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PREFACE

This memoir by Dr N. S. Haile, on the geology and mineral resources of the
Suai-Baram area in north Sarawak, completes the series describing the recon-
naissance surveying of Sarawak. This reconnaissance was designed to give overall
coverage in the shortest possible time, and the only areas now unsurveyed are parts
of the Kelabit Highlands for which no air photographs are yet available, and
which have been left uncoloured on the geological map accompanying the memoir;
regional indications of the probable geology of these small unsurveyed areas are
such that the expense of a ground survey unaided by air photographs could not
be justified at present. The reconnaissance of Sarawak has, as expected, revealed
areas worthy of more detailed and thorough examination, mainly in west Sarawak
and around Bintulu, and the Geological Survey Department has already begun
work on this second phase of systematic geological investigation.

Parts of the Suai-Baram area, which includes the highest country and most
turbulent rivers in Sarawak, had already been examined by geologists of Sarawak
Shell Oilfields Limited, and their results, generously made available by the
company, have been included in the map and memoir. Their work was, however,
mainly in the coastal Suai area, and the survey by Dr Haile has added considerably
to the scanty geological information previously available for the Baram Valley
and Kelabit Highlands. Of special importance are the discovery by him of the
Temala Anticlinorium, a large anticlinal inlier of Eocene strata in the middle
Baram, and establishment of the fact that the Kelabit Highlands are not an
unfaulted block of Eocene rocks, as previously believed, but are composed of

younger strata.

Few mineral materials of potential economic importance have been found in
the area, and the regional geology indicates that, except for a remote chance that
oil and natural gas may occur, mineral developments are likely to be of the more
prosaic kind. Limestone is at present quarried for use as roadstone, salt is
obtained from salt springs in the more remote areas, and small amounts of
phosphate (guano) are dug from caves for local use as fertiliser. Reserves of
limestone and shale suitable for cement manufacture are large, and a special
study of cement-making possibilities by Dr Haile is recorded in this memoir.

F. H. Fitch

1 July 1961 Director
Geological Survey Department
British Territories in Borneo
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Chapter 1

INTRODUCTION
SUMMARY

The memoir describes the geology and mineral resources of
about 9,100 square miles in north Sarawak, comprising the Suai
Valley and adjacent coastal areas, most of the Baram Valley, and the
Kelabit Highlands.

The area is built almost entirely of sedimentary rocks that range
in age from Upper Cretaceous to Recent, and include Palacocene,
Eocene, Oligocene, Miocene, probable Pliocene, and Pleistocene,
strata. The total maximum thickness of the systems outcropping in
the area is estimated at about 45,000 feet. The rocks are sandstone
and shale, with a few limestone lenses. A major unconformity occurs
between the Upper Pliocene and Miocene, and there is an uncon-
formity or disconformity between the Miocene and Upper Eocene
over most of the area.

Igneous rocks are rare and comprise sparse tuffitic material in-
dicative of Palaeocene extrusive activity, dykes of olivine basalt in
the Tinjar Valley, probably Pliocene or younger, and tuffaceous
material in strata of probable Pliocene age.

The regional strike is northeast becoming north in the Kelabit
Highlands. Folding is intense in the older formations, gentle to

moderate in the younger ones.

The mineral resources include: limestone and shale suitable for
the manufacture of cement; sand and gravel; pure sand probably
suitable for glass making; lignite; phosphate (guano); salt springs; and
small occurrences of ores of antimony and arsenic. At present lime-
stone worked as roadstone, salt, and phosphate (guano), are the only
mineral resources exploited. There is some chance of oil and natural
gas being found in the area but exploration and drilling have so far
not resulted in the discovery of any commercial deposits.

METHOD OF INVESTIGATION

The writer started work in the area in October 1956, when he
mapped limestone at Batu Gading and nearby. In October 1957,
mapping of the limestone was continued, and an investigation of
antimony, arsenic, and reported mercury was made. A start was
made in assembling and studying the few available published records
on the geology of the area, and the unpublished reports of geologists
of Sarawakogcll Oilfields Limited (hereafter referred to as SSOL).

In 1958, regional mapping of the middle Baram and its eastern
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tributaries (the Akah, Patah, and Tutoh) was started, concentrating
on unsolved problems and on parts which had not been surveyed by
SSOL geologists. In 1959, this mapping was extended into the Kelabit
Highlands by a traverse from the Limbang River down the Magoh
River, thence up the Tutoh to Kuba'an, Bareo, and Lio Matu. In
1960, a field trip was made with C. G. Adams of the British Museum
to the Niah area and the upper Baram, mainly to collect foraminiferal
limestones. Between field trips, compilation from SSOL reports, pre-
paration of maps, photogeology, and petrography were done in
Kuching. Until February 1960 the work was under the general
supervision of F. W. Roe; afterwards under F. H. Fitch.

The present report is based largely on reports of SSOL geologists,
whose work is outlined below. This is especially so in the west, where
a number of detailed surveys were made by them. In the central and
eastern parts, only reconnaissance surveys had been made, and the
present survey was able to supplement these, resulting in several
advances in stratigraphic knowledge. Contributions to the palaeon-
tology by C. G. Adams and R. Haak (Foraminifera) and J. Harlan
Johnson (Algae) are an addition to the considerable knowledge gained
by several decades of painstaking research by palaeontologists of
SSOL. Finally, this memoir includes results of investigations of
mineral resources other than oil, which were naturally not investigated
by geologists of SSOL.

The topographical base of the map in this report is essentially
that of the unpublished 1:250,000 geological maps prepared
by the topographical department of SSOL in Seria. This base
is comparatively reliable in the west, becoming increasingly less so
in the east where ground control is virtually absent. Some improve-
ments have been made to this map since a number of astrofixes were
done by the Land and Survey Department, Sarawak, in late 1959.
As the map stands, the most serious distortions occur in the upper
Tutoh River, and along the Kuba’an tributary in particular. Never-

theless, it is probably more accurate than any map of the area
published so far.

Published maps showing the area are the 1:500,000 geological
map accompanying the compilation rﬁ)ort by Liechti et al (1960),
and the 1:250,000 Land Utilization Map of Sarawak and Brunei,

Sheets 4 and 6, published by the Lam'F and Survey Department,
Kuching.

The coloured map accompanying this report has been drafted in
the Kuching office o the Geological Survey by Mr Balia bin Haji
Mohamad, while the text figures and maps have been drafted by
Messrs Lett bin Ali and Goh Geok Soon.
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_Field parties consisted of the writer and one or two Technical
Assistants. Porters and boatmen were recruited locally for each trip,
and, as everywhere in Sarawak, proved excellent workmen, cheerful
companions and guides, and generous hosts. The field parties lived
in long-houses or in camps in the forest. At various times the writer
was assisted in the field by Mr Teo Chai Khoi, Senior Technical
Assistant, and by Messrs Nyambong anak Ah Beng and Joscellyn
Sullang, Junior Technical Assistants.

As in all recent geological surveys in Borneo, air photographs
played an essential part in interpreting both the stratigraphy and the
structure. Photographs on scales 1:25,000 and 1:35,000 are avail-
able of most of the areas with the exception of the Kelabit Highlands,
which had still not been photographed by the end of 1960. SSOL
photogeologists had already made detailed photogeological maps
of the west and central parts of the area and reconnaissance
photogeological maps of such other parts where photographs were
available. The Ehotogeology on the map in this report is mainly
compiled from these with slight amendments in the central part (i.e.
middle Baram Valley) and some additions in the west from photo-
graphs taken after the SSOL maps were made.

HISTORICAL REFERENCES

The area was oriﬁinally part of the Brunei Sultanate until its
piecemeal cession to the Rajahs of Sarawak in 1861 (Kemena and
Rajang Valleys), 1882 (Suai and Baram Valleys), and 1890 (Limbang
Valley). Robert Burns was the first traveller to make scientific obser-
vations in the area. In 1848, he followed the Kemena River to its
source. Later on, he went up the Baram River as far as the Kayan
villages, and wrote the first account of this tribe. Tom Harrisson has

reviewed Burns’ work (1951).

One of the first accounts of the area is given by Spencer St
John (then H.M.’s Commissioner in Borneo) who first went up the
Baram River to near Long Lama in 1851. In his book Life in the
forests of the Far East (1862, pp.79-124), he records a visit he made
to the Kayan tribes at the request of the Brunei Malays, and describes

their method of smelting iron.

Charles Hose arrived in Sarawak in 1884 and was posted as a
Cadet to Marudi, under the Honourable Claude Champion de
Crespigny, then Resident, and except for a short period in the
Rajang was stationed in the Baram -until 1907. He made many
expeditions in the area, collecting animals and plants, and native
artefacts, and described them in various books (Hose and McDougal,

1912; Hose, 1926, 1927, 1929). He made the first recorded ascent of
Dulit in 1891, with A. H. Everett.




The first Oxford expedition to Borneo made investigations in
the Dulit Range, and recorded their results in a popular book
(Harrisson, Editor, 1938) and numerous papers which were later
collected and republished (Various authors, 1952).

During and after the Second World War, T.H. Harrisson explored
the Kelabit Highlands, and has published numerous papers on the
geography, ethnology, and archaeol of the area (see Harrisson,
1959, which includes a list of most of the important recent references).

Numerous papers by various authors on the archaeology and
zoology of the Niah Caves at Bukit Subis have been published in
the Sarawak Museum Journal since 1954 (see especially vol. 8, No.
12, 1958; vol. 9, No. 13-14, 1959).

PREVIOUS GEOLOGICAL INVESTIGATIONS

The area was prospected for antimony and other minerals from
1843 onwards. Some of the details were published in the Sarawak
Gazette, and extracts are given in Chapter IX below. During the
course of these investigations, H. T. Burls, geologist to the Rajah,
collected rock specimens, including some fossiliferous limestones
from ‘Silungen in Soubis’ and from %atu Gading, that were reported
on by A. V. Jennings (1888).

Since 1910, various field parties of the Royal Dutch/ Shell Group
have investigated the area, concentrating on the Suai District. The
more important investigations are listed in table 1, and details of
exploration wells are shown in table 2.

