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The Geology of the Hindu - Sematan - Tanjong Datu 

area of the 1st. D i v i s i o n of Sarawak. 

I n t r o d u c t i o n . 

This t h e s i s describes the geology of the 

western p a r t of the 1st. D i v i s i o n of Sarawak and.attempts 

t o give a c l a s s i f i c a t i o n of the rocks of the area. This 

work i s based on a ge o l o g i c a l reconnaissance c a r r i e d out 

from December 1949 t o June 1951 f o r the B r i t i s h Aluminium 

Co. L t d . , I n view of the d i f f e r e n c e s which e x i s t between 

g e o l o g i c a l wol?k i n a t r o p i c a l climate and t h a t of a tem

perate climate i t has been thought t h a t some of the 

d i f f i c u l t i e s attendant on t h i s work should be pointed 

out i n t h i s i n t r o d u c t i o n . 
The f i r s t r e a l l y serious drawback encountered 

i s the absence of good topographical maps f o r t h i s area. 
The s t a t e of the topographical survey i s suc^ t h a t only 
primary t r i a n g u l a t i o n p o i n t s have been established and 
a compass and chain survey of the r i v e r s and paths south 
of Sematanixist. For the large area north of Sematan 
which includes a f o r e s t reserve of more or less 100 
square mi l e s , only a rough coastal survey e x i s t s . The 
l o c a t i o n of the p r i n c i p a l peaks i n the high country 
forming the Sarawak - Indonesiah border i s known from 
the Dutch M i l i t a r y reconnaissance maps. The method of 
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work used i n these unmapped areas was to s t a r t from 
a known p o s i t i o n on the coast and to d r i v e measured 
traverses t o the weiart and p l o t the geology and topog 
graphy on them. Subsidiary traverses were driven north 
and south u n t i l the upper v a l l e y of the Samunsam r i v e r 
was reached. A compass survey of t h i s r i v e r was then 
made and i t was established as a base l i n e and traverses 
d r i v e n dast and west from i t . I n January, 1951, mosaics 
based on a i r photographs made by the Royal A i r Force i n 
June, 1950 were made a v a i l a b l e and s i m p l i f i e d operations 
considerably. 

The second major d i f f i c u l t y encountered was 
due t o the blanket of weathered products and al l u v i u m 
which obscures exposures and t o the presence of detached 
and transported boulders which are general over the 
country ranging from 100' to 1,100' above mean sea l e v e l . 
One has to be very c a r e f u l i n d i s t i n g u i s h i n g between a 
genuine outcrop and a large boulder embedded i n the 
weathered deposits. An extensive programme of p i t t i n g 
has aided the mapping f a i r l y considerably as the weathered 
rock gives many- clues as to the a c t u a l nature of the fr e s h 
bedrock. I t i s estimated t h a t i n the 450 square miles 
of country traversed, exposures occur a t an average of 
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one f o r every e i g h t square miles. This does not take 
the e x c e l l e n t c o a s t a l outcrops which are seen along the 
coast from Tanjong Datu t o Kuala Samunsam i n t o account. 

F i n a l l y , i n t h i s t h e s i s , a f a i r amount of space 
has been devoted to describing the physiography of the 
country, as many feat u r e s play an important p a r t i n 
u n r a v e l l i n g the Post - Pleistocen,e h i s t o r y of the area. 
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IV. 

Glossary of Malay and Dyak terms which appear 

i n t h i s t h e s i s and t h e i r abbreviations. 

Malay words are succeeded by (M); Dyak words by (D) 

Malay or Dyak. 

Bukit (M) 
Batang (D) 
Danau (D) 
Gunong (M) 
I l i r (B) 
Kuala (M) 
Kampong (M) 
Loba (M) 

Lubok (M) 
Loagan (M) 

Muara (D) 
Munggu (D) 
Nangah (D) 
Pulau (M) 
Pangkalan (D) 
Pangkalan (M) 
Rumah (M) 
Sungai (M) 
T^njong (M) 
Telok (M) 
Trusan (M) 

Abbreviation. 
Bt. 
Btg. 
D. 
G. 
I l i r 
K. 
Kg. 
L 
Lbk. 
Lg. 

M. 
Mgu. 
N. 
P. 
Pang. 
PSng 
R. 
S. 
Tg. 
Tk. 
Tr. 

English. 

H i l l 
Main r i v e r channel, 
Lake 
Mountain 
Downstream 
River mouth 
V i l l a g e . 
Creek j o i n i n g two 
r i v e r s . 

Deep pool i n r i v e r 
(a) Abandoned reach 

of r i v e r 
(b) Ox bow lake. 

River mouth. 
Low h i l l . 
River mouth. 
I s l a n d . Landing stage, ti ft 
Longhouse., 
River. 
Cape or headland. 
Bay 
Channel. 



PART I 

GEMiRAL. 

SECTION 1. 
Location of Area. 

The area under survey l i e s i n the Western 

p a r t of the 1st D i v i s i o n of Sarawak and i s bounded 

t o the east by the Batang Kayan as f a r as the con

fluence w i t h the Sungai Pasir. This l a t t e r r i v e r 

forms the southern boundary as f a r as the Indonesian 

f r o n t i e r which forms the western boundary as f a r as 

Tanjong Datu. The area l i e s wholly w i t h i n the Lundu 

a d m i n i s t r a t i v e d i s t r i c t . 

SECTION 2. 
H i s t o r y and review of previous work i n the area. 

P r i o r to 1925 no work had been done in. 
t h i s d i s t r i c t . I n 1925 a par t y of geologists and 
mining engineers under the d i r e c t i o n of Dr. F. H. 
K r o l and i n c l u d i n g Dr. H. Ehrat and 0. W. Memelink, 
a l l of the Netherlands East Indies Geological and 
Mining Department made a survey of the Western. 

Residency of Borneo and included p a r t s of the Kuching 
and Lundu d i s t r i c t s of Sarawak i n t h e i r survey. Their 

r e s u l t s were published i n 1939 by C. P. A. Zeylmans 
van Emmichoven (who took over the survey i n 1932) and 
R. W. van Bemmelen. van Bemmelen whose paper deals w i t h 

our 
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p a r t i c u l a r area states i n h i s i n t r o d u c t i o n t h a t he 
has never v i s i t e d Bormeo i n a p r o f e s s i o n a l c§ipacity 
and t h a t h i s paper i s based on the examination of 
2,500 specimens and t h a t h i s map was constructed by 
i n t e r p o l a t i n g boundaries between specimen l o c a l i t i e s . 
He states t h a t consequently h i s map i s of l i t t l e ^ralue. 
The specimen l o c a t i o n map accompanying h i s paper shows 
t h a t very few of the specimens described were c o l 
l e c t e d from Sarawak and these c h i e f l y from Tg. Datu 
and the c o a s t a l d i s t r i c t s of Lundu. van Bemmelen's 
map i s shown i n F i g . 1. 

During the l a t e war, Japanese geologists 
c a r r i e d out a survey a t Sematan and i n the Tanjong 
Serabanfe area, d i r e c t e d according to l o c a l information 
towards the l o c a t i o n of bauxite and haematite. As a 
r e s u l t of naval a c t i o n , the geologists and t h e i r r e s u l t s 
f a i l e d t o reach Japan and consequently nothing i s known 
of t h e i r work except t h a t both of t h e i r o bjectives 
were p a r t i a l l y successful. 

I n 1947 and 1948, H. C. Parker under the 
d i r e c t i o n of Dr. W. S. McCann made two r a p i d recon-
naissanees f o r the B r i t i s h Aluminium Co. L t d . , bet
ween Lundu and Sedemak and i n the Sematan area. 

I n 1949, Dr. F, W. Roe i n a coastal survey 
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discovered bauxite a t Sematan (Ref. 3) as a r e s u l t 

of which the author of t h i s t h e s i s was d e t a i l e d by 
the B r i t i s h Aluminium Co. Ltd., t o carry out a survey 
i n the area. The r e s u l t s of t h i s survey are d e a l t w i t h 
a t length i n t h i s t h e s i s and were summarized and published 
by A. W. A l l e n i n the Annual Report of the Geological 
Survey Dept. Sarawak f o r 1950. 

I n view of the non-discovery of any f o s s i l 

•evidence as to age, reference must be made t o N. Wing 

Easton's survey of the sambas or so-called Chinese 

d i s t r i c t s of Western Borneo and C. P. A. Zeylmans van E 

Emmichoven's work i n the eastern p a r t of West Borneo, 

both of which help to pro¥ide basis f o r the dating of the 

rocks i n our area. 

References to the area are made by R. W. van 

Bemmelen i n 'The Geology of Indonesia' and by Professor 

K . B. H. Umbgrove i n 'The S t r u c t u r a l H i s t o r y of the East 

I n d i e s ' . 

PART I I 
PHYSICAL and HUMAN GEOiSRAPHy 

SECTION 1. 

Topography. 

Three mountainous areas e x i s t . The country 

i n the n o r t h consists of the mountainous peninsula of 
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Tanjong Datu (culminating i n Gunong Melanau, 1,900 f t . 
above mean sea l e v e l ) , to the East of the high 'massif 
between Lundu and Sematan (G. P e r i g i , 2,950 f t . ) and 
to the ViTest the area i s bounded by the high Pueh range 
(G. Kanyi 5,150 f t . ) which has over 11 peaks higher 
than 4,200 f t . 

A range of high h i l l s connects the Pueh 

range w i t h the Tg. Datu range but i s pierced by an 

ancient marine channel t o the n o r t h of G. Chermai. 

This range w i l l be known as the Gunong Puting range. 

I n the Sebako valley, three i s o l a t e d h i l l s 

are conspicuous. They are G. Angus, G. Tamin Menari 

and G.- Tamin Tungku. 

Between the middle roaches of the S. Samumsam 

and the sea, a low series of h i l l s nowhere higher than 

350 f t . above mean sea l e v e l occur. These w i l l be 

known as the Bedaun H i l l s . 

Between G. Puting and the S. Samunssun a.̂  

few i s o l a t e d h i l l s r i s i n g to about 100 f t . above 

mean sea l e v e l are found. 

To the west of Sematan low h i l l y country 

covers f of a square m i l e . This i s known as Munggu 

Belian. 
To the south of the Pueh range a low pass 

to be known as the Sadjingan gap separates t h i s range 
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from another range of high h i l l s known as the Aruk 
;e. 

The remainder of the country i s low l y i n g 
and g e n e r a l l y swampy except i n the v i c i n i t y of h i l l s 
where i t i s ext e n s i v e l y c u l t i v a t e d . 

The p r i n c i p a l r i v e r s are (a) to the east, 
the Batang Kayan which r i s e s on the Matang Range and 
flows out t o sea no r t h of Lundu. I t s p r i n c i p a l t r i 
b u t a r i e s are the Sungai Pasir ( w i t h i t s attendant 
t r i b u t a r y the S. Jangkar) and the S. Sembayang. 
(b) i n the area between Lundu and Sematan, the Sebako 
and Serayan r i v e r s , which, coalesce j u s t n orth of G. 
Angus to f l o w out t o sea a t Sematan. 

The p r i n c i p a l t r i b u t a r i e s of the S. Serayan 
from n o r t h t o south are the S. Salarat and the Sepali. 

Those of the S. Sebako from north to south 
q,re the S. Sebat, S. Tembaga, S. Teput and S. Sematan. 

To the n o r t h of the Pueh Range the S. Samunsam 
i s the p r i n c i p a l stream. U n t i l r e c e n t l y i t s source 
v;as unknown but has r e c e n t l y been established as being 
the northern slopes of G. Pueh. 

Numerous small r i v e r s , e.g., the S. Siruh 
Besar, S. Pueh, S. Blinsah and S. Bedaun f l o w d i r e c t l y 
i n t o the sea between Sematan and Kuala Samunsam but 
these are not important. 
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SECTION 2. 
Vegetation. 

Old or primary jungle i s predominant on the 
high mountains and h i l l y country and i s general i n the 
country between Pueh and Tanjong Datu. Moss f o r e s t 
occurs on the higher peaks of the Pueh Range. Where 
c u l t i v a t i o n does not take place i n the low l y i n g country 
between Pueh and Lundu, scrub jungle or swamp jungle 
depending on the nature of the ground i s the general 
r u l e . 

Along the sandy raised beaches f r i n g i n g the 
coast between Siar and Pueh, l i g h t open jerami f o r e s t 
c o n s i s t i n g of stunted trees and w e l l developed casuarina 
grovew are general where the country i s not swampy. 

SECTION 3. 
Climate and R a i n f a l l . 

The climate i s monsoonal, the dry season 

oc c u r r i n g between March and November, the north-eastern 

monsoon s t r i k i n g the coast during the remaining months 

i s responsible f o r a r a i n f a l l of between 260 to 300 

inches. During the dry season the temperature averages 

85°F. and 78°F. during the wet season. 
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SECTION 4. 
Buman Geography. 

The area i s sparsely inh a b i t e d , the bulk of 
the p o pulation being Land Dyaks. Three t r i b e s of these 
people l i v e i n the d i s t r i c t , each speaking i t s own 
language and having i t s own customs. Along the slopes 
of the f o o t - h i l l s of the Pueh Range and the western 
f o o t - h i l l s of the Lundu mountains, Selakau Dyaks farm 
the h i l l y country. Their p r i n c i p a l v i l l a g e s or long-
houses are Pueh, Sebako, Serayan, S e b i r i s , Rukam, Jangkar 
and Biawak. Larah Dyaks occupy the country f l a n k i n g 
the Aruk Ramge and Kandai, whereas Jagoi Dyaks i n h a b i t 
the middle reaches of the Batang Kayan. The p r i n c i p a l 
v i l l a g e s of the former are Kandai, Sungai Pasir and 
Bedaun; of the l a t t e r Selampit, Rasau, and Stungkor. 

Sea Dyaks are found along the lower reaches 
of Batang Kayan. They.form p a r t of the large and wide
spread t r i b e of Sebuyau Dyaks; the other great branch 
of the Sea Dyaks i . e . , Iban Dyaks are represented by a 
long-house a t Sampadi. 

Malays i n h a b i t the coast at Melanau, Serabang 
Sematan and between Tg. Pandan and Lundu where they c u l 
t i v a t e coconuts and rubber. They are ex c e l l e n t f i s h e r 
men i n a d d i t i o n . They l i v e i n l a n d a t S§bat. 

Chinese t r a d e r s are concentrated at L^ndu 
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and Sematan, where they form r i c h and powerful com
mun i t i e s , 

Chinese farmers are found i n the Selarat-
Serayan - Tembaga area where t h e i r p r i n c i p a l crops 
are rubber, pepper, r i c e and vegetables. 

The d i s t r i c t i s administered from Landu by 
a B r i t i s h D i s t r i c t O f f i c e r , who works w i t h the advice 
of two n a t i v e o f f i c e r s . 

Dyak and Malay headmen are responsible to the 
D i s t r i c t O f f i c e r f o r t h e i r v i l l a g e s and the Chinese 
appoint two o f f i c i a l s known as Capitan China, who reside 
a t Lundu and Sematan and who are responsible to the 
D i s t r i c t O f f i c e r f o r Chinese a f f a i r s . 

PART I I I 
PSTSIOGRAPHY 

SECTION 1. 
General. 

The area under i n v e s t i g a t i o n i s a pa r t of 

the o l d Sunda (Soenda) continent, a large p a r t of 

which now l i e s submerged beneath the South China and 

Java Seas. This d i s t r i c t and the Schwaner mountains 

of West gorneo form the most deeply eroded p a r t of 

t h i s o l d continent. 

^an Bemmelen c l a s s i f i e s 
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the Soenda continent into f i v e zones and places the 
Sematan area together with i t s northern continuation 
int o the. Natuna islands i n zone Q( or the Natuna zone. 

Zone^ or the Anambas zone consists of the 
Anambas islands and the Schwaner mountains of Borneo. 
Zone J" or the Karimata zone i s shown as consisting of 
the east coast of Malaya, the Earimata islands and the 
southern part of West Borneo, although the east coast 
of Malaya has f a r more a f f i n i t y to zone S or the Tin 
Belt than to the southern part of Borneo. Zone f the 
Karimundjawa zone comprises parts of Sumatra and Java. 

I n our area three clearly defined and one 
i l l defined mountain systems occur. They are^in order 
of age, 

(4) A pre-Permian and Carboniferous system 
which i s represented by regionally metamorphosed rocks 
which are so deeply weathered and altered by l a t e r oro
genies that, no clear picture as to trends and structure 
can be obtained. 

(3) A post-Permian, probably early Triassic 
system trending N-S and reflected i n the G. Aruk mount
ains, the Pueh and Lundu ranges (these l a t t e r have been 
subseq.uentiy intruded by Cretaceous granites), the 
Gunong Puting mountains and the northern part of the 
Bedaun h i l l s . 
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(£) A l a t e Jurassic-early Cretaceous system 
trending M-SE and forming the Tanjong Datu mountains. 

(1) A Tertiary system characterized by 
severe f a u l t i n g and gentle folding forming the Bedaun 
h i l l s , the southern part of the G. Puting h i l l s and the 
h i l l s to the east of Lundu i n iihe Sampadi area. The 
structures referable to these movements trend KE-SW. 

These four systems are shown i n Fig.£ 
The low-lying country consists of a p l a i n 

covered by recent marine sediments. In the immediate 
v i c i n i t y of r i v e r s these marine deposits are overlain 
by f l u v i a t i l e sediment! I t w i l l be shown subsequently . 
that the whole area lay below s^a^ water to a height of 1. 
1,100 f t . above present sea l e v e l , the higher peaks standing 
out as islands. 

The p r i n c i p a l features of the coast l i n e are 
those of a recently emerged coast l i n e , the evidence 
f o r which w i l l be detailed i n a l a t e r section. 

Severe erosion of the coast l i n e i s occurring 
toathe immediate west of Kuala Sematan. 

I t i s proposed to discuss the physiography i n 
greater d e t a i l as i t presents features which have a con
siderable bearing on interpreting the sequence of events 
during Late Tertiary and Q,uarternary times. 
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SECTION S. 
Coast Lihe. 

The coast can be divided into four sections. 
(a) A rocky coast l i n e with prominent headlands and 

bays fringed by raised beaches backed by c l i f f s 
stretching from Tanjong Datu to Tg. Limoh. 

(b) A wide bay fringed by wide beaches and three raised 
beaches stretching from Tg. Limoh to Tg. Batu. 
Seawards, off-shore bars are common. 

(c) A coast characterized by four small bays separated 
by rocky headlands stretching from Tg. Batu to Tg. 
Pelandok. The small bays are fringed by raised 
beaches, the headlands being formed by igneous 
and metamorphic rocks. 

(d) A long f l a t coast l i n e stretching from Tg. Pelandok 
to the mouth of the Batang Kayan. 

They w i l l be described i n that order:-
(a) Coast l i n e from Tg. Datu to Tg. Limoh. 

This coast i n contrast to that south of 
Tg. Limoh, consists of hard c r y s t a l l i n e rocks of igneous 
or metamorphic o r i g i n with the result that coastal ero
sion i s not so marked as i n areas further south. 

From Tg. Datu to the northern end of Telok 
Labuhan the coast i s made up of granite c l i g f s which 
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are covered by vegetation and where small bays and 
i n l e t s are developed, these c l i f f s are fringed to 
the seaward side by raised beaches which are covered 
by massive blocks and boulders dislodged from the 
c l i f f s . 

Telok Labuhan i s a w e l l developed bay 
fringed 200 yards inland by quartzite and slate 
c l i f f s , the narrow 'coastal ' p l a i n containing two 
raised beaches. 

Tg. Labuhan which forms the southern l i m i t 
of the bay i s of interest as i t has a sea cave devel
oped 2 f t . above maximum high water l e v e l . This head
land shows a characteristic feature which i s developed 
i n a l l the p r i n c i p a l capes from here to Tg. Pelandok. 
The headland consists of a rounded h i l l joined to the 
mainland by a low valley f i l l e d by marine alluvium and 
«flanked to the^a^^^y the steep slopes of Gunong Melanau. 
The d i s t r i b u t i o n of Recent sediments shovi^that not long 
ago the seaward part of the headland was an island and 
has only recently been Joined to the mainland as a 
re s u l t of Recent u p l i f t of the land surface. This i s 
seen to an even better degree at Tg. Serabang and Tg. 
Limoh and the process can be seen i n operation at the 
l a t t e r headland where a small island ,P. Kerengga, i s 
attached to the mainland at low tides and becomes an 
island at high t i d e . 
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Telok Jinsiang, which l i e s to the south of 
Tg. Labuhan shows a siinilar pattern of raised beaches 
flanked by c l i f f s as exhibited by Telok Labuhan. A 
small headland Tg. Jinsiang i n the centre of the bay 
i s formed by the outcrop of a large quartz vein. 

From Tg. Stimeh to Tg. Melanau the coast 
consists of c l i f f s with well developed wave swept 
platforms and storm beaches. 

Between Tg. Melanau and Tg. Serabang a 
change i n the geology i s noted; Triassic conglomerates 
passing southwards into Permian and Carboniferous actin-
o l i t e quartzites. This junction i s obscurred by recent 
sands and a bay i s formed here with two raised beaches 
flanking i t . 

Tanjong Serabang shows similar features to 
Tg. Labuhan i n as much that i t consists of an island 
which has recently been joined to the mainland. 

I t i s of f u r t h e r interest i n that to the west 
of the old marine channel a raised beach occurs 250 f t . 
above sea l e v e l flanking G. Serabang to the east. The 
eastern face of the mountain actually forms an old c l i f f 
face with screes banked up against i t . A diagram of t h i s 
headland showing these features i s shown. At felok Sera
bang just to the north of Tanjong Nyawang a remarkable 
d i s t r i b u t i o n of recent sediments i s found i n the shallow 



.V i'hotograph showing; ancient marine channel to the west of 
Tanjon^ Limoh, A s i m i l a r fhature i s i n process o ' formation to 
the east of the headland. 
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bay. This w i l l be discussed i n the section on present 
day sediments. 

From Tanjong Nyawang to Kuala Samunsam the 
pr i n c i p a l features are similar to those developed between 
Tg. Labuhan and Tg. Pinang. 

These are the development of c l i f f s along 
bays or i n l e t s fringed by raised beaches. The head
lands ase fringed by pronounced wave swept platforms. 
At Tanjong Badak a sea cave with a blow hole occurs 
15 f t . above high water mark. 

Just north of Kuala Samunsam a large f a u l t 
i s responsible f o r the abrupt termination of the c l i f f s 
and i t i s t h i s l i n e of fracture which has caused the 
Eiver Samunsam to flow out to sea at t h i s point. 

Tanjong Limoh shows similar features to Tg. 
Serabang except that the 250 f t . raised beach i s not 
present here and the presence of three former islands 
can be proved. The marine channel i s w e l l i n evidence. 
I n addition a small island just o f f the coast i s i n the 
process of being added to the mainland. During low 
tides i t i s connected by a s t r i p of sand to the main
land and at high water resumes i t s existence as am 
island. Old inhabitants of Eg. Serabang say that 
about 40 years ago a deep channel existed between the 



i'hotngrai-h showing Tan;jong Limoh and Pnlau Kerengga at 
low t i d e : a t low t i d e attachwd to the mainland and an island 
at high t i d e . 
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island and the mainland and that i t occupied a consider
ably smaller area than at present. 

About lia l f a mile out to sea from Kuala 
Sungai China an island with a pronounced raised beach 
at 75 f t . above sea l e v e l on i t s western side i s con
nected to the mainland by a shallow stretch of sand 
which i s however covered by water at both low and high 
tides. 

There i s therefore on t h i s coast ample evi
dence to show that the land has recently risen i n re
l a t i o n to sea l e v e l . The evidence i n support of t h i s 
i s summarized below:-
(1) The occurrence of raised beaches f r i n g i n g c l i f f s 

along bays and i n l e t s . 
(2) The presence of ancient islands which have since 

been joined to the mainland. Stages of t h i s joining 
can be seen as follows:-

( i ) Pulau Datu at the mouth of the S. China, 
which i s s t i l l separate from the mainland, 

( i i ) Pulau Kerengga o f f Tg. Limah, which i s 
an island at high tides and a. peninsula 
at low tides, 

( i i i ) Tg. Labuhan, Tg. Serabang and Tg. Limoh 
which were islands and are now part of the 
mainland. I n a l l cases the headland i s 
separated from the mainland by a valley 
f i l l e d with marine sediments. 
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(3) The presence of sea caves at Tg. Labuhan and 
Tg. Badak, the former just above high water l e v e l , 
the l a t t e r 15 f t . above the same le v e l . 

(4) The presence of a raised beach 250 f t . above sea 
l e v e l on the eastern flanks of G. Serabang and at 
75 f t . on P. Datu and Tg. S. China. This i s part 
of the evidence f o r flooding, on a much larger scale, 
of the area and can be recognised i n other areas. 
I t w i l l be discussed i n connection with wider phenom
ena of t h i s nature i n a subsequent section, 

(b) Coast l i n e from Tg. Limoh to Tg. Batu. 

The second main section of coast l i n e stretches 
from Tg. Limoh to Tg. Batu and i s approximately 16 miles 
long. One rocky headland interrupts a sequence of long 
wide beaches through which numerous small rivers flow 
out to sea." At Sematan the beach i s interrupted by 
the half-mile wide mouth of the Sematan r i v e r . 

Evidence f o r recent emergence of the shore 
l i n e can be seen i n the presence of three b e a u t i f u l l y 
preserved raised beaches separated from each other by 
marshes and running p a r a l l e l to the shore. Off-shore 
bars are extensively developed along t h i s coast. 

Between Sungai Kelong and Kuala Sematan 
extensive erosion of the coast i s going on. I n 1947 



Photograph showing damage caused to the shore to the west 
of i^uala Sematan by severe marine erosion. 
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and 1950 the Royal Air Force photographed t h i s area 
f o r topographical purposes and Major E. W. Lawrence, 
then Superintendent of Lands and Surveys f o r the 1st 
Division, estimated that 60 f t . of the coast had been 
washed away. A triangulation peg (N 61) put i n i n 1932 
by I\ilr D. L. Leach, Director of Lands and Surveys, now 

l i e s about 200 f t . out to sea. Some photographs are 
included to show the extent of the erosion. 

The mouth of the Sematan r i v e r i s a drowned 
valley as are two streams which o r i g i n a l l y developed along 
the depression between two raised beaches to the east 
of Kuala Sematan, and whose mouths have been deflected 
to the south by deposition and s i l t i n g which i s taking 
place on the eastern banks of the Sematan r i v e r . 

The cause of the erosion on. the west bank 
i s a subsidiary current which swings i n a S.E. direction 
from S. Eelong and erodes the coast on the west bsmk. 
The current i s checked by a f a i r l y fast flow from the 
Sematan r i v e r with the consequence that deposition of 
the material eroded from the west bank occurs on the 
eastern bank forcing the main channel of the Sematan 
r i v e r to the west and deviating the mouth of the Pugoh 
r i v e r to the south. These features are shown i n the ad
join i n g sketch. 
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Between Kuala Sematan and Tg. Batu, off-shore 
bars are developed to a considerable extent. 

(c) Coast l i n e from Tg. Batu to Tanjong Pelandok. 

