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Introduction 

During the Fifties, the mechanism of weathering 
and of eluvial and fluvial mineral ( cassiterite) con­
centration was the central research topic for the 
geologists working on Belitung (formerly Billiton) 
Island, Indonesia. The 'Billiton Issue' of Geologie 
en Mijnbouw (Vol. 39, 1960) contained two rele­
vant papers, one written by Krol (1960) and the 
other by Van Overeem (1960). The related stone 
lines have been discussed by Aleva (1983, 1989). 

By chance I encountered an interesting, unpub­
lished contribution to this subject, while perusing 
an old file of routine monthly reports of the Ge­
ological Department of the G.M.B. (Billiton 
Mining Corporation), the mining company at that 
time working the cassiterite deposits. In that re­
port, dated 22-3-1956, Dr A.E. Escher described, 
without much comments, a Banka type drill hole -
and a control pit beside it- accompanied by quanti­
tative mineral analyses. 

Geological setting and sampling 

The section described is in the island of Belitung 
(Billiton), Indonesia, to the south of the river Ce­
rucuk (formerly spelled Tjurutjuk) , near the place 
were this river drains into the Gaspar Straits (South 
China Sea). The sampling spot is on a 2000 m wide, 
flat and low divide, with drainage to the West (the 

sea) and toward the East (a bend of the river Ceru­
cuk) . The local basement is of granitic nature, 
216 ± 2 Ma old (Priem et al. 1975) and forms an 
outlier of the large Tandjong Pandan granite mas­
sif. It is surrounded on three sites by the Triassic 
sedimentary formations that make up about three­
fifth of the island, and contain several other large 
and many smaller granite massifs. 

The local configuration of granitic and sedimen­
tary basement is such that the sampling spot repre­
sents an outlier of the large granite massif which 
has been deroofed relatively recently, i.e. during 
the present phase of erosion and denudation. 

The section, described by Escher (1956) , has 
been sampled by drilling, while control samples 
were taken from the wall of a pit dug beside the 
drillhole; both types of samples give comparable 
results. Samples A, Band C (see Fig. 1) represent 
the in situ weathered granite (saprolite, composed 
of clayey kaolinite and the more weathering resist­
ant minerals quartz, cassiterite, monazite and zir­
con); samples D, E, F and G are composed of 
relatively coarse sand with a considerable kaolinitic 
clay content, representing the weathered sedimen­
tary basement. Sample H represents the humic top 
soil. 

At the laboratory of the Geological Department, 
grain size analyses, through sieving, were made of 
each of the samples, and their heavy mineral con­
tents were determined: mainly cassiterite, mona­
zite and zircon. The opaque minerals , mainly ilme-
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Fig. 1. Section through the upper 5 .5 m of the weathering mantle 
over a granitic basement. The groundwater level- at the time of 
the sampling- was at l.2m below surface (bottom of sample G). 
The sand (stippeled) down to about this level was whitish, that 
immediately below it dark and iron-rich. The sand in the sam­
ples D and E was yellow in colour. 

The samples A, B and C represent the normal, kaolinitic, in 
situ weathering product of granitic basement rocks (marked by 
open crosses): an unconsolidated mixture of kaolinitic clay and 
coarse sand, and of a whitish colour. This material is locally 
called 'structured kong', as most of the structural and textural 
features of the parent granite are still completely discernible. 
The samples D and E represent a mixture of unconsolidated 
granitic weathering material without relict textures and struc­
tures - mainly angular quartz grains - and the rounded quartz 
grains of the weathered, sedimentary country rock with its 
accessory, rounded zircon grains. 

The three histograms illustrate the amounts of the heavy 
minerals cassiterite (CSR), monazite (MNZ) and zircon (ZRC) 
present, quantified as the heavy mineral content, in gram, ob­
tained from 10 cubic decimetre of sample. 

For discussion see text. 

nite, were not further investigated. The quantity of 
the three heavy minerals in the successive samples 
is given in Fig. 1 (as gram per 10 cubic decimetres). 

The mineral analyses provide the following facts: 
i) Cassiterite occurs in all samples, with consid­

erable enrichment in the samples D and E just 
above the granite-sedimentary country rock 
contact. In the uppermost samples F and G the 
cassiterite content is only a fraction of that 

found in the samples A, B and C, which are 
composed of granitic kong (the Chinese term 
for the generally completely weathered base­
ment, as found in the tin mines of Indonesia 
and Malaysia) . 

ii) Monazite occurs in the granitic weathering 
product (saprolite) and is enriched in the sam­
ples directly overlying the kong, but it is absent 
in the samples higher-up. The grain sizes of 
cassiterite and monazite do not change through­
out the profile. 

iii) Zircon is present in all samples, with a strong 
enrichment above the granite-sedimentary 
bedrock contact. Zircon in the granitic weath­
ering products (samples A, Band C) is angular 
and idiomorphic in shape (i.e. granite derived). 
In the higher samples the proportion of well 
rounded zircon grains increases rapidly; these 
are derived from the sedimentary country rock, 
which is known to contain abundant, well 
rounded zircon. 

iv) Quartz grains < 0 .480 mm in diameter are an­
gular in all samples; smaller grains in samples F 
and G are rounded. Lower down only grains 
< 0.157mm are rounded. 

v) The grain sizes of quartz in the upper layers are 
on the average of larger diameter than those 
lower down in the profile (see also Aleva 
1956b). 

vi) The grain size distribution of quartz in the low­
er samples is indicative of a granitic origin (Aleva 
1956a). 