G. E. Wilford of the Geological Survey made an investigation
of the phosphate deposits of the Niah Caves at Bukit Subis (1951)
and later made a brief examination of limestone in the middle Baram
(1955a). He compiled data on salt springs in the Kelabit Highlands
(1955b) and later visited the area and published a comprehensive
account of them (1957). Progress reports on the present writer’s
investigations were published in departmental annual reports (1956;
1957; 1958a and b), and F. W. Roe reviewed cement-makin% §ossibi-
lities in the area (1957). From 1958 to 1959 P. Liechti of SSOL, in
collaboration with the Geological Survey, compiled all the available
geological data of the whole of Sarawak on maps on a scale of
1:250,000, mainly from reports of the Shell Group but including
available results of the present survey. During this investigation,
parts of the Suai area were re-mapped photogeologically by
Scanlon of SSOL. The results were publisheg on a scale of 1:500,000
with a comprehensive text (Liechti, P., Roe, F. W., and N. S. Haile,
1960). Parts of the present report, in particular the formation




TABLE 1.

OUTLINE OF THE MAIN PREVIOUS INVESTIGATIONS OF THE

SuAl-BARAM AREA

All previous investigations were by geologists of the Shell Group:
the results were not published.

Date

Investigations

Remarks

1913-14 i, A. R. Andrew

1927

1928
1928
1928
1930

1931
1933

1933
1933-34

1940

1940

1940

1950

1951
1951
1952

1952

1953
1954
1954

1955

1956

!
I

E. Braendlin

0. Wilhelm
J. B. Woolley

. Knecht
. Knecht

. Morgan

. Trumpy and
D. E. Morgan

D. Trumpy

D. Trumpy and
J. Irving

oo T mE

A. M. QOosterbaan

W. R. Royd

W. F. Schneeberger
and R. Bachlin

1. L. Burr and
W. E. Crews

I. L. Burr
J. B. Hanson-Lowe

H. Widmer
M. F. Shepherd
H. C. Kavelaars

H. A. Jordi and
K. A. Wijkhuizen

M. F. Shepherd and
J. R. van de Fliert

Made the first observations on the coast in the area
of Semilajau and Likau Rivers.

Short investigation of the coast from the Bintulu
River to the northeast. Determined larger Foramini-
fera from sandr limestones and calcareous sandstones
found in five places north of the mouth of the Likau,
and correctly assigned them to the Aquitanian.
First reconnaissance of the Tinjar River,
examined the Batu Gading limestones.
Geological observations in the upper Baram while on
local leave. Reported mainly sandstones and dark
shales, mostly with steep dips and often contorted.

Batu Blah and Linei area.

A reconnaissance of the Subis structure and its south-
western extension,

Middle Baram Valley.
Preliminary notes on the geology of the Mulu Range.

also

Baram Valley, Mulu, and Tinjar Valley.

Rapid reconnaissance of the Kelabit Highlands.
Walked 17 days from the Upper Limbang to Lio
Matu. Noted the steep folding throughout the area
except for the Kelabit Highlands,

Reviewed distribution of larger Foraminifera in the
Bintulu and north Semilajau area.

Explored the coast between the Likau and Semilajau,
as well as these rivers, and also made a connecting
survey along the Siud and Tekan Rivers.
Reconnaissance of the ‘Tidoengsche Landen en
Boeloengan' (mainly in Kalimantan). Also covered
art of the boundary area between Kelabit High-
ands and Kalimantan,

Subis-Bintulu area.

Likau-Bintulu area,
Sabulong anticline photogeology.
Subis-Bintulu area.

Detailed photogeological analysis of the Sabulong
area.

Reconnaissance of the Tinjar and Upper Baram areas.
Gunong Mulu-Belinau [i.e. Melinau] area.

Detailed investigation of the Selungun Anticline in
the Subis area.

Reconnaissance of the Ulu Limbang to Ulu Trusan
area, extending into the northeast corner of the
Suai-Baram area,

Engkabang, Linei,

and Batu Blah area, in the middle
Baram around the i

mouth of the Tutoh River.

{
|
|

|

|
|
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TaBLE 2. EXPLORATION WEeLLS DRILLED BY SARAWAK SHELL OILFIELDS LIMITED
N THE Sual-BARAM AREA

| | /// e
!| ‘ Deprh l

I | Well Year | (feet) Formations penetrated ||

| l‘ . 1 '| b |

| Sabis l}\ 1951-53 [ 1 Tangap, Nyalau, and Setap ||

i \ Subis . 'L 10,708 Shale Formations !

| \ Suai 1 1952 389 | Quaternary and Lambir |
: ormation

! 2 1952-53 3,567 ﬂ ],

' |

| \ 3 1953 1,286 |

\ | Quaternary, Lambir Forma- |

4 1954-55 2232 tion, Setap Shale Formation, |

i and Tangap Formation |

| 5 1955 5,443 % !

|

6 l\ 1955 1,979 l| |

Selungun 1 | 1956 | 7374 ‘ l;:lyalau and Setap Shale |

ormations -

descriptions and map are based on this joint compilation. €. G:
Adams of the British Museum made a trip with the writer to the
Batu Gading and Batu Tujoh areas in April 1960 and collected
foraminiferal samples for study.
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Chapter 11
GEOGRAPHY AND PHYSIOGRAPHY
GENERAL GEOGRAPHY

The area surveyed is about 9,200 square miles. The northern
boundary 1S Jatitude 4°00'N; west of longitude 115°45'N, the
southern boundary is latitude 3°15'N, and, east of that longitude,
is latitude 2°58'N. On the west, the area is bounded by the South
China Sea; on the east by the international boundary with Kalimantan
(Indonesian Borneo), which follows the unsurveyed watershed be-
tween the Baram and Limbang Rivers of Sarawak, and the Kajan
and Sesajap Rivers of Kalimantan. For convenience of description
three subdivisions are .distinguished in the account: the Suai area,

west of 114°E; the Tinjar and middle Baram area, between 114° and
115°E; and the Kelabit Highlands, east of 115°E

The area lies mainly in the Fourth Division, but includes a small
part of the Third Division in the south, and of the Fifth Division
in the northeast. It includes most of the Marudi and Miri Districts,
although the administrative headquarters of these districts lie north
of the area, and small parts of the Bintulu, Kapit, Limbang, and
Lawas Districts. Government stations with court-houses are main-
tained at Niah and Suai on the coast and at Long Lama and Long
Akah inland. Sometimes a junior administrative officer is stationed
at Niah, otherwise there aré no administrative officers in the area.
There are small Chinese bazaars at these stations and elsewhere in
in the area.

The climate is humid. According to Seal (1958, map D the
annual rainfall over most of the area is 120 to 160 inches; Long Akah.,
however, has the highest rainfall in Sarawak with an average O
inches a year (see table 3). The rain is fairly evenly distributed
throughout the year, with slightly more falling from October to
March. The temperature on the coastal belt is probably similar 10
that of Miri, about 80°F, and rarely exceeds 90° or drops below
70°. In the Kelabit Highlands the temperature is much lower,
especially at night. No systematic temperature records are available
for any part of the Suai-Baram area.

Most of the area is covered by primary Jowland rain forest.
Shifting cultivation of hill rice is mainly confined to areas adjacent
to the main rivers. Swamp forest occurs in the lower reaches of the
rivers, and moss forest on the mountains above 4,000 feet.

I —



PLate 11l Bareo. Looking southeast from Tamabo Range (a), and
from the Kubu (b) (see pp.ll, 12)

Photographs by Hedda Morrison




PLaTE 1V, Tivar VaLLey, The serrated scar i i
: . iy : . of the Dulit Range (a),
and view of the Tinjar River near the Tisam trihlr;taw (b) (see pp. !LIL. 57)

Photographs by Hedda Marrison
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~ Transport 18 mainly by rivers, as there are no roads in the area.
Small launches can reach Long Teru on the Tinjar, Long Laput on
the Baram, and Batu Niah on the Niah, and not far above Suai
town on the Suai. Above these places, travel is by long-boats (perahus)
powered by outboard motors. There are airstrips at Long Akah,
Bareo, Long Tebangan, and Ba Kelalan.

The area is sparsely inhabited, mostly by indigenous ple. A
few Muslims (Malays, Melanaus, and Kedayans) live in the coastal
strip; inland these give way to Ibans, who live in the upper Kemena,
Suai, and Niah, and the lower Tinjar. Kayans and Kenyahs inhabit
the middle Baram and upper Tinjar, and Berawans, a tribe now
reduced to a few villages, live in the Tinjar. The Kelabit Highlands
take their name from the Kelabits who live there. A few hundred
nomadic Punans inhabit the vast areas of forest east of the Baram,
and some Punans have settled on the Apoh. Chinese traders have
settled along the lower parts of the rivers, and venture farther upriver
in small trading boats. The onl European residents are missionaries
from the Roman Catholic and Borneo Evangelical Missions, with
the sole exception (in 1955) of a Government Community Develop-
ment Officer at Long Lama. The population density on the coasts
is probably about 6 to the square mile and about 2 to 3 over the rest
of the area. Most of the inhabitants are farmers, planting hill rice
by a system of shifting cultivation.

TOPOGRAPHY AND GEOMORPHOLOGY

_Most of the area consists of broken irregular hilly lowlands
built of Setap Shale Formation from which rise mountain ranges
formed of anticlinal inliers of older strata and synclinal outliers of
younger strata (see figs. 2 and 7). Alluvial plains occur in the Baram
Valley and in the Suai area. The grain of the country and the trend
of the ranges in general closely reflect the regional strike, which is
northeast in the west, becoming more northerly in the east. The

various topographic units are described below :

Isolated Mountain Ranges

~ The Mulu Range is a remarkable assemblage of chaotic steep
ridges, on either side of the Tutoh Gorge. The highest peak is Mulu
(7,789 feet), which lies beyond the northern limit of the area described
(see pl. 0. The name ‘Mulu’ is unknown to the inhabitants of the
Tutoh, who qall the mountain Ubong, from the river which rises
there. The ridges, formed by the strongly folded sandstone and
slate of the Mulu Formation, trend in various directions, and
most do not follow the strike as observed in the field.
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~ Transport is mainly by rivers, as there are no roads in the area.
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powered by outboard motors. There are airstrips at Long Akah,
Bareo, Long Tebangan, and Ba Kelalan.