Tanjong Batu i s a headland b u i l t out of 
quartzite and exhibiting exactly the same features as 
Tg. Limoh, i.e . , the headland has recently been attached 
to the mainland as a res u l t of u p l i f t , the headland proper 
being separated from the mainland by a valley f i l l e d with 
marine alluvium. 

The coast i s essentially the same i n d e t a i l 
as the coast from Tg. Limoh to Tg. Batu consisting of 
bays fringed by three raised beaches. Outcrops of 
igneous rock and quartzite are responsible f o r forming 
headlands at Tg. Pandan (granite intinided into gabbro), 
Tg. Hashlm (quattzite) and Tg. Pelandok (gabbro). 

(d) Coast from Tg. Pelandok to the mouth of the Batang 
gayan. 

From Tg. Pelandok to the mouth of the Batang 
Kayan the coast i s f l a t with sandy beaches f r i n g i n g f l u -
v i a t i l e muds and i s i n fac t part of the delta formed by 
the Batang Kayan. 
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SECTION 3. 
A l l u v i a l Plains. 

Three a l l u v i a l plains occur. To the east 
the large and extensive flood p l a i n of the Batang Kayan-
Sungar Pasir system; i n the centre of the flood p l a i n 
of the Sebako-Serayan system which merges to the north
west with a coastal p l a i n ; and to the north of Pueh C. 
the flood p l a i n of the Samunsam r i v e r . 

The main point of interest about these plains 
i s that they are covered by marine sediments covered by 
a veneer of r i v e r sediments i n the immediate v i c i n i t y of 
the main r i v e r s and these l a t t e r are generally r e s t r i c t e d 
by a f a i r l y narrow margin on either side of the valleys 
with the exception of the Batang Eayan where the f l u v i a l 
deposits are more extensive. 

Half a mile to the west of Sematan an old 
weathered pre-Tertiary land surface outcrops through 
the marine sands. 

SECTION 4. 
River Valleys and Drainage. 

(a) When'this r i v e r enters our d i s t r i c t i t flows 
along a geological boundary separating Tertiary sand
stone to the east and Mesozoic and la t e Palaeozoic 
rocks to the west. I t has formed an extensive flood 
p l a i n and flows almost at base Iwvel, meandering widely. 
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I t i s i n the process of forming an extensive delta 
and although the r i v e r i s deep and wide, i t i s useless 
f o r navigation purposes as an extensive series of bars 
has developed across i t s p r i n c i p a l mouth. I t s largeBrb 
t r i b u t a r y , the Sungai Pasir shows similar old-age 
features developed on a smaller scale, 
(b) Valleys of the Sebako and Serayan Rivers. 

These two rive r s r i s e on Gunong Kanyi and 
Gumomg Lundu respectively and i n the upper part of 
t h e i r courses are separated from each other by a low 
ridge with twoculminations at G. Tamin Menari and G. 
Angus. These r i v e r s and t h e i r p r i n c i p a l t r i b u t a r i e s 
have exceedingly f a s t headwaters, the Debako r i v e r 
forming a 200 f t . w a t e r f a l l , and they together with 
t h e i r t r i b u t a r i e s i n t h e i r upper reaches have carved 
themselves narrow gorges f i l l e d with huge boulders, 
with precipitous sides i n the mountains. These gorges 
make the f o o t h i l l s of the mountains almost inaccesible 
i n places. On entering the low-lying country the velocity 
of the streams i s checked and extensive a l l u v i a l fans 
occur, some being 80 f t . high. These low h i l l s form a 
detached feature a l l along the Pueh range from Sebako 
to PueĴ c 

The Sebako r i v e r i s deviated to the east near 
Sebat by a pre-^uarternary low ridge between Siruh and 
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Sematan, and joins the Serayan r i v e r just N. of C. Angus 
and flows int o the sea at Sematan. 
(c) The Samunsam Galley. 

This r i v e r drains the country to the north of 
the Pueh range, cuts across the st r i k e of the sandstone 
h i l l s flanking the mountains to the north ahd i n t h i s 
part of i t s course, the valley has cut through to basal 
quartzite and schist which underlie the sandstones. I t 
also forms a series of a l l u v i a l fans on entering low-lying 
country. The r i v e r then flows between Upper Palaeozoic 
rocks (Permian and Carboniferous) to the west and soft 
Tertiary g r i t , sandstones and conglomerates to the east 
through a wide flood p l a i n across which i t meanders 
extensively flowing i n a north-westerly direction. About 

f ^ ^ ^ " ^ / t h r e e miles to the north of/ounong Chermai the r i v e r i s 
14M<A^I deflected to the east by Mesozoic slates and quartzite 

and flows out to sea along a valley based on a large 
f a u l t which throws older hard a c t i n o l i t e quartzites 
i n the south against younger Mesozoic metamorphosed 
sediments i n the north. 

SECTION 5. 
High Country. 

The p r i n c i p a l features of interest i n the 
high ground l i e s i n the preservation of erosional 
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f e a t u r e s due to marine a c t i o n . 

Before d e s c r i b i n g these f e a t u r e s i t should 

be pointed out t h a t the topographical survey of the 

area i s s t i l l very incomplete, that no accurate maps 

of the area e z i s t and that consequently the heights 

given below are estimated. 

These e r o s i o n a l f e a t u r e s are seen a t the 

following l o c a l i t i e s . 

1,000 f t . above mean sea l e v e l . 

G. Gebong and G. Sebuloh. 

Marine etched boulders and patches of marine 

a l l u v i u m o v e r l y i n g a deeply weathered surface. 

Gunong Pueh. A marine b ^ c h . 

Gunong Puting. A marine bench f r i n g e d to the west 

by a peneplaned s u r f a c e . 

Gunong Melanau. A marine beach. 

Gunong Panggi. A marine beach. 

800 f t . above sea l e v e l . 

Gunong Melanau. A marine beach accompanied by an old 

wave eroded beach covered by wave etched boulders over

l y i n g sand which i n tur n o v e r l i e s a weathered surface. 

700 f t . above mean sea l e v e l . 

Gunong Melanau. A wave eroded platform with boulders 

ahd patches of sand f r i n g e d by a c l i f f f a c e banked up 

by considerable s c r e e s . 
Gunong Panggi. As f o r Gunong Melanau. The c l i f f i s 



i-'hotogiBph showing e r o s i o n f e a t u r e s 
on Gunong ^e^anau. The r c - k s i n the fnre; 
Carboniferous a c t i n o l i t e q u a r t i s i t e s . 

due to marine a c t i o n 
;round are i'errnian and 
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on a smaller s c a l e . 

Gunong Puting. A marine beach. 

Gunong Gebong and Gunong Sebuloh. 

B e a u t i f u l l y preserved o ld beaches with pockets 

of corted sand on the upper slopes of tnese beaches 

f r i n g e d by high and w e l l preserved bare c l i f f f a ces 

against which s c r e e s of wave etched boulders are 

banked up. These c l i f f s are p a r t i c u l a r l y w e l l devel

oped on the northern face of Gunong Gebong. The c l i f f 

tops are o v e r l a i n by a deeply weathered surface i n which 

over 16 f t . of bauxite has been found. 

350 to 250 f t . above mean sea l e v e l . 

G. Melanau, G. Panggi, G. Sungei China. 

C l i f f s f r i n g e d with wave eroded beaches on t h e i r eastern 

f l a n k s . 

G. Serabang. 

A high r a i s e d beach covered with transported boulders 

and pebbles of bauxite, a c t i n o l i t e q.uartzite and s l a t e , 

f r i n g e d to the west by a magnificent c l i f f f ace banked 

up by sc r e e s . 

Gunong Pueh, Gunong Sebat and Mgu Semabeng. 

C l i f f s with banked up screes and boulder and sand strewn 

beaches. 

Gunong Gebong and Gunong Sebuloh. 

Low c l i f f s , s c r e e s and boulder strewn beaches. 



/ 

i'hotograj-h showing some of the p r i n c i p l e f e a t u r e s due to 
marine e r o s i o n i n the tanjong Datu a r e a . 
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Gunong Angus. 

A 70 f t . c l i f f developed on the southern f a c e , fringed 

by a gently sloping beach to the south. The c l i f f i s 

preserved on the other f a c e s of the h i l l but the beaches 

are rudimentary and suggest t h a t deep water flanked t h i s 

h i l l when the c l i f f s were i n the process of formation. 

Gunong Tamin Menari. 

C l i f f f a c e s f r i n g e d by rudimentary beaches at a s i m i l a r 

height to those of G. Angus. 

At Pulau Datu and along the southern Tg. Datu 

h i l l s a beach i s developed a t about 75 f t . above mean 

sea l e v e l . This i s represented by numerous old sand 

dunes f l a n k i n g the western slopes of G. Gebong and 

G. Tamin Tungku and i n west Paloh i n Indonesia van 

Bemmelen re p o r t s s i m i l a r r a i s e d b^acsheseight miles 

inla n d from the sea. 

Associated with these l e v e l s of erosion old 

r e s i d u a l peneplaned or p a r t i a l l y peneplaned land sur

f a c e s can be recognised. They occur at three l e v e l s 

and are g e n e r a l l y a few f e e t higher than the corresponding 

marine erosion l e v e l s . The highest i s at about 1,050 f t . 

to 1,100 f t . above mean sea l e v e l and i s seen on Gunong 

Puting, Gunong Panggi (where the pineplanation i§ incom

p l e t e ) and i n the Sampadi h i l l s to the east of the Batang 

Kayan. 
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On the f l a t surface of G. Panggi low h i l l 
ocks B i s i n g about 20 f t . above the general l e v e l are 
separated by wide alluvium f i l l e d v a l l e y s i n which 
beds of pebbles are found which are foreign to the 
are a . These rounded and water worn pebbles of b i o t i t e 
q u a r t z i t e and hornblende g r a n i t e can be matched i n the 
Gunong Puting and Gunong Batoe areas. (G. Panggi con
s i s t s of s l a t e s ) . On Gunong Puting the weathered zone 
i s deep whereas on Gunong Panggi i t i s shallow. 

The next peneplaned surface i s seen on the 

top of Gunong Serabang whcih according to the Admiralty 

chart i s 750 f t . above sea l e v e l . I t i s a l e v e l weathered 

s u r f a c e . I t i s a l s o found outside our area on Bt. Mero-

yong and Bt. Snibong both of which occur to the south 

e a s t of Lundu. The lowest l e v e l occurs at various l e v e l s 

ranging from 350 f t . on G. ..ijamin Menari to 250 f t . on 

P. Talang Talang. 

The f l a t surface on G. Angus a t 329 f t . above 

mean sea l e v e l i s not part of the peneplaned surface as 

i t c o n s i s t s of a wave swept rock platform. 

I t has been pointed out that on G. Gebong, 

three maoriiienerosion l e v e l s are found. Thisn mountain 

contains a l a r g e deposit of bauxite whose tenor can be 

d i r e c t l y r e l a t e d to these l e v e l s and therefore provides 

s t r i k i n g confirmation of the r i s e of the old land sur

f a c e . These are found to be as fo l l o w s : -



-26-

E r o s i o n l e v e l . Thickness of $ AlgO^ $ SiOg 
bauxite 

Above 700 f t . 16' -eevi 1.06 
l e v e l 

Below 700 f t . and 9' 54 4.8 
above 300 f t . 

Below 300 f t . 6' 49 7.21 

Since t h i s ore has been derived from gabbro 

these f i g u r e s can give an approximate estimate of the 

age of the l e v e l s . The gabbro contains approximately 

15^ A1_,0„ and 54^ s i l i c a . The s i l i c a content i n stag-

nant water ( a n a l y s i s c a r r i e d out at the Company's l a b 

o r a t o r y i n Singapore) i n p i t s on t h i s s i t e was 2.8 p a r t s 

per m i l l i o n . To produce 16 f t . of ore averaging 63^ •^2*^3 

r e q u i r e s that - 65 f t . of gabbro should have been decom

posed. 54:fo of t h i s i s s i l i c a and to be removed at a 

concentration of 2.8 p a r t s per m i l l i o n would re q u i r e 

- 12.5 X 10^ f e e t of water and at an average r a i n f a l l 

of 150 inches a year, t h i s would require 1,000,000 

which according to P r o f e s s o r Arthur Holmes corresponds 

to the beginning of the P l e i s t o c e n e which i s when the 

old Sunda continent sank beneath the waves according 

to van Bemmelen (Ee.''". "To, '?) 

S i m i l a r arguments gi^re ages of 460,000 and 
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260,000 yea r s f o r the middle and lower erosion l e v e l s 
r e s p e c t i v e l y . I t i s assumed that the formation of 
bauxite commenced as the sea r e t r e a t e d from the area 
and t h a t a uniform r a i n f a l l has occurred throughout 
t h i s time. The v a l u e s given f o r the AlgO^ and SiOg 
contents f o r bauxite a s s o c i a t e d with the three l e v e l s 
are average f o r a l a r g e number of analyses from p i t s 
sunk on 200 f t . squares over the whole s i t e . 

F u r t h e r evidence of r e l a t i v e u p l i f t of the 

la n d s u r f a c e i s seen i n the very deeply i n c i s e d v a l l e y s 

of the headwaters of the r i v e r s r i s i n g on the Pueh and 

Lundu mountains with t h e i r p r e c i p i t o u s s i d e s and boulder 

f i l l e d courses which have been r e f e r r e d to i n the s e c t i o n 

on r i v e r s . 

T h is does not complete the evidence r e l a t i n g to 

recen t l a n d and sea movements as the d i s t r i b u t i o n of 

marine sediments has to be taken i n t o consideration. 

The i n t e r p r e t a t i o n of these r e s u l t s therefore w i l l 

be l e f t over u n t i l the unconsolidated sediments have 

been described. 

PART I V 

GEOLOGY. 

SECTION 1. 

Loc a t i o n of Exposures. 
Unconsolidated deposits of marine and f l u v 4 a t i i e 
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o r i g i n cover a l l the low country with few exceptions 
to a height of about 50 f t . above mean sea l e v e l . 

Unmetamorphosed sedimentary rocks c h i e f l y 

g r i t s , sandstones-,: conglomerates and b r e c c i a s occur 

i n the area north of Pueh and south of Tg. Limoh to t 

the Samunsam r i v e r and acr o s s the Indonesian f r o n t i e r 

between G. Pueh and G. Puting. B r e c c i a s a l s o form an 

o u t l i e r between Tg. Batu and G. Sebong. 

Sandstones and g r i t s form the mountains to 

the east of the Sampadi r i v e r . 

Mudstones f l a n k i n g gabbro are found i n the 

v i c i n i t y of G. Angus, G. Tamin Menari and G. Tamin 

Tungku where they have been found i n p i t s . 

S l a t e s and q u a r t z i t e s of f l y s c h f a c i e s with 

c o a l i n t h e i r upper horizons occur i n the Tg. Datu 

peninsulaf rom Telok Labuhan, G. Melanau, E. Temaj'ok 

i n the north to K. Samunsam and G. Chermai i n the 

south. These rocks are a f f e c t e d by the Tg. Datu 

g r a n i t e , only s l i g h t l y i n the G. Chermai area and 

i n c r e a s i n g i n i n t e n s i t y to the north. 

Massive a c t i n o l i t e q u a r t z i t e s occur a t Tg. 

Serabang, Tg. Sungai China, Tg. Limoh and i n a few 

low h i l l s j u s t wouth of K. Samunsam and west of Tg. 

Limoh. 
B i o t i t e and a c t i n o l i t e q u a r t z i t e s occur 
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i n the G. Puting, G. Jernang, G. Chermai area and 

b i o t i t e q u a r t z i t e s occur along the eastern f o o t - h i l l s 

of the Pueh range as f a r south as Sebako. They a l s o 

occur i n the western f o o t - h i l l s of the Lundu mountains 

between S e l a r a t and T i t i - a k a r , i n the v a l l e y between 

G. S e l a r a t and G. Gebong and a t Tg. Batu and Tg. Hashim. 

C r y s t a l l i n e s c h i s t s are found i n the Biawak, 
i 

G. Nibong, G.Kallau area and i n Ulu Samunsam. They are 

i n f e r r e d a t Sematan and i n low h i l l s to the east of G. 

Puting. 

They a l s o occur although a l t e r e d subsequently 

to h o r n f e l s e s to the south of Kuala Temajok on the Indo

ne s i a n s i d e of Tg. Datu. 

Old hornblende and pyroxene g r a n i t e s are ex

posed a t Tg. Pelandok, Tg. Pandan, G. Batoe ( i n Indo

n e s i a ) and near Bt. Gebong. 

Basic igneous rocks and amphibolites occur 

e x t e n s i v e l y a t Tg. Pelandok, Tg. Pandan, Ulu Blungi 

K e c h i l , G. Angus, G. Tamin Menari and G. Tamin Tungku. 

Younger b i o t i t e grantfdiorites and g r a n i t e s 

together with a p l i t i c v a r i e t i e s form the Pueh mountains, 

the Lundu mountains and the northern part of the Tanjong 

Datu mountains. They a l s o form a small stock i n Ulu 

Samunsam. 
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SECTION 2. 

Order of superposition. 

The s u c c e s s i o n of sedimentary rocks and 

a l t e r e d rocks i s as follows i n descending order. 

6. C r y s t a l l i n e s c h i s t s 

unconformity. 

5. B i o t i t e and a c t i n o l i t e q u a r t z i t e s with t h i n 

i n t e r c a l a t e d indurated s h a l e s . 

unconformity. 

4. Conglomerates, s l a t e s , q u a r t z i t e s and c o a l 

measures 

unconformity. 

3. Sandstones, b r e c c i a s , g r i t s and mudstones. 

unconformity. 

2. Recent marine unconsolidated sediments. 

1. F l u v i a t i l e alluvium. 

The r e l a t i o n s of the i n t r u s i o n s to each other i s 

c l e a r from the f i e l d evidence. There are two s e r i e s of 

g r a n i t e s and an old b a s i c s e r i e s of gabbros and d i o r i t e s . 

The gabbros and d i o r i t e s are intruded into the 

b i o t i t e q u a r t z i t e s and are of the same age as the horn

blende and pyroxene g r a n i t e s of Tg, Pandan, Tg. Pelandok, 

Bt. Gebong and G. Batu. They may be s l i g h t l y younger. 

These hornblende g r a n i t e s are a f f e c t e d by the 

Tg. Datu, Pueh and Lundu g r a n i t e s and granod i o r i t e s and 

a r e consequently older than the l a t t e r . 
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The complete order of superposition as 
seen i n the f i e l d i s as f o l l o w s : -

7. C r y s t a l l i n e s c h i s t s . 

unconformity. 

6. B i o t i t e and a c t i n o l i t e q u a r t z i t e s . 

5. I n t r u s i o n of gabbro, d i o r i t e and hornblende 

and pyroxene g r a n i t e s . 

4. Conglomerates, s l a t e s , q u a r t z i t e s , and c o a l 

measures. 

3. I n t r u s i o n of b i o t i t e g r a n i t e s and gra n o d i o r i t e s . 

2. B r e c c i a s , g r i t s , conglomerates, sandstones, 

muAstones and s h a l e s . 

unconformity. 

1. Quarternary marine and f l u v i a t i l e alluvium. 

I n s p i t e of extremely c a r e f u l search no f o s s i l s 

have been found i n t h i s area a t a l l except i n Recent s e d i 

ments and the ages given f o r these rocks i n subsequent 

chapters are based on l i t h o l o g i c a l comparisons with areas 

i n C e n t r a l and West Borneo described by C. P. A. Zeylmans 

van Emmichovena and Wing Easton r e s p e c t i v e l y . 

The rocks w i l l be described i n the following 

order:- C r y s t a l l i n e s c h i s t s . -

Biotmte and a c t i n o l i t e q u a r t z i t e s . 

Conglomerates, s l a t e s , q u a r t z i t e s , c o a l measures. 

Unmetamorphosed sedimentary rocks. 

Unconsolidated sediments. 
Igneous rocks. 
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SECTION-3. 

D e s c r i p t i o n of Rocks. 

(a) I n t r o d u c t i o n , and metamorphism. 

Before dealing with the p e t r o l o g i c a l and 

s t r a t l g r a p h i c a l d e s c r i p t i o n of the£rocks' i n t h i s area, 

an account of the va r i o u s metamorphic phases and t h e i r 

r e l a t i o n s to each other w i l l be de(§cribed. 

I n t h i s area i t has been p o s s i b l e to recognise 

f o u r separate metamorphic phases. 

They a r e : -

a. A r e g i o n a l metamorphism a f f e c t i n g rocks i n 

the Biawak, Ulu Bentarang, Ulu Samunsam, G. Puting, 

Tanjong Datu, and Sematan areas. 

b. An older dynamic metamprphism whose r e s u l t a n t 

s t r u c t u r e s trend along N-S axes and which was accompanied 

by i n t r u s i o n of gabbro, d i o r i t e and pyroxene and horn

blendes g r a n i t e thus introducing a thermal element into 

the metamorphism. 

c. Ayounger dynamic metamorphism whose r e s u l t a n t 

s t r u c t u r e s trend g e n e r a l l y N. 530w - S. 53°E. and p a r t 

i c u l a r l y w e l l seen a t Tanjong Datu. 

d. A thermal metamorphism due to the i n t r u s i o n 

ofi the Pueh, Lundu and Tanjong Datu g r a n i t e s . 

T h e i r r e l a t i o n s h i p to each other i s c l e a r l y 

seen i n the f i e l d and i n t h i n s e c t i o n s of the rocks and 
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these are summarized below:-

The r e g i o n a l metamorphosed r o c k s / i s / c h a r a c t e r i z e d 

by a c l e a r l y defined s c h i s t o s i t y . I n the Mawak area 

the gradual a l t e r a t i o n of s c h i s t to h o r n f e l s can be 

tra c e d towards the Pueh i n t r u s i o n as i t can be to the 

S. of Kuala Temajok near the Tg. Datu g r a n i t e , van Bem-

melen i n h i s paper describes the a l t e r a t i o n of a c t i n o l i t e 

i n t o pyroxene i n a c t i n o l i t e s c h i s t as a r e s u l t of the 

a c t i o n of the g r a n i t e . 

Specimen No. 35 (Geol. Survey No.S.687) from 

G. Nibong i s a b i o t i t e muscovite s c h i s t i n which the 

muscovite f l a k e s are elongated i n p a r a l l e l bands whereas 

the b i o t i t e occurs as la r g e porphyroblasts and i s ob

v i o u s l y of l a t e r o r i g i n than the muscovite. The b i o t i t e . 

i s younger than the muscovite and i s due to the thermal 

metamorphism caused by the Pueh i n t r u s i o n . 

The r e g i o n a l metamorphism i s therefore older 

than the thermal metamorphism due to the Pueh granodiorite. 

The b i o t i t e q u a r t z i t e i n t o which the Pueh granite 

i s intruded o v e r l i e s the s c h i s t s and shows not the s l i g h t e s t 

t r a c e of r e g i o n a l metamorphism. Thin indurated shale 

bands interbedded with the q u a r t z i t e show that the l a t t e r 

i s folded along N-S axes. This f o l d i n g can be recognised 

i n Tanjong Limoh and Tanjong Serabang i n a c t i n o l i t e 

q u a r t z i t e s where a f a l s e or. second cleavage trending 

approximately N.53°W - S.530E. i s superimposed on t h i s 
f o l d i n g . 
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The two dynamic metamorphisms are therefore 
younger than the r e g i o n a l metamorphism and the N-S 
dynamic metamorphism i s older than the N.53°W - S.53°E. 
one. This l a s t metamorphism i s found to a f f e c t the 
fo l l o w i n g igneous i n t r u s i o n s ; Gabbro and d i o r i t e at 
Gunong Angus and Tamin Menani and hornblende g r a n i t e 
at G. Batoe. I t does not a f f e c t the Tanjong Datu, Pueh 
or liUndu g r a n i t e s . At G. Tamin Menari, sheared gabbro 
i s a l t e r e d i n t o an amphibole p l a g i o c l a s e rock with grad
u a l d e s t r u c t i o n of a l l c a t a c l a s t i c textures due to t h i s 
metamorphism as the granodiorite i s approached. The 
s l a t e s a t Tanjong Datu have suffered r e c i y s t a l l i z a t i o n 
and d e s t r u c t i o n of c a t a c l a s t i c textures as the g r a n i t e 
i s approached. 

The Tanjong Datu g r a n i t e and the Pueh grano

d i o r i t e , (and i n view of p e t r o l o g i c a l s i m i l a r i t y the 

Lundu gra n o d i o r i t e as w e l l ) are l a t e r than the younger 

dynamic metamorphism. 

The Gunong Batoe g r a n i t e i s severely a f f e c t e d 

by t h i s metamorphism and hence must be older. I t i s 

i n t i T i d e d i n t o b a s i c rocks of igneous composition and 

b i o t i t e and a c t i n o l i t e q u a r t z i t e s and hence must be 

younger than the q u a r t z i t e s . 

The extremely hap-hazard d i s t r i b u t i o n of 

gabbro, d i o r i t e , pyroxene and hornblende g r a n i t e s i n 
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the i n t r u s i o n s a t Tg. Pelandok, Tg. Pandan and G. Angus 
suggest that these rocks were intruded during a-''̂ P«riod: of 
co^rogenicr sit'Pes^Harker 1932 p. 330). 

Therefore the metamorphic phases can be 

c l a s s i f i e d as fo l l o w s i n decreasing order of age. 

(4) Regional metamorphism. 

(5) A dynamic-cum-thermal metamorphism. 

(2) Dynamic metamorphism. 

(1) Thermal metamorphism 

Nos. 4, 3 and 2 a f f e c t rocks i n the Schwaner 

ijiountains, Kembajang mountains and the Mengkiang area 

of W. Borneo where Zeylmans van Emmichoven has shown 

that (4) i s pre-Permian and Carboniferous, (3) i s post-

Permian and pre-Upper T r i a s s i c and (2) i s post Upper 

T r i a s s i c . He bases these age determinations on f o s s i l 

c o l l e c t i o n s . From f i e l d r e l a t i o n s i t can be shown that 

(1) i s p r e - T e r t i a ^ y and post Upper T r i a s s i c . 

(b) R egionally metamorphosed rocks. 

C r y s t a l l i n e s c h i s t s . 

Location. 

These rocks are exposed i n the Biawak-Sungai 

P a s i r - G. K a l i a u - Bt. Nibong area where they have been 

deeply weathered; i n Ulu Samunsam; i n Ulu Benterang; 

i n Indonesia, and i n the South of the S. Temajok on the 

west coast of Tg. Datu. Re s i d u a l s c h i s t o s i t y i n l a t e r i t e s 
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and bauxites t o the east of G. Puting and t o the west 
of Sesnatan a t Munggu Bellan, suggests t h a t schists 

form the bed rock i n both these areas. 

D e s c r i p t i o n . 
(a) Biawak area. 

From Sungai Pasir to Biawak and across the 
Indonesian f r o n t i e r to Soengai Radja and north of Biawak 
to B t i Nibong a series of schists occur which are severely-
a f f e c t e d by weathering and i t i s hard to f i n d specimens 
i n a f r e s h enough s t a t e of preservation to enable an 
accurate p i c t u r e to be dr^wn. I n general c h l o r i t e -
quartz s c h i s t s occur to the east of Biawak, quartz-mica 
s c h i s t s to the west of Biawak and i n the f r o n t i e r area 
hornblende s c h i s t s and stesurolite mica schists are known. 
As these rocks are traced towards the Pueh range consider
able a l t e r a t i o n has taken place and h o r n f e l s have been 
formed. B i o t i t e - c o r d i e r i t e - q u a r t z h o r n f e l s and andalusite 
b i o t i t e h o r n f e l s have been noted. 

