­
maccarivieren - Dienst Bodemkart. Suriname, rapp . 163 : 90 pp . 

Bosma ,W., S. B.Kroonenberg, R . V .van Lissa,K. Maas&E. W. F. 
de Roever 1977 Explanatory note to the geological map of 
Suriname - Geo!. Mijnb. Dienst Sur. Med. 27 (in press) . 



Bosma, W., S. B. Kroonenberg , K. Maas & E. W. F. de Roever 1983 
Igneous and metamorphic complexes of the Guiana Shield in 
Suriname - Geo!. Mijnbouw 62: 241-254. 

BRGM 1972 Etude par sismique refraction et electrique d'un trace de 
voie ferree. West Surinam- Geo!. Mijnb. Dienst Sur., int. rep. 

Choubert, B. 1957 Essai sur la morphologie de la Guyane - Mem. 
Carte Geo!. Det. France, Dept. Guyane fran". Jmprimerie 
Natl.: 48 pp. 

De Boer, M. W. H. 1972 Landforms and soils in eastern Surinam 
(South America), Thesis Wageningen - Agric. Res. Rept. 771: 
169 pp. 

De Fretes, J. A. & P. G. van der Gaauw 1982 Bodemgesteldheid en 
geomorfologie van een gedeelte van de Coppename en Nickerie 
stroomgebieden. Rapport bij een bodemkaart l: 100,000 -
Dienst Bodemkart. Suriname/Vrije Univ. Amsterdam: 125 pp. 

De Vletter, D.R. in prep. The Geology of Suriname - Geo!. Mijnb. 
Dienst Sur. , Med. 27. 

Elsinga, R. J. 1966 Geologie en petrografie van het Coeroenigebied 
(West Suriname) Deel I Geologie - Geo!. Mijnb. Dienst Sur. 
int. rep.: 39 pp. 

-- 1972 Het gebruik van luchtfoto's in de geologie - Grondboor en 
Hamer 4: 118-123. 

Geological and Mining Service 1977 Geological map of Suriname 
1:500,000, in two sheets. 

Hoogmoed, M. S. 1979The Herpetofauna of the G uianan Region . In: 
W. E. Duellman (ed.): The South American herpetofauna: its 
origin, evolution and dispersal - Univ. Kansas. Mus. Nat. Hist. 
Monogr. 7: 241-279. 

King. L. C. 1953 Canons of landscape evolution - Geo!. Soc. Amer. 
Bull. 64: 721-752. 

-- 1964 Cyclic denudation in Surinam - Geo!. Mijnb . Dienst Sur. 
int. rep. 

Kips, P. A. & A. R. Snel 1979 Landschap , bodemgesteldheid en 
landgeschiktheid langs de midden-Suriname rivie r (Goejaba­
Botopassi) - Dienst Bodemkart. Sur. int. rep. no. 63. 

Krook, L. 1970 Climate and sedimentation in the Guianas during the 
last glacial and the Holocene - Proc. 8th Inter Guiana Geo!. 
Conf. Georgetown, Guyana XVIII: 1-16. 

-- 1979 Sediment petrographical studies in northern Suriname -
Thesis Amsterdam: 154 pp. 

Krook, L. & E. W. F. de Roever 1975 Some aspects of bauxite 
formation in the Bakhuis Mountains, western Suriname -Anais 
Decima Conf. Interguianes, Belem do Para, Brasil 1: 686-695. 

Kroonenberg, S. B. 1975 Possible quarry sites for the Bakhuis rail­
road - Geo!. Mijnb. Dienst Sur. Med. 23: 214-220. 

-- 1976 Amphibolite-facies and granulite-facies me tamorphism in 
the Coeroeni-Lucie a rea, southwestern Surinam - PhD Thesis , 
Amsterdam, Geo!. Mijnb. Dienst Sur. Med. 25: 109-289. 

-- 1977 Petrography of the copper-bearing rocks from Weko Soe la, 
Boven Tapanahony - Geo!. Mijnb. Dienst Sur. int . rep.: 7 pp. 