The area is sparsely inhabited, mostly by indigenous people. A
few Muslims (Malays, Melanaus, and Kedayans) live in the coastal
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settled along the lower parts of the rivers, and venture farther upriver
in small trading boats. The only European residents are missionaries
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is probably about 6 to the square mile and about 2 to 3 over the rest
of the area. Most of the inhabitants are farmers, planting hill rice
by a system of shifting cultivation.
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formed of anticlinal inliers of older strata and synclinal outliers of
younger strata (see figs. 2 and 7). Alluvial plains occur in the Baram
Valley and in the Suai area. The grain of the country and the trend
of the ranges in general closely reflect the regional strike, which is
northeast in the west, becoming more northerly in the east. The
various topographic units are described below :

Isolated Mountain Ranges

~ The Mulu Range is a remarkable assemblage of chaotic steep
ridges, on either side of the Tutoh Gorge. The highest peak is Mulu
(7,789 feet), which lies beyond the northern limit of the area described
(see pl. 1. The name ‘Mulu’ is unknown to the inhabitants of the
Tutoh, who call the mountain Ubong, from the river which rises
there. The ridges, formed by the strongly folded sandstone and
slate of the Mulu Formation, trend in various directions, and
most do not follow the strike as observed in the field.
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Impressive and rugged mountain ranges bordered by steep
scarps are formed by the thick sandstone beds of the Belait and
Meligan Formations, which occur in synclinal outliers on the low-
lands. The largest outlier is the complicated series of synclines
between the Tinjar River and the Suai and Niah Rivers. To the east,
higher and more typical isolated ranges of this type are Selikan,
Manyam, Dulit, Liman, Lawan, and Murud Kechil (pls. 1v, Xxxumi,
xx1v). The southwest flank of the Dulit Range is formed by a thick
succession of sandstones assigned to the Nyalau Formation (pl. xx).
Bukit Batu Blah in the Tutoh Valley is the southern tip of the large
Belait Syncline.

Kelabit Highlands

The Kelabit Highlands in the eastern part of the area have a
distinctive and more regular topography. They are bounded on the
west by the Tamabo Range, a series of ridges formed by nearly
vertical thick sandstone beds, which extends north-south for some
12 miles, and average 4,000 to 5,000 feet in height (pls. XXI, xxm). The
irregular northern extension of these sandstones builds Murud (7,950
feet), the highest mountain in Sarawak, and the .remarkable_ twin
peaks of Batu Lawi (6,650 feet) which have a prominent place in the
folk-lore and religion of the Kelabit people (pl. X). East of the
Tamabos, the highlands consist of a number of north-south ridges.
formed of successions of sandstone beds, §eparated 'b{ valleys .of
shale and marl, with encased areas of alluvium, especia ly extensive
on the Plain of Bah round Bareo (pl. m). The topography of the
Highlands is largely unknown in detail, owing to the lack of air

photographs.

Lowlands

The lowlands are formed mainly of Setag_ Shale Formation and
the closely allied Sibuti, Tangap, an Nyalau Formations, and inliers
of Kelalan Formation. Near the coast and in the northern Rgt of
the middle Baram Valley, these formations ex themselves as

‘low rolling rather featureless country (pl. via). Most of these ridges
are irregular in trend; only a genera and uncertain idea of the strike
can be obtained from air photographs. Some of the lowlands are
formed by the Eocene Kelalan Formation, such as those in the
Temala Valley, where the Temala Member forms a distinctive rather
flat area, less dissected than the Setap Shale Formation, and breached
by the Temala River which cuts through the anticline in a steep gorge
(pl. xib). Along the flanks of the anticline, the topography is less
regular, passing into ridges which cannot be easily distinguished on

air photographs from those formed by the overlying Setap Shale

Formation. Other inliers of Kelalan Formation, €.g. in the Tutoh,

Patah, and Akah Valleys, form belts which likewise cannot be distin-
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%uished topographically from the Setap Shale Formation. The Nyalau
ormation, a Eredominantlg sandy succession which overlies and
interfingers with the Setap Shale in the Suai area, forms more regular
features. In this area, the Subis Limestone forms a prominent
flat-topped mountain bounded by cliffs (see pls. Vvia, XV, XIX).

Alluvial plains and terraces
Small raised terraces of beach sand occur along the coast south-

with the existence of encased areas of alluyium in the upper Suai and
Niah Rivers, these cliffs point to recent uplift there. The coast north-
east of Kuala Nyalau is backed by an alluvial plain as much as 8 miles
wide, covered with swamp forest. Similar swampy alluvial plains
occur in the northern part of the middle Baram and the Tutoh and
Tinjar tributaries. Encased alluvial plains and alluvial terraces occur
in the Kelabit Highlands (pl. 1m). Small terraces of sand and cobble
gravel occur along the middle Baram and its tributaries, especially
in the Akah and Patah (pl. XXV).

Caves

" The limestone hills of the area contain numerous caves, of which
the largest, best known, and most spectacular are the Niah Caves in
the limestone at Bukit Subis (pls. Vvib-c, yia). They are renowned
for their immense Eo_pulation of bats and of swiftlets which produce
edible nests, for their deposits of guano and rock phosphate, an
for archaeological remains which include fossils of man and other
animals, at, present being excavated by the Sarawak Museum: under

the direction of the curator, Mr Tom Harrisson.

- The caves in the middle Baram around Long Lama are also well
known.-fm:edxble ‘birds' mests (see Banks, 1935). The swifts which
nest there are of a different species from those at Niah, and produce
the valuable white nests, “uncontaminated by feathers, which may
fetch £10a p__qund'(pl-. xtve-d). The caves around Long Lama are all
in Melinau Limestone Formation. "The localities of caves encountered
in this survey are listed below: ' |

Batu Gading — one_small cave. Figure 15 shows some of the lime-
stone hills near Batu Gading.

_ Bukit Besungai —a cave in Bukit Buunjai. north, numerous caves in
Bukit Besungai south, and at least one in Bukit Besungai east.

Bukit Betok —at least one cave in Bukit Betok cast
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~ Temala River — Numerous small birds’ nest caves by the Temala
River. The cave (Lobang Mering Josing) in the Maloi tributary about 23
miles east of the lower Temala is the best known. Another occurs farther
up, opposite the Gramat tributary, about 200 yards north of the bank of the
T;:r&ala _Igtrcalln. Others are reported in the Menyakit and Sepaiang tributaries
of the Temala.

Kejin River —a well known and productive birds’ nest cave occurs in
the Kejin tributary of the Baram above Long Lama. The cave is in lime-
stone on the north bank of the Kejin Tugang tributary about | mile east
of the mouth of the Kejin.

Lobang Salai — perhaps the best known and most productive cave in
the Long Lama area, west of the Baram about a mile west-northwest of the
mouth of the Liang tributary. It consists of a small chamber, not much
larger than about 10 to 20 yards across, the walls of which are crowded with
white birds’ nests (pl. Xive-d). Another small cave a few yards away
is the home of vast numbers of bats and few or no swiftlets (pl. viic).

Bukit Batu Pedan (i.e. Bat rock hill)— a small cave in another lime-
stone hill southwest of Lobang Salai, which contains only bats.

Giam Asa — a little known cave in Miocene limestone farther up the
Baram, about 13 miles downstream from Long Akah, north of the river
and about 300 yards northwest of a small stream known as Sungai Selirong.
The cave consists of a small high chamber which is crowded with bats

(pl. vud).
Batu Asi, Batu Tujoh, and Bukit Siman — numerous caves are reported

from these limestone ridges in the Upper Baram, but have not been visited
in the course of this survey.

In the Akah Valley, caves occur near Long Siniai. Batu Pedan is in
the valley of the Siniai tributary, about 1,800 feet above sea level, whereas
Batu Pedan Kitan is in the vailey of the Kitan, about half a mile from a
small stream, Sungai Pedan. Both these small caves contain numerous bats
but few or no swiftlets.

Many small caves occur in sandstone throughout the area, such as in
the Suai headwaters, the Bakong Valley, the Dulit Range and at Batu
Salit north of Long Peluan in the Kelapang Valley (Kelabit Highlands).

DRAINAGE

The western part of the area contains the Niah, Suai, and
Semilajau drainage basins, and part of the Kemena basin in the south.
The rest of the area is drained by the Baram, except for the extreme
northeast, which includes the headwaters of the Limbang and Trusan,
and a small area in the south, which is drained by the Koyan, a

tributary of the Belaga.

The Baram River, second in size in Sarawak only to the Rajang,
may be divided, for purposes of description, into three sections:
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(a) Upper Baram. Above the mouth of the Paku tributary.

The Upper Baram can be divided into:
(i) Ulu Baran (below the mouth of the Puak);

(i) Kelapang River (or Pa Kelapang) (above the Puak;
‘Kelapang’ is the Kelabit name for the Baram head-
waters).

(b) Middle Baram. From the Paku tributary to the mouth of
the ’)futoh (just beyond the north limit of the Suai-Baram
area).

(¢) Lower Baram. Below the mouth of the Tutoh. The Lower
Baram lies north of the Suai-Baram area.

Upper Baram

The Kelapang River (the Baram headwaters) is largely controlled
by the north-south strike of the Kelabit Formation. It rises on the
Sarawak-Kalimantan Border at the south end of the Apo Duat
Range, and flows due north until it curves back on itself at Pa Mada
to flow south-southwest to the mouth of the Puak. In this stretch,
the Kelapang is joined by the south-flowing Libun tributary. Both
the Libun and the Kelapang consist of graded reaches, occupying
shale belts (pl. v¢), separated by rapids caused by massive sandstones.
There are a number of small areas of encased alluvium, particularly

iﬁl a:‘I}te:’)upper Libun (the largest of W ich is the Plain of Bah, around

Downstream from the Puak mouth, the river, now called the
Baram, plunges southwest down a series of rapids to Lio Matu, (pls.
va, Ixe). It continues its southwest course to the Paku tributary, with
frequent dangerous rapids caused by sandstone rocks. This generally
southwest-flowing part is made up of comparatively slow south-
southwest reaches, following the strike of shaly belts, and turbulent

west-flowing reaches where the river cuts across successions of thick
sandstone beds.

Middle Baram

At the mouth of the Paku tributary, the river changes to a
portherly course; this may be related to the regional strike, which
there swings round from east-southeast to north-northeast. Thence
the river flows north over Setap Shale Formation to Long Akah,
then west to above the Patah tributary, then northwest t0 Bukit
Liman (pl. ™Xa-c). From Bukit Liman, the river is nearly at grade,
and follows an increasingly meandering northerly course along the
west of the Temala Anticiinorium to reach the wide alluvial plain
north of Batu Gading (pl. viub).
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The western tributaries of the Middle Baram are short and small.