I n the f o l l o w i n g section, the r e s u l t s of a 
microscopic examination of these rocks are set out and 
d e s c r i p t i o n s of specimens from the Geological Museum 
C o l l e c t i o n at Bandoeng from the Indonesian side of the 
f r o n t i e r are quoted from van Bemmelen's paper {Ref.2). 
A f u l l set of specimenscollected by the author of t h i s 
t h e s i s has been presented to the Geological Survey i n 
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Kucliing and the specimen numbers are p r e f i x e d by the 

l e t t e r S. The specimens from Bandoeng are p r e f i x e d 

by the l e t t e r P. Numbers without a p r e f i x r e f e r f o 

s l i d e s i n the author's c p l l e c t i o n . 

D e t a i l s . 

No. L o c a l i t y and rock 
35 (S 687) Bt. Nibong, 800 f t . 

N.E. of Kg. Pasir. 

Description. 
Hand specimen i s a greyish 
schistose rock w i t h plates 
of mica. The t h i n section 
shows the rock to consist 

Muscovite b i o t i t e s c h i s t o f f i n e angular c r y s t a l l i n e 
showing a l t e r a t i o n due quartz w i t h elongated laths, 
to l a t e r contact meta- of muscovite and porphyro-
morphism. b l a s t s of b i o t i t e , I r o n 

oxides occur as accessory. 

36 (S 688) 200 yds west of 
Biawak i n a t r i b u t a r y 
of the S. Biawak. 

37 (S 689) Gunong Kaliau 
Muscovite quartz 

gneiss. 

59 (s 711) E miles east of 
Biawak. 

Gr a p h i t i c quartz 
s c h i s t . 

Hand specimen i s a greyish 
green medium t o f i n e 
grained schistose rock 
w i t h v i s i b l e bands of quar| 
quartz. Under the micro
scope the rock shows laths| 
of hornblende, r e c r y s t a l -
l i z e d quartz; plagioclase] 
graiitS aiiu irou oxides. 

Fine grained reddish schis
tose rock w i t h v i s i b l e mica 
Thin section shows grains 
of muscovite concentrated 
i n t o bands a l t e r n a t i n g w i t h 
bands of quartz. Red brown 
l i m o n i t e i s d i s t r i b u t e d 
throughout. 

Hand specimen i s a marked
l y schistose f i n e grained 
rock. Thin sections shows 
rock to be composed of 
quartz grains w i t h f i n e l y 
disseminated g r a p h i t i c 
m a t e r i a l . 
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No. L o c a l i t y and Rock. 

S8 (S 710) Bt. Pantak K e c h i l 
to the east of Sg. 
Biawak. 

C h l o r i t e quartz 
s c h i s t . 

20 P Gunong Kaliau 

5, 6, 7 P S. Aping near 
S. Radja 

Description. 

Hand specimen i s a dark 
blue f i n e grained schistose 
rock w i t h f l a k e s of a 
micaceous mineral. Thin 
section shows the rock to 
consist dominantly of a 
dark grey micaceous mineral 
of very low bir e f r i n g e n c e 
i d e n t i f i e d as penninite 
and f i n e grains of quartz. 
A quartz c h l o r i t e vein 
crosses the section and 
the c h l o r i t e shows i n c i p 
i e n t weathering t o l i m o n i t e 
van Bemmelen describes t h i s 
specimen as a s t a u r o l i t e 
muscovite b i o t i t e quartz 
s c h i s t . B i o t i t e porphyro-
bl a s t s are extensively 
weathered to l i m o n i t e 
g i v i n g the rock a brown 
colour. 
van Bemmelen describes 
these specimens as act i n o -
l i t e s c h i sts i n which the 
a c t i n o l i t e shows stages i n 
the a l t e r a t i o n t o pyroxene 
as a r e s u l t of metsmorphiSDi| 
by the Pueh g r a n l o d i o r i t e 

I n a d d i t i o n to the above specimens, dark muscovite 
b i o t i t e quartz s c h i s t has been i d e n t i f i e d from three small 
h i l l s N. of S.Pasir (Specimens 150, 151 and 15E); purple • 
m u s c o v i t e - b i o t i t e - f e l s p a r s c h i s t (160) from a small stream 
to the south of Biawak; plagioclase muscovite quartz schist 
900 f t . north of Bt. Nibong near Biawak; greenish black 
hornblende quartz s c h i s t from G. ^ a l i a j i and weathered quartz 
s c h i s t c ontaining k a o l i n from which the presence of f e l s p a r 
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i s deduced from the same l o c a l i t y . 
From the f l a n k s of G. Nibong a b i o t i t e c o r d i e r i t e 

the 
quartz h o r n f e l s (166) appears to be^thermally metamorphosed 
equivalent of these s c h i s t s . 
Degree of metamorphism. 

From the few specimens found the d i r e c t i o n of 
incre a s i n g metamorphism i s undoubtedly from east to west, 
c h l o r i t e quartz s c h i s t s occurring i n the Sungai Pasir 
area, mica quartz s c h i s t s between S. Pasir and Biawak 
and the higher grades represented on G. Kaliau by staur-
o l i t e - a n d hornblende mica f e l s p a r s c h i s t s . 

I t would appear t h a t these rocks p r i o r to 
metamorphism were s i l i c e o u s shales mudstones and sand
stones i n c o r p o r a t i n g a f a i r q u a n t i t y of ar g i l l a c e o u s 
matter.and occasionally calcareous and magnesian compounds. 

(b) Ulu Samunsam and Ulu Bentarang. 
I n the headwaters of the Sungai Benterang i n 

Indonesia muscovite quartz s c h i s t , m u s c o v i t e - b i o t i t e -

quartz s c h i s t and a c t i n o l i t e s c h i s t have been found. 

S i m i l a r rocks have been discovered i n Vlu Samunsam 

where the r i v e r has cut through the o v e r l y i n g sandstones 

and q u a r t z i t e s i n t o the basement s c h i s t s . 

(c) Tanjong Datu. 

To the south of Kua^a Temajok b i o t i t e - c o r d i e r i t e 

h o r n f e l s i s found which when traced to the south shows 
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a poorly defined s c h i s t o s i t y as the grade of thermal 
metamorphism decreases. This would suggest t h a t the 
h o r n f e l s i s derived from s c h i s t . 

(d) Sematan ahd small h i l l s t o the east of G. 
Puting. 

At Sematan s c h i s t i s i n f e r r e d to be the bed
rock underlying the bauxite deposit at Mgu Belian, the 
reason f o r t h i s assumption being t h a t 45 f t . and more 
below the surface a marked s c h i s t o s i t y becomes apparent 
i n the boulders of semi-consolidated k a o l i n i t i c bauxite. 
The presence of k a o l i n i n q u a n t i t y suggests a f e l s p a t h i c 
or muscovite s c h i s t . 

I n the small h i l l s l y i n g to the e|dtt of G. 
Puting, a s i m i l a r s c h i s t o s i t y i n l a t e r i t e s although 
a t only 8 f t . depth, suggests t h a t schists form the bed
rock here. 

Regional d i s t r i b u t i o n of these sc h i s t s i n Borneo. 
These c r y s t a l l i n e s c h i s t s are found generally 

throughout Borneo where they form the basement rocks of 
the i s l a n d . 

Age of the c r y s t a l l i n e s c h i s t s . 
No d i r e c t evidence as to the age of these rocks 

has been found i n the Sematan area. 
I n the Kembajang and Middle Mengkiang area of 

Central Borneo, Zeylmans van Brnmichoven- has shown t h a t 
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they are pre-Permain and Carboniferous. 
He bases t h i s on the discovery of Fusulina 

and other Permain and Carbonferous f o s s i l s found by 

Krekeler i n 1932 and 1933 (Ref. 9 and 10) determined 

by Zeylmans van Emmichoven and v e r i f i e d by Tan Sin Hok 

i n limestones and marbles i n t e r c a l a t e d w i t h cherts, 

q u a r t z i t e s and shales which o v e r l i e the s c h i s t s . 

I n eastern Borneo i n the Telen area M. G. Rutten 

discovered Devonian f o s s i l s i n s i m i l a r s c h i s t s . 

They were C l a t h r o d i c t i o n c f . spatiosum Boehnke and H a l i o -

l i t e s porosus Goldfuss. These are LowereDevonian i n age. 

I t would appear then t h a t the schists were de

p o s i t e d during e a r l y Devonian times and the r e g i o n a l meta

morphism i s probably Devonian or early Carboniferous i n 

age. 

(c) Q u a r t z i t e s . 

These rocks are more widely d i s t r i b u t e d i n our 

area. They are found f l a n k i n g the Lundu 'massif to the 

North, West, and South, f l a n k i n g the Pueh range to the 

East and form the Gunong Puting range from, but excluding, 

G. Tampe t o G. Chermai. They also outcrop at Tg. Limoh 

and i n h i l l ^ 1 m i l e t o the west thereof and are exposed 
•I 

a t Tg. S. China and Tg. Serabang. 
They are i n general f i n e to medium grained 

massive roc 
i . i l C J C I J . J-JMI. g j \ ^ i J . w J . J . 

)cks w i t h i n t e r c a l a t e d t h i n indurated shales. 
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the presence of the l a t t e r enabling the s t r u c t u r e t o be 

determined i n places. The presence of a c t i n o l i t e i n 

any q u a n t i t y gives the rocks a darkish green colour. 

M i c r o s c o p i c a l l y these rocks consist of medium 

t o f i n e grained r e c r y s t a l l i z e d quartz w i t h b i o t i t e or 

a c t i n o l i t e . Schistose conglomerates form the base of 

the series i n Ulu Samunsam where an exposure of t h i s 

conglomerate occurs followedrup-stream by outcrops of mica 

s c h i s t . This occurrence i s i f miles up-stream from the 

f o r d of the Pueh-Sambas t r a c k over the S. Samunsam. 

I n outcrops which are not too close to the 

Pueh Lundu and Tg. Datu i n t r u s i o n s , a f a l s e cleavage 

i s superimposed on the f o l d i n g which these rocks have 

undergone, the former forming an angle of f50° w i t h the 

l a t t e r . 
These rocks are extensively pierced by quartz 

veins, g e n e r a l l y c a r r y i n g haematite i n the northern 
exposures and i n the Selarat-Seddmak-Tg. Batu- Tg.Hashim 
areas, f l u o r s p a y , p y r i t e s , arsenopyrites and s t i b n i t e . 
i D e t a i l s of exposures. 
(1) Northern Area, North of Kuala Samunsam. 

No. Loca'lity and Roak. Description. 

13 (S.665) Small cape 400 yds. A hard sheared and inten-
N. of Tg. Serabang. sely slicken-sided f i n e 

grained green rock w i t h 
an angular f r a c t u r e . 

A c t i n o l i t e q u a r t z i t e . 
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No. L o c a l i t y and Rock. Description. 

18 (3.665) 
A c t i n o l i t e q u a r t z i t e . 

14 (S.666) Southern end of Telok 
Melanau 

A c t i n o l i t e q u a r t z i t e . 

Thin section shows rock 
to be e s s e n t i a l l y com
posed of a c t i n o l i t e i n l a t h i 
needles and grains i n a 
f i n e grained ground mass 
of brecciated quartz which 
has p a r t l y r e c r y s t a l l i z e d . 
C a l c i t e and p y r i t e s are 
accessory. Section shows 
poorly developed banding 
due to g r a i n size and 
wisps of a f i n e vrownish 
m a t e r i a l p o s s i b l y l i m o n i t e . 

Hand specimen as above. 
Section shows brecciated 
fragments of quartz which 
has undergone p a r t i a l r e -
c r y s t a l l i z q t i o n i n a 
ground mass of very f i n e 
acicu^ar a c t i n o l i t e w i t h 
a l i t t l e c h l o r i t e . I r o n 
oxides occur as accessories 

15 (S.667) 
Near S. Malanau 
A c t i n o l i t e q u a r t z i t e . 

16 (S.668) 
50 yds. nor t h of 
specimen 15. 
A c t i n o l i t e q u a r t z i t e . 

Hand specimen as above ex
cept t h a t greenish colour 
i s not so pronounced. Thin 
section shows brecciated 
p a r t l y r e c r y s t a l l i ^ e d 
quartz grains i n a ground 
mass of l a t h s and needles 
of a c t i n o l i t e . I r o n oxidei^ 
and c a l c i t e are accessory, 

Desc r i p t i o n as f o r S.667, 
except t h a t the pro p o r t i o n 
of quartz i s greater than 
t h a t of a c t i n o l i t e . 

Slides Nos. 17 & 18 (S.669 & 670) show exactly s i m i l a r com

p o s i t i o n . 
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ii.Gunong Puting range and Ulu Samunsam. 

Exposures on these mountains are few and f a r 
between. The weathered rock has been i d e n t i f i e d i n p i t s 
sunk along t h i s range. 

No. 

1 (S.651) 
L o c a l i t y and Rock. 

Munggu Jernang. 

A c t i n o l i t e q u a r t z i t e . 

Description. 

Hand specimen i s a dark f i n e 
grained rock w i t h barely 
v i s i b l e c r y s t a l s of quartz. 
The microscope shows f i n e 
grained quartz showing weak 
undulose e x t i n c t i o n , w i t h 
a c t i n o l i t e and i r o n oxide 
disseminated throughout. 

5 (S.653) 

4 (S.654) 

2 (S.652) 

Summit of Mgu Jernang. Hand specimen i s a f i n e 
grained grey rock w i t h 

B i o t i t e q u a r t z i t e , v i s i b l e c r y s t a l s of quartz. 
The t h i n section shows f i n e 
angular grains w i t h b i o t i t e 
f l a k e s disseminated through
out. 

30 yds. N.ae w of Hand specimen as No. 3. 
summit of Mgu Jernang. Section shows c r y p t o c r y s t a l -

l i n e quartz w i t h small i r -
Banded q u a r t z i t e . regular quartz veins. A very 

f i n e opaque m a t e r i a l i s d i s 
seminated throughout and con
densed occasionally i n t o 
streaks w i t h a marked p a r a l 
l e l i s m . This i s probably 
graphite. 

Gunong Puting 400 f t . 
35°E of S. from sum
m i t . 

Hand specimen i s dark grey 
f i n e grained rock. 
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No. L o c a l i t y and Rock Description. 
2 (S.652) 
contd. B i o t i t e q u a r t z i t e . Thin section shows f i n e 

angular quartz grains i n a 
c r y p t o - c r y s t a l l i n e s i l i c e o u s 
m a t r i x a,nd longish b i o t i t e 
f l a k e s disseminated throughout 

5 (S.655) 
Gunong Puting 600 f t . As f o r s l i d e No. 2 (S.652) 
35°W of N. from sum
mit i n headwaters of 
the Ayer Putch. 

10 (S.660) 
Ulu Samunsam, i f Hand specimen i s a markedly 
miles upstream from :banded rock w i t h elongated 
f o r d of Pueh-Sambas emd f r a c t u r e d pebbles. The 
tr a c k over the S. t h i n section shows f i n e r e -
Samunsam. c r y s t a l l i z e d quartz w i t h 

f i n e l y d i v i d e d a c t i n o l i t e 
Conglomeratic actino-and patchy grey s t a i n i n g , 
l i t e q u a r t z i t e . Areas of r e c r y s t a l l i z e d 

quartz represent a l t e r e d 
pebbles. 

13 (S.6I3) 
5,700 f t . due East Hand specimen i n a f i n e 
of j u n c t i o n of Pueh grained grey q u a r t z i t e rock 
Sambas t r a c k w i t h This section shows r e c r y s t a l -
the Samunsam r i v e r l i z e d quartz w i t h a c t i n o l i t e 
and exposed i n the l a t h s . 
S. Pakeh. 
Specimens from G. Puting and Llunggu Jernang 

are pierced by veins containing quartz, tourmaline and 

epidote. 

Specimen No.10 (S.660) from i t s f i e l d r e l a t i o n s 

appears to be the base of the q u a r t z i t e series i n t h i s 

area as i t i s fo l l o w e d a few yards upstream by mica s c h i s t . 

Exposures are so rare i n t h i s area t h a t i t i s impossible 

to get a c l e a r p i c t u r e of the succession. 
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I t should be pointed out t h a t a c t i n o l i t e 
reaches i t s greatest d i s t r i b u t i o n i n these rocks i n the 
Tanjong Serabang area and progressively decreases t o 
wards the south. I t has not been found to occur i n 
q u a r t z i t e south of the Samunsam r i v e r , 
i i i . Eastern f o o t h i l l s of the Pueh range. 

B i o t i t e q u a r t z i t e s are exposed i n a narrow 
band from S. Tekerong to the Sebako r i v e r . They are 
best seen i n the headwaters of the S. Sebat Besar, the 
S. Sebat K e c h i l , the S. Tembagu and the S. Teput. They 
are i n t r u d e d by b i o t i t e g r a n o d i o r i t e and the contact 
where seen i s razor sharp, (e.g., specimen No.39 (S.691). 
These rocks are remarkably constant i n composition being 
medium grained grey b i o t i t e q u a r t z i t e s . 

L o c a l i t i e s of the specimens described below 
run from North t o South. 

No. L o c a l i t y and Rock. Description. 

40 (S.692) 
Bukit Tegorak Hand specimen i s a grey 
between Pueh and Sebat.fine grained q u a r t z i t i c 

rock. The microscope shows 
i t t o consist predominantly 
of m i c r o - c r y s t a l l i n e quartz 
w i t h patches of coarser 
grained quartz, and f i n e 
f l a k e s of b i o t i t e dissem
inated evenly throughout 
the s l i d e . 
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No. 

39 
(S. 691) 

66 
(S. 718) 

64 
(S.716) 

L o c a l i t y and Rock. 

Ulu Sebat K e c h i l 
F o o t h i l l s of G. 
Sebat i n S. bank of 
the stream. 

D e s c r i p t i o n . 

Grey medium grained quart
z i t e rock. Thin section 
shows w e l l developed crys
t a l l i n e quartz and f l a k e s 
of b i o t i t e . 
Some of the l a r g e r quartz 
e r y s t a l s contain i n c l u s i o n s 

i n contact w i t h grano- of b i o t i t e and i r o n oxides. 
B i o t i t e q u a r t z i t e 

d i o r i t e . 

Headwaters of S. 
Sebat Besar 100 f t . 

b from g r a n i t e contact 

Muscovite c h l o r i t e 
pyroxene q u a r t z i t e . 

23,000 f t . south of 
j u n c t i o n of EPL t r a c k 
w i t h Pueh r i v e r . 
Specimen i s from a 
t h i n Indurated shale 
b%nd. 
B i o t i t e muscovite 
c o r d i e r i t e quartz 
h o r n f e l s . 

The g r a n o d i o r i t e contains 
andesine, quartz and b i o 
t i t e and the contact i s 
very sharp. 

Hand specimen i s a dark 
f i n e grained q u a r t z i t e rock 
w i t h v i s i b l e p y r i t e s crys
t a l s disseminated through 
the rock. The s l i d e under 
the microscope shows r e 
c r y s t a l l i z e d quartz w i t h a 
l i t t l e muscovite c h l o r i t e , 
pyroxene and p y r i t e s . 

Hand specimen i s a very dq.rk 
f i n e grainisd poorly laminate 
mica. 

The t h i n section shows the 
rock to consist of anhedral 
c o r d i e r i t e enclosed quartz 
i n soHEe cases large f l a k e s 
of b i o t i t e , muscovite and 
r e c r y s t a l l i z e d quartz. I r o n 
oxide also occurs. 

A l l these rocks show the e f f e c t s of a high grade 

of thermal metamorphism. Indurated shale bands are common 

and where they have been examined under the microscope, have 

the c o n s t i t u t i o n a n d t e x t u r e of a low grade h o r n f e l s i n t h a t 

the l a m i n a t i o n i s p o o r l y preserved and not e n t i r e l y destroyed 
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i v . Quartzites i n the Lundu 'massif. 
These rocks are e n t i r e l y s i m i l a r to those 

described from the Pueh range except t h a t thejs are of 
wider d i s t r i b u t i o n . They occur from Selarat to Sedemak 
i n the south and i n the v a l l e y between S. Selarat and 
G. Gebong then run northwards t o Tg. Batu and are- exposed 
again between Tg. Hashim and Tg. Pelandok where t h i n horn
f e l s bands are common. The quartz i s i h various stages 
of r e c r y s t a l l i z a t i o n netween Selarat and Sedemak and com
p l e t e l y r e c r y s t a l l i z e d i n the other l o c a l i t i e s . Speciipen 
43 (S.695) i s described i n d e t a i l below and i s t y p i c a l of 
10 other q u a r t z i t e s examined. 
No. L o c a l i t y and Rock. Description. 

43 
(S.695) Near Survey peg Fine grained very dark grey 

1,123 Kg. S e b i r i s q u a r t z i t e . The microscope 
shows the rock t o consist of 

Banded b i o t i t e f i n e quartz grains w i t h b i o -
quairt z i t e . t i t e l a t h s e x h i b i t i n g a markec 

p a r a l l e l elongation. The 
quartz i s p a r t i a l l y r e c r y s t a i : 
l i a e d . 

67 
(S.719) Bukit Tagun, near The rock i n hand specimen 

Serayan. A t h i n i s a f i n e grained s i l i c e o u s 
indurated shale band, dark grey compact rock. 

Under the microscope i t shows 
patches of r e c r y s t a l l i z e d 
quartz i n a f i n e grained 
matrix of b i o t i t e , muscovite 
and i r o n oxides. 

From the v a l l e y between G.mSelarat and G. Gebong 

ei g h t specimens of completely r e c r y s t a l l i z e d b i o t i t e q u a r t z i t 

i t e were examined. 
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From Tg. Batu three specimens of p a r t i a l l y 
r e c r y s t a l l i z e d b i o t i t e q u a r t z i t e were i d e n t i f i e d under 
the microscope and f o u r specimens from Tg. Hashim. 
From the l a t t e r l o c a l i t y andalusite quartz h o r n f e l s , 
b i o t i t e c o r d i e r i t e quartz h o r n f e l s , and one specimen 
of c h i a s t o l i t e b i o t i t e quartz h o r n f e l s were i d e n t i f i e d . 

These rocks appear t o have been l a i d down as 

t h i c k sandstones w i t h a small p r o p o r t i o n of a r g i l l a c e o u s 

matter i n t e r c a l a t e d w i t h t h i n s i l i c e o u s shales. I n the 

area n o r t h of Pueh c c h l o r i t i c and calcareous sandstones 

would appear t o be the parent rock. 

V . Age of Quartzites 
No f o s s i l s have been found i n these rocks. An 

e x a c t l y s i m i l a r s t r a t i g r a p h i c a l scheme f o r the older rocks 
has been described by Zeylmans van Emmichoven from the 
Kembajang mountains and the Middle Mengkiang area where 
an i n t e r c o l a t e d limestone f a c i e s has y i e l d e d f o s s i l s , 
notably Fusulina, which demonstrate th a t these rocks 
are of Permian and Carboniferous age. I n view of the 
s t r a t i g r a p h i c a l and metamorphic resemblances between 
the Sematan and Kembajang Mts. areas, these rocks w i l l 
be c l a s s i f i e d i n t o the Permian and Carboniferous, 
(d) Slatey conglomerates, s l a t e s , q u a r t z i t e s , w i t h coal 

measures. 
These rocks are exposed between G. Chermai and 
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G. Melanau i n Tanjong Datu, along the coast of which, 
magnificent exposures occur. They are found i n Indo
nesia near the S. Chamar Boelan from where they have 
been described by van Bemmelen as possibly Cretaceous .. 
i n age. During a v i s i t to t h i s area, the author found 
t h a t these rocks bore a very close resemblance t o the . 
basal s l a t e y conglomerates of Tg. Serabang (which van 
Bemmelen c l a s s i f i e s i n t o the Permian and Carboniferous 
systems.) I n view of t h e i r close resemblance the rocks 
of S. Chamar Boelan w i l l be considered to be the equi
v a l e n t t o those at Tg. Serabang f o r the purpose of t h i s 
t h e s i s . 

From n o r t h t o south these rocks are a f f e c t e d 
by a decreasing grade of thermal metamorphism. I n the 
Gunong Chermai area they are represented by dark blue 
g r a p h i t i c p h y l l i t e s and f u r t h e r n o r t h by s i l i c e o u s 
g r a p h i t i c s l a t e s and q u a r t z i t e s t i l l eventually near 
Tg. Datu g r a n i t e they are homogenous tough q u a r t z i t e s 
w i t h a t o t a l d e s t r u c t i o n of a l l c a t a c l a s t i c textures 
and s t r u c t u r e s . About 400 f t . from the g r a n i t e these 
rocks have h pronounced gneissic banding. These rocks 
are not known South of the Samunsam r i v e r and a t Kuala 
Samunsam they are f a u l t e d up against a c t i n o l i t e quartz
i t e s by a large f a u l t down throwing to the North. From 
i t s trend t h i s f a u l t i s believed t o be T e r t i a r y i n age. 
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Coal measures occur i n the upper horizons of 

t h i s series i n the Ulu Sungei China area where there 
hqye u n f o r t u n a t e l y been considerably a f f e c t e d by thermal 

metamorphism. 
North of Tg. Pinang the succession i s as f o l l o w s : -

3 A l t e r n a t i n g s l a t e s and q u a r t z i t e s . 

2.Siliceous s l a t e s -200 
1.Siliceous s l a t e y conglomerate -600 

To the south of Tanjong Nyawang the succession 

i s as f o l l o w s : -
5. Coal measures. 
4. Cleaved carbonaceous s l a t e s , mudstones and 

q u a r t z i t e s . 
3. Interbedded s i l i c e o u s slates and q u a r t z i t e s . 

2. S i l i c e o u s s l a t e s . 
1. S i l i c e o u s conglomerates. 

The degree of f o l d i n g and f a u l t i n g makes any 

estimate of the thickness of these s t r a t a merely aa 

e r r a t i c guess;* 
The s l a t e s are generally t r u e s l a t e s i n t h a t 

the f isHiiliityi. j n members where r e c r y s t a l l i z a t i o n of quartz 
i s not general i s due t o the development of f l a k e y minerals 
c h i e f l y c h l o r i t e and s e r i c i t e . A second cleavage due 
to the development of numerous p a r a l l e l planes of s l i c k e n -
s i d i n g i n the f i n e grained rocks i s responsible f o r the 
major p a r t of the f i s s i l i t y . As the Tg. Datu g r a n o d i o r i t e 



-52-

i s approaciied, r e c r y s t a l l i a a t i o n of the rock has led 
to a t o t a l destruction of the f i s s i l i t y . 

Extensive new mineral development has occurred 
along the fracture planes i n slates exposed i n p i t s sunk 
on G. Panggi, c h i e f l y c h l o r i t e ^ s e r i c l t e and carbonaceous 
matter, presumably graphite. Small veins of quartz, cal-
c i t e and pyroxene have been intruded along some of the 
fracture planes, the minerals i n these veins showing no 
sign of s t r a i n and appear to be younger therefore than 
the dynamic metamorphism. The rocks seen i n p i t s at 
G. Panggi are highly imbricated. 