Interpretation 

The Permo-Triassic sandstone of the country rock 
is known to contain much finely grained zircon in 
well rounded grains. Cassiterite may occur in the 
country rock as local mineralizations in thin gash 
veins; disseminated cassiterite in the sedimentary 
country rock is of unusual occurence. 

Intensive weathering under a humid, tropical 
climate produced a thick mantle of saprolite 
(quartz, heavy minerals and clayey kaolinite) and a 
surface horizon in which mainly quartz is accumu­
lated (probably largely through the physical pro-



cess of elutriation, whereby the clay-sized kaolinite 
was removed from the system (Aleva 1956b). 

This layer of physical accumulation (lag deposit) 
appears to be about three metres thick in this exam­
ple (Fig. 1); it is also marked by the accumulation of 
cassiterite and monazite, both of igneous origin, and 
of zirkon of both igneous and sedimentary origin. 

The relatively small thickness of the total accu­
mulation zone is presumably related to the topo­
graphic position of the sample site, being on the 
culmination of a low and flat divide, from which the 
weathering mantle continuously mass-moves 
down-slope, both to the West and to the East, (a 
process also known as tropical solifluction, shrink­
age or collapse) and whereby lines may be formed 
(Aleva 1983, 1989). Elsewhere in Belitung Island, I 
observed that in places where the divide slopes a 
little steeper, the culminations are marked by small 
outcrops of fresh rock or by groups of large granite 
boulders. 

The section clearly shows the heavy mineral con­
centration just above the saprolite (samples A, B 
and C, still containing the full structural and textu­
ral characteristics of the granite). The fine grains of 
the heavy minerals indicate that the accumulated 
minerals derived from disseminated accessory min­
erals in the granite. However, the processes at 
work are the same that might have produced a 
'kulit' or eluvial deposit, provided that the local 
granite basement had contained primary, coarsely 
grained tin mineralization of a disseminated or 
gash vein nature. Accumulation can be considered 
to be driven mainly by gravity. The influence of in 
particular termites can be disregarded, as these are 
all but absent in the local forests . 

The section of Fig. 1 shows another interesting 
feature: the variable rate in accumulation of the 
heavy minerals with increasing vertical distance 
from the granite contact. It seems to be related to 
the density difference between the minerals in 
question: cassiterite 7.0, monazite 5.1 and zircon 
4.6. The greater vertical extent of monazite enrich­
ment compared with that of cassiterite could be 
related to the higher density of the latter. 

The abundance of zircon must be related to the 
presence of zircon in both the granite (angular, 
idiomorphic grains) and the sedimentary country 
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rock (fully rounded grains) . It should not be sur­
prising that the specific density of the various min­
erals comes into play in the denudation process, as 
denudation is transport, or movement under the 
influence of gravity, which acts on the individual 
mineral grains. In the moving mass of mineral 
grains, the heaviest grains have the better chance to 
quickly reach a lower position. 

It must be concluded that the denudation is a 
process of mass movement, driven by gravity, of a 
layer of considerable thickness (several metres at 
least). Along the lower boundary of this layer the 
heavier mineral grains accumulate - in other places 
often visible as a stone line. Along the upper bounda­
ry of the layer the lightest and finest material is 
preferentially removed during and shortly after 
heavy rain storms, resulting in a sandy toplayer. 

Acknowledgements 

I thank Billiton International Metals B .V., Leid­
schendam, The Netherlands, for their permission 
to publish these data, retrieved from the files of the 
former Gemeenschappelijke Mijnbouwmaat­
schappij Billiton (GMB), of which the erstwhile 
N.V. Billiton Company was the operator. My for­
mer colleague Dr Escher, of Lausanne, Switzer­
land, graceously gave permission to use these data. 

References 

Aleva, G.J.J. 1956a The grain size distribution of quartz in 
granitic rocks of Billiton, Indonesia - Geo!. Mijnbouw 18: 
177- 187 

Aleva, G .J .J. 1956b Chemical and mechanical analysis of a 
tropically weathered granitic rock. In: R . Gheyselinck (ed) : 
Gedenkboek H .A. Brouwer - Verh. Kon. Ned. Geo!. Mijn­
bouwk. Gen. Geo!. Ser. XVI: 1-11 

Aleva, G.J .J. 1983 On weathering and denudation of humid 
tropical interfluves and their triple planation surfaces - Geo!. 
Mijnbouw 62: 383-388 

Aleva, G.J.J. 1989 Occurrence of stone-lines in tin-bearing 
areas in Belitung, Indonesia, and Rondonia, Brazil. In: J. 
Alexandre & J.-J. Symens (eds): Studiedag Brussel, 24-3-
1987, Geo-Eco-Trop. 11(19871-4): 197- 203 pub!. 1989 

Escher, A .E. 1956 Internal Report N.V. Billiton Maatschappij: 
3 pp 



38 

Krol, G .L. 1960 Theories on the genesis of the Kaksa - Geo!. 
Mijnbouw 39: 437-443 

Priem, H.N.A., N.A.l.M. Boelrijk, E .H . Bon, E.H. Hebeda, 
E.A.Th. Verdurmen & R.H. Verschure 1975 Isotope geo-

chronology in the Indonesian tin belt - Geo!. Mijnbouw 54: 
61- 70 

Van Overeem, A.J.A. 1960 The geology of the cassiterite plac­
ers of Billiton, Indonesia - Geo!. Mijnbouw 39: 444-457 