The main eastern tributaries, the Patah and the Akah, both follow

a similar course, with westerly flowing upper reaches and south-

southwesterly flowing lower reaches which clearly follow the strike

gf shale belts. Their course is very similar to that of the upper
aram.

The Akah River is considered to be the most turbulent of
Sarawak rivers, with the exception of the Tutoh. The upper reaches,
from its source to the Meligong rapids, are the calmest, but even
these include boulder races and the dangerous Telak rapids, where
a portage has to be made (pl. na-d). In these upper reaches there are
a number of small alluvial flats underlain by cobble gravel. Below
the Meligong rapids (where a portage of about a mile has to be made)
the river is made up of many turbulent boulder races, and some rocky
rapids and gorges, including the Tebangan Gorge, about a mile below
Long Tebangan. The boulder beds (or karangan) are extensive and
coarse, in places being composed of boulders averaging 2 to 3 feet in
diameter, and extending along the river for half a mile or more (pls.

nd, xid).

The Patah River is similar in type to the Akah. The upper and
middle reaches include many boulder races, and some narrow gorges,
but the rapids are not as severe as those of the Akah. Downstream
from the Danau tributary, the river flows through several narrow

gorges (pl. x1a-b).

North of the Patah, the more easterly regional strike is reflected
in the west-flowing Palutan tributary, whereas the Temala flows
northwest across the strike, crossing the Temala Anticlinorium in a
gorge in much the same way as the Tutoh crosses the Mulu Anticline.
Its course, like that of the Tutoh, is probably superimposed (pl. x1b).

The Tutoh River is probably the most turbulent of all Sarawak
rivers, and the most dangerous to navigate. It rises in the southeast
part of the area. The headwater stream which is called the Ulu
Tutoh is in fact smaller than the Sabai tributary, but the Sabai can
be navigated only as far as the gorge and rapids at Batu Sikan,
caused by the river cutting through a thick sandstone ridge, whereas

the Ulu Tutoh can be travelled in a small perahu for 2 or 3 days
upstream from the mouth of the Sabai (Long Sabai). Below Long
Sabai the river is fairly well graded, and is navigable as far downriver
as the mouth of the Labid (Long Labid). Below this are impassable
rapids and gorges. The upper Tutoh above Long Labid is thus used

only by perahus made in that area; none can enter it from down-
river.
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Below the Kuba’an tributary, the river follows a winding COUTSe
over continuous rapids and boulder races, until it enters the gorge
at the mouth of the Pangi (pl. XIie), where it flows in straight or
curving reaches to the west-northwest for about 6 miles. The gorge
is narrow and the walls are steep, though the vertical part does not
as a rule exceed about 30 feet in height. Below the gorge, the river
resumes a tortuous course, with many boulder beds (karangan) and
boulder races, and grows in size as it is joined by the Puak, Magoh,
and Layun tributaries.

In the main Tutoh Gorge, the river crosses the mountainous
country formed by the Mulu Formation and its course there is almost
certainly superimposed. The gorge extends from below the mouth
of the Ubong for some 12 miles to below the Tapin tributary. The
river flows through a series of narrow defiles, often with vertical
walls 50 feet or more high, with many rocky rapids (pls. ne-f, XI1p).
When the water level in the river is very low, with a crew of expert
and experienced boatmen (only the Kelabits from the Magoh River
know the gorge), and in a perahu with added planks along the side
and a built-up prow of bark, the gorge may be attempted downstream
with a fair chance of avoiding disaster. In any other conditions.
however, success is unlikely. Mr F. Drake, when District Officer,
Bargm,.managed to go up the gorge in several weeks but only by
calling in Punans to carry most of the luggage across country, and
at the cost of wrecking a perahu. It is doubtful whether the Kelabits
and Berawans below the gorge could be persuaded tO make the
attempt a second time. The normal route into and out of the middle
Tutoh is overland from the Apoh, following up the Melana and 1its

tributary the Sadam; the local people never go up the gorge and
rarely risk going down it.

Below the Tutoh Gorge, the river widens and flows across
extensive gravel beds. It reaches grade within a few miles and then
meanders through alluvial flats for the rest of its course.

The Tinjar River, which joins the lower Baram north of the area,
follows a remarkably straight northwest course in its upper reaches,
flowing between the Dulit Range and Bukit Manyam. It runs
parallel to the strike as far as Bukit Sekiwa, where the strike
changes to east-northeast, though the river still maintains its north-
westward course, and hence possibly follows a fault.

/i Fhe: Tiver-4uins abruptly northeast at Long Tisam, where it
impinges on the scarp of the rim of the Jelalong Syncline (pl- XXIva);
this right-angle bend has been given the descriptive name “Tinjar
Knee' by P. Liechti (Liechti et al, 1960). From Long Tisam, the
northwest course of the river follows the axis of the Tinjar Anticline




PLATE V. Upper BARAM AND KELABIT AREA. The Baram above Lio Matu (a); small waterfall at the
Matu (b): bamboo bridge across a tributary of the Kelapang

mouth of a tributary between Long Akah and Lio

(Baram) (c): view of Kelabit Highlands looking southeast from between Tutoh and Magoh Rivers (see p.l4)

Photographs o-c: Hedda Morrison
d: 1L.AN. Urquhart
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and Batu Gading cave (b); bat-caves at

Lok PLATE VII. LimesToNE CAVES. Stalactites in Niah Cave (a)
obang Salai (c) and at Giam Asa near Long Akah (d) (see pp. 12, 13)
Photograph a: G. E. Wilford
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until it turns north, breaking through the Belait Formation s t
the wide alluvial plain beyond. In 8tlllrne Teru tributary, the enci?;ivg
lake known as Loagan Bunut, which is the only permanent lake in
Sarawak, may have resulted from slight recent downwarping along
the Mentagai Syncline (pl. xma). The lake appears to be mainly fed
by Baram flood-water backing up the Tinjar.

The rivers of the Suai area (the Niah, Suai, and Semilajau) flow
across the strike in a general northwest direction, with some reaches
following the northeast strike.

River capture and possible tilting

It appears probable that capture of tributaries of the Tutoh by
those of the main Baram River has been going on for some time,
since the Tutoh basin on the southwest side is very narrow. This
is probably due to the main Baram having cut down faster
and deeper than the Tutoh, because the Tutoh flows across the
Mulu Anticlinorium, and the rocks of the Mulu Formation are much
more resistant than the Setap Shale Formation of the middle Baram
Valley. The fact that the drainage basin of the middle Baram shows
a similar eccentricity, with disproportionally short tributaries on the
southwest side, suggests that tilting (uplift of the northeast relative
to the southwest) may also have affected the drainage pattern.

At two places on the Baram-Tutoh watershed, river capture

seems about to occur in the l(}e:,ologically) near future. The pai
the Tutoh Valley above the Ubong tributary is considerably higher
than the main valleys and headwater tx_'ibutaries of the Apoh, Patah,

and Akah. This is strikingly apparent 1n the crossing from the
headwaters to the Tutoh. The Akah headwaters ar¢ turbulent and

run over almost continuous boulder races. Long Datih on the Poto
tributary of the Akah is about 1,350 feet above sea level, and the
watershed between the Potok and the Tutoh to the east 18 about
2,000 feet high. The main Tutoh River is only a few hundred yards
from the watershed, and 100 feet below it, (i.e. 650 feet above {,ons
Datih) and is @ comparatively sluggish river there. It seems only a
matter of time before the Akah River cuts back there and beheads
the Tutoh River. Similarly, the Sadam tributary of the AFoh a%pean
to be se undred feet below the Layun tributary O the Tutoh.

h
The Sadam will probably .eventually capture the Layun, and in 2:3

se the flow of water 1l the lower Layun may B¢ :
:ﬁ: rwhcﬂ: of the Tutoh above the gorge gg:r down the Apoh, thus

skirting the area of the resistant Mulu Formation.
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Chapter 111
STRATIGRAPHY

The area is formed almost exclusively of sedimentary rocks
that were deposited in the Northwest Borneo Geosyncline. The
rocks range in age from Upper Cretaceous to Recent, and include
Palacocene, Eocene, Oligocene, Miocene, probable Pliocene, and
Pleistocene, strata. This almost complete succession is of sandstone
and shale, with a few limestone lenses. The estimated maximum
thickness of each system in the area is shown in table 4. All the
systems do not occur in their maximum thickness in any one area,
so that the total thickness of 45,000 feet is not present in any vertical
section. A major unconformity occurs between the Upper Pliocene
and Miocene, and there is an unconformity or disconformity between
the Miocene and Upper Eocene in the Middle Baram, whereas in
the Kelabit Highlands a considerable thickness of Oligocene strata
is present, and there is no evidence of a disconformity there. A slight
unconformity occurs between the Quaternary deposits and the Plio-
Pleistocene Liang Formation. -

There is little lithological variation. Strata of widely differing
ages are commonly lithologically almost indistinguishable in the
field, and, for this reason, the stratigraphy originally established by
SSOL geologists depended very largely on palacontology- As macro-
fossils are extremely rare in the strata, and in any cas€ stratigraphi-
cally almost useless, Foraminifera were used exclusively; those used
were the larger benthonic types where present, but, generally, the
more widespread smaller arenaceous benthonic types. The strati-
graphy established by these methods represented a great advance,
but was unsatisfactory for three reasons. Firstly, the so-called
formations and groups established by this method were not litho-
logical units but bio-stratigraphic assemblage 2zones, and their
boundaries seldom coincided with the few fairly clear-cut lithological
boundaries in the area, such as” that between the Belait and Setap
Shale Formations as now defined. Secondly, the gmaller Foramini-

nally identified only generically, the species' being
indicated by a number referred to a collection in headquarters, and
so the stratigraphic range of species could not' be established by
comparison with other parts of the world. In fact it was found that
a number of species. and assemblages had a greater rang® than had
originally been assumed, and their appearance and disappearance in
the stratigraphic column was determined by changes in depositional

-

environment as much as evolutionary changes. Thirdly, it was found
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that re-deposition of Foraminifera from older into younger strata
had commonly occurred and confused the record.