The basal slatey conglomerates overlie green 
a c t i n o l i t e quartzites at Tanjong Serabang with pronounced 
unconformity, the junction at the southern end of Talok 
Serabang being faulted one i n which i t i s estimated that 
200 f t . of the conglomerate have been faulted out. The 
conglomerates consist of large fractured boulders of 
quartzite elongated i n a dir e c t i o n 5 0 % of N.- 50°E of S. 
i n a f i n e slatey siliceous groundmass. 

At Soengai Chamar Boelan the lowest beds of the 

basal conglomerate were not seen. 
The slates which overlie the conglomerates are 

uniform f i n e grained dark rocks, intensely slicken sided 
along close p a r a l l e l planes giving the rock a character
i s t i c appearance. The intercalated quartzites and slates 
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appear to be developed to a tremendous thickness but t h i s 
^ / apparent effect may be due to repeated i s o c l i n i c a l folding. 

The quartzite beds are highly fractured and 
range from grey to yellow medium to f i n e grained rocks. 

The average thickness f o r over 300 counted and 
measured beds of quartzite was 1.7 inches, the intervening 
slates averaged 1.8 inches. These beds ranged i n thick
ness from ^ inch to over 3 f t . 6 inches. 

The cleaved carbonaceous mudstones were exposed 
i n four p i t s on G. Panggi and as stated before, the frac
ture planes contain c h l o r i t e and carbonaceous matter devel
oped along them. They tend, unlike the slates, to have 
an angular fractu r e . 

The coal bearing strata l i e to the south of 
Gunong Panggi and between t h i s mountain and the h i l l s 
i n Ulu Sungei China. They are not exposed to any extent 
and a t h i n coal was seen i n a p i t sunk on the most north
e r l y of the S. China h i l l s and another coal occurs i n the 
l e f t hand branch of the S. China. Numerous b i t s of iro n 
slag i n t h i s area suggest that previously coal was worked 
here possibly i n conjunction with the iron deposits at Likoe 
i n Paloh round about 1820, when the Sultan of Sambas issued 
a licence to a Chinese "kongsi" to work the iro n . 
Details. 

An extensive col l e c t i o n has been made of rocks 
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from t h i s area. They w i l l be described i n two parts, 
(a) Area N. of Tanjong Serabang and (b) area S. of Tg. 
Serabang. 
(a) Area north of Tg. Serabang. 

(1) Slatey conglomerates. 
These are exposed on Tg. Pinang which i s 300 yds. 

north of the headman's house at Kg. Melanau and consist 
of large pebbles and boulders of quartzite and a c t i n o l i t e 
quartzite sporadically distributed i n siliceous slate. 

The pebbles and boulders are l e n t i c u l a r i n 
shape and are severely crushed and fractured. 

The slatey part of the rock i s representediby 
the following three specimens:-
No. Locality and Rock. Description. 
21 
(S.673) 350 yds. north of 

neadman's house i n 
Kg. Melanan. 
B i o t i t e s e r i c i t e 
slate. 

Grey f i n e grained slicken 
sided slate i n fl.S. Thin 
section shows b i o t i t e bor-
dered quartz, 

GStringers i n a very f i n e 
grained groundmass of s e r i 
c i t e and jaicrocrystalline 
quartz. The s e r i c i t e flakes 
show marked orientation. 

20 
(S.672) 50 yds. south of 

Tg. Pinang. 
Muscovite-biotite 
quartz slate. 

Hand specimen i s a dark grey 
to bluish black f i n e grained 
f i s s i l e rock. Under the micr( 
scope i t consists of fime 
angular quartz grains set 
i n a matrix of biotitery mus-
covite and cryptocrystalline 

quartz. A marked banding 
i s due to the parallelism 
of b i o t i t e flakes and graph
i t i c material. 
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No. 
22 
(S.674) 

Locality and Rock. Description. 

Tg. Melanau 
Graphitic b i o t i t e 
s e r i c i t e slate. 

Greyish black slate i n hand 
specimen. Description of thin 
section as f o r No. 21 except t 
that graphitic material i s 

more prominent. 
The boulders i n the conglomerate are represented 

by Specimen 93 (S.745) which i s an a c t i n o l i t e quartzite 
and specimens 23 (S.675) and 25 (S.677). 
No. 
23 
(S.675) 

Locality and Rock, 

Location as f o r 
22. 
B i o t i t e s e r i c i t e 
quartzite. 

25 
(S.677) Tg. Pinang 

Description. 

Hand specimen i s a dark medium 
to f i n e grained siliceous rock 
speckled with pyrites. The 

microscope shows the rock to 
consist of f i n e grained quartz 
with a l i t t l e s e r i c l t e and 
b i o t i t e i n a cryptocrystalline 
matrix of quartz. Graphitic 
streaks occur and pyrites i s 
common. 

Hand specimen as above. 
Thin section shows fin e angula 
quartz grains with shreds 

and aggregates of a brown 
pleochrois f e r r o magnesian 
mineral probably b i o t i t e i n 
a siliceous matrix. A few 
crystals of plagioclase and 
zircon were _-noted and iron 
oxides occur i n patches 
throughout. 

Slates 
These are w e l l exposed on Tanjong Stimeh where 

they are f i s s i l e , indurated, darkj highly slictetensided , 
f i n e grained rocks. They are represented by Specimen 102 
(S.1204) and 106 (S.1208). 
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No. 
102 
(S.1204) 

Locality and Rock. Description. 

Tg. Stimeh. 
Slate with secondary 
b i o t i t e . 

Dark grey f i s s i l e very f i n e 
grained rock. Thin section 
shows the rock to consist of 
very fine p a r t i a l l y recrystal-
l i z e d quartz and f i n e b i o t i t e 
flakes. Second or false slea-
vage i s we l l developed i n the 
section and b i o t i t e flakes 
can be seen l y i n g across the 
folding thus indicating that 
the b i o t i t e i s l a t e r than the 
dynamic metamorphism. . 

106 
(S.1208) Tg. Stimeh. Hand specimen i s a dark grey 

f i s s i l e fine grained rock 
containing quartz veins. The 
t h i n section shows the rock 
to consist of f i n e grained 
p a r t i a l l y r e c r y s t a l l i z e d 
quartz with flakes of b i o t i t e 
along f i s s i l e planes and sec
ondary plates of b i o t i t e , 
developed as w e l l . 

These two slides show mica i n two generations 
and regeneration of quartz and commencement of destruction 
of the planes of f i s s i S i i t y and cleagage. 
Alternating t h i n slates and quartzites. 

The quartzites show extreme crushing and f r a c t u r i n g 
The f i s s i l i t y i n the slates becomes less marked and i n 
the area of S. of Tanjong Labuhan, they already begin 
to resemble dark compact quartzites. 
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No. 
87 
(S.749) 

Locality and Rock. Description. 

Q,uartzite bed from 
Telok Jinsiang. 
Quartzite. 

The hand specimen i s a grey 
f i n e grained rock cut by a 
quartz c a l c i t e vein carrying 
pyrites. Under the micro
scope the rock consists of 
recr y s t a l l i z e d quartz and 
the vein containsfeuartz, cal
c i t e c h l o r i t e , pyroxene and 
pyrites. 

104 Slate bed from 
Telok Jinsiang. 
B i o t i t e slate. 

Hand specimen i s a f i n e 
grained rock with f i s s i l i t y 
less pronounced than the 
previously described slates. 
Thin section consists of 
p a r t i a l l y r e c r y s t a l l i z e d 
quartz and b i o t i t e i n a 
ground mass of quartz and 
fine b i o t i t e flakes. 

At Tg. Labuhan, a magnificent exposure of a thrust 
f a u l t occurs. At t h i s l o c a l i t y the slates and quartzites 

have formed a generally homogenous and compact rock. Recon-
s t i t u t i o n of the rock as a result of the close proximity of 
the Tg. Datu granite has destroyed most of the cataclastic 
and crushing structures due to the thrust. Garnet makes 
i t s appearance here. (Sp.108 or S.1210) 

S.1214. 
Locality and Rock. Description. 
N. end of Tg. 
Labuhan. 

Hand specimen i s a greyish 
green medium grained crystal
l i n e rock with some fracture 
at surface showing crystals 
of pyrites. I n t h i n section 
the rock consists of crystals 
of quartz and felspar (albite) 
i n a matrix of f i n e c r y s t a l 
l i z e d quartz and bdiotite flaked 
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Locality and Rock 
Tg. Labuhan 

Garnet quartzite. 

Description. 
Hand specimen i s a hard gcey 
green f i n e grained rock. 
The t h i n section shows fine 
grained quartz, garnet and 

diopside. 
In the immediate v i c i n i t y of the Tg. Datu granite 

these rocks assume a pronounced gneissic banding. 
No. Locality and Rock. Description. 
100 
(S.1202) 40 yds. S.E of 

granite contact. 
Kuala Labuhan. 

I l l 
(S.1213) 40 yds. S. of 

Kuala Labuhan. 

Co r d i e r i t e - b i o t i t e 
quartz gneiss. 

Hand specimen i s a mottled 
grey f i n e grained f i s s i l e 
rock with pronounced banding. 
Thin section shows bands of 
cryptocrystalline quartz 
alternating with bands of 
microcrystalline chlorites 
and granules of iron oxide 
are distributed throughout 
the section. 

Hand specimen i s a tock 
with alternate f i n e and 
medium grained bands. - The 
t h i n section shows that the 
rock i s composed of bands 
of cordierite porphydroblasts 
i n a f i n e grained quartz 
matrix ahd b i o t i t e . 

(b) Area south of Tanjong Serabang. 
Slatey conglomerates. 
This exposure forms the southern limb of a f o l d , 

the core of which exposes the older a c t i n o l i t e quartzites 
of Tanjong Serabang. As a result of a p a r a l l e l system 
of step f a u l t s at Tanjong Nyawang, these conglomerates 
are thrown up against slates to the north which i n turn 
are faulted up against a c t i n o l i t e quartzites. 
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The slatey conglomerate shows exactly similar 
microscopic features as that to the north og Tanjong 
Serabang. The pebbles and boulders are represented by 
specimens 28 (S.680) and 30 (S.682) which are i d e n t i c a l . 
No. Locality and Rock. Description. 

30 
(S.682) Boulder component Hand specimen i s a grey 

of slatey conglom- medium grained rock with 
erate at Tg. Nyawang. abundant v i s i b l e quartz. 

Under the microscope i t 
Calcareous muscovite consists of angular quartz 
quartzite. grains i n a siliceous matrix 

which contains c a l c i t e , mus
covite and iron oxide. 

28 
(5.680) As previous. 

The slatey component i s represented by specimens 
26 (S.678) which i s a f i s s i l e siliceous slate and 29 (S.681) 
which i s a black f i s s i l e siliceous slate. 
No. Locality and Roak. Description. 
29 
(5.681) Slatey component of ̂  Hand specimen i s a greyish 

slatey conglomerate black slate, the t h i n section 
at Tg. Nyawang. of which shows quartz bordered 

by b i o t i t e i n a f i n e grained 
B i o t i t e s e r i c i t e matrix of s e r i c i t e and quartz, 
quartz slate. The s e r i c i t e shows a pronoun

ced p a r a l l e l orientation. 
26 
(S.678) Slatey component of Hand specimen i s a soft l i g h t 

slatey conglomerate green siliceous rock. Micro-
at Tanjong Nyawang. section shows f i n e angular 

grains i n a c r y s t a l l i n e ground 
S iliceous s e r i c i t e mass of quartz and s e r i c i t e . 
slate. 
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The siliceous slates as a result of the f a u l t i n g 

mentioned above and the normal succession are exposed on 
both sides of the slatey conglomerates. To the south 
they are faulted down against a c t i n o l i t e quartzite at 
Kuala Sungai China. To the south of the a c t i n o l i t e 
quartzite here, carbonaceous slates are thrown down 
against the quartzites by a very considerable f a u l t 
down throwing to the south. 

The slates i n the north of the f a u l t at Tg. 
Nyawang are represented by (S.679) 
No. Locality and Rock. Description. 
27 
(S.679) North of f a u l t at I n hand specimen the rock 

Tg. Nyawang. i s a black f i n e grained 
f i s s i l e slate. In t h i n 
section i t shows micro-

B i o t i t e s e r i c i t e c r y s t a l l i n e quartz with 
slate. pyrites f i n e l y disseminated 

throughout. A marked f i n e 
banding i s present and 
abundant s e r i c i t e flakes 
orisiited p a r a l l e l to t h i s 
banding are noted. 
Fine quartz stringers with 
wisps of b i o t i t e are also 
present. Bands of a black 
substance which i s presumably 
graphite also occur. 

The alternating slates and quartzites are not 
exposed along the coast but were penetrated i n p i t s sunk 
i n the h i l l s to the south of the southern tcibutary of 
the S. China. No specimens were taken from here as they 
were poorly preserved. 

The alternating carbonaceous shales and quartzites 
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are well exposed on the coast between Tg. Batok and Tg. 
Badak and Tg.Batok. At Tanjong Badak and to> the south 
a zone of disturbance occurs i n which numerous small 
f a u l t s trending N.W. - S. E. are penetrated by large 
quartz veins carrying haematite, these veins and f a u l t s 
being crossed by a system of barren younger f a u l t s trending 
S.W. - N.E. which displace the older f a u l t s and are assoc
iated with the large Samunsam f a u l t . 

The carbonaceous slates are represented by• 
specimen 31 (S.683) which i n hand specimen appears to be 
a black slate and under the microscope i s a graphitic 
f i s s i l e mudstone, the f i s s i l i t y being due to a pronounced 
false cleavage. Specimen 32 (S.684) i s a metamorphosed 
siliceous g r i t i n which large fractured angular quartz 
grains showing undulose extinctionoccur i n a f i n e s i l i 
ceous groundmass. 

On the northern slopes of (S. Chermai and i n a 
few p i t s sunk on low h i l l s to the north-west and north
east thereof p i t s penetrated graphitic bluish black 
p h y l l i t i c mudstones and i n a small r i v e r flowing o f f 
G. Chermai a conglomerate sandstone i n which the pebbles 
are severely fractured i s found. 

This rock under the microscope was found to consist 
of quartz grains, muscovite and b i o t i t e fragments i n a very 
f i n e matrix of siliceous nature. The pebbles were quartaite 
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containing b i o t i t e . The crystals of quartz showed 
considerable f r a c t u r i n g and undulose extinction. 
This rock i s presumably the base of the series i n 
t h i s area. 

Prom the aoast to the west of the S. Charman 
Boelan i n Indonesia similar conglomeratic sandstones 
were found i n which the shattered pebbles consisted of 
b i o t i t e and a c t i n o l i t e quartz and chert. This rock 
d i f f e r e d from the conglomerate on G. Chermai i n that 
the component pebbles form a higher proportion of the 
rock. Chlorite and Sericite were i d e n t i f i e d i n the silicc-^.. 
-eous groundmass. 

These rocks have been severely folded along 
approximately N.W. - S.E. axes and tend to be overfolded 
to the S.W. This together with the evidence of the large 
thrust seen at Tg. Labuhan shows that the tectonic forees 
responsible f o r the dynamic metamorphism were directed 

from the S.E. 
The r e l a t i v e l y narrow elongated basin i n which 

these rocks have been deposited together with the rapid 
alternation of quartzite and graphitic slate suggest that 
the lower and middle members of the series were deposited 
i n a delta which eventually s i l t e d up and the carbonaceous 
sands, s i l t s , muds and the coal measures of the upper 
series were deposited i n fresh water under swampy conditions 
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Age of these Rocks. 

No direct evidence f o r the age of these rocks 
has been obtained. However, on the basis of comparison 
with the Sambas area described by Wing Easton and the 
Kuching and Central Borneo area described by Zeylmans 
van Emmi.choven these rocks are correlated into the 
Upper Trias and Jurassic systems. According to the 
l a t t e r J graphitic blue p h y l l i t e found near G. Chermai i s 
found i n Central Borneo and i n the Sadong area of the 
1st Diifision where they are associated with Monotis Sp. 
and Halobia (determined by Gerth, Krekeler, and von 
Koenigswald) which proves t h e i r Upper Triassic age. 
Zeylmans van Emmichoven reports that t h i s graphitic 
p h y l l i t e i s characteristic of the Upper Trias i n Borneo 
and has never been found outside the system. This 
would suggest that the rocks of G. Chermai are Upper 
Triassic i n age. Further confirmation of t h i s Upper 
•.'Triassic age i s obtained by comparing the metamorphic 
phases i n t h i s area with those of Central Borneo. I n 
both areas a regional metamorphism and an older and 
younger dynamic metamorphism are found. The younger 
which affects these rocks i n the Tanjong Datu area 
has been shown i n Central Borneo to be post Upper 
Triassic and the older one i s post Permian and Car
boniferous. The older metamorphism does not affect 
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the Tanjong Datu slates etc., hence they must be Upper 
pest Permian i n age since the slates are affected by 
the younger they are most l i k e l y to be Upper Triassic 
i n age. 

Wing Easton i n his description of the geology 
of the Sambas d i s t r i c t proved conclusively that during 
Jurassic times, the sea which covered that part of 
Borneo was re t r e a t i n g to the west. 

He bases his determination of the Jurassic 
age of the revelant rocks i n the Sepang-Loemar area 
on the discovery of Protocardia, Exelissa and Peri-
sphinctes Waag (determined by Martin i n 1895) and the 
determination of Protocardia and Exelissa by Vogel 
(1888-1899). From the S.Naning, between Sepang and 
Loemar Wing Easton also reported Harpoceras radians Rein* 
a f t e r H&nig. 

From the Ban Pin San area^van Dyk reported a 
new species of Aegoceras determined by Krause and named 
A.borneense by him. The Dutch geologists suggest that 
these f o s s i l s are Lower Liassic i n age. 

In Sambas, therefore, the marine Jurassic 
stretched as f a r north as Ban Pin San and only as f a r 
as Loemar to the East. I t i s clear that during late 
Jurassic and possibly during early Cretaceous times 
a general u p l i f t of our part of Borneo took place. 
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The strata from the upper horizon of the Tanjong Datu 
al&tea etc., are fresh water and deltaic i n nature (witness 
the occuifence of coal measures) and i t i s possible that 
they may be the equivalent i n time of the Jurassic strata 
i n Sambas. That being so, t h i s would suggest that the 
lower part of the series i s Upper Triassic i n age and 
that the upper part of the series i s Lower Jurassic or 
Lias. Krause places Wing Easton's strata i n the Upper 
Lias on the grounds of van Dyk's discovery of Aegoceras. 

I t . would appear then that the strata dealt 
with i n t h i s sedtion are of Upper Triassic to Lower 
Jurassic i n age. This being so, i t gives at least an 
Upper Jurassic to Lower Cretaceous age to the Tanjong 
Datu granodiorite which gives i t the same age as the 
Malayan granites. 

UNMETAMORPHOSED CONSOLIDATED ROCKS. 

(a) General. 
These rocks occur i n three areas and i n two 

facies. They occur i n a sandy arenaceous-rudaceous 
facies i n the area North of Pueh as f a r North as the 
S. Badaun and West between G. Puting and G. Pueh across 
into Indonesia and also i n the area to the East of the 
Sungai Sampadi. The rocks of argillaceous facies occur 
as isolated erosional r e l i c s banked up against the 
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int r u s i o n of G. Angus, G. Tamin Menari and G. Tamin 
Tungku i n the Serayan-Sebako valley. 

These rocks transgress the Pueh granite on the 
northern slopes of the mountain and the mudstones trans
gress amphibolite, gabbro and d i o r i t e i n the three basic 
intrusions i n the Sebako-Serayan valley without the 
sli g h t e s t trace of metamorphism. The^bare generally 
only s l i g h t l y faulted. The arenaceous facies i s i n 
general b r i g h t l y coloured. 

I t should be mentioned that the la s t mentioned 
rocks support a very characteristic and rather stunted 
f l o r a which makes the mapping of the rocks a f a i r l y 
simple process as the change i n nature of the vegetation 
on crossing from granite or quartzite to these sandstones 
i s abrupt, spectacular and easily recognizable. In 
p a r t i c u l a r a thorny palm known l o c a l l y as 'Kechatau' and 
a species of casuarina tree, known l o c a l l y as 'ambun' 
are e n t i r e l y characteristic. 
(1) Arenaceous facies. 

(a) Area north of Pueh and the Pueh range. 
These rocks are well exposed at Tanjong Blinsah 

and i n the headwaters of the S. Bakuching, S. Blimsah, 
S. Bedaun, the S. Pakeh and the numerous unnamed streams 
flowing o f f the eastern slopes of G. Tampe and Gunong 
Kechatau. I n general they are highly coloured felspathlc 
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and quartzose g r i t s , conglomerates and sandstones with 
breccias developed at the base of the series near G. Pueh, 
G. Puting and i n the G. Bedaun area. The conglomerates 
range from sandstones to g r i t s with angular to egg-shaped 
pebbles. These beds i n the lower series contain pebbles 
of quartzite and granite i n the Pueh area, quartzite i n the 
G. Tampe area and fragments of a c t i n o l i t e quartzite i n 
the G. Bedaun area occasionally give the rock a green 
colour. I n the higher beds the conglomerates are len
t i c u l a r and have a very r e s t r i c t e d d i s t r i b u t i o n . 

The g r i t s consist of angular fragments of 
quartzite and s i l i c a , which i n many specimens has been 
replaced by reddish i r o n oxides i n a f i n e r groundmass 
of s i l i c a . Felspar i s found i n some specimens. These 
g r i t s show considerable false bedding and are massive 
i n nature . They vary i i n colour from yellow to red 
and purplish v a r i e t i e s have been found i n p i t s sunk 
on G. Pantak i n the divide between S. Pakeh and the 
S. Bakuching. A few transported carbonaceous plant 
remains have been found i n these rocks. 

The sandstones show a similar composition 
to the g r i t s namely, a mosaic of quartzite gragments, 
vein quartz and occasionally a l i t t l e muscovite, the 
quartz grains showing frequent replacement by iron oxide, 
the beds showing false bedding w e l l developed. Pyrites 
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^̂ ârp common i n these sandstones and sometimes reach 
a f a i r l y high concentration. Thej^ occur as small 
rounded grains which on exposure to the a i r weather 
r a p i d l y t o l i m o n i t e and when these grains of weathered 
p y r i t e s are concentrated i n t o bands as f r e q u e n t l y happens 
they give the rock a dark brown streaky appearance which 
i s c h a r a c t e r i s t i c . 

Shaley sandstones occur c o n s i s t i n g of small 
angular fragments of quartz grains i n a f i n e shaley 
groundmass. I n two specimens examined from G. Kechatau 
fragments of b i o t i t e q u a r t z i t e were found. I n the l a t t e r 
the groundmass contained a l i t t l e recognizable c h l o r i t e . 

Mudstones and shales have not been seen but 
t h e i r presence has been assumed to be responsible f o r 
beds of k a o l i n s i n g u l a r l y f r e e from coarse or medium 
grained quartzose m a t e r i a l found i n two p i t s sunk on 
h i l l s to the n o r t h of the Sambas-Pueh tr a c k j u s t before 
i t crosses the border. 
D e t a i l s . 
Breccias. 

Breccias were found on the northern slopes of 

G. Bedaun, the northern end of Tanjong Blinsah and near 

G. Tampe. 
G. Bedaun. 
Two specimens examined from here, Nos. 195 and ; 

196, showed the rock t o consist of angular fragments 
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ranging from 1 mm. i n diameter to over 13 mm. and 
c o n s i s t i n g of a c t i n o l i t e q u a r t z i t e 65.^, angular 
q u a r t z i t e grains 10i^° s e r i c i t e q u a r t z i t e 20^'. 
The remainder of the rock consisted of a s i l i c e o u s 
groundmass showing replacement by i r o n oxide and the 
quartz grains i n the body of the rock and i n a c t i n o l i t e 
q u a r t z i t e fragment showed p a r t i a l replacement by irom 
oxide. 

Tg. Blinsah. 
The northern end of Tg. Blinsah contains 

s i m i l a r breccias (Specimen 115) but the p r o p o r t i o n of 
v e i n quartz i s greater and b i o t i t e q u a r t z i t e and s l a t e 
makd up a high p r o p o r t i o n of the rock. A s i m i l a r r e 
placement of quartz by i r o n oxide i s more pronounced 
and as a r e s u l t the rock i s a pronounced reddish colour. 

Gunong Tampe. 
This breccia (Specimen 119) consisted of 

angular fragments of b i o t i t e q u a r t z i t e , grey a c t i n o l i t e 
q u a r t z i t e , fragments of vein quartz w i t h epidote and 
abundant quartz fragments showing undulose e x t i n c t i o n 
i n t h a t order of q u a n t i t y . The groundmass consists 
of f i n e angular fragments of s i m i l a r composition. 

Gunong Pueh and G. Bekumpai i n c l u d i n g Ulu Bakuching. 
Breccias c o l l e c t e d from the base of the series 

here showed a predominance of g r a n d i o r i t e pebbles w i t h 
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b i o t i t e q u a r t z i t e pebbles forming about a quarter of 
the whole. On G. Bekumpai, however, two specimens 
were s o l l e c t e d i n which b i o t i t e q u a r t z i t e and mica 
s c h i s t formed 80fo of the t o i a l rock fragments and grano-
d i o r i t e gragments only about Z i f f o . Vein quartz made up 
about 4ffc. The groundmass i n a l l cases showed replace
ment by i r o n oxide. 

These breccias are r e s t r i c t e d i n t h e i r d i s -
t r i b u t i o n t o high ground, f l a n k i n g v / e l l established 
mountain ranges of p r e - T e r t i a r y times. Vftiere the Sam-
unsam how has cut down i n the lower f o o t - h i l l s of the 
Pueh range the basal beds are g r i t s which o v e r l i e 

q_uartzites. 
The l i g h t e r colours c h a r a c t e r i s t i c of the 

se r i e s are l a c k i n g here, the p a r t i a l red colour i s 

due t o the subsequent replacement of quartz grains 

c h i e f l y i n the groundmass by i r o n oxides. 

Conglomerates, g r i t s and sandstones. 
These rock types are general f o r the formation, 

They show w e l l developed current or f a l s e bedding, are 
massive i n nature and consist generally of the same 
c o n s t i t u e n t m a t e r i a l s the d i f f e r e n c e being merely one 
of g r a i n size. 

Over 30 specimens of these rocks were examined 
of which the f o l l o w i n g f o u r are repr e s e n t a t i v e : -
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NO. L o c a l i t y and Rock. Description. 

14 
(S.664) 

8. 

6. 

17, 

S. Pakeh 3,700 f t . 
East of Pueh Sambas 
f o r d over S.Samunsam. 

Ferruginous g r i t , 

Gunong Blinsah. 

Ferruginous 
sandstone. 

Gunong Pantak 
between Ulu Baku
ching and Ulu Pakeh. 
G h l o r i t i c sandstone. 

From p i t sunk i n 
h i l l s forming the 
di v i d e between S. 
Samunsam and S. 
Bentarang, ^ mile 
west of f r o n t i e r . 

F elspathic c h l o r i t i c 
g r i t . 

Hand specimen i s a coarse 
to medium grained red quarta-
ose rock. The t h i n section 
shows f i n e , medium and coarse 
angular grains of quartz and 
dark brown i r o n oxide cemente 
by yel l o w i s h green i r o n oxide 
The grains of i r o n oxide are 
pseudomorphs a f t e r quartz 
and a l l stages of the r e 
placement can be seen i n 
the sedtion. 