-- 1978 Precambrian palaeosols at the base of the Roraima Forma­
tion in Surinam - Geo!. Mijnbouw 57: 445-450. 

399 

Maas, K. 1977 Compilatie van laterietvoorkomens in Suriname t.b. v. 
de geologische kaart - Geo!. Mijnb. Dienst Sur. int. rep. 

Maas, K. & G. J. van der Lingen 1975 Geology of the Sipaliwini 
Savannah area , south Suriname - Geo!. Mijnb. Dienst Sur. 
Med. 23: 126-154. 

Maijer, C. 1969 Geological reconnaissance in the Zuidrivier area -
Geo!. Mijnb. Dienst Sur. Med. 20: 33-47. 

McConnell, R. B. 1966 The succession of erosion bevels in Guyana -
7th Inter Guiana Geo!. Conf. Paramaribo . Surinam, preprint: 
32 pp. 

Melitz, P. J. in prep. Landform and soil map 1:200,000 of Surinam 
between 4° and 5° N. 

O'Herne , L. 1966 A short introduction to the geology o f Surinam -
Geo!. Mijnb. Dienst Sur. int. rep.: 15 pp. 

-- l969a Presentation of the Photogeological map of Surinam, 
I : 1,000,000, Proc. 7th Guiana Geo!. Conf. Paramaribo 1966 -
Verh. Kon. Ned. Geo!. Mijnb. Gen. 27: 49-52. 

-- 1969b A photogeological study of the basal complex of Surinam 
- Geo!. Mijnb. Dienst Sur. Med. 20: 53-149. 

Prance. G. T. 1978 The origin and evolution of the Amazon flora -
Interciencia 3, 4: 207-222. 

Rhebergen, G. J. & T. Balsem 1977 Landschap en bodem langs de 
midden-Suriname en midden-Sa ramaccarivier (Jan Basie 
Gado-Pokigron) - Dienst Bodemkart . Sur. int. rep. nr. 64. 

Riezebos, H. Th . 1979 Geomorphology and soils of Sipal iwini 
Savanna, southern Suriname - Utrechtse Geogr. Studies 12, 
Thesis: 168 pp. 

Stahel, G. & D. C. Geijskes 1940 Drie verkenningsvluchten boven 
Suriname's binnenlanden met het KLM vliegtuig 'de Snip' -
Tijdschr. Kon . Ned . Aardr. Gen . 57: 441-456. 

T homas, M. F. 1974 Tropical geomorphology- Macmillan, London : 
332 pp. 

Van der Eijk, J. J. 1957 Reconnaissance soil survey in northe rn 
Surinam - Thesis, Wageningen. 

Van der Hammen , Th. 1974 The Pleistocene changes of vegetation 
and climate in tropical South America - J. Biogeogr. 1: 3-26. 

Verhofstad, J. 1969 Geological conclusions from an aeria l photograph 
analysis of the Wilhelmina Mountains, central Surinam - Geo!. 
Mijnb . D ienst Sur. Med. 20: 151-164. 

-- 1970 Geology of the Wilhelmina Mountains. with special re fer­
ence to the occurrence of Precambrian ash-flow tuffs - T hesis 
Amsterdam, Geo!. Mijnb. Dienst Sur. Med . 21: 9-97 ( 1971). 

Wijmstra, T. A. & T. van der Hammen 1966 Palynological data on the 
history of tropical savannas in Northern South America- Leidse 
Geo!. Med. 38: 71-90. 

Zonneve ld, J . I. S. 1969 Preliminary remarks on summit levels and the 
evolution of the relief in Surinam (S . America). Proc. 7th 
Guiana Geo!. Conf. Paramaribo 1966 - Verh . Kon. Ned. Geo!. 
Mijnb. Gen. 27: 53-60. 

-- 1972 Sulas and sula complexes - Gottinger G eogr. Abh. 1972: 
93-101. 

-- 1982 Summit levels in Surinam - ITC Journal 1982-3: 237-242. 