TABLE 4. THICKNESS OF SYSTEMS IN THE AREA

Estimated
. maximum
System Formation thicbisss Remarks
! (feet)
Recent Alluvium 180 | Maximum  thickness of
alluvium known is 180 feet
in Well Suai 1
| Pleistocene Jerudong terrace 50?
Pliocene Liang Formation 320
Miocene Belait and Setap 25,000 | Belait Formation maximum
Shale Formations 8,500 feet west of Tinjar

Valley; Setap Shale Forma-
tion 16,500 feet in Middle

Baram
Oligocene Part of Kelabit over 5,000? | Very approximate estimate
Formation
Eocene, Mulu and Kelalan 15,000
Palaeocene, | Formations
some Upper
Cretaceous
k t t
Total e 5000 | Sl et

For these reasons, a thorough revision of the str:et(ifraph
was made by SSOL geologists, and the formations were efined,
as far as possible, on lithology. A study of air photographs
enabled some formations to be delineated on the distinctive topo-
graphy they form. A general lithological ‘change, such as relative
increase in sandiness, which may not be easy to distinguish in the
field, can more clearly be seen on air photographs. The revision has
resulted in a more satisfactory stratigraphy, and one which is less
likely to be upset by changes in palacontology, for instance in the

fossil. Nevertheless it must be admitted
accepted range of a zone fossi ot %

in fact to a
ttempt to redefine what were

that the delineation of some formations, for instance 0
Kelalan from the Miocene Setap Shale, still
large extent on palaeontology. The a
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bio-stratigraphic assemblage zones as. litho-stratigraphic units has
been particularly difficult in the area. For example the Tangap and
Sibuti, originally defined on palaeontology, would probably be more
correctly regarded as assemblage zones -o%ythe Setap Shale Formation.
However, any gain in accuracy resulting from re-definition would
probably be offset by the confusion and inconvenience of continual
changes in terminology. S

Fig. 3 STRATIGRAPHIC COLUMNAR SECTIONS IN THE SUAI- BARAM AREA

MIDOLE AND UPPER
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At the same time as the formations were redefined, more
attention was paid by SSOL palaeontologists to pelagic (or plank-
tonic) Foraminifera (mainly Globigerina and allied genera), which
are less likely to be affected by changes in depositional environment
on_the sea floor, and, being widely distributed by currents, are more
reliable zonal fossils. Moreover, since they have a delicate calcareous
test, they are less likely to be redeposited in younger strata. The
zonation based on pelagic Foraminifera has enabled the formations
to be dated more accurately than before.

The compilation by P. Liechti and others (1960) incorporates
the revised stratigraphy, and the present account follows the
nomenclature with a few exceptions. The main modification is in
the Kelabit Formation, which is now redefined in a way which is
thought to be more satisfactory.

Although the formations are now defined }itholpgically, no
formal rock-stratigraphic groups are now recognised in the area.
For the purpose of this description, the formations have been

informally classified as follows:
1. Main Geosynclinal Formations (Upper Cretaceous to
Miocene) : Mulu, Kelalan, Kelabit, Melinau Limestone, Setap
Shale, Sibuti, Tangap, Tubau and Nyalau.

2. Neogene Basin and post-orogenic Formations (Upper
Miocene to Recent)

(a) Neogene Basin Formations (Mio-Pliocene) : Meligan,
Belait, and Lambir.

(b) Post-orogenic Formations (Pliocene and Quater-
nary): Liang, Quaternary terrace deposits and
alluvium.

A brief account of these ‘groups’ and their mutual relationships is
given below, with a discusssion of special stratigraphic _problems,
and more detailed systematic descriptions of each formation follow
in chapters IV and V. A general impression of the stratigraphic
relations can be seen on the legend of the coloured map, and
stratigraphic columnar sections are shown on figure 3; the area
occupied by each formation i shown in table 5.

'MAIN GEOSYNCLINAL FORMATIONS

the oldest rocks, namely the Mulu
d Eocene), the Kelabit (Oligocene

the Melinau Limestone (Upper Eocene to

These formations comprise
and Kelalan (mainly Palacocene an
and Lower Miocene),




TABLE 5. AREAS OCCUPIED BY DIFFERENT FORMATIONS
) IN THE SUAI-BARAM AREA -

Formation A {gl‘::;nmm?le ‘5&,‘ Percer;:r ;Lf total I!

Alluyium 784 86
Jerudong Terrace ' 3% 004
Liang Formation 2 002 |
Belait Formation 755 83 ‘.
Lambir Formation 79 087 |
Meligan Formation 502 55 |:
Setap Shale and Sibuti 4,236 46'6
Formations
Tangap Formation 62 0-69 ‘
Nyalau Formation - 841 9-2 i
Kelabit Formation 154 17 '
Melinau Limestone Formation 6% 008 ‘
Kelalan Formation 825 91 ‘
Mulu Formation 154 147
Igneous rocks (less than 1) e

| Unknown; probably mainly 696 - 76
Meligan and Kelabit Formation

Total 9,100

Lower Miocene), and the Setap Shale, Sibuti, Tangap, Tubau and
Nyalau Formations (Miocene).

KELALAN AND MULU FORMATIONS

The oldest strata, the Mulu and Kelalan Formations, outcrop
in the Middle and Upper Baram area. These formations are largely
Palacocene and Eocene. (Cretaceous fossils were found in one
place within the outcrop mapped as Temala Member of the Kelalan
Formation, but the relationship of these Cretaceous strata to the

Eocene strata is unknown. The determination was made after the
field survey had been completed, and the occurrence has not been
re-investigated). ' i
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The Mulu and Kelalan Formations are predominantly hard
dark-grey shale and subgraywacke sandstone. Limestone occurs in
the Palaeocene part of the Kelalan Formation, and in the Upper
Eocene Temala Member, which is the term applied to sandy and
calcareous strata of the Kelalan Formation underlying the Melinau
Limestone Formation in the Middle Baram. The Kelalan Formation
is the rock-stratigraphic and time-stratigraphic equivalent of the
Belaga Formation in the Rajang Valley (formerly known as Rajang
Formation). Kirk (1957) shows the present Kelalan Formation in
the Upper Baram as Rajang (i.e. Belaga) Formation, Stage III (Lower
Eocene). The Belaga Formation passes laterally into the Kelalan
Formation, and the limit between the two is placed somewhat
arbitrarily at the Rajang/Baram watershed; however, the Palacocene
to Lower Eocene fauna of the Kelalan limestone makes a correlation
of them with Stage IIT unacceptable; they are more likely the equiva-
lent of Stage II. In general the stages of the Belaga Formation
cannot be distinguished in the Kelalan Formation; indeed, their
distinction in the Belaga Formation itself is in many areas based on
very meagre fossil evidence. The Kelalan and Mulu Formations
could advantageously be included in the Rajang Group, which, as
presently defined (Liechti, 1960, p.47) includes orfly the Lupar,
Belaga, and Engkilili Formations. A broader definition of the
Rajang Group should be considered in any future revision of the

regional stratigraphy.

RELATIONSHIP OF MELINAU LIMESTONE AND SETAP SHALE FORMATIONS
10 THE MULU AND KELALAN FORMATIONS

The Mulu and Kelalan Formations are overlain by Setap Shale
Formation or, where present, Melinau Limestone Formation, but the
nature of the boundary is uncertain. The Mulu Formation 1is
believed, from evidence just north of the area, to pass U conform-
ably into Melinau Limestone Formation. _leemse, the Temala
Member of the Kelalan Formation in the Middle Baram appears to
pass up conformably into Melinau Limestone Formation. Oﬁver,
near Batu Gading (middle Baram) and in the Lower Temala River,

the Melinau Limestone Formation apparently rests almost directly
ippi i dstone and shale, although the

on steeply dipping alternating s:?n R ety ;01]11811;31'0‘1
i i i ing of the strata beneath the lime-
this to be due to disharmonic folding o g g g v

: formity, particularly W
stone rather than an uncon Y tively gently dipping

Temala Valley several thousand feet 0 compmconfonnably underlie

sandstone of Temala Member (Upper Egoe}!;:)ak recently found a

the limestone. However, Adams an ; i
Cretaceous fauna in the underlying shale at Bukit Besungai. There
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appear to be two possible explanations: either the Melinau Lime-
stone does, in fact, rest unconformably on Cretaceous strata, in
which case the Temala Member must lens out rapidly to the north
and west, and probably itself has an unconformity at its base, or
the Cretaceous strata have been faulted up. The first alternative
seems the more probable, and if it is accepted, the Temala strata
are best regarded as a separate formation, or as a sandy facies at
the base of the Melinau Limestone, rather than as a member of
the Kelalan Formation, the Cretaceous rocks being allocated to the
Kelalan. The Cretaceous determination, however, was received after
field work had been completed, and so the problem could not be

further checked in the field, and the question must be left open for
the time being.

In the Upper Baram the Eocene part of the Melinau Limestone
appears to be absent, Miocene limestone resting directly on Palaeo-
cene limestone and slaty shale of the Kelalan Formation, and there

is clearly a major disconformity between the two formations in
that area.

The Melinau Limestone is only locally present, and over most of
the area Setap Shale Formation (Miocene) is presumed to rest directly
on Kelalan or Mulu Formation. The Setap Shale Formation differs
lithologically from those underlying formations only in its generally
more argillaceous nature, slightly lower degree of induration, and
less intense folding. However, locally the Setap Shale Formation is
as slaty and as sandy as the Kelalan and Mulu Formations. Thus
the delineation of the boundary depends partly on palaeontology,
partly on extrapolation from places where the Melinau Limestone

Formation occurs, and partly on the general lithological differences
noted above.