Hand specimen shows a 
yell o w i s h brown medium 
grained quartzose sandstone 
c o n s i s t i n g i n t h i n section 
of angular quartz grains and 
small fragments of q u a r t z i t e 
and s l a t e y fragments. 
Hand specimen i s a yel l o w i s h 
sandstone w i t h p y r i t e s grains 
d i s t r i b u t e d i n small l e n t i c 
u l a r bands. The t h i n section 
shows medium grained angular 
quartz grains and q u a r t z i t e 
fragments. The grains are 
set i n a clayey groundmass 
which contains c h l o r i d e 
i n q u a n t i t y . 
K a o l i n i t i c y e l l o w i s h brown 
sandstone showing under the 
microscope large medium 
angular grains w i t h patches 
of k a o l i n , fragments of un
dulose quartz; q u a r t z i t e 
and f i n e grains of tourma
l i n e and Zircon. The grains 
are set i n a s l a i e y matrix 
w i t h a l i t t l e c h l o r i t e . 

Shale beds have not been seen i n s i t u but are 

i n f e r r e d from the presence of t h i n beds of m o t t l e * k a o l i n i t e 
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m a t e r i a l exposed i n p i t s . They are presumed to be weathered 

shale beds. They occur between beds of g r i t t y and sandy 

k a o l i n . 

I n a l l coloured specimens examined, the b r i g h t 

colours were found to be due to replacement of quartz by 

i r o n oxideto a greater or less degree and t o the occur

rence of a ferruginous cement. I t i s of i n t e r e s t t o 

note t h a t t h i s c o l o u r i n g was r a r e l y seen i n basal beds 

except at the very edges of the deposit. I n the Samun-

sam, Pakeh and Bentarang r i v e r s , the basal g r i t s were 

y e l l o w i s h and l i g h t coloured g e n e r a l l y , the more h i g h l y 

coloured specimens being cobtained from headwaters of 

r i v e r s i n the G. Bedaun , G. Blinsah area and i n the 

h i g h i s h h i l l s forming the Pakeh-Samunsam d i v i d e . 

The f a c t t h a t i n the exposures where f a l s e 

bedding i s seen, the f a l s e bedded rocks are u n d e r l a i n 

by f a i r l y evenly bedded s t r a t a , the a n g u l a r i t y of the 

c o n s t i t u e n t g r a i n s and the occurrence of derived and 

comminuted p l a n t remains and the l o c a l i z e d nature of 

the basal breccias i s taken as evidence t h a t the rocks 

were deposited i n a basin flanked i n the G. Pueh, G. 

Puting areas and the area n o r t h of G. Bedaun (corres--

ponding t o the area immediately E of Tg. Limoh) by high 

h i l l s . 
The f a l s e bedding and the remarkably i r r e g u l a r 
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d i s t r i b u t i o n of the sediments and the poor s o r t i n g of the 
co n s t i t u e n t fragment suggest t h a t the rixiers feeding the 
lagoon were subject t o sudden f l o o d i n g , on occasion the 
subsequeht rush St water ca r r y i n g badly sorted sediment 

f a r i n t o the lagoon. 
That the colouring'jis secondary i n o r i g i n ,s 

suggests t h a t a f t e r the lagoon had dr i e d up, the climate 
was hot and a r i d . That these conditiohs p r e v a i l e d over 
Borneo during E a r l y T e r t i a r y times i s proved i n a d d i t i o n 
by evidence from the Sambas, Central Borneo and Worth 
Borneo areas where b r i g h t l y coloured sediments occur a t 
the base of the T e r t i a r y . The f i r s t two areas are described 
by Wing Easton and i^eylmans van Emmichoven r e s p e c t i v e l y . 
I n North Borneo, h i g h l y coloured sediments, c h i e f l y 
sandstones and shales were found at the base of the Ter
t i a r y i n the Beluran and Kolapis r i v e r s during work 
c a r r i e d out there by the author during 1948. 

These rocks are gen t l y folded along N.E.-S.W. 
axes and are severely a f f e c t e d by f a u l t s t r e n ding along 
the same d i r e c t i o n . Dips are low, r a r e l y exceeding 15° 
but high dips of 750 have been observed i n exposures 
S. of G. Tampe where they are associated w i t h f a u l t s . 

(2) Area to the east of the Batang Kayan. 
This area f a l l s outside the t h e a t r e of t h i s 

t h e s i s but i n view of the f a c t t h a t van Bemmelen's map 
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shows a blank f o r t h i s area and a reconnaissance was 
made by the author i n 1950 from Sampadi t o G. Meroyong 
i n the south, i t would hot be out of place to mention 
t h a t sandstonesand g r i t s occur generally but w i t h a 
higher a r g i l l a c e o u s content than those of Pueh and t h a t 
conglomerates have not been found i n any exposure. I n 
G. Meroyong, the sandstones contain i n a d d i t i o n to quartz 
gra i n s fragments of s i l i c i f i e d rocks such as chert.jasper, 
hornstone and g r a n i t e . Quartzite fragments were rare and 
were only noted i n two specimens from G. K u a l i . 

.They also show f a l s e bedding but t h i s i s not 
so h i g h l y developed as i n the area north of Pueh. They 
are only g e n t l y f o l d e d . At no place i s t h e i r j u n c t i o n 
w4th older rocks seen as the j u n c t i o n i s covered by the 
wide f l o o d plains of the Batang Kayan and S. Sampadi. 

(a) Tg. Batu area. 
A small o u t l i e r of breccia occurs to the N.W. 

of G. Gebong i n the area between Tg. Batu and G. Gebong. 
I t consists of angular fragments of gaanodiorite, ¥fe«r4̂  
gabbro^, d i o r i t e , vein quartz and q u a r t z i t e . 

(b) A r gillaceous f a c i e s . 
Outcrops of dark f i n e grained mudstones and 

shales are found i n three areas where they f l a n k i n t r u 
sions of a l t e r e d gabbro and d i o r i t e on G. Tamin Menari, 
G. Tamin Tungku and G. Angus. 
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They are erosion r e l i c s of rocks which must 
have had a much wider d i s t r i b u t i o n . 

I n general the rocks are s i l i c e o u s laminated 

shales and s i l i c e o u s mudstones and the few specimens 

examined show nothing of spectacular i n t e r e s t . Specimen 

55 (S.707) which i s absolutely t y p i c a l i s a dark coloured 

f i n e grained banded mudstone showing i n t h i n section micro-

c r y s t a l l i n e quartz interbedded w i t h an opaque groundmass 

c o n s i s t i n g of f i n e grained m a t e r i a l probably clay, minerals 

and l i m o n i t e i n a d d i t i o n . 

These were probably deposited i n a long narrow 

lake s t r e t c h i n g from Sebako to Sematan and are probably 

contemporaneous w i t h the sandstones, g r i t s , etc., of the 

Sampadi and G. Bedaun area. 

Age of these rocks. 
These rocks are l a t e r than the Pueh g r a n o d i o r i t e 

i n t h a t t h i s i n t r u s i o n has severely a f f e c t e d the i n t r u s i o n s 

of d i o r i t e and gabbro at G. Tamin Tungku, G. Tamin Menari 

and G. Angus, but the mudstones are completely unaffected. 

The g r a n o d i o r i t e i s believed t o be Cretaceous i n age. 

The r e l a t i v e l y undisturbed state of these sediments and 

the lack of metamorphism suggest t h a t they are T e r t i a r y 

i n age. 
I n discussing the d i s t r i b u t i o n of T e r t i a r y 

rocks i n C e n t r a l Borneo, and V/estern Borneo Zeylmans van 
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Emmichoven and Wing-Easton describe T e r t i a r y rocks 
of exactly s i m i l a r f a c i e s from t h a t area which the 
former author names Plateau sandstones and i n which 
lenses of j/L monotonous grey mudstones and shales occur 
to which he gives the name ' S i l a t ' shales, the l a t t e r 
being associated w i t h f r e s h water fauna which were 
studied by Icke and Ma r t i n i n 1905, the specimens being 
c o l l e c t e d .by Wmng Easton i n 1899. This fauna i s i n d i c a t i v e 
of a Lower T e r t i a r y age. 

The close l i t h o l o g i c a l resemblance between 
these rocks and the rocks described i n t h i s s e c t i o n from 
West Sarawak suggest a Lower T e r t i a r y age f o r the l a t t e r . 

I n h i s r e p o r t of the reconnaissance which he 
c a r r i e d out i n 1950 i n the Sematan area F. W. Roe c l a s s i f i e d 
these rocks as being the equivalent of the B i n t u l u series 
of Eastern Sarawak. I n view of the close resemblance 
between the rocks developed i n t h i s area and those from 
Central Borneo, I t i s proposed t o r e j e c t the term 
B i n t u l u as applied by Roe to t h i s area and t o adopt 
Zeylmans van Emmichoven's names i . e . , Plateau sandstone 
group f o r the arenaceous f a c i e s and S i l a t shales f o r the 

ar g i l l a c e o u s f a c i e s . They are believed to be contemporaneous. 

^•Conclusions. 
I n d e s c r i b i B g the consolidated rocks of sedimentary 
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o r i g i n from t h i s area ahd comparing them w i t h rocks 
developed i n Central and Western Borneo where f o s s i l s 

are found associated w i t h them, we can p r o v i s i o n a l l y 

c l a s s i f y the rocks i n Sematan as f o l l o w s : -

Lower T e r t i a r y . Plateau sandstone group and S i l a t 
shales. Unconformity. 

E a r l y Jurassic-Upper T r i a s . 
Coal measures. 
Carbonaceous sl a t e s and q u a r t z i t e s 
Slates and q u a r t z i t e s . 
Slates. 
Slatey conglomerates. 

Unconformity. 

Permian and Carboniferous. B i o t i t e q u a r t z i t e s and actino-
l i t e q u a r t z i t e s w i t h t h i n indurated 
shales and h o r n f e l s . 

Devonian. C r y s t a l l i n e s c h i s t s . 

G. Unconsolidated deposits. 
General considerations. 

Marine a l l u v i u m occurs extensively i n the 

basin of the Sebako and Serayan r i v e r s where two marine 

stages separated by a c o n t i n e n t a l stage are recognisable 

t o the west of Sematan. I n the Ulu Sungei China, three 

cycles of erosion occur. 

To the east of Sematan, a s l i g h t l y d i f f e r e n t 

series occurs which can tee traced coastwise to the 

north-west as flar as Serabang. 
Along the main r i v e r v a l l e y s f l u v i a t i l e a l l u v i u m 
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occurs but i s r e s t r i c t e d t o the v i c i n i t y of the main 
v a l l e y s . 

Peat occurs i n the low l y i n g swampy country 

between rai s e d beaches N.W. of Sematan and i n swampy areas 

t o the west of Sematan and i n Ulu Samunsam. 
These rocks w i l l be described under the f o l l o w i n g 

headings:-
i . F l u v i a t i l e deposits 

i i . Coastal marine deposits E. of Sematan. 
i i i . Marine deposits west of Sematan. 

i v . Deposits a t Tg. Datu. 

i . F l u v i a t i l e a l l u v i u m i s centred i n three main 

areas. I n the basin of the Batang Kayan where i t i s widespread, 

To the west of the r i v e r where i t o v e r l i e s marine sands, i t i s 

a t h i c k grey black s o f t mud with.abundant organic matter 

and near Apong i t occurs t o considerable depth. 

I n the basin of the Sematan, Sebako and Serayan 

r i v e r s , the a l l u v i u m forms b e l t s r a r e l y more than h a l f a mile 

wide bordering the main streams. I t also consists of a 

black t o greyish black mud w i t h abundant organic matter. 

Si mi l a 1? deposits cover widespread areas i n the lower reaches 

of the Samunsam r i v e r . 
Muds of t h i s nature are r e s t r i c t e d to the 

t i d a l reaches of r i v e r s . 
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I n the upper reaches of the Sebako, Serayan 
and Samunsam systems, more wideispread deposits of coarse 
g r i t of g r a n i t i c of q u a r t z i t i c d e r i v a t i o n cover exten
s i v e stretches of country and a t the f o o t h i l l s of the 
Pueh, Lundu and border mountains, extensive a l l u v i a l 
fans of pebbly g r i t occur. These deposits show a 
remarkable consistency of c o n s t i t u t i o n as they are mostly 
derived from g r a n i t e and q u a r t z i t e which forms most of 
the high country. 

The streams and r i v e r s f l o w i n g o f f the eastern 

slopes of the Pueh mountains give an alluvium w i t h the 

f o l l o w i n g p r i n c i p a l c o n stituentsa-
Pebbles: B i o t i t e g r a n o d i o r i t e , q u a r t z i t e , 

g r i t s , h o r n f e l s ( i n the Samunsam 
area) pegmatite, vein quartz and 
g r a n i t i c l a t e r i t e . 

G r i t s : I n general c h i e f l y made up of 
to 80^ of quartz grains w i t h f e r r u 
ginous and vein quartz fragments 
predominant, abundant b i o t i t e and 
muscovite f l a k e s , the l a t t e r i n 
smaller q u a n t i t y , small fragments 
of q u a r t z i t e , tourmaline, ilmenite, 
l a t e r i t e and bauxite. 

The streams f l o w i n g o f f the Landu 'massif show 

i n a d d i t i o n t o the above c o n s t i t u e n t s , the f o l l o w i n g de

pending on the l o c a l i t y . 
At P e r i g i , pebbles of gabbro and h o r n f e l s i n 

a d d i t i o n to pebbles of g r a n i t i c and q u a r t z i t i c composition , 
occur. The g r i t t y p o r t i o n also contains the f o l l o w i n g 
minerals i n abundance; p y r i t e s , augite and f l u o r s p a r . 
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the l a t t e r r a r e l y . 
I n the Selarat drainage basin, a s i m i l a r g r a n i t i c 

and gabbroic s u i t e occurs but pebbles of bauxite and amphi-

bole s c h i s t are noted and f l u o r s p a r i s more pronounced. 

South of Selarat, the d e t r i t u s i s e n t i r e l y 

g r a n i t i c and q u a r t z i t i c , the f l u o r s p a r and p y r i t e s per

s i s t i n g ; i n a d d i t i o n , abundant manganese quartz, and 

quartz v e i n pebbles containing s t i b n i t e , arsenopyrite 

and p y r i t e s n being common. Fragments of manganese quartz 

are e s p e c i a l l y common. Gold also has been washed out of 

these deposits. 
I n the upper reaches of the Samunsam r i v e r , 

t erraces have been noted but these have not been followed 
up i n any d e t a i l . They are seen along the Pueh-Sambas 
t r a c k which f o l l o w s the upper of two terraces f o r a short 
distance W. of t-ie r i v e r . The terraces both consist of 
very coarse g r i t v^ith a very high p r o p o r t i o n of pebbles 
which i n a d d i t i o n to h o r n f e l s , g r a n i t e and q u a r t z i t e , 
include conglomerate g r i t s and sandstone. A number of 
pebbles of schistose conglomerates vrere also observed. 

F l u v i a t i l e deposits north of Kuala Samunsam 

w i l l be t r e a t e d separately. 

I n the streams f l o w i n g o f f the northern slopes 

of Gunong Sebuloh between Tanjong Batu and Tanjong P e r i g i , 
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the pebbles i n the f l u v i a t i l e deposit showed l i t t l e 
g r a n i t e . Their p r i n c i p a l comstituents are i n decreasing 
q u a n t i t y , q u a r t z i t e , gabbro, d i o r i t e , pyroxene g r a n i t e , 
a p l i t e , h o r n f e l s , v e i n quartz w i t h abundant s t i b n i t e , 
bauxite and g r a n i t i c l a t e r i t e and b i o t i t e g r a n i t e , 

The streams between S. Baju Bergantong and 
Lundu showed pebbles of b i o t i t e g r a n o d i o r i t e and gran
i t i c l a t e r i t e e x c l u s i v e l y i n t h e i r a l l u v i a l deposits, 
i i . Marine a l l u v i u m t o the East and North-West of Sematan. 

Coastal sections a few hundred f e e t to the East 
of Sematan show the f o l l o w i n g sections:-

"Vffhite to greyish white sand. 
Ferruginous sand w i t h comminuted Mollusca ±16 f t . 
Loosely cemented and conglomeratic g r i t base not 

seen. 
The white to greyish sand i s exposed t o the 

west of the Court-house and the Company's bungalow where 

as i t i s traced westwards i t shows an incBeasing t h i c k 

ness u n t i l i t abuts against a Quaternary ridge ^ mile to the 

West of Sematan . I n one boring i t was shown to be over 

40 f t . t h i c k . The sand grains are predominantly quartz 

( 95/o), the only other recognisable mineral being musco

v i t e . 

These sands form two raised beaches between 

Pueh and Sematan, both w e l l defined at Sematan and cann 

be traced f o r a short distance East of the r i v e r . The 
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f i r s t one i s recognisable s l i g h t l y to the north of Munggi 
Belian but i s poorly exposed at Siruh and i s not seen 
at Pueh. Between these raised beaches deposits of peat 
o v e r l i e the sand and are marshy. 

The ferruginous sand forms a bed which i s 
seen i n numerous l o c a l i t i e s , c h i e f l y at Sematan and 
Kuala Siruh and Serabang where recent erosion has 
exposed them. The most recent of the raised beaches 
which runs N.W. from the Company's O f f i c e consists 
of t h i s sand as w e l l . At Sematan two beds of commin
uted Mollusca,3 f t . apart, are exposed i n the Sungei 
Slepeh K e c h i l and f o s s i l s were noted i n a w e l l sunk 
behind the Company's Office s but do not appear t o 
have a widespread occurrence. F o s s i l s from here 
were c o l l e c t e d by N. S. Haile f o r i d e n t i f i c a t i o n 
and Dr. L. R. Cox i n a l e t t e r to Ha i l e stated t h a t 
the specimens were u n i d e n t i f i a b l e . The source of 
i r o n i s the bauxite deposit at Munggu Belian , which 
continues as a s u b - a l l u v i a l ridge t o the north-west 
and i s recognisable between Simuh and Pueh. 

Exposed on the beach j u s t i n f r o n t of the 
mosque i s an eroded p l a t f o r m of loosely cemented con
glomeratic and calcareous g r i t w i t h comminuted s h e l l s . 
I t s r e l a t i o n to the ferruginous g r i t i s u n c e r t a i n as 
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t h e i r outcrops are separated by a b e l t of sand. They 
hav4 only been observed a t Sematan. I n t h e i r v i c i n i t y 
i s a p a r t i a l l y drowned s o i l bed w i t h r o t t e d stumps of 
t r e e s . 

This drowned f o r e s t and severe undercutting 

of the beach a t Sematan show t h a t marine erosion has 

progressed considerably i n the l a s t twenty years. 

E. W. Lawrence from an examination of recent a e r i a l 

photographs estimates t h a t 60 f t . of the coast a t 

Kuala Sematan hatee been eroded %way i n the l a s t three 

years. 

With these exceptions, the general features 

of the c ^ s t l i n e suggest t h a t u p l i f t of the land sur

face has been i n progress. 

Features supporting t h i s statement were sum

marized i n the section on physiography. 

l i i . Marine deposits to the west of Sematan. 
S t r e t c h i n g i n l a n d to the west and south of lliunggu 

B e l i a n , an extensiveoseries of marine deposits occur which 

apart from the top beds of sand near the Lundu mountains 

bear l i t t l e resemb^-ance to the deposits exposed on the 

coast. 
Tm separate marine stages were found i n one 
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boring about 400 f t . to the west of Munggu B e l i a n and 
600 f t . to the south of the Sebat t r a c k . They are 
separated by a c o n t i n e n t a l phase represented by a s o i l 
bed 20 f t . t h i c k . 

I t has been shown that during Quarternary 

times the r e l a t i v e movement of land and sea l e v e l s i n c e 

maximum inundation has been i n the order of 1,100 f t . 

as wave etched rocks are exposed at the top of Bukit Gebong 

which according to the Survey Department stands a t 1,087 f t , 

A.O.D., 

The marine deposits s t r e t c h inland along the 

Serayan and Sebako v a l l e y s as f a r as Sebako v i l l a g e . 

They are exposed i n numerous p i t s and borings sunk a t 

P e r i g i , S e l a r a t and near Munggu B e l i a n between the h i l l 

and Sebat. 

Near the Lundu mountains about 300 f t . to the 

west of the a l l u v i a l boundary, four p i t s were sunk to a 

depth of about 25 f t . between S e l a r a t and P e r i g i . The 

deposit penetrated i s a sandy .to s i l t y c l a y with l e n t i -

c l e s of sand, the c l a y showing i n c i p i e n t weathering to 

a mottled g r e y i s h reddish brown colour, An e a r l i e r p i t 

sunk a t S e l a r a t showed fl f a i n t current bedding with 

g r a i n s of bauxite disseminated along the bedding 'planes', 

a f e a t u r e which l e d to the discovery of a larg e deposit of 
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bauxite i n t h i s area. 

Borings near Sematan, about 1,000 f t . W. of 

Munggu B e l i a n showed the following s e c t i o n : -

Coarse angular g r i t t y sand. 
\'\niite f i n e r sand with s i l t . 
Sandy c l a y . 
S t e e l blue c l a y with o c c a s i o n a l pebbles. 
Sandy c l a y . 
Pebbly g r i t . 

A bore, about 2,000 f t . ?if. of Munggu B e l i a n showed a f u l l 

sequence through a top marine s y c l e . 

The f u l l s e c t i o n i s as fo l l o w s : -

0 - 4 D i r t y white sand with r o o t l e t s . 

4 - 4 8 Grey f i n e to medium grained angular quart-
zose and micaceous sand incorporating 
about 30?fa s i l t . 

48 - 50 S i l t . 

50 - 52 G r i t t y sand with s i l t . 

52 - 72 Brown peaty s o i l with abundant sand and 
r o o t l e t s . 

72 - 75 Li g h t brown sand and s i l t . 

75 - .78 S i l t y c l a y . 

The white sand a t the top of the s e c t i o n i s 

almost e n t i r e l y quartzose i n nature, a small proportion 

of c l a y and the fol l o w i n g minerals being noted; white 

mica; a black mineral, presumably ilmenite or magnetite; 

b i o t i t e and a l i t t l e shredded hornblende. The b i o t i t e i s 
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extremely r a r e but near S e l a r a t i t inc r e a s e s i n quantity 

considerably. 

The c l a y underlying these sands i s a s t i f f 

blue to s t e e l deposit with o c c a s i o n a l l e n t i c l e s of sandy 

c l a y and as has been proved i n borings; the deposit thickens 

to the west. Over 60 f t . of t h i s c l a y has been noted 

i n some ho l e s . A few pebbles of r o l l e d and leached 

q u a r t z i t e are a s s o c i a t e d with t h i s c l a y as w e l l . 

The g r i t t y sand a t the base of t h i s c l a y con

t a i n s a proportion of ferruginous matter and may be the 

l i t h o - l o g i c a l equivalent of the ferruginous sands .exposed 

to the east, i n that ferruginous matter was derived from 

the teaching out of i r o n from l a t e r i t e at Blunggu B e l i a n . 

They may be equivalent i n time. 

The bed of earth i s 20 f t . i n thickness and 

contains numerous sm a l l roots, some of the l a r g e r ones 

of which extend int o the underlying sands. 

This s o i l grades r a p i d l y into a l i g h t brown 

g r i t t y sand with a f a i r amount of s i l t incorporated, 

the l a t t e r c o n s t i t u e n t becomes more frequent u n t i l 

w i t h i n 3 f t . , i t resembled the sandy cla y near S e l a r a t e 

except t h a t weathering has not yet influenced the deposit. 

I t grades int o a si l J t y blue c l a y . 
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i v . Deposits a t Tanjong Datu. 

F l u v i a t i l e deposits are e x t e n s i v e l y exposed 
i n the lower reaches of the Samunsam r i v e r where they 
form a b e l t of black to g r e y i s h s o f t muds incorporating 
a. high proportion of r o l l e d leached q.uartzite pebbles 
and t h i n beds of d i r t y grey sand. A t h i n deposit of 
t h i s nature a l s o occurs at the month of the Sungai 
China, the Sungei Melanau. These deposits contain a 
high proportion of pebbles c h i S f l y ^ l a t e r i t e but amphi-
bole q u a r t z i t e , grey q u a r t z i t e and s l i c k e n s i d e d s l a t e s 
have been observed as w e l l . I n the v a l l e y of the l e f t 
hand branch of the Sungei China, i)ebble3 of cinder c o a l , 
hardened f i r e e l a y and weathered indurated mudstones occur 
i n a d d i t i o n to the above c o n s t i t u e n t s . I n the v a l l e y of 
the Sungei Temajok, beds of coarse black sand occur i n which 
i l m e n l t e sometimes form over 80^ of the deposit. I n 
the upper v a l l e y s of the streams which flow i n t o the 
Melanau r i v e r , extensive sandy pebble beds v/ith boulders 
of bauxite, l a t e r i t e , r o l l e d q u a r t z i t e , b i o t i t e , - cord-
i e r i t e h o r n f e l s and v e i n quartz with s t i b n i t e and tour
maline have been noted. These deposits are extremely 
e x t e n s i v e i n the low ground between Gunong Melanau, 

Gunong Pangei and Gunong Serabang where they range from 
0'6" to over 8' i n thicg:ness. 
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I n the h i l l y country to the south of the 

1 s t ridge, north of Kuala Samunsam a weathered alluvium 

occurs i n which three t h i n beds of g r i t c o n s i s t i n g of 

quartz, limonite, r o l l e d l a t e r i t e , haematite and small 

r o l l e d pebbles of q u a r t z i t e occur. The pebbles form 

about 35^ of the t o t a l , the remainder of the beds con

s i s t i n g of reddish c l a y . 

The a l a y separating these three beds of g r i t t y 

c l a y c o n s i s t s of reddish c l a y with normal unconsolidated 

k a o l i n i t i c l a t e r i t e . 

Marine deposits are not extensive. On the 

west c a a s t of Tanjong Datu south and west of Gunong 

Melanau, beds of white sand s t r e t c h inland f o r about 

f m i l e and are well, exposed i n the banks of the lower 

teaches of the Sungei Temajok. They form a s e r i e s of 

r a i s e d beaches as. w e l l and incorporate a high proportion 

of i l m e n i t e . 

To the east, r a i s e d beaches are seen at Tg. 

Labuhan, 1^ m i l e s wouth of Tanjong Datu and Telok Ser-

abang and a l s o f l a n k i n g the small bays between Tg. Datu 

and Tg. Limoh. 

At Telok Serabang and Telok Melanau, the 

ferruginous sand a l s o occurs which contains comminuted 

s h e l l s , The o r i g i n of the i r o n i s believed to be the 
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same as that f o r the s i m i l a r sands near Sematan, i , e , : , L 

l e a c h i n g out of i r o n from l a t e r i t e deposits which during 

T e r t i a r y times must have covered the whole of t h i s area. 

North of Tanjong Serabang a p a r t i a l l y eroded 

calcareous bed occurs c o n s i s t i n g of comminuted s h e l l s 

and c o r a l incorporating a l i t t l e sand. This deposit 

i s bedded and has been t i l t e d to the E.N.E^ I t i s 

o v e r l a i n by present day sands. 

Between the three h i l l s which c o n s t i t u t e Tg. 

Serabang and G. Serabang a low v a l l e y running N-S occurs. 

This i s f i l l e d v^ith marine sands. The type of v a l l e y i s 

a I s o a f e a t u r e of Tg. Limoh and Tg. Batu and has already 

been d i s c u s s e d i n the s e c t i o n on physiography. 

H. Igneous Rocks, 

i . General. 

Two d i f f e r e n t s e r i e s of igneous rocks occur 

i n t h i s area of d i f f e r e n t ages. The younger i s a wide

spread s e r i e s of a c i d p lutonic rocks exposed i n the 

Lundu ' m a s s i f , i n the Pueh range, i n Ulu Samunsam and 

Tanjong Datu. The older i s a s e r i e s of a c i d , i n t e r 

mediate and b a s i c rocks exposed a t Tg. Pelandok, Tg. 

Pandan, Ulu Blungi, G. Gebong, G. Angus and G. Tamin 

Menarl. Amphibolite, formed as the resmlt of meta-

morphism of gabbro i s exposed on G. Tamin Menari and 
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and G. Tamin Tungku. Of s i m i l a r age to these older 
rocks i s an i n t n i s i o n of h i g h l y sheared, f r a c t u r e d and 
my l o n l t i z e d hornblende g r a n i t e intruded into v o l c a n i c 
rocks and exposed on G. Asoeansang and G. Batoe i n 
west Paloh and described by van Bemmelen i n 1939. 

The r e l a t i o n between the two s e r i e s can be 

studied a t Bukit Gebong and G. Tamin Menari, At 

Bukit Gebong, amphibole p l a g i o c l a s e s c h i s t derived 

from gabbro was found i n p i t s i n the south s e c t i o n of 

the h i l l and a t G. Tamin Menari, gabbro and d i o r i t e 

which i s s t r o n g l y sheared can be traced into an amphi-

b o l i t e i n which a l l t r a c e s of c a t a c l a s t i c s t r u c t u r e 

have been o b l i t e r a t e d . The gabbro i s , therefore, older 

than the i n t r u s i o n of gr a n o d i o r i t e i n the Pueh and Lundu 

ranges. 

The question as to the a c t u a l age of these . 

i n t r u s i o n s i s a d i f f i c u l t one and w i l l be discussed 

i n a l a t e r s e c t i o n of t h i s report. I t i s the b e l i e f 

of the author that the gabbro and a s s o c i a t e d rocks are 

p o s s i b l y Permian and Carboniferous i n age and the 

younger i n t r u s i o n s of granodiorite belong to a l a t e 

Mesozoic age, p o s s i b l y l a t e J u r a s s i c or e a r l y Cretaceous. 

They w i l l be t r e a t e d i n that order. 
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i i . Gabbro, d i o r i t e and pyroxene, and hornblende granit e 
of presumably Permian or Carboniferous age] 

As mentioned above, these rocks crop out i n 

a number of areas, namely Tg. Pelandok, Tg. Pandan, Ulu 

Blungi, B u l i t Gebong, G. Angus, G. Tamin Menari and G. 

Tamin Tungku. 

Outcrops a r e found along the coast between 

Tg. Batu and Tg. Pelandok and i n o l d c l i f f f a ces i n 

Ulu Blungi and G. Gebong. Exposures are widespread i n 

G. Angus and on G. Tamin Menari, c h i e f l y i n the shape 

of detached boulders. 

Tanjong Pelandok. 

A small i n t r u s i o n of gabbro d i o r i t e and pyroxene 

g r a n i t e outcrops a t Tg. Pelandok between Sungei Baju 

Bergantding and the sea, west to Tg. Pelandok and south 

to the l i n e of the above mentioned r i v e r . 

I n hand specimen, the gabbro c o n s i s t s of a 

dark grey coarse grained rock with v i s i b l e ferromagnesian 

c r y s t a l s . Two specimens of those examined have the f o l 

lowing composition:-
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No. L o c a l i t y and Rock. D e s c r i p t i o n . 

S.705 Outcrop i n bank of Section shows euhedral 
S. Baju Bergantong andesine-labradorite 
500 yds.. W of the l a t h s , greenhornblende 
Lundu Sematan t r a c k , and c h l o r i t e s e t i n a 

matrix of coarse c r y s t a l s . 
I r o n oxide occurs and some 

A l t e r e d quartz hornblende i s a l t e r e d to 
gabbro. c h l o r i t e . A l i t t l e i n t e r 

s t i t i a l quartz i s found. 

Other specimens show a l t e r a t i o n to a marked 

extent, pyroxene being replaced by hornblende which i n 

tu r n i s p a r t l y a l t e r e d to c h l o r i t e . 

The hornblende d i o r i t e outcrops a t Tg. Pelandok 

j u s t north of the S. Baju where i t a dark green medium 

grained veined rock with v i s i b l e ferromagnesian c r y s t a l s 

i n a f i n e r groundmass. I t i s represented by:-

No. L o c a l i t y and Rock. Des c r i p t i o n . 

S. 722 Headland of Tg. Microsection shows andesine 
Pelandok. l a t h s i n a matrix of pyro

xene, hornblende and i r o n 
Hornblende d i o r i t e oxides. The veins c o n s i s t 
p i e r c e d by a gr a n i t e of coarse grained quartz, 
v e i n . anhedral hornblende and 

andesine. 

This specimen has been a f f e c t e d by metamorphism 

to a l e s s e r extent than the gabbro as a l l stages i n the 

a l t e r a t i o n of pyroxene to hornblende can be observed. 

The v e i n probably represents a cooling crack into which 

r e s i d u a l magma of g r a n i t i c composition which cooled 

l a t e s t of a l l was i n j e c t e d . 
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The psrroxene g r a n i t e i s exposed on Munggu S. 

Baju where i t i s seen as an putcrop p r o j e c t i n g through 

weathered c l a y . I t i s a dark medium grained rock with 

v i s i b l e b i o t i t e and quartz. 

No. L o c a l i t y and Rock. D e s c r i p t i o n . 

S. 704 Munggu S. Baju Microsection shows l a t h s of 
o l i g o c l a s e p l a t e s of o l i g o -

Pyroxene g r a n i t e . c l a s e b i o t i t e and r a r e pyr
oxene enclosed i n coarse 
quarts c r y s t a l s . Myrmekite 
occurs and the p l a g i o c l a s e 
i s zoned. The b i o t i t e chow 
a l t e r a t i o n to c h l o r i t e ofte. 
enclosing i r o n oxide grains 

Other specimens of pyroxene g r a n i t e show p a r t i a l 

r e c r y s t a l l i z a t i o n of quartz. This i n t r u s i o n i s bounded 

to the west and ea s t and south by q u a r t z i t e . The quart

z i t e i s s e v e r e l y a f f e c t e d by the i n t r u s i o n , complete r e -

c r y s t a l l i z a t i o n of the quartz i n the o r i g i n a l sandstone 

having taken p l a c e , the a r g i l l a c e o u s matter having been 

converted i n t o b i o t i t e . X e n o l i t h s of q u a r t z i t e have been 

observed i n t h i s rock a t the headland and a t Munggu Sungei 

Ba|u. They are not frequent. 

As mentioned above, these rocks have been 

subjected to thermal metamorphism, the p r i n c i p a l change 

being the a l t e r a t i o n of pyroxene to hornblende and the 

p a r t i a l r e c r y s t a l l i z a t i o n of quartz i n pyroxene g r a n i t e . 

The a l t e r a t i o n of hornblende to c h l o r i t e i s beli e v e d to be 

the r e s u l t of thermal metamorphism due to the l a t e r 
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Int i n i s i o n of g r a n i t e . 

The p r i n c i p a l f e a t u r e of these rocks i s the 

extraordinary and c a p r i c i o u s ^^ariation of gabbro, dio

r i t e and pyroxene and hornblende g r a n i t e and a l s o the 

the equally i n c o n s i s t e n t v a r i a t i o n i n g r a i n s i z e , coarse 

grained d i o r i t e and gabbro occurring side by s i d e with 

f i n e grained v a r i e t i e s of d i f f e r e n t composition. 

This f e a t u r e i s general f o r a l l the b a s i c 

i n t r u s i o n s i n t h i s area. According to Harker (1932 p.330) 

t h i s c a p r i c i o u s d i s t r i b u t i o n suggests i n t r u s i o n during a 

period of orogenic s t r e s s . 

Tanjong Pandan and Ulu Blungi. 

A l a r g e i n t r u s i o n of hornblende d i o t i t e and 

gabbro extends from the sea at Tanjong Pandan into Ulu 

Blungi. I t i s p a r t l y covered by alluvium. I n c h a r a c t e r 

i t i s s i m i l a r to the Sg. Pelandok i n t r u s i o n except that i t 

i s cut by a s m a l l g r a n i t e stock of s l i g h t l y l a t e r age. 

The d i o r i t e i s exposed at Tg. Pandan and a t 

Munggu Blungi, where i t i s seen to be a dark grey rock 

with v i s i b l e ferromagnesian c r y s t a l s and f e l s p a r . The 

specimens described below are t y p i c a l . 
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No. L o c a l i t y and Rock. D e s c r i p t i o n . No. 

B.721 

S. 725 

1,000 f t . of Ulu 
Blungi K e c h i l along 
the Lundu t r a c k . 

Tg. Pandan 

This s e c t i o n shows hornblende 
and l a t h s of andesine-labra-
do r i t e with patches of i r o n 
oxide. 

Thin s e c t i o n c o n s i s t s 
c h i e f l y of green hornblende 
and l a t h s of andesine with 
i n t e r s t i t i a l coarse grained 
r e c r y s t a l l i z e d quartz c r y s t a ] 
B i o t i t e , c h l o r i t e , i r o n oxide 
and p y r i t e s a l s o occur. 

S. 729 6 inches from t h i n Section shows andesine labra-
g r a n i t e dyke 100 yds. d o r i t e and hornblende with 
W. of e a s t e r n extrem- l i t t l e i n t e r s t i t i a l quartz, 
i t y of Tg. Pandan. Sphene and i r o n oxides are 

present. 

These three specimens are c l e a r l y metamorphosed 

rocks, probably quartz pyroxene d i o r i t e o r i g i n a l l y i n which 

the pyroxene has been completely a l t e r e d to hornblende. 

Quartz gabbro i s found i n both areas, the 

following specimens being r e p r e s e n t a t i v e : -

No. 

S. 726 

S. 728 

L o c a l i t y and Rock. 

Tg. Pandan 
N. of a p l i t e dyke 

De s c r i p t i o n . 

Section shows hornblende 
l a b r a d o r i t e and myrownekite. 
I r o n oxides are present. 

Tg. Pandan 100 yds. E. Microsection c o n s i s t s of 
of A p l i t e dyke. green hornblende l a t h s , d i a l 

lage p a r t l y a l t e r e d to horn
blende, l a b r a d o r i t e quartz 
and i r o n oxides. Intergrowt. 
of quartz and f e l s p a r occurs 

S. 733 Tg. Pandan. Microsection shows l a b r a d o r i t 
l a t h s , green hornblende, ra r e 
pyroxene probably d i a l l a g e 
rimmed with hornblende, quart 
often intergrown ^Ith f e l s p a r 
and needles of i r o n oxide. 
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No. L o c a l i t y and Rock. D e s c r i p t i o n . 

S. 728 Tg. Pandan 100 yds. Microsection c o n s i s t s of 
E. of A p l i t e dyke. green hornblende l a t h s , d i a l . 

lage p a r t l y a l t e r e d to horn
blende, l a b r a d o r i t e quartz am 
i r o n oxides. Intergrowth of 
quartz and f e l s p a r occurs. 

S. 733 Tg. Pandan 'Microsection shows lab r a d o r i i 
l a t h s , green hornblende, rare 
pyroxene probably d i a l l a g e 
rimmed with hornblende, quart 
often intergrown with f e l s p a i 
and needles of i r o n oxide. 

These rocks have s i m i l a r l y been a f f e c t e d by the .: \: 

Lundu i n t r u s i o n and the same considerations apply as above. 
Tanjong Pandan. 

A small s t o c k - l i k e i n t r u s i o n 150 yds. wide i s 

exposed a t the headland of Tg. Pandan. I n general i t i s 

a hornblende-biotite eiplite with coarse grained hornblende 

g r a n o d i o r i t e forming the margin d)f the i n t r u s i o n . 

The a p l i t e i s intruded into gabbro and d i o r i t e 

which i t has a l t e r e d , although i t i s impossible to say 

what a l t e r a t i o n i s due to the Lundu granodiorite and what 

to the Tg. Pandan g r a n i t e . 

The contacts are g e n e r a l l y sharp but l e n s e s of 

g r a n i t e occur i n the gabbro up to 50 f t . away from the con

t a c t and extensive i n t e r p e n e t r a t i o n by small veins of coarse 

grained g r a n i t e penetrate the gabbro f o r a considerable 

d i s t a n c e . 
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I n general the rock i s a f i n e grained w h i t i s h 
grey rock with v i s i b l e ferromagnesian c r y s t a l s , i n some 
cases the concentration of hornblende i s great e n o u ^ to 
give the rock a dark appearance. The coarse grained 
marginal f a c i e s . c o n s i s t s of large ferromagnesian c r y s t a l s 
up to 1 cm. i n length i n a coarse grained matrix of f e l s p a r 
quartz and b i o t i t e . These marginal coarse grained f a c i e s 
suggest that the g r a n i t e was intruded into h i g h l y heated 
country rock. Intense shearing i s noticeable i n some 
specimens. Stages i n the a l t e r a t i o n of pyroxene to horn
blende are seen. 

Over f i f t e e n specimens have been examined and 

the following are r e p r e s e n t a t i v e : -

No. L o c a l i t y and Rock. Description. 

72 
S.724 Lens i n gabbro to Coarse grained rock with 

the west of the v i s i b l e b i o t i t e , quartz, 
headland. f e l s p a r and elongated f e r r o 

magnesian c r y s t a l s . Thin 
Hornblende grano- s e c t i o n s show l a t h s of oligo-
d i o r i t e . c l a s e , orthoclase, b i o t i t e 

( a l t e r e d to c h l o r i t e ) and 
green hornblende.. I n t e r -
growth of p l a g i o c l a s e and 
quartz noted. 

75 S.727 Small dyke pene- Coarse grained l i g h t grey 
t r a t i n g gabbro rock with l a r g e l a t h s of 
intruded i n a d i r - ferromagnesian c r y s t a l s i n 
extion 25°^* of S. a f i n e r - g r a i n e d groundmass 

of quartz and f e l s p a r . 
Hornblende grano- Thin s e c t i o n shows andesine 
d i o r i t e . intergrown with quartz, ortJ 

c l a s e and l a t h s of hornblend 
a p a t i t e sphene and i r o n oxidi 
are the p r i n c i p a l a c c e s s o r i e 



-98-

No. 

78 
S.730 

L o c a l i t y and Rock. Desfiription. 

Centre of i n t r u s i o n . 

S. 738 Centre of i n t r u s i o n 

79 S.731 1 inch from contact 
with gabbro. 

Li g h t f i n e and w h i t i s h grey 
mottled rock with dark ferrc 
magnesian c r y s t a l s . Micro-
s e c t i o n shows quartz, ortho-
c l a s e and a l b i t e with r a r e 
hornblende, b i o t i t e and* i r o i 
oxides. Granophyric i n t e r 
growth between quartz and 
f e l s p a r i s common. 

Hand specimen s i m i l a r to 
S.730. Microsection shows 
quartz orthoclase and a l 
b i t e with rare hornblende, 

b i o t i t e and i r o n oxides. 
Granophyric intergrowth 
between quartz and f e l s p a r 
i s common. 

Hand specimen i s a coarse 
grained mottled green and 
grey rock with v i s i b l e f e r r c 

bmagnesian c r y s t a l s i n con
t a c t with a f i n e grained 
dark green rock. Thin 
sections show o l i g o c l a s e , 
orthoaclose, orthoclase 
hornblende ( i n some c r y s t a l s 
formed at the expense of 
pyroxene) and quartz. 
Accessory minerals are spher 
a p a t i t e and i r o n oxide. A 
ve i n containing quartz and 
epidote cuts the se c t i o n . 

80 
S.732. As f o r 78 S.730, 

82 S 734 Centre of i n t r u s i o n . Hand specimen No.79. 
Thin s e c t i o n shows andesine, 
orthoc l a s e , microperthite 
b i o t i t e and hornblende laths 
with r a r e pyroxene. Quartz 
occurs as intergrowths with 
f e l s p a r and as separate graj 
g r a i n s . 

87 S.739 Occurrence and d e s c r i p t i o n as No.82 754. 



-99-

Bukit Gebong. 

A l a r g e i n t r u s i o n of gabbro a l t e r e d to anphi-

bole p l a g i o c l a s e s c h i s t i n the south occurs between P e r i g i 

and S e l a r a t where i t i s intruded into q u a r t z i t e . 

Specimen No. 712 i s c h a r a c t e r i s t i c of the 

un a l t e r e d iock showing very l a r g e c r y s t a l s of a f e r r o -

magnesian mineral (up to 6 mm. i n diameter) i n a f i n e r 

but s t i l l coarse grained groundmass of p l a g i o c l a s e l a t h s 

and ferromagnesian c r y s t a l s . The t h i n s e c t i o n shows 

intergrown d i a l l a g e and l a b r a d o r i t e i n approximately 

equal proportions. 

This specimen i s from the N. sector of the 

h i l l i n the Sungai P e r i g i K e c h i l . I n the south of the 

i n t r u s i o n the pyroxene i s t o t a l l y replaced by hornblende 

and i n p i t No. 1 and No. 31, p l a g i o c l a s e amphibole s c h i s t 

i s found. Pyroxene gr a n i t e i s found i n p i t s . 80 and 82 

i n the N.W. f o o t h i l l s of G. Gebong. I t i s a dark grained 

rock with v i s i b l e quartz f e l s p a r , ferromagnesian c r y s t a l s 

and b i o t i t e . The rock i s weathered to bauxite and stages 

i n the a l t e r a t i o n of gabbro to s c h i s t cannot be traced. 

Gunong Angus. 

This i n t r u s i o n c o n s i s t s of d i o r i t e and gabbro 

l o c a l l y a l t e r e d i n the south int o hornblende d i o r i t e and 

gabbro. I t i s i n t e n s e l y sheared and s l i c k e n s i d e d i n hand 
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specimens abd i n t h i n section, shearing and a l t e r a t i o n 

of ferromagnesian c r y s t a l s , undulose e x t i n c t i o n of f e l 

spar and quartz c r y s t a l s are noted. The i n t r u s i o n i s 

flanked by unmetamorphosed mudstones found i n p i t s sunk to 

the E. of the h i l l by J. Puckey. 

The rock v a r i e s from a grey to l i g h t green 

p o r p h y r i t i c t o evenly coarse grained rock and i s w e l l 

exposed on the scarp face t o the south of the top of 

the mountain. D e t a i l s of cpmposition are given below:-

No. 

S. 698 

L o c a l i t y and Rock. Description. 

N. slopes of 
G. Angus. 

Metamorphosed 
gabbro. 

S. 699 Eastern f o o t h i l l s 
of G. Angus. 

Metamorphmsed 
gabbro. 

Thin section consists 
predominantly of pyroxene 
i n p a r t a l t e r e d to an 
aggregate of a c t i n o l i t e 
and c h l o r i t e . I n t e n s e l y 
a l t e r e d plagioclase grains 
occur set i n a very f i n e 
grained p a r t l y i s o t r o p i c 
groundmass together w i t h 
v;isps of a c t i n o l i t e . 

Microsection shows l a t h s 
of l a b r o d o r i t e p o i k i l i t i c -
a l l y enclosed i n a very 
coarse grained pyroxene. 
The pyroxene i s ggreen and 
some c r y s t a l s show a f i n e 
p a r t i n g or cleavage p a r a l 
l e l t o the c r y s t a l o u t l i n e 
probably d i i ^ l l a g e . The 
pyroxene i s also a l t e r e d 
i n p a r t to c h l o r i t e , horn
blende and a c t i n o l i t e . 
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No. L o c a l i t y and Rock. Qescription. 

S. 687 

S. f o o t J i i l l s of 
G. Angus 

A l t e r e d quartz 
d o l e r i t e . 

S. slopes of 
G. Angus, 

Metamorphosed 
pyroxene d i o r l t e . 

S. 700. Top of G. Angus. Thin section shows r e l i c t 
p lagioclase i n a groundmass 
predominantly of hornblende 
w i t h i n t e r s t i t i a l f e l s p a r . 
Fine quartz v e i n i n g i s 
common. 

S.703. S. f o o t h i l l s of Microsection shows predom
i n a n t l y pyroxene, hornblend 
and c h l o r i t e i n a quartz «• 
f e l s p a t h i c groundmass. 
Several grains of p l a g i o 
clase ( l a b r a d o r i t e ?) occur 
Microsection consists of 
very coarse plates of 

d i a l l a g e , c h l o r i t e and ande-
sine. Aggreggates of actin-
o l i t e bordered by c h l o r i t e 
occur. 

S. 701 As S. 687 Microsection shows pyroxene 
a l t e r e d t o an aggregate of £ 
a c t i n o l i t e and c h l o r i t e anc 
a basic andesine f e l s p a r . 

The appearance of c r y s t a l s i n these specimens 
under the microscope shows t h a t the i n t r u s i o n has under
gone considerable t e c t o n i c movement since i t s emplacement. 
Quartz c r y s t a l s i n a d d i t i o n show pronounced f r a c t u r i n g and 
undulose e x t i n c t i o n . 

I n a d d i t i o n t o v a r i a t i o n of composition a 
notable v a r i a t i o n i n t e x t u r e occurs ranging from f i n e 
grained d o l e r i t e to p o r p h y r i t i c very coarse grained 
p o i k i l i t i c gabbro and d i o r i t e . I n some hand specimens, 
elongated c r y s t a l s of ferromagnesian minerals up t o 10 mm. 
i n l e n g t h have been noted. 
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The boundaries of t h i s i n t r u s i o n are not 

exposed and i t i s not c e r t a i n what they are intruded i n t o 

but i t i s believed t h a t q u a r t z i t e s form the country rock. 

Gunong Tamin Menari. 

L i t t l e i s known about t h i s i n t r u s i o n , specimens 
i n my possession having been brought i n by rock s o l l e c t o r s 
They are a l l plagioclaae amphibolites w i t h a l i t t l e quartz 
I r o n oxides occur and a l t e r a t i o n , of hornblende t o c h l o r i t e 
i s noted (S.706). Complete o b l i t e r a t i o n of aay cata-
c l a s t i c s t r u c t u r e and textures has occurred and i t i s 
cle a r t h a t t h i s i n t r u s i o n has been severely a f f e c t e d 
by the Pueh i n t r u s i o n . This and the f o l l o w i n g i n t r u s i o n a] 
are f l a n k e d by unmetamorphosed mudstones. 
Gunong Tamin Tungku. 

Specimens of ̂ p h i b o l i t e have been brought i h 
fr o m , t h i s &in/byoJS°l^ c o l l e c t o r s . 

The d i f f e r e n t a t i o n unde"rfeone by t h i s basic 
t o intermediate series i s taken to mean th a t they 
were i n t r u d e d during a period of c r u s t a l stress. (Barker 
1932 p.330) 

The q u a r t z i t e s i n t o which they have been 

intr u d e d are believed t o be Permian and Carboniferous 

i n age and the gabbro i s believed to be e i t h e r Permian 

or Carboniferous i n age poss i b l y l a t e Permian. 
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Gunong Asoeansang. 

I n h i s d e s c r i p t i o n of the rocks of W. Borneo 

van Bemmelem describes i n t r u s i o n s from G. Asoeansang 

and G. Batu i n Paloh. I n view of the di f f e r e n c e s they 

show from the Pueh, Lundu and Tg. Datu g r a n i t e s , van 

Bemmelen's remarks are quoted here i n order to present 

f u l l e r evidence f o r a c o r r e l a t i o n of the rocks i n our 

atea. 
He w r i t e s : -
" I n the Asoeansang complex which occurs i n 

the mountainous country near the N.K.W. fl o w i n g s t r e t c h 

of the S. Bemban, p l u t o n i c rocks have only r e c e n t l y 

been exposed by denudation. We f i n d ourselves c h i e f l y 

i n the i n t e n s e l y metamorphosed cover to these p l u t o n i c 

rocks, c o n s i s t i n g c h i e f l y of c r y s t a l l i n e s chists and 

rocks c l a s s i f i e d i n t o the Permian and Carboniferous 

systems and i t i s only occasionally t h a t exposures of 

the igneous rocks are seen. 

i\Io. L o c a l i t y and Rock. Description. 

N0.191P. H i l l t o the S. of Amphibole syenite, h i g h l y 
the j u n c t i o n of the sheared. The rock consist; 
S. Poetih (Puteh) of a l k a l i _ f e l s p a r (pres-
w i t h the S. Bemban umably also anorthoclase) 
N.N.W. of G. Batu. very acid plagioclase and 

a l i t t l e amphibole. - The 
rock i s in t e n s e l y affected 
by dynamic metamorphism. 
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No. L o c a l i t y and Eock. Description. 
No. I I I P . ' 

S. Bajoer 110 m. M y l o n i t i z e d g r a n i t e i n part 
upstream from a chal- completely crushed. Con-
co p y r i t e s deposit i n s i s t i n g of quartz, ortho-
the S.E. p a r t of the clase, very acid plagioclas 
G. Asoeansang complex.and green amphibole. The 

const i t u e n t minerals are be 
bent and f r a c t u r e d and 3ho\ 
undulose e x t i n c t i o n . I n 
specimens from nearby ex
posures (112 & 113 p) r e 
generation of the rock has 
commenced w i t h subsequent 
large scale formation of 
p r e l i n i t e and regeneration 
of quartz i s also noted. 
Sulphide ores occur i n 
a d d i t i o n . A f t e r or during 
the dynamic metamorphism 
the rocks have subseyientl^ 
Been a f f e c t e d by an intens] 
siye hydrothermal metamor
phism. 

S. 105 P S. Bajoer E. Amphibole g r a n i t e : i n t e n -
slopes of G, sely sheared: micr o c l i n e , 
Asoeansang near very acid plagioclase, qua] 
the e h a l c o p y r i t e quartz and green amphibole 

deposit. are the constituents. I n 
the sheared zones which 
traverse the rock, c h l o r i t f 
epidote and p y r i t e s have 

' been formed. The crushing 
process was the r e f o r e ac
companied or followed by a 
hydrothermal metamorphism. 

i l l . Younger i n t r u s i o n s of b l o t i t e g r a n i t e and g r a n o d i o r i t i 
These rocks are exposed i n three areas where 

they form i n t r u s i o n s of a considerable s i z e . They occur 

i n the Lundu ' m a s s i f , the Pueh range i n c l u d i n g Ulu 

Samunsam and Tg. Datu. 
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They show c e r t a i n features i n common. They 
are a l l remarkably constant w i t h i n l i m i t s , c o n s i s t i h g ^ 
of coarse grained b i o t i t e g r a n o d i o r i t e s and w i t h the 
exception of Tg. Datu g r a n i t e a l l have extraordinary 
sharp contacts, l i t t l e evidence of the a s s i m i l a t i o n 
of the country rock having been noted. I n contrast 
to the Asoeansang and Tg. Pandan grani t e s and syenites 
they are not a f f e c t e d by shearing and show i n a d d i t i o n 
a d i f f e r e n t m i n e r a l o g i c a l c o n s t i t u t i o n . 
The Lundu g r a n i t e s . 