The nature of the boundary between the Setap Shale and
Kelalan Formations is not known with certainty. In the Sela’an
River, Widmer (cited by Liechti, 1960, p.75, p.48) found an
unconformity which is now thought to be between Setap Shale
Formation and Kelalan Formation (see figure 4). Elsewhere, in spite
of a special search in the field, no direct evidence of an unconformity
between the two formations has been found. Owing to the intense
folding and consequent difficulty in mapping the boundary exactly,
it is possible that an unconformity exists elsewhere but has not yet
been observed. Oligocene strata have been found only in the Kelabit
Highlands and at one place in the Sela’an River (too small to show
on the map) and appear to be missing over most of the Middle
Baram. They are certainly missing at Batu Gading, where a dis-
conformity occurs within the Melinau Limestone between the



d boulder beds (karangans) below Long Akah (a and
above Lio Matu near Kuala Tudan (e)

> ;

b): t}["; ‘rl' ll-..lf\. ViEws ON THE Baram RIVER, ‘Gravel an :

il iver at Long Akah (c); an acrial view of Lio Matu (d); the river
Ing the Tudan tributary () (see p.14)

< Photographs a-c, ¢, [: Hedda Morrison,

d: IL.AN. Urguhart
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PLATE Xa-b. Batu Lawi  An oblique view fr
the twin peaks of Batu Lawi, formed of vertical Meli

The stereo-pair should be Viewe

om the air, looking northeast, shows
gan Formation Sandstone (see pp.11, 54)

d through a pocket stereoscope
R. A. F, Crown Copyright Reserved

PLATE Xc. BaTu‘Lawi.  Aerial view from the north-northe
6,650 feet high

ast. The peak is about

Photograph: R. Anderson
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FIGURE 4
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UNCONFORMITY BETWEEN KELALAN AND SETAP SHALE FORMATION,
IN SUNGAL SELA'AN,UPPER BARAM AFTER H WIDMER

Miocene and the Upper Eocene parts. Thus a major disconformity
probably occurs between the Setap Shale and Kelalan Formations
over most of the area, and an angular unconformity also exists in
places. Some folding of the Northwest Borneo Geosyncline is known
to have been remarkably local in its effects, and it is quite possible
for a unconformity to pass laterally into a disconformity and thence
into a conformable junction within a distance of 20 or 30 miles.

MELINAU LIMESTONE FORMATION

The Melinau Limestone Formation, of Upper Eocene to Lower
Miocene age, 1S @ foraminiferal and algal limestone which occurs at
some places between the Kelalan or Mulu Formations and the over-
lying Setap Shale Formation. The limestone is 1ess than 200 feet
thick, only a fraction of the thickness which it attains in the type

ediately north of the area, where it is about 6,000 feet

locality imm \ abou >
thick. The Oligocene is missing within the formation in the Suai-
Baram Area, and the Miocene and Eocene are separated by a major

disconformity within the formation. This is fully discussed in the

separate paper, page 145, below. The Melinau Limestone has been
fo?md top pass up conformably 1nto the Setap Shale Formation

wherever the contact has been investigated.
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KELABIT FORMATION

‘The Kelabit Formation is an unmetamorphosed succession of
sandy clays and shales, alternating with sandstones, of Oligocene to
Miocene age and has so far been recognised only in the Kelabit
Highlands.

As originally described (Haile, 1959; Liechti, 1960), the massive
sandstones forming the Tamabo Range were included in the
formation. However, it has become apparent that this is not satis-
factory, as they differ in lithology from, and appear to be younger
than, the main part of the Kelabit Formation, since they overlie
the Setap Shale Formation on the west and are thus probably
Upper Miocene or younger. The relationship of these sandstones
to the Kelabit Formation to the east is unknown, mainly due to the
lack of air photographs of the area. Probably they occupy a long
narrow steep syncline, of which the Tamabo Range is the western
rim, and partly overlie, partly grade into the mainly argillaceous
strata of the Kelabit Formation. When air photographs are available,
the relationship can probably be quickly clarified. On the available
evidence, however, it appears that the Tamabo sandstones overlie
the Setap Shale and Kelabit Formations, and they are thus equivalent
to the Nyalau, Belait, and Meligan Formations.  Of these, they seem
to have the closest lithological affinity with the Meligan Formation,

into which they have therefore been provisionally moved from the
Kelabit Formation.

SETAP SHALE, SiBuTI, TANGAP, TuBAU, AND
NyYALAU FoRMATIONS

The Setap Shgle, Sibuti, Tangap, and Tubau Formations
comprise a huge thickness of predominantly argillaceous Miocene
Strata, occurring between the Mulu, Kelalan, and Melinau Limestone
Fortpatlons and. the overlying, arenaceous, Belait, Lambir, and
Meligan Formations; the Nyalau Formation is a sandy facies which
1§ a time-equivalent of the argillaceous formations.

., The distinction between the argillaceous formations depends on
differences in their calcareous and sandy content, supported by slight
differences In micro-faunas. The boundaries between them are vague
and transitional; in fact, Liechti remarks (1960, pp.159, 161, 169) that
the Sibuti, Tangap, and probably also the Tubau Formation could
be regarded as members of the p Shale Formation, but because
the terms have become established, he preferred to retain them with
formation status. Possibly even more appropriately they could be
redefined as bio-stratigraphic assemblage zones of the Setap Shale.
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The so-called Sibuti Formation is so vaguely differentiated from the
Setap Shale that a boundary cannot be drawn between them, and they

are represented on the map by different letter symbols imposed on the
?ame ;:_olour, giving a general idea of the distribution of the two
ormations.

The Sibuti, Tangap, and Tubau Formations are confined to the
coastal part, and the last is known in the Suai-Baram Area only in
the subsurface, although it crops out south of the area. The Setap
Shale Formation in the Middle Baram includes in places sandy
strata that could be regarded as Nyalau Formation. However, little
is known of the lithology, and the sandy parts have not been
distinguished on the map. Major scarps, such as are formed by
thick resistant santstone successions, are, however, shown on the
map by different photogeological symbols from those showing less
prominent strike ridges, giving an idea of the distribution of the
sandier parts of the formation.

The relationships of the Setap Shale and older formations in
the Middle Baram have already been discussed (pp.23-25). To the east,
the formation may pass laterally into the upper part of the Kelabit
Formation in the subsurface beneath the Tamabo Range, but this is
of course conjectural. In the Suai area the base is not exposed, but
from evidence to the south it seems probable that the Setap Shale
and Nyalau Formations pass downwards into the Tubau Formation
which rests unconformably on the Belaga Formation (Eocene).

NEOGENE BASIN AND POST-OROGENIC FORMATIONS

NEOGENE BASIN FORMATIONS
(Mio-Pliocene)

The Belait, Lambir, and Meligan Formations are predominantly
arenaceous strata which overlie the Setap Shale, Sibuti, and Nyalau
Formations in synclinal basins. The contact 1S believed to be
generally conformable, and steep dips In the underlying shale,
formerly thought to indicate unconformity at some places, are now
interpreted as a result of disharmonic folding; the boundary is
strongly diachronous. The Lambir Formation 1S .dlstmgu.ts}_led from
the Belait Formation by its more calcareous lithology; it passes
along the strike into the lower Belait. In 'thns account, massive non-
calcareous sandstone (‘Grabit Sandstone’) overlying the calcareous
Lambir Formation in the Grabit Syncline (Bakong Valley), forgn;ﬂy
mapped as Lambir, is assigned to the Belait Formation, I?hl;et it
resembles more closely. The Meligan Formation overlies t 3 ap
Shale in the eastern part. The reasons for including the sandstones
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of the Tamabo Range and Batu Lawi in this formation have already
been discussed (p.26).

PosT-OROGENIC FORMATIONS
(Pliocene and Quaternary)

The Liang Formation was deposited after the Pliocene folding
and overlies the Setap Shale Formation unconformably in a few
Wwidely separated places. Alluvium and terrace deposits overlie
older formations with an unconformity, only slight over the Liang but
strong over all other formations.




Chapter 1V
MAIN GEOSYNCLINAL FORMATIONS

In this chapter the Mulu, Kelalan, Melinau Limestone, Kelabit,
Setap Shale, Sibuti, Tangap, Tubau, and Nyalau Formations are
described. Their mutual relationships have been discussed in
Chapter III.

MULU FORMATION

The Mulu Formation is a thick succession of hard sandstones and sub-
metamorphosed shales and slates, with a few conglomeratic sandstones. The
Mulu Formation is confined to the Mulu Anticlinorium, of which only the
southern half is in the Suai-Baram area.

Lithology

Along the western edges of the Mulu Anticlinorium, the formation com-
prises ‘a monotonous succession of hard, splintery, slaty shales, becoming true
slates in places, with subordinate quartz, sandstone, and occasional conglo-
meratic sandstones. The shales show widely varying degrees of sandiness and
are often quartzitic and phyllitic in appearance. Throughout the shales and
thinly bedded sandstones the bedding is usually obliterated by very strong
cleavage. . ." (Shepherd, 7954a). In the Tutoh e slates predominate only
on the flanks of the Mulu Anticlinorium, where they are commonly calcareous
(54591, S4592). Through most of the Tutoh Gorge, however, sandstones as much
as 500 feet thick predominate, with subordinate slate with ironstone bands and
quartz veins in places (pl. me-f). In some of the ex of slate, where sandy
bands enable the original bedding to be distinguished, slaty cleavage can be seen
cutting across the bedding at a high angle (upper Tutoh Gorge near the Ubong

tributary).

Sandstones from the Tutoh Gorge include calcareous feldspathic sandstone
(S4593) and calcareous subgraywacke (54594, $4595). The ywacke (eg.
$4595) is composed of subangular grains of quartz (ranging from 02 to 10 mm in
diameter), sodic plagioclase, microperthite, microcline, and chert, and flakes of
muscovite up to 1 mm across, with an interstitial fine-gained calcitic mﬁ:.h
A few grains of 2apatite, monazite, and magnetite and/or ilmenite occur, wit
secondary limonite and leucoxene (see pl. xxvia). The calcareous feldspathic
sandstone (S4593) is more equigranular, and has an average grain size of abc:z't
02 mm. It is composed of quartz, chert, micr ite, sodic plagioclase, a
microcline. Fragments rich in chlorite and sericite occur, some of which may
be decomposed fragments of volcanic rocks. A few grains of apatiti:. tourmaline,

and pyrite occur, with secondary limonite, and calcite is common

Tectonic aspect R
The formation is intensely folded. In the Tutoh Gorge, the strike is
consistently northeast, and nearly vertical dips towards the southweétm vail.
Cleavage in slate dips in the same direction, in places cutting across contortions
in bedded sandy slates. Intense and complicated folding, in places isoclinal,

occurs in bedded sandstone in the Tutoh Gorge.
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Thickness

The thickness cannot be measured, as the base is not exposed, and repetition
due to folding and faulting is probable. Shepherd (/954a), assuming the simplest
possible structural interpretation, estimated 15,000-18,000 feet as a maximum
for the strata exposed.

Boundaries

The base is not exposed. The formation is overlain by Melinau Limestone
Formation in the Tutoh Gorge at both the southeast and northwest ends,
although the latter lies just north of the area. The boundary at the southeast
end is tectonically disturbed, but at the northwest end it is apparently conformable.
Calcareous slates occur in the Mulu Formation near the boundary. The northwest
flank of the Mulu Anticlinorium is faulted against Setap Shale Formation and the
Melinau Limestone is absent; either it was not deposited, or has been faulted out.
The remainder of the boundary has been extrapolated with the help of air photo-
graphs. The boundary with “the Setap Shale Formation, where the Melinau

Limestone Formation ‘is absent, is difficult to determine, since the Setap Shale
Formation is slaty near the contact,

Fossils and age

Within the area only two samples have yielded determinate fossils (see
Liechti et al., 1960, p.71):

Discocyclina sp. (from Sungai Iman)

Globorotalia wilcoxensis Cushman and Ponton
(from the Tutoh River)

- Botl:n come from near the top of the Mulu Formation. Globorotalia
wilcoxensis is regarded as indicative of Lower Eocene. Liechti concludes that
the Mulu Formation is Palaeocene to Eocene, probably Palacocene to Lower

Environment

Liechti, (1960, p.71) considered that the formation is a typical catastrophic
eugeosynclinal graywacke association which was probably deposited under

bathyal conditions.” However, the thick sandstones of subgraywacke type, and

the conformably overlying shallow-water limestones of the Melinau Limestone

Formation, would seem to indicate miogeosynclinal conditions.

KELALAN FORMATION

. The Kelalan Formation com ises mainly sandstone and shale with sub-
ordinate limestone, tuffite and mf};nc:ous limestone. The name was introduced
by Jordi and Wijkhuizen (1955) for sedimenta i

Sungai Kelalan, the main tributary of the Trusa :

fairly large areas in the Setap Shale Formation along anticlinal axes trending

g?glht;ngrtheast from the upper Baram across the Akah, Patah, and Tutoh
utaries,

The formation as described by Jordi in the Kelal imbang and
Trusan headwaters) shows some differences from that in atllllcar'lfuato(lrl-,"garahg. :nd
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upper Baram. Part of the massive sandstone originally included in the Kelalan
Formation e.g. of Batu Lawi, has been provisionally allocated here to the
Meligan Formation as explained above (p.26) and other sandstone such as
those of the Balingat Syncline near Ba Kelalan are possibly also more appro-
priately considered as Meligan Formation. Moreover, some of the softer shales
described by Jordi from the Kelalan area resemble those of the Oligocene-
Miocene Kelabit Formation.

The upper part of the formation in an isolated anticlinal outcrop in the
Middle Baram shows sufficient lithological distinction to merit its description
as a member—the Temala Member.

Lithology

In the Limbang and Trusan headwaters, Jordi and Wijkhuizen (quoted in
Liechti, 1960) described the following rock types:

(a) Massive or thick-bedded sandstone, medium Tn.lned to coarse grained, greenish
grey or K_ellow grey, hard, sometimes slightly calcareous but with a siliceous
matrix. The main component is quartz, accompanied by a very variable
feldspathic content.

(b) Fine-grained to medium-grained sandstone, grey, commonly quartzitic, alternating
with dark silty or sandy shales, or in places, coaly shales. Beds range
a few centimetres to several metres.

(¢) Thin bedded, fine-grained, quartzitic sandstone, greenish, alternating with dark
grey shales.

(d) Clays or shales, grey to dark grey, with a few thin sandy layers and frequent
interbedding of coaly sand or clay layers.

(¢) Thin medium bedded sandstone alternating with greenish siltstone and a green
and red, or plain grey, shale which is commonly marly. The sequence wf
sandstone, siltstone, and shale is rhythmically repeated. This comparatively h‘
sequence commonly contains pyrite concretions and gypsum. [t outcrops
the Ba Kelalan area.

(f) Variegated shales or clays resembling type (d) above but green or red and
silty in places. 3

In the Tutoh. Patah, Akah, and Upper Baram Rivers, the Kelalan Formation
consists of interbedded sandstone and hard grey shale, in many places dlit:h.
and rare lenses of limestone. The formation in this part is .diﬂicult t-.'thdxst;inK ‘l;'la
from the Setap Shale Formation, the only difference being that t edl elal: v:
Formation on the whole contains more and thicker sandstones, some - ltmtrtltiml
limestones, and sandstones with volcanic admixture. The Kehhnof mmic
on the whole shows a greater induration and a higher degree % =
metamorphism than the Setap Shale Formation, but this is not a Prg e
consistent feature. The belts of Kelalan Formation 1n the ‘l‘n':oh. poiation
Akah Valleys have been mainly ma from air photographs tbyeu' ext;lr;m
from a few known occurrences of the distinctive rocks, and daries

are largely conjectural.

The sandstones occur in beds ranging in thickness from a few inches to
more than 50 feet. Alternations of sandstone and shale, in beds about o{‘ inches
thick, are common, and in places extend over stratigraphic thmknesmm mdmmou
hundred feet. The sandstones are usually fine to medium graine sttlw'da & pe
are probably subgraywackes (54573). The shales are predominantly iy
commonly slaty (e.g. S6136). Calcareous shales are rare (S6307).

e°
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Matu, reddish mudstone occurs (S6174). Tuffite (86134) occurs interbedded with
calcareous shale (6307) in the Tutoh River just below the Magait tributary
(see p.65). Limestones occur at Batu Asi and Batu Tujoh in the upper Baram,
in the Tutoh Valley near the Magait tributary, and in the Akah Valley near
Long Siniai; some specimens from the Batu Asi area contain fragments of
volcanic rocks.

The limestone forming Batu Asi and Batu Tujoh, the limestone outcrop east of
Bukit Siman, and limestone outcrops in the Baram below the Silat and Paku tributaries,
are assigned to the Kelalan Formation on the basis of their Palacocene fauna and
distinctive lithology. (Specimens are S6175-77, $7067-77, south bank of Baram below the
Silat; $7057-59, south bank of the Baram below the Paku; S7060-66, north bank of
Baram below the Silat, at south end of Batu Asi ridge; S7100-02, S7104-05, northeast
end of Batu Asi, in Belukun River). Most of the limestone is fine grained (calcilutite),
and contains small pelagic Foraminifera (e.g. $7065). Many specimens contain sponge
spicules (e.g S7061), especially those from the southwest of Batu Asi ridge. Coarser
grained limestone (calcarenite), composed of benthonic Foraminifera, Algae, and less
common corals, also occurs (57063, S7080). Limestone conglomerate crops out in the
Baram below the Silat tributary (e.g. S6176). Tuffaceous material and volcanic rock
fragments occur in all the limestone conglomerates, and in some of the finer grained
limestones; these are described in more detail in cha%gr VI, below. Some limestone
outcrops in the Belukun River downstream from the lai tributary resemble that of
Batu Asi and probably belongs to the Kelalan Formation. The limestone of the main
Batu Tujoh ridge, and the outcrop east of Bukit Siman are known only from five
specimens collected by SSOL geologists, and the lithology has not been described.

The limestone outcropping in the Tutoh near the Magait tributary is light grey,
fine grained and slaty (S4584, S6135), and shows no sign of fossils either in the hand
specimen ot the slide. It is interbedded in light-grey slaty shale as beds up to 50 feet

ck. About a mile upstream from the Magait, a 10-i boulder of limestone conglo-
merate with volcanic rock fragments (S4585) was found in a gravel bank. The limestone
fragments contain some trace of fossils, probably Algae (see also p.65).

. Limestone in the Akah Valley (S4559, S4562, S4564-66. S45 570-72 i
fossiliferous calcilutite, calcarenite, and calcirudite.sz"mmbedde& &:ﬂs 8gr§; sha!e.) c?l,gg::lel:
sandstone, and red calcareous shale (S4560-61). The limestone crops out in the Kitan

and Siniai tributaries, near Long Siniai, and occurs i i i
seen is about 100 feet It is o? Eagee e, in several beds, of which the thickest

The Temala Member comprises sandstone, shale, limestone, and sandy
limestone, It differs from the main Kelalan Formation in its highe
content and slighter folding, ormation in its higher calcareous

The sandstones in the member are mostly ﬂne'ﬁained subgra k ing i

; A ywackes grading into

gra y ¢s, and are exposed in the Temala River in the Temalir Gorge, and upstream
:»?u'ah ownmea::l: of the gorge. The subgraywackes and graywackes are grey to light
i » and most are ‘l‘sh“IY calcareous. The quartz is clear, subangular to angular,
mgth;he_ eldspar is albite or oligoclase with orthoclase, microcline (S4492), and micro-
perthite; muscovite occurs in some specimens (S4656; see pl. xxvic). Interstitial clay-grade
Tm;etmal, commonly sericitic, usually makes up an estimated 10-40 percent of the rock.
(N “‘°f° caleareous = varieties commonly contain fragments of large Foraminifera
ummni ue.sl'. Discocyclina) and Algae (e.g. S4491, $4642, S4650-51). A coarse sandstone
;‘,"p"”ﬂ at low water in the Baram River at Batu Gading below the Melinau Limestone
e T s b onn hore oMo %, fbanelar rains of ey 43 e
with interstitial sericite and chiorite. (RS ORI SIS,

Graywacke apparently grades through calcare b i
(arnaceous ealcrentes and calirudites), %mm of sandy limestones are. SO6S4. 4657
grains albite 2 3 .
graywacke with calcarenite is apparently unulmlfm s i S e e

The shales are dark grey, mostly poorly bedded, and sandy. Some of the imens
from above the Temala Gorge contain sericite in parallel orie‘étstion (86024-285- Some
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caleareous varieties contain pelagic Foraminifera (e.g. $6028, S6042). Hard sandy shales
?fl the '1)'emala Member also outcrop in the Baram River opposite the Liang tributary
pl. xiva).

Tectonic aspect

The Kelalan Formation is in general intensely folded, dips within 10° of
vertical being usual. The argillaceous rocks show poor slaty cleavage in places.
The thick Palacocene limestones are nearly vertical, possibly overturned in places,
and folded into a curious sinuous trend: they are only slightly recrystallised. The
Temala Member is more gently folded.

Thickness

The formation is too intensely folded for any reliable estimate of thickness
to be calculated. Probably the thickness is of the order of 10,000-20,000 feet.
The limestone at Batu Tujoh appears from air photographs to be about 800 feet
thick, and that at Batu Asi slightly less. The exposed thickness of the Temala
Member is estimated very approximately to be 3,000 feet.

Boundaries

The base of the formation is nowhere exposed. The top boundary with
the Setap Shale Formation is problematic. There is beli to be a large
disconformity separating the two formations over most of the ared, and in places
an unconformity. The boundary between the Temala Member and the
Melinau Limestone Formation is probably conformable in the
the Temala Member becoming increasingly calcareous towards the
Batu Gading at Bukit Besungai (northeast) there are indications of an unconform-
able contact between Melinau Limestone and Cretaceous strata of the Kelalan
Formation. It is possible that there is an unconformity between the Temala
Member and the main part of the Kelalan Formation in the subsurface of the

Temala Valley (see pp.23-24).

Fossils and age

The age of the formation is believed to range from ?Cretaceous o Upper

Eocene, including Palacocene. Cretaceous Foraminifera (probably Globotruncana
sp.) have only been recorded from one specimen (§7042) beneath the Melinau
Limestone at Bukit Besungai (northeast).

The limestones in the upper Baram (Batu Asi, Batu Tujoh, and cast of

Bukit Siman) have yielded Alveolina SpP- Nummulites Sp Di.vcaqydim 5P
i Two specimens, one

indicating a general Palacocene to Middle Eocene age. : )
from the south end of Batu Asi, and the other from a boulder in the Sela’an

River yielded:
Miscellanea miscella d'Archaic & Haime

Nummulites nuttalli Davies
(Identified by Crews and John, quoted by Liechti, 1960).

These indicate a Palacocene to early Eocene age. A fuller investigation of
samples from this area by C. G. Adams is in progress.
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From the limestone outcrops in the Akah Valley near Long Siniai, Adams
(1959, p.68) has identified the following fauna of Tb age:

Chiloguembelina spp., Discocyclina sp.,
Eorupertia sp., Globigerina sp., Gypsina
globulus (Reuss), Halkyardia bikiniensis Cole,
?Hantkenina sp., Nummulites sp., Operculina sp.,
Textularids, Miliolids, Rotalids, Algal debris.

Shales from the formation have yielded a fauna of small benthonic
Foraminifera, which are not now regarded as age-determining. Crews and John
(in Widmer, 7953b), give a list of genera, but this includes determinations from
areas now regarded as Kelabit Formation, and as individual determinations
for each specimen are not given, it is not of value. This fauna resembles in
some species that of Stage III of the Belaga Formation of the Rajang Valley.

MELINAU LIMESTONE FORMATION

The Melinau Limestone Formation is composed of limestone, made up
largely of Foraminifera, Algae, and some corals, It occurs between the Eocene
formations (Kelalan and Mulu Formations) and the overlying Miocene Setap
Shale Formation. The type locality is in the Melinau tributary of the Tutoh
immediately to the north of the area described in this memoir. The main

occurrences w:tlu'n'th.e Suai-Baram area are in the Middle Baram on the flanks

the head of the Tutoh Gorge, and at Bukit Siman, in the Belukun Valley,

and in the Sela’an headwaters. The small outcrops shown on the 1:250,000
map are exaggerated,

Lithology

In the Middle Baram, the most complete sequence observed is at Bukit
pesungm. and Batu Gading. The lower 170 feet sc:;}lhnestcme is Eocene, which
is overlain by 6 to 40 feet of Miocene limestone. The sequence is shown in
"aper I, figure 2, at the end of this memoir. The basal 50 feet of the Eocene
limestone is exposed at Bukit Besungai, and is a dark grey to black sandy
rock (e.g. $4466-72) composed mainly of large Nummulites, with Algae, and
echinoid and molluse fragments; some specimens contain pyrite.

by 120 feet of massive compact
mposed of Foraminifera (smaller
: , Algae, and corals. Bedding is

in most of this part, even on the smooth fresh water-
g:t?: (l}‘gﬁngsurface of the river section along the Baram at the west end of

. The lithology of _the other outcrops around the flanks of the Temala
Anticlinorium—namely in the Temala River and its tributary the Maloi, in the

e —
N T S ———
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Kejin River, and at Lobang Salai—is in general similar to that at Batu Gading
though no section as complete as that at Batu Gading has been discovered.
The limestone at Lobang Salai is much finer grained than at Batu Gading, and
most is calcilutite. Large Foraminifera are rare or absent there, but the limestone
contains a few pelagic forms (S4683, 4684).

Several hundred feet of limestone (S4587-90) interbedded with slaty shale
crops out at the head of the Tutoh Gorge just below the Ubong tributary.
The limestone has been dynamically metamorphosed and contains no determinate
fossils.

In the upper Baram, lenses of Miocene limestone occur at Bukit Siman
and in the Sela’an Valley; they have not been visited in the present survey but
the lithology is said to be similar to that of the main Melinau Limestone
(Liechti et al., 1960, p.135). Small outcrops of Miocene limestone in the Belukan
Valley south and west of Batu Tujoh and at the northeast end of Batu Asi
are aiso provisionally assigned to the Melinau Limestone. The rock types include
calcarenite containing Algae and larger Foraminifera (e.g. _§7082), calcilutite
containing pelagic Foraminifera (S7084), and limestone breccia (S7100).

Tectonic aspect

In the Batu Gading area, the formation 18 g_ently diggins (10°-15%), .an‘d
little diagenetically changed; at Bukit Siman and in the Belukun Valley it is
vertical or nearly vertical; in the Tutoh Gorge it is steeply dipping and
dynamically metamorphosed.

Thickness

Middle Baram. The thickness of the measured section at Bukit Besungai
is about 176 feet (Eocene 170 feet; Miocene 6 feet), at _Batu Gading about
160 feet (Eocene 120 feet: Miocene 40 feet), but the base 1s not exposed there
(see Paper I, fig. 2). The thickness probably varies laterally, since the erosion
surface at the top of the Eocene part is irregular. The other occurrences in
the Middle Baram have not been measured accurately, but most seem to be

between 70 and 200 feet thick.
Tutoh Gorge. 'The exposure of limestone in the Tutoh Gorge is several
hundred feet thick.

Upper Baram. The Miocene limestone at Bukit Siman is estimated to be
about lp(‘;’ofo feet thick. The occurrences south of Batu Tujoh and below the
Paku tributary are probably much thinner, since they do not form prominent

features.

Boundaries . ¢
Middle Baram. The limestone in the Middle Baram 1s believed to b
conformable on the Temala Member of the Kelalan Formation.

Besungai (north) the limestone overlies coarse crumbly san
Southgsidu(: of Bukit Besungai (northeast), however, the Il:i?:none app;:ur: 2'8
overlie steeply dipping alternating sandstone and shale, W o@um .
feet below the base of the gently dipping limestone. It is overlain ormably

by Setap Shale Formation.
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Tutoh Gorge. The limestone in the Tutoh Gorge dips at about 80°
towards south-southwest. This is almost at right angles to the _Fc_neral dip in
this part of the gorge, which is about 80° towards southeast. The folding in
this part is so intense that no conclusions can be drawn as to the stratigraphic
relations of the limestone to the surrounding strata.

Upper Baram. The limestone at Bukit Siman strikes approximately con-
formably with the Setap Shale and Kelalan Formations, but no contacts have
been observed. In the Sela’an headwaters, however, Widmer observed ‘typical
thin-bedded sandstones and greenish and bluish- shales of the Eocene
[i.e. Kelalan Formation] overlain unconformably by dg:l?ky-grey sandy shales, at the
base containing coarse sand grains and including some conglomerate pockets.
A few metres higher in the succession we find a massive limestone, several
metres thick, containing Te Foraminifera.’

which contain a fauna of pelagic Foraminifera indicating Ta age (probably
Palacocene). At the northeast end of Batu Asi ridge, Miocene limestone breccia

overlies Palacocene limestone of the Kelalan Formation. (Personal communication
from Dr C. G. Adams),

Fossils and age

represent the whole of the Oligocene and presumably also part of the Upper
Eocene and Lower Miocene, and an equivalent disconformity is probably present
in the formation at the other occurrences within the area,

Middle Baram. Several hundred samples from the formation have been
collected by the writer‘from the Middle Baram and, later, by C. G. Adams

of the most carefully studied eXxposures, at Batu Gading and Bukit Besungai,
1s given by C. G, Adams and R. Haak in Paper I (see p.141). Algae from
various outcrops in the Middle Baram have been studied by J. Harlan Johnson,
whose detailed account is included as Paper 11 (p.151).

 Tutoh Gorge. The limestone at the head of the Tutoh Gorge has been
S0 intensely squeezed that no determinate fossils remain, though traces of
_Foramnmfera can be seen in some slides (e.g. $4589, see pl. xxvib). However,

. Upper Baram. The Melinau limestone in the upper Baram has yielded
Miocene faunas only, and Upper Eocene limestone hag not been found there,
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The limestone at Bukit Siman has yielded Lepidocyclina sp., Operculina
sp., and Spiroclypeus sp., which indicate a Miocene age. The first two genera
have also been identified from the small outcrop south of Batu Tujoh. The
outcrop in Sungai Sela’an contains Lepidocyclina sp. and Spiroclypeus Sp. A
small outcrop in the Baram below Sungai Paku ﬁelded Discocylina sp. and
Nummulites sp. with Miocene forms such as Lepidocyclina butonensis van der
Vierk (Liechti and others, 1960, p.140); the Eocene forms are presumably
reworked. The palacontology of the other Miocene limestone outcrops in the
the upper Baram is still being worked out.

Environment

The formation is inferred from its fossil content to have been formed under
similar conditions to those that were operative at the type locality in the
Melinau Valley to the north, namely, in a shallow sea generally not deeper
than 75 to 100 feet. ‘Rather short periods of more shallow water conditions
with more or less prolific growth of corals and Algae occurred. There was not
always a reef, but rather fore-reef shoals, and the limestones are of a fore-reef
transition type with some reef talus . ..  (Liechti et al, 1960, p.140). The
small thickness of the occurrences in the Suai-Baram Area, as compared to
the great thickness (over 6,000 feet) in the type area, is believed to be due in

to less subsidence and slower growth. Liechti concluded that ‘all these limestones
grew either on anticlinal crests or on the flanks [of anticlines] not far off the

crest’.
KELABIT FORMATION

The Kelabit Formation comprises mudstone, sandstone, and thin lenses of
impure limestone. As redefined here, the formation is known from. outcrops
in the Baram Headwaters (there known as the Kelapang) above the Puak

tributary in the Kelabit Highlands. There is some palaco ical indication

that beits of the formation may occur in the Kuba'an and Sela’an Rivers, t&m‘

the evidence is insufficient to map them as such. The massive sandstones of
Tamabo