This g r a n i t e outcrops to the west of the 
Lundu-Sematan t r a c k v i a Siar and to the east of the 
Lundu-Serayan t r a c k . I t forms Gunong Selarat, Gunong 
P e r i g i , Gunong Lundu, G. Gading and G. Sebuloh and 
occupies an approximate area of twelve square miles. 

Specimens of g r a n i t e have been described by 

van Bemmelen (1939) and are quoted below. The numbers 

r e f e r t o the specimens i n the Geological lifiuseum a t 

Bandoeng 
No. L o c a l i t y and Rock. Description. 

253 SV/. W a t e r f a l l ^ a r the Two mica g r a n i t e c o n s i s t i n g 
f o o t h i l l s of Gunong of colourless and dark mica 

Lundu. (w i t h pleochroic haloes 
based on a z i r c o n nucleus), 
I n a d d i t i o n plagioclase, 
orthoclase (occasionally 
m i c r o p e r t h i t i c ) and quartz. 
Accessory minerals are 
a p a t i t e and i r o n ore. 
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No. L o c a l i t y and Rock. Description. 

258 SW. S. Semunin t o the Two mica g r a n i t e as No. 
west of Lundu. 2S3SW. 

Few specimens were c o l l e c t e d as exposures are 

ra r e owing to deep weathering, but of the eight examined 

the f o l l o w i n g two are representative:-
No. L o c a l i t y and Rock. De s c r i p t i o n . 
S. 720 Top of G. Selarat B i o t i t e g r a n o d i o r i t e 

For d e t a i l s see No.S.737. 
S. 737 • G. Pulau Aver, Microsection shows ande-

Lundu. sine, less common ortho-
clase and b i o t i t e . Grains 
of z i r c o n and a p a t i t e are 
common. 

This g r a n i t e i s in t r u d e d as a b a t h o l i t h . I t i s contemp-

oraneous w i t h the Pueh g r a n i t e to which i t bears a r e 

markable resemblance. 

I t metamorphoses the nearby gabbros and the 

q u a r t z i t e s which were pr e v i o u s l y metamorphosed by the 

gabbro. Only a few x e n o l i t h s have been noted i n t h i s 

i n t r u s i o n . 

The g r a n i t e shows sharp contacts and l i t t l e 

evidence of a s s i m i l a t i o n of the country rock. 

Near Gunong Sebuloh veins of quartz and 

p y r i t e s have been observed. I n the Selarat - Serayan 

area no veins have been seen i n s i t u but pebbles of 

v e i n quartz w i t h f l u o r s p a r are common i n streams as 

are v e i n quartz pebbles w i t h s t i b n i t e , p y r i t e and 
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arsenopyrite. At S e b i r i s , quartz ceins w i t h f l u o r s p a r 
have been noted and at Gunong Pulau Aver near Lundu, 
v e i n quartz w i t h b e a u t i f u l l y formed c r y s t a l s of quartz 
and tourmaline and a grass green f l a k e y mineral pro
v i s i o n a l l y i d e n t i f i e d as t o r b e n i t e occurs. 
The Pueh i n t r u s i o n . 

This i n t r u s i o n forms the mountainous country 
between Benterang and Pueh i n the north to Sadjingan 
i n the south and covers an approximate area of 36 square 
miles. I n general i t i s an extraordinary uniform i n t r u 
sion c o n s i s t i n g of medium to coarse grained g r a n i t e , 
f i n e grained a p l i t e being common i n the south. 

A few p e t r o l o g i c a l d e t a i l s of t h i s g r a n i t e 
were published by van Bemmelen i n 1939 and are quoted 
below as are others of specimens i n the author's c o l 
l e c t i o n and duplicated at Kuching. 

The Sandoeng specimen numbers are followed 
by the l e t t e r P., the Kuching specimens preceded by 
the l e t t e r S. Specimen S.659 i s from a stock i n Ulu 
Samunsam which i s probably p a r t of the same i n t r u s i o n , 
the sedimentary cover between the two exposures being 
u n d e r l a i n by g r a n i t e . The remainder are a l l from the 
main i n t r u s i o n . 
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L o c a l i t y and Rock. Description. 

9 (S.659) Stock of Ulu 
Samunsam 1^ miles 
SE. of Pueh-Sambas 
f o r d over S. Sam
unsam. 

Thiss section shows quartz 
45?^, andesine 45^, b i o t i t e 
8^, Muscovite and c h l o r i t e 
2%. 

65 (S.717) 

3 {S.715) 

7,500 f t . S. of 
j u n c t i o n of Com
pany's E.P.L. 
r e n t i s S. of Pueh, 

16,000 f t . from 
same j u n c t i o n as 
S.717 along E.P.L. 
boundary r e n t i s . 

61 (S.713) 

B i o t i t e g r a n o d i o r i t e , being 
a mottled l i g h t grey coarse 
grained rock w i t h v i s i b l e 
b i o t i t e , quartz and f e l s p a r 
This section consists of 
b i o t i t e l a t h s , quartz o l i g o -
clase -andesine plagioclase 
occurring i n t e r s t i t i a l l y 
and as small rounded grains 
i n the f e l s p a r . 

B i o t i t e g r a n o d i o r i t e being 
a l i g h t grey mottled rock 
w i t h discernable green 
ferromagnesian c r y s t a l s i n 
a l i g h t quartz f e l s p a r 
groundmass. Thin section 
shows b i o t i t e a l t e r e d to 
c h l o r i t e and muscovite and 
olig o c l a s e - andesine plag
ioclase p a r t l y a l t e r e d . t o a 
s e r i c i t e i n a matrix of 
quartz. The quartz has a 
marked undulose e x t i n c t i o n . 
Veins of c a l c i t e occur and 
grains of zi r c o n and a p a t i t e 
are common. 

E. slopes of Pueh range Hypidiomorphic grey 
i n the S. Ghali near mottled rock w i t h discern-
Sebat. able b i o t i t e , quartz and 

fe l s p a r . Under the micro
scope i t consists of ande
sine, quartz and b i o t i t e . 
A patch of green hornblende 
granules, muscovite and 
i r o n oxides occur. 
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61 (S.713) continued. 

42 (S.694) 
F o o t h i l l s of G. 
Sebat between Ulu 
Sebat K e c h i l and 
Ulu Tembaga (^ mile 
N. of l a t t e r ) 

B i o t i t e adamel-
l i t e . 

Zircons and i r o n oxides 
are the p r i n c i p a l access
ori e s and the b i o t i t e shows 
a l t e r a t i o n to c h l o r i t e and 
i r o n oxides. 

Hand specimen i s a coarse 
grained hypidiomorphic grey 
mottled rock. This section 
shows equal amounts of or-
thoclase (Carlsbad twinned) 
and zoned oligoclase-ande-
slne plagioclase. B i o t i t e 
f l a k e s and muscovite show 
a l t e r a t i o n to c h l o r i t e . 
Some plagioclase f e l s p a r 
contains f i n e s e r i c i t e 
f l a k e s along cleavage traces 
There i s a small develop
ment of graphic intergrowth 
between orthoclase and 
quartz and an i n c l u s i o n of 
b i o t i t e h o r n f e l s occur. 

56 (s.708) 
S. Nyawang, 
Ulu Sebat Kechil. 
B i o t i t e grano
d i o r i t e . 

62 (S.714) 
Headwaters of S. 
Tembago. 

B i o t i t e grano
d i o r i t e w i t h 
garnet. 

Hand specimen i s a grey 
mottled coarse grained rock 
w i t h v i s i b l e hypidiomorphic 
b i o t i t e , f e l s p a r and quartz. 
Thin section shows ortho
clase 4^, oli g o c l a s e 25^ 
and c h l o r i t i z e d b i o t i t e , 
fphene and i r o n occur, the 
l a t t e r conspicuous i n the 
b i o t i t e . 

Medium grained rock w i t h 
hypidiomorphic c r y s t a l s of 
b i o t i t e , quartz and f e l s p a r . 
Thin section consists of 
andesine, quartz and b i o t i t e 
Red garnet occurs i n patches 



No. 

49 P. 

47 P. 

140 P. 
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L o c a l i t y and Rock. 
Batu Begupit near 
Kg. Sadjingan, 
Indonesia. 

B i o t i t e grano
d i o r i t e . 

S:.. Sinlo near 
Kg. Sadjingan, 
near Sambas-
Sarawak f r o n t i e r , 
Indohesia. 

B i o t i t e muscovite 
adamellite. 

Headwaters of the 
S. Bemban, N.Paloh 
(N.E.I.) 
B i o t i t e muscovite 

granophyre. 

Desc r i p t i o n . 

H o l o c r y s t a l l i n e hypidio
morphic Plutonic rock con
s i s t i n g of b i o t i t e , potash 
f e l s p a r , zoned andesine witb 
a l b i t e forming the outer 
l a y e r s . Accessoi*y minerals 
are a p a t i t e , z i r c o n and 
i l m e n i t e , the z i r c o n forms 
the nucleus of abundant 
pleochroic haloes i n the 
b i o t i t e . 
H o l o c r y s t a l l i n e hypidlomorph 
phic p l u t o n i c rock w i t h b i o 
t i t e and to a lesser extent 
muscovite zoned andesine 
(idiomorphic) orthoclase and 
abundant quartz. The b i o t i t 
i s f r e q u e n t l y a l t e r e d to 
c h l o r i t e , accessory minerals 
are a p a t i t e , i l m e n i t e and 
zi r c o n , the l a t t e r forming 
the nucleus of pleochroic 
haloes i n the b i o t i t e and 
an azure blue, o p t i c a l l y 
negative Tiniaxial idiomor
phic s i x sided mineral. The 
colour i s too intense f o r 
sapphire, possibly tourma
l i n e . Secondary r u t i l e 
occurs i n the c h l o r i t e . A 
x e n o l i t h of h o r n f e l s w i t h 
w e l l developed decussate 
t e x t u r e and c o n s i s t i n g of 
a c t i n o l i t e , quartz and plag
ioclase w i t h a strong pleoch 
r o i c qiineral (possibly tour
maline) f o i l i n g a conspicu
ous halo i n the a c t i n o l i t e . 

Thin section shows quartz 
orthoclase, andesine and 
b i o t i t e (grequently a l t e r e d 
to c h l o r i t e ) and muscovite. 
The quartz and orthoclase 
f r e q u e n t l y intergrown. 
Accessory minerals are gar
net, z i r c o n , tourmaline, 
i r o n ore and the l a t t e r 
again forming the n u c l e i of 
pleochroic haloes. 
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As w i l l be seen there i s a remarkable u n i 

f o r m i t y of t e x t u r e , a coarse g r a n i t i c t e x t u r e being 

general and a granophyric t e 3 s t u r e occurring i n the 

f i n e grained v a r i e t i e s . I n composition the i n t r u s i o n 

i s predominantly a b i o t i t e g r a n o d i o r i t e w i t h occasional 

development of muscovite and varying occasionally i n t o 

adamellite and potash g r a n i t e . 

X enoliths occur i n specimen 47 P. where a basic 
Igneous rock has been converted i n t o a plagioclase - amph
i b i a - quartz rock and i n spedlmen S.713, the hornblende 
muscovite granules probably represent assimilated country 
rock. At Tekorong, a z e n o l i t h pf plagioclase amphibolite 
3 f t . aclross occurs i n the g r a n i t e about 20 yds. from the 
contact. 

No pegmatites i n s i t u have been observed but 
i n the headwaters of the Sungei Samunsam pebbles and 
boulders of plagioclase quartz muscovite pegmatite w i t h 
s t i b n i t e and brownilsh black tourmaline have been observed. 
These occur f r e q u e n t l y . 

S i m i l a r pebbles but of considerably smaller 
size have been observed i n the Sungei Tekorong (Tekorok) 
amd A. Nyawang and Sungei Sebat Kechil. 

Hydrothermal veins w i t h epidote, tourmaline 
and quartz associated w i t h t h i s I n t r u s i o n have been 
abserteed i n the Tekorong area. The g r a n i t e i s intruded 
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i n t o s c h i s t and q u a r t z i t e . 

Deposits of haematite south-east of G. 
Nibong are associated w i t h t h i s g r a n i t e . 
Tanjong Datu. 

This g r a n i t e occupies a r e l a t i v e l y small 

area i n the Tg. Datu peninsula where i t e x h i b i t s some 

s t r i k i n g c o ntrasts to the other two large i n t r u s i o n s 

of b i o t i t e g r a n o d i o r i t e . At i t s contact extensive 

i n t e r p e n e t r a t i o n and mixing of the country rock and the 

g r a n i t e occurs and x e n o l i t h s abound i n the g r a n i t e 

i t s e l f . Gneiss forms a b e l t 600 yds. wide south of 

Kuala Labuhan. I n a d d i t i o n the g r a n i t e contains large 

numbers of s c h l i e r e n or c l o t s of b i o t i t e which give the 

g r a n i t e a very c h a r a c t e r i s t i c appearance. Specimens 

have been c o l l e c t e d from t h i s g r a n i t e and a specimen 

from the Indonesian side of t h i s i n t r u s i o n i s described 

by van Bemmelen and i s quoted below:-

No. L o c a l i t y and Rock. Description. 

174 P. 1 km. N. of the Fine grained g r a n i t e w i t h 
summit of G. Datu, dark s c h l i e r e n g i v i n g the 
HCE-Paloh. rock the appearance of l i t 

par l i t i n j e c t i o n gneiss . 
The colourless minerals 
are orthoclase and quartz, 
the l a t t e r enclosing i d i o -
morphic andesine c r y s t a l s 
B i o t i t e also occurs con
centrated i n bands thereby 
forming the schlieren which 
give the granlte'J\;haracter-
I s t l c appearance. 
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The marginal areas of t h i s i n t r u s i o n are 

b i o t i t e g r a n i t e , the main mass being a b i o t i t e grano

d i o r i t e . 
. L o c a l i t y and Rock. Description. No. 

89 
(S.741) Hand specimen i s a coarse 

x - ^ j - ^ ^ . — grained rock c o n s i s t i n g of 
border of i n t r u s i o n , nquartz, f e l s p a r and b i o t i t e 

The microscope shows ortho
clase, a l i t t l e andesine 
b i o t i t e , rauscovite and a 
l i t t l e c h l o r i t e . 

Just N. of K. 
Temajok near the 

B i o t i t e g r a n i t e 

109. 
(S. 750) 

86 
(S.750) Kuala Labuhan. Hand specimen i s a coarse 

grained rock consisting of 
B i o t i t e Granite. quartz f e l s p a r and b i o t i t e . 

Several c r y s t a l s of f e l s p a r 
enclose both quartz and 
f e l s p a r . 
The t h i n section shows 
quartz I w i t h S)!-̂*®̂  of 
orthoclase enclosing cor
roded andesine c r y s t a l s , 
b i o t i t e and muscovite. 
A p a t i t e and i r o n oxides 
are accessory. The b i o t i t e 
i s concentrated i n t o c l o t s 
or achileren. 

The main p a r t of the i n t r u s i o n i s b i o t i t e 

g r a n o d i o r i t e and the 15 specimens examined are repre

sented by the f o l l o w i n g : -
109 
(S.211) Small stream on 

G. Datu. 
Hand specimen as 59 (S.741) 
and under the microscope 
shows zoned plagioclase 
(? o l i g o c l a s e ) ; orthoclase, 
b i o t i t e and quartz and a 
l i t t l e muscovite. The 
accessories are c h l o r i t e , 
a p a t i t e and zi r c o n . The 
z i r c o n showed pleochroic 
haloes. 
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No. L o c a l i t y and Rock. Description. 

110 
(S.1212) 1,000 yds. S of Description as above except 

the top of Tanjong L,_:.t.that the b i o t i t e i s concen-
Datu. t r a t e d i n t o s c h l i e r e n and 

c h l o r i t e does not occur. 

103 
(.1215) S. Bakau, Description as specimen 

Indonesia. 109 except t h a t plagioclase 
i s andesine and i s not 
zoned. 

The g r a n o d i o r i t e i s Intruded i n t o s c h i s t s and 

s i l i c e o u s s l a t e s , the l a t t e r metamorphosed i n t o q u a r t z i t e s 

and seen extensively on the east coast of Tanjong Datu, 

the metamorphosed s c h i s t s being exposed south of the 

Sungei Temajok where they are a l t e r e d i n t o b i o t i t e -

m u s c o v i t e - c o r d i e r i t e h o r n f e l s and andalusite b i o t i t e 

h o r n f e l s . 

Extensive m i n e r a l i z a t i o n i s associated v/ith 

t h i s g r a n i t e , Veins being e s p e c i a l l y prohounced north 

of Kuala Samunsam and south of Sungei China where the 

minerals associated w i t h the veins contrast t o those 

i n veins exposed north of S. Melanau. 

I n the hor t h of Kuala Samunsam, the veins of 

quartz are i n t r u d e d i n t o hardened s l a t e s , the veins 

being responsible f o r the l o c a l i n d u r a t i o n of the s l a t e s , 

and the cleavage planes determining the d i r e c t i o n of 

i n t r u s i o n which i s I n general N. 53°E to S.53°E. 
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Extensive f a u l t i n g of l a t e r age than the quartz vein 
i n t r u s i o n s has displaced the veins extensively. The 
quartz i s associated w i t h haematite which i s believed 
to form e t t e n s i v e deposits i n the ridge between S. China 
and S. Samunsam. I n connection w i t h t h i s , marked com
pass d e v i a t i o n i s noted i n the area. 

At Tanjong Nyawang, a l a r g e r barren vein of 

quartz i s i n t r u d e d i n t o a large f a u l t . 

At Kuala Nyawang, a few hundred f e e t t o the 

N.E. of the r i v e r , barren veins of quartz occur as w e l l . 

At Telok Jinsiang, about 1 mile north of 

Kuala Melanau, small veins of quartz containing t o u r 

maline and a grass green mineral p r o i f i s i o n a l l y i d e n t i 

f i e d as t o r b e n i t e . 

I n Ulu Melanau, i n p i t s 4 and 7, decomposing 

v e i n quartz w i t h s t i b n i t e i s found. 

South of iCuala Temajok, t h i n veins of quartz, 

epidote and pyroxene occur. 

Age of the Igneous locks. 

We have seen t h a t two types of i n t r u s i o n s 
occur, An older d i f f e r e n t i a t e d series containing 
g r a n i t e , d i o r i t e and gabbro, the g r a n i t e i n which 
contains hornblende and pyroxene (when not heaienough 
t o an i n t r u s i o n ) as the p r i n c i p a l ferromagnesian mineral 
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and i n which b i o t i t e i s prominent by i t s scarcity and 
whiciL i n addition are highly sheared where recrystal-
l i z a t i o n and regeneration has not occurred. These are 
i n contrast to the unsheared f a i r l y uniform b i o t i t e 
granodiorites of Pueh, Lundu and Tanjong Datu which 
are believed to be contemporaneous. 

The r e l a t i o n between the Lundu and Pueh 
granites and the d i f f e r e n t i a t e d series i s f a i r l y clear.. 
We have seen that two dynamic metamorphisms have affected 
the area. An older pre-Triassic one during the peak of 
which the d i f f e r e n t i a t e d series of igneous rocks were 
intruded. The shearing i n hand specimens, fractured 
crystals and undulose extinction shown by the constit
uents of the G. Angus intrusion show that the post-
Triassic dynamic metamorphism i s younger. The destruc
t i o n of tiie cataclastic structures and textures i n the 
G. Tamin Tungku and G. Tamin Menari intrusions and the 
Gebong-Ulu-Blungi intrusions by the Lundu intrusion show 
t h a t t the granodiorites are younger than the post Triassic 
dynamic metamorphism. 

The r e l a t i o n between the Gunong Aseeansang 
intrusions and the Tanjong Datu intrusion i s even clearer. 
Erom van Bemmelen's description of the former, i t i s 
clear that the hornblende granite i s older than the 
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post Triassic dynamic metamorphism and we have seen 

that the Tg. Datu granite i s younger than t h i s dynamia 
metamorphism. 

Since Zeylmans itfan Emmichoven has shown that 
t h i s younger metamorphism i s post Triassic (Upper), the 
older intrusions are pre UppBr Triassic and since they 
are intruded into sediments which by comparison with 
Central Borneo are believed to be Permian and Carbon
iferous they are probably late Permian and Lower Triassic. 

The overlap of Tertiary rocks on to the Pueh 
granodiorites shows that these younger intrusions are 
pre Tertiary and are therefore possibly late Jurassic 
or early Cretaceous, I t was pointed out that there 
was a p o s s i b i l i t y that the top of the Tanjong Datu sedi
ments may be the t e r r e s t i a l equivalent of Wing Easton's 
marine lower Jurassic i n the Sambas area. This age f o r 
the granodiorites correlates them with the Malayan gran
i t e s to which they bear a marked l i t h o l o g i c a l resemblance 
and also to granites exposed i n the northern contimiation 
of t h i s zone i n the Natuna islands and to granites i n the 
area l y i n g south of the Schwaner mountains N. of the 
Java Sea and which van Bemmelen proved to have a possibly 
la t e Jurassic early Cretaceous age. 
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1• Structure. 

Structure i n the c r y s t a l l i n e schists i s 
indecipherable owing to the depth to which these 
rocks have weathered and the paucity of fresh ex
posures. 

The quartzites are generally massive but 
when i n t h i n beds of indurated schist are seen, they C"^ 

show that the quartzites are closely folded along ^ J 

N-S axes. Exposures at Tg. Hashim where these shales N 
are more frequent than usual show that considerable 
overfolding has occurred and the direction of fol d i n g 
shows that pressure was directed from the west. The 
cores of the overfolds pass l o c a l l y into thrusts just 
to the west of Tanjong Pelandok. 

In the Sebat valley, the general N-S direction 
of the fol d i n g i s confirmed as i t i s at Tanjong Limoh. 
Only two dips were recorded i n the Gunong Puting area. 

I n the slatey conglomerates, slates and 
q^uartzites coastal sections are good. A large thrust 
whose plane str i k e s 53°W. of N.- SS^E.of S. i s exposed 
at Tg. Labahan. To the south the rocks are highly folded, 
dips ranging from 720 to v e r t i c a l and overfolding towards 
the south west i s developed. 

To the south of Tg. Serabang f a u l t i n g i s severe 
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and i s responsible f o r the upthrusted block of 
a c t i n o l i t e quartzite at Tg. Sungei China. This 
f a u l t i n g and i t s effects have already been described 
i n the section on slates and quartzites. 

I t appears that the older quartzite and 
igneous rocks of the aunong Puting area formed a stable 
foreland against which the younger Upper Triassic rocks 
were thrust and folded. 

The Tertiary rocks of the Bedaun h i l l s are 
gently folded along KE - SW axes and f a u l t i n g i s severe. 
The f a u l t s trend along NE - Sw axes. A very large f a u l t 
trending along a similar axis i n the Kua^a Samunsam area 
has thrown a c t i n o l i t e quartzite up against slates and 
cut acljoss older f a u l t s injected with quartz and haematite 
and displaced then f a i r l y considerably. The lower 
reaches of the Samunsam valley are developed along 
t h i s f a u l t . 

Major unconformities occur between the c r y s t a l 
l i n e schists and the Permian and Carboniferous quartzites, 
the l a t t e r and the Upper Triassic-Jurassic slates and 
quartzites, etc., and between the l a t t e r and the liOwer 
Tertiary rocks. Laterites and bauxites represent a 
break i n sedimentation corresponding to the Middle and 
l a t e Tertiary periods and sedimentation was resumed again 
possibly during l a t e Tertiary times or more l i k e l y during 
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the Quarternary. A l o c a l break i n sedimentation i s 
represented by the s o i l bed at depth west of Munggu 
Behan. 

PART Y. 
PALAEOGEOGRAPHY. 

During presumably early Devonian times, shaley 
sandstones with c h l o r i t i c sandstones i n the west (corres
ponding to Sadjingen and Soengai Radja) were deposited 
In^^a sea and subsequently consolidated. Prior to Car
boniferous times, these rocks were subjected to regional 
metamorphism, the grade of metamorphism increasing from 
east to west. A marine invasion then took place during 
Permian and Carboniferous times and shaley sandstones 
and t h i n shales vrere deposited. 

During late Permian or early Triassic times 
considerable earth movements took place, the rocks being 
folded along N-S axes and w e l l established mountain ranges 
being formed. 

Prior to the main movements, i t i s possible 
that the volcanic basic rocks which form the highly meta
morphosed aureole to the Gumong Batoe and G. Asoeansang 
grannites were extruded. During the peak of the orogeny 
the gabbros, d i o r l t e s and pyroxene and hornblende granites 
of the Lundu Sematan area and G. Batoe and G. Asoeansang 
were intruded. 
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During l a t e Triassic and Jurassic times a 
marine invasion must have occurred to the south of the 

area at least as gar N. as Ban Pin San i n the Sambas 
area, d e l i a i c deposits being formed i n an elongated narrow 
basin i n the Tanjong Datu area. This basin eventually 
s i l t e d up giving r i s e to swamp with deposition of mud-
stones and coal measures. 

During l a t e Jurassic to early Cretaceous times 
another severe series dif earM movements affected the 
area, the tectonic forces being directed from the north
east, the G. Puting and G. Batoe mountains acting as 
a stable foreland against which the younger rocks were 
compressed, folded and overthrust. Towards the end of 
these movements, the granodiorites of Pueh, Lundu and 
Tanjong Datu were intruded. 

Sedimentation was resumed during early Ter
t i a r y times i n a large basin whose main area lay to the 
west of the Pueh mountains and with arms running through 
a gap between the Pu-eh and G. Puting mountains, or the 
Pueh and Lundu mountains and a t h i r d and large arm, 
probably part of the main basin to the east of the 
Batang Kayan. The Pueh, Lundu, Tg. Datu, G. Puting, 
.,G. Aruk and Tg.Limoh mountains were present as such, 
the presence of the granite pebbles i n the basal breccias 
showing that the granite was exposed to denudation by then, 

J 
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The climate was dry throughout Borneo at that time 
although to the north west i n Malaya swamp comditions 

/\JfS^/ prevailed In ̂ ^OTQ and Selangor. 
During middle and l a t e Tertiary times, the 

climate became established as at present, widespread 
pre-Q,uarternary bauxites and l a t e r i t e s being formed 
throughout t h i s period. Towards the close of the 
Tertiary a major marine invasion took place flooding 
t h i s part of the country to a depth of 1,100 f t . above 
present sea l e v e l . The sequence of events a f t e r t h i s 

yafe summarized i n the table below. 
F i r s t marine invasion with jnaximum 
inundation of probably about 1,100" f t . 

. 1st period of recession. A r e l a t i v e f a l l i n sea 
lev e l to about 700 f t . 

1st period of s t a b i l i t y . Represented by a wave 
eroded platform at about 
t h i s l e v e l on G. Gebong. 
In the N. at G. Melanau 
two additional beaches are 
recognisable at 7O0oft. 
and 800 f t . 

Snd period of recession A f a l l i n sea le v e l to 
r350 f t . 

2md period of s t a b i l i t y . Represented by widespread 
wave eroded platforms or 
raised beaches of wide 
d i s t r i b u t i o n at 300 f t . om 
G. Gebong, G.Sebuloh, and 
G. Serabang, and pronounced 
c l i f f and scree development 
on the former two mountains 
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3rd period of recession. 

2nd marine invasion. 

Sea level appears to have 
receded to i t s present-day 
l e v e l with the formation of 
a dry tongue of land lying 
to the west of Sematan. A 
lake probably lay i n the 
Serayan-Palon area as bor
ings to the west of Munggu 
Belian show that the s o i l 
horizon i s a l o c a l one. 
Land formed during the last 
period of recession p a r t i a l 
l y flooded not to any depth 
but s u f f i c i e n t to enable 
clays to be deposited i n 
the valleys of the previoHS-
l y exposed land area. The 
di s t r i b u t i o n of beach sands 
lends support to the idea 
that t h i s shallow invasion 
did not stretch beyond Ser-
ayan and Sebako i n the Sem
atan area and not more than 
I ; mile inland from Kuala 
Melanau. 

4th period of recession. Sea le v e l receded to i t s 
present position with f o r 
mation of raised beaches 
at Sematan and Pueh. 

At the present time the formation of young 
deltas at the mouth of the Sampadi r i v e r and the Batang 
Kayan suggest that the land surface i s stablev 

PART 71. 
WEATHERING. 

Nature of weathering. 
The weathering phenomena encountered here are 

those t y p i c a l l y associated with alternate dry and wet 
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seasons i n a t r o p i c a l climate whereby the products 
formed are oxides of s i l i c o n , aluminium, i r o n , man
ganese and titanium. The depth of weathering depends 
on the nature of the rock both i t s chemical and physical 
properties being involved, the f i n a l product depending 
on the chemical nature of the rock and the s t a b i l i t y 
under normal surface conditions of the constituent min
erals of the rock. 
Depth of weathering. 

This depends on the nature of the rock. In 
general sedimentary rocks which have not been thermally 
or regionally metamorphosed are not seriously affected. 
P i t s on G. Melanau, G. Serabang, and G. Panggi and small 
h i l l s N. of G. Chenrni^ate only weathered to a depth of 
8 f t . or so. These p i t s show slate, carbonaceous slate 
and graphitic shale or mudstone. 

Regionally and thermally metamorphosed rocks 
are deeply weathered as are igneous rocks of a l l kinds, 
Two p i t s on G. Gebong went through 100 f t . of weathered 
deposits and no sign of bed rock was apparent. 

In other words rocks whose constituent minerals 
are high temperature minerals and consequently metastable 
at ordinary temperatures are severely affected by chemical 
decay whereas rocks whose constituent rocks are derived 
from those of older rocks as a result of a process of 
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denudation, transport and deposition are reasonably 
stable to the agents of weathering and are not deeply 
affected. 

Before going on to describe the products of 
weathering, i t would be advisable to define the terms 
to be used i n the subsequent section. 

The f i n a l product of weathering as has been 
stated above i s a l a t e r i t e . This i s a term used i n a 
variety of ways and needs d e f i n i t i o n , the following 
which i s adopted i s taken from Sir Lewis Fermor's 
paper "What i s l a t e r i t e ? " (Geol. Mag. Dec. 1911 pp. 
454, 507, and 559) 
1. "The term ' l a t e r i t e ' i s used i n two ways, 
namely s t r a t i g r a p h i c a l l y as the name of a geological 
formation, and petrographically as the name of a super
f i c i a l t r o p i c a l rock. 
S. " L a t e r i t e " (or some varieties of i t ) i s formed 
by a process, the modus operandi of which does not con
cern us here, by which certain rocks undergo s u p e f f i c i a l 
decomposition with the removal i n solution of combined 
s i l i c a , lime magnesia, soda and potash and with residual 
accumulation, assisted, no doubt, by c a p i l l a r y action, 
metasomatic replacement and segregated changes of a 
hydrated mixture of oxides of i r o n , aluminium and t i t 
anium with more rarely manganese. These oxides and 
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hydroxi(^|s of i r o n , titanium, aluminium and manganese 
are denoted by the l a t e r i t i c constituents. 
3. The residual rock i s true l a t e r i t e and the 

presence of any considerable proportion of n o n - l a t e r i t i c 
constituents requires an expression i n the name as i t always 
indicates want of completion i n the process of l a t e r i t i -
zation. True l a t e r i t e then consists of 90 to 100^ of 
l a t e r i t i c constituents." 

c. 

I n the process of work carried out during 
the survey f o r the B r i t i s h Aluminium Co. Ltd., i t was 
found necessary to distinguish sharply between aluminous 
v a r i e t i e s and i n view of the economic importance which 
the proportion of s i l i c a i n the ore plays, a further 
expansion of the nomenclature was dr^wn up. The term I 
' l a t e r i t e ' i s therefore r e s t r i c t e d to ferruginous varie
t i e s . I n order to enlarge on t h i s I t i s necessary to 

prefer to work carried on by the author inj^k^re^, Malaya. 
I t was found that i n p l o t t i n g the values of the 

percentages of s i l i c a , i r o n and alumina against depth 
that i r o n and alumina were antipathetic. This was 
established by p l o t t i n g the analyses f o r 2 f t . samples 
from over 100 p i t s i n the Batu Pahat area. The curve 
shown i n f i g . p l o t t e d from a p i t at P a r i t Wak Lahu 
i n the same area i s t y p i c a l . 
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. Bearing i n mind t h i s antipathetic relation-ship 

between i r o n and almaina, the composition-of 300 specimens 
of l a t e r i t e from Simpang Rengam d i s t r i c t of Johore with 
respect to alumina and s i l i c a were'^'plotted and the f o l 
lowing nomenclature drawn up and based on an alumina 
s i l i c a basis. 

io Alumina io S i l i c a Name. 
50 -t- 0 - 3 high grade bauxite. 
50.+ 3 -10 bauxite 
50 + 10-t- siliceous bauxite 
38 - 50 0 -10 ferruginous bauxite 
38 - 50 10 + siliceous ferruginous bauxite 
25 - 38 0 - 10 aluminous l a t e r i t e . 
25 - 38 10 + siliceous aluminous l a t e r i t e 
0 - 2 5 0 - 3 high grade l a t e r i t e . 
0 - 2 5 3 -10 l a t e r i t e 
0 - 2 5 10 •¥ siliceous l a t e r i t e . 

Titanium i n a l l these specimens ranged from 
0.8^ to 1.28^. Manganese of the order of .15^ was 
general. I n no case, either i n Malaya or Sarawak has 
the manganese content been found to be more than 1.31?$ 

^^^^^do, therefore, not aff e c t t h i s nomenclature. 
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Products of WealThering, 

The Tertiary sandstones of the Pueh area gave 
as a f i n a l product a highly siliceous l a t e r i t e i n which 
the constituents were free quartz and l i m ^ r i t e . S i l i c a 
averaged 63^ and ir o n 23^. This was the average f o r 
18 spedimens analyzed. The ir o n was present as limonite. 

/ 
The Tertiary mudstones of the Sebako valley 

were hardly affected by weathering, a reddish yellow 
clay being formed to a d^pth of 7 f t . i n six p i t s when 
the unweathered mudstone'^^penetrated. 

The granites g W e a siliceous ferruginous 
bauxite i n which corroded hypidiomorphic grains of 
quartz occurred together with pseudomorphs of limonite 
and haematite a f t e r b i o t i t e , the remainder of the material 
being gibbsite. 

Schists at Sematan gave rise to high grade 
bauxites averaging 58.37^ AlgOg, 11.21^^ FegOs 29.54fo HgD 
and 1.06^ SiOg f o r 800 samples. 

The gabbro at Bt. Gebong gave three baxixites 
depending on t h e i r a l t i t u d e . Above the 750 f t . marine 
erosion l e v e l , high grade bauxite occurred with 63.08^ 
Al203and 1.06^ SiOg- This rock consisted of segregated 
patches of white gihbsite alternating with patches of 
yellow limonite. On examination under the microscope, 
the gibbsite was found to form pseudomorphs aft e r plag-
ioclase. The limonite formed corrugated laths and i s 
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presumably derived from ferromagnesian elements of 
the gabbro. 

Below the second marine erosion l e v e l and 

above the 300 f t . l e v e l , the bauxite averaged 50.1^ 

AlgOgand 4 . ^ SiOg. I t should be pointed out that 

below the s c r e e s on the c l i f f f ace formed along the 

western slopes of G. Gebong boulders of gabbro were found 

with a s k i n of bauxite, 3 f t . to 6 inches t h i c k i n which 

the gabbro passed abruptly into high grade bauxite and 

that the mottled white yellow e f f e c t due to the form

a t i o n of g i b b s i t e and limonite was very conspicuous. 

Below the 300 f t . l e v e l , bauxite of poorer 

grade averaging 7.21/o s i l i c a and 49̂ 3 alumina i s found. 

The igneous rocks of Tanjong Pandan, Tg. 

Pelandok, and G. Angus gave a yellow f i n e - g r a i n e d 

s l i g h t l y ferruginous bauxite averaging 49^ -^2^3 ' 

and 6.21?^ SiOg. Under the microscope the ore showed 

small o o l i t i c g r a i n s of limonite, g i b b s i t e and a l i t t l e 

diaspore. 

The s i l i c e o u s s c h i s t s of Sungau P a s i r and 

Biawak gave i n general s i l i c e o u s aluminous l a t e r i t e s i n 

which AlgOr^averaged 30^ and s i l i c a 15?5. To the east 

og G. Puting s i l i c e o u s ferruginous bauxite were found 

averaging two f e e t i n t h i c k h e s s . 
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Tiie q u a r t z i t e s and s l a t e s of the Tanjong Datu penin
s u l a together with the q u a r t z i t e s of Gunong Puting 
gave s i l i c e o u s l a t e r i t e s i n which 40 to of the 
product y^Mi s i l i c a . I t was found that the s l a t e s 
r a r e l y weathered to a l a t e r i t e , the general product 
being a y e l l o w i s h s t i f f mottled c l a y with i n one or two 
p i t s a few s o f t i s h nodules. 

I n general i t can be s a i d that bauxite w i l l 

be produced as the end product i f the Al:®e r a t i o i n 

the o r i g i n a l rock i s g r e a t e r than 2:1. 

Succession through the weathered zone. 

The following account i s c h i e f l y based on 

the bauxite deposit a t Munggu B e l i a n as i t was found 

to be gener a l f o r most ar e a s . 

I n general the succession i s as f o l l o w s , tthe 

t h i c i m e s s of the zones being dependent on the amount of 

weathering. 
4. Reddish to yellow s i l i c e o u s c l a y . 

3. Reddish to yellow c l a y with hard nodules and 
boulders of l a t e r i t e and bauxite. 

2. Reddish to yellow c l a y with s o f t l a r g i s h nodules 
and boulders of s o f t l a t e r i t i c m a t e r i a l , these 
concretions g e t t i n g l a r g e r and s o f t e r with 
depth u n t i l they merge into a bed of | 

1. Mottled c l a y , g e n e r a l l y red, yellow and white. 
This bed i n c r e a s e s i n hardness with depth, 
and assumes gradually the ch a r a c t e r and hard 
ness of the weathered rock. 
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I n sedimentary unmetamorphosedJ rocks these 

zones are t h i n and pass r a p i d l y from one to the other. 

The s l a t e s on G. Panggi and the Brouthern slopes of G. 

Melanau the whole sequence i s exposed i n p i t s 6 f t . deep 

whereas on G. Gebong and Munggu B e l i a n near Sematan, 

zone 2 was found i n p i t s 98 f t . and 68 f t . deep r e s p e c t 

i v e l y , i n P. Bintan near Singapore a sh a f t sunk through bar 

bauxite i n t o the unweathered rock penetrated 164 f t . 4 i n s . 

before bedrock was reached. 

The following d e s c r i p t i o n i s given f o r deeply 

weathered s e c t i o n s on Munggi B e l i a n . The brown to yellow 

s i l i c e o u s c l a y v a r i e d from 0 to 4 f t . 6 i n s . and i s a 

l i g h t brown to reddish brown s t i f f c l a y with r o o t l e t s 

i n the "upper s i x inches, g e n e r a l l y s i l i c e o u s averaging 

roughly 60^ SiO^.j; and a l s o h i g h l y ferruginous. This 

c l a y g e n e r a l l y forms the oEerburden to economic s i t e s 

of bauxite and i s of no economic value. 

The zone with hard nodules and concretions of 

bauxite v a r i e s a t Munggu B e l i a n from 5 f t . to 16 f t . , 

c o n s i s t i n g of a reddish c l a y with pebbles, nodules and 

small concretions of pink to grey and reddish bauxite 

i n which the percentage of nodules c a r i e s from 48 to 

93. The c l a y i s more high l y s i l i c e o u s than the nodules 

and a l s o the i r o n content i s higher. The nodules are 

f i n e grained and c o n s i s t of small o o l i t i c g r a i n s of 
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g i b b s i t e with reddish yellow patches due to limonite. 
The s i l i c a content throughout these nodules i s f a i r l y 
constant u n t i l the bottom two f e e t are reached when 
i t i n c r e a s e s very r a p i d l y from"t4^ t o t 29fo. 

The nodules get l a r g e r with t h i s increase 

i n s i l i c a and an admixture of s o f t e r and l a r g e r nod

u l e s of presumably only p a r t i a l l y formed pebbles of 

l a t e r i t e occur. 

Zone 3 c o n s i s t s of an admixture of reddish 

to g r e y i s h coloured c l a y with l a r g e r nodules of t h i s 

s o f t e r semi-consolidated bauxite and i s of consider

able t h i c k n e s s . I n no bauxite s i t e i n Sarawak was 

t h i s zone penetrated although two p i t s went down to 

65 f t . at Munggi B e l i a n and one at G. Gebong went 

down to 93 f t . The general c h a r a c t e r i s t i c s are that 

the nodules get l a r g e r with depth and eventually they 

grade i n t o a massive deposit of s i m i l a r c o n s t i t u t i o n . 

The composition of these nodules corresponds to that 

of a mixture of k a o l i n and limonite. At 36 f t . below 

the ^.evel of zone 2, these pebbles take on a s c h i s t o s e 

h a b i t which becomes more pronounced with depth. These 

i)etebles a r e w e l l j o i n t e d , the j o i n t s being coated with 

limonite and i n a few cases the j o i n t s were s l i c k e n s i d e d . 
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As p r e v i o u s l y stated Zone 4 was not penetrated 
a t Munggi B e l i a n or a t G. Gebong but was seen i n p i t s 
sunk to the east of G. Puting where the upper three zones 
were attenuated. I t con s i s t e d of a hard white, red and 
yellow c l a y with a s c h i s t o s e h a b i t and i n p i t 161 was seen 
to pass i n t o weathered s c h i s t . 

Chemical analyses f o r the upper three zones are 

given i n the following t a b l e s : -

Depth Zone S t r a t i - SiOp FegQ AlpQ, HpO 
g r a p h i c a l Sample 
d e t a i l s depth 

0'0'-0'3 4 Brown c l a y 
with humus 

0'3-l!6 4 Brown c l a y 

l'6-6'6 3 Brown c l a y l'6-2'6 1.18 17.28 52.80 28.74 
with nod- 2'6-3'6 0.89 21.04 49.17 28.90 
u l e s of high 
grade baux-3!6-4'6 0.78 19.04 50.64 28.60 
i t e 4'6-5'6 0.81 21.36 49.25 23.58 

5'6-6'6 0.77 21.12 49.97 28.14 

6'6-7'6 3 Y e l l o w i s h 6'6-7'6 5.88 12,16 53.48 28.48 
brown 
with abun
dant pebbles 

7'6-8»6Tran3-Yellowish 7'6-8'6!l3.27 11.36 49.07 26.30 
i t i o n brown c l a y f 

with admix
ture of hard 
and s o f t 

8'6-43' 2 (SreyilS'brown 8'6-9'6 10.68 18.08 46.33 24.94 
c l a y with soft9'6-10'616. 0 20.00 41.92 21.72 
angular clayeJO'6-11*626.13 22.72 32.61 18 . 58. 
grey.beW*^' 11'6-12'632.94 21.20 28.70 17.16 

^ 12'6-14'625.05 28.72 30.07 16.16 
14'6-16 26.18 24.88 31.60 17.34 
16'-18' 27.79 24.00 31.61 16.70 
18'-20' .30.11 23.60 29.29 17.00 
20'-22' 29.90 20.64 31.14 18.52 
22'-24' 33.36 19.76 30.16 16.72 
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Sample SiOg ^ 2̂̂ 3 ^ 2 ^ ^2° depth 
24'-26' 23.75 21.36 36.47 18.42 
26'-28' 27.86 22.00 32.04 18.10 
28'-30' 44.55 17.28 20.99 17.18 
30'-32' 32.49 20.64 29.81 17.06 
32 ' -34' 35.72 19,28 15.92 34.92 
34'-36' 35.86 20.80 28.32 '15.02 
36'-38' 43.38 17.68 25.12 13.84 
38'-40' 37.91 19.92 27.84 14.32 

P i t No.6 Munggi B e l i a n . 

Depth Zone S t r a t i - Sample Si02 FegOs AI2O3 H2O 
g r a p h i c a l depth 
horizon 

0'0-0'4 4 Brown c l a y S ' - 4 ' 1.73 18.80 50.51 28.96 
with humus (^'-6' 1.48 20.00 49.86 28.66 

p'4-11'9 3 Brown c l a y 6'-8' 1.11 20.08 49.15 29.66 
with abun 8 '-10' 1.49 21.04 49.73 27.74 
dant s m a l l 10'-12' 2.74 21.42 47.44 28.40 
pebbles of 
pink to grey 
c e s i c u l a r 
o o l i t i c 
bauxite. 

11'9-14'11 3 Brown c l a y 12'-14' 4.59 23.44 44.68 27.30 
. w i t h few 

pebbles 
i n t e r s p e r s e d . 

14'11-16'1 
Tr. Brown c l a y 

with mixed 14'-16' 13.87 20.32 41.67 24.14 
so f t and 
hard, and 
hard peb
b l e s . 

^ 16'1-18' 2 Greyish brown 
c l a y with 16'-18' 28.15 21.28 31.87 18.70 
angular peb
bl e s of s o f t 
grey alayey 
m a t e r i a l , 
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Depth Zone S t r a t i - Sample- SiOg FegOg AloOg HoO 
g r a p h i c a l depth 

horizon. 
18'-40'8 2 As f o r 18'-20' 35.91 18.72 21.47 16.9C 

16'-18' 20'-22' 36.48 19.44 26.84 17.34 
but propor- 22'-24' 25.50 18.40 28.14 17.96 
t i o n of c l a y 24'-26' 36.05 20.96 29.43 13.86 
decreasing 28'-30' 36.11 20.72 29.29 13.88 
considerably 30'-32' 26.88 19.52 39.74 13.86 
with depth. 32'-34' 38.55 17.44 30.89 ^3.32 

34'-36' 38.05 20.96 27.97 13.04 
36'-38' 35.83 20.64 29.87 13.66 
38'-40'8 38.80 17.44 29.32 14.24 

The average composition of t h i s bottom zone i s 
SiOg 35.73; AlgOg 30.11; HgO 14.69 and FegOg 19.47 

The r e s u l t s f o r P i t 6 when p l o t t e d as oxides 

against depth show t h a t a t 40' l i m ^ i t e has already formed 

(confirmed by the presence of limonite i n j o i n t s and as 

patches seen under the microscope) and that the alumina 

i s present as k a o l i n to a depth of220 f t . At t h i s depth 

the k a o l i n breaks down into g i b b s i t e (the curves f o r 

H 0 and A l 0 are sympathetic) and s i l i c a which i s leached 2 2 3 
out. 

A n a l y s i s of ground water a t Munggu B e l i a n i n 

the Company's laboratory i n Singapore showed 2.8 pa r t s 

of SiOg per m i l l i o n . 

The graph shows that limonite i s present as 

such i n zones 2 and 3, the percentage remaining a t approx

imately the same concentration throughout. Removal of the 

s i l i c a l e a d s to concentration of the g i b b s i t e . 
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I t i s p o s s i b l e therefore to c l a s s i f y these 
s t r a t i g r a p h i c a l zones on a chemical b a s i s . This i s 
shown below:-

Chemical zone. S t r a t i g r a p h i c a l zone Ref. to P i t 6. 

Zone of accumu
l a t e d s i l i c a . 4 0'0-0'4 

Zone of accumu
l a t e d l a t e r i t i c 
c o n s t i t u e n t s 3 20'4-14' 

Zone of break- T r a n s i t i o n zone 14'-20' 
down of hydrated between 2 and 3 
aluminium s i l i 
c a t e s . 

Zone of hydrated 
aluminium s i l i c a t e s 2 20'-40'3 

Zone 1 presumably corresponds to a zone i n 

which complex aluminium s i l i c a t e s are broken down into 

hydrated aluminium s i l i c a t e s and has not been encountered 

i n the Mungu B e l i a n or G. Gebong s i t e . Bedrock i s 

r e f e r r e d to as a zone of complex aluminium s i l i c a t e s . 

This sequence of events i s found to be general 

i n the Sematan area f o r complete sequences of weathered 

rock i n which bauxite i s produced as the end product". 

F a c t o r s j y h i c h are involved i n the formation 

of l a t e r i t e s . 

The following are believed to be the p r i n c i p a l 

f a c t o r s a f f e c t i n g the formation of high grade l a t e r i t e s 

or b a u x i t e s : -
(a) The chemical nature of the parent rock. 
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I t has already been pointed out that rocks 

whose c o n s t i t u e n t s are high temperature minerals are 

those which are consequently metastable at ordinary 

temperattiires are deeply a f f e c t e d by weathering. I t i s 

found by observation that rocks which have been exposed 

to t r o p i c a l weathering f o r a s u f f i c i e n t l y long period of 

time to enable the process to reach completion that the 

following w i l l be the f i n a l products:-

Rocks i n which Al:Fe-7'2:l, and f r e e s i l i c a 

i s r e s t r i c t e d to not more than ^ or so w i l l give a 

bauxite of ore grade. 

Rocks with a Al:Fe7 2 : l , i n which a f a i r 

proportion of f r e e s i l i c a occurs w i l l g e n e r a l l y give 

a S i l i c e o u s bauxite. 

I t appears from the author's observation 

that Si02 formed as such from d i r e c t breakdown of 

s i l i c a t e minerals i s removed i n s o l u t i o n whereas f r e e 

s i l i c a i s hardly a f f e c t e d by the process of weathering. 

This can be proved a t Gunong S e i a r a t where granit e with 

a f r e e s i l i c a content of 14^^ ( e s t a b l i s h e d on a micro-

scope s l i d e ) and which l i e s above 750 f t . marine erosion 

l e v e l produces a s i l i c e o u s bauxite i n which f r e e s i l i c a 

i s present to the extent of 13.5^ 

Gabbro on the adjoining G. Gebong which contains 

no f r e e s i l i c a weathers to a high grade bauxite with only 

l.Oefc Si§2 (average) 
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Rocks with Al:Fe l e s s than 2:1 w i l l g e n e r a l l y 
give aluminous l a t e r i t e s or s i l i c e o u s as the case may 

be again bearing the quantity of gree s i l i c a i n mind. 

(b) The p h y s i c a l naturae of the parent rock. 

I t stands to reason that a hig h l y j o i n t e d or 

h i g h l y permeable rock w i l l be more r a p i d l y attacked by 

the agents of cheminjal decay than a rock which i s r e l a 

t i v e l y impermeable to s o l u t i o n s c a r r y i n g these agents. 

(c) Temperature and Climate. 

That weathering w i l l proceed more r a p i d l y a t 

a high temperature than a t a low temperature i s evident 

from the f a c t t h a t n e a r l y a l l chemical r e a c t i o n s are con

s i d e r a b l y speeded up with incre a s e of temperature. 

A climate of a l t e r n a t i n g dry and wet seasons 

i s necessary. During the wet season an ample supply of 

humic and carbonic a c i d s which are regarded as being the 

p r i n c i p a l agents of d e s t r u c t i o n i n chemical weathering i s 

provided, causing the breakdown of the parent rock into 

hydrated simple s i l i c a t e s and the subsequent breakdown 

of the l a t t e r into the l a t e r i t i c c o n s t i t u e n t s . During 

the dry season, the s i l i c a , magmesia, soda, potash, lime 

e t c . , are leached out. 

R a i n f a l l . 

A s u b s t a n t i a l annual r a i n f a l l i s necessary i n 

order to provide an ample supply of carbonic and humic 
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Time. 

That time i s an important f a c t o r can be 

r e a l i s e d on Gunong Gebong, where three l e v e l s of marine 

erosion have been found, each a s s o c i a t e d with bauxite 

of d i f f e r e n t grade, the oldest with high grade ore and the 

youngest w i t h a marginal-grade ore, the oldest being a l s o 

• the t h i c k e s t and the young^^the thinner. To produce 

a 16' bed of bauxite which contains 60fo of AlgOg means 

tha t 65 f t . of gabbro has been subjected to chemical 

decay. I f 54^ of t h i s rock i s s i l i c a , t h i s represents 

a t h i c k n e s s of 35 f t . of 8102* "tiiis i s removed i n 

a s o l u t i o n of a concentration of 2.8 p a r t s per m i l l i o n , 

then 12.5 x 10 f e e t of water are required. This at a 

f a i r average of 150 inches of r a i n f a l l a year represents 

a period 1,000,000 yea r s which takes us to the beginning 

of the P l e i s t o c e n e , which according to van Bemmelen i s 

when the submergence of the old Sunda continent took place. 

F i n a l l y i t should be stated that i t i s the 

author's b e l i e f that t r o p i c a l weathering i s not a s p e c i a l 

form of chemical weathering but that i t i s merely chemical 

weathering c a r r i e d to i t s conclusion. The author b e l i e v e s 

t h a t the formation of s t a b l e aluminium s i l i c a t e s charac

t e r i s t i c of temperate climates as a r e s u l t of weathering 

i s merely an a r r e s t e d stage of the process wh^h probably 

owing to i n s u f f i c i e n t r a i n f a l l or too low a temperature 



i s not able to proceed to completion. 

The author a l s o b e l i e v e s , i n s p i t e of views 

s t a t e d to the contrary by many other authors that the 

formation of k a o l i n i s an e s s e n t i a l step i n the form-

a t i o n of a bauxite. He b e a s e \ i s conclusion on the 

examination of over 2,000 s e c t i o n s through weathered 

rocks i n v o l v i n g aluminous compounds i n Malaya and 

Sarawak and i n every case where c a l c u l a t i o n on chemical 

a n a l y s i s f o r the beds underlying bauxite h ^ e been 

c a r r i e d o u t ^ these lower beds can be sbenn to be mixtures 

of k a o l i n and i r o n compounds. 

PART V I I . 

As stated p r e v i o u s l y the Sematan area together 

w i t h the western seaboard of Borneo forms part of the 

o l d Sunda continent which a t the beginning of the P l e i s 

tocene times descended beneath the waves. 

A comparative t a b l e i s included with the 

maps which accompany t h i s t h e s i s showing the geology 

of the v a r i o u s zones of the old Sunda continent.and 

which b r i n g s out the p r i n c i p a l points of resemblance 

and d i f f e r e n c e . 
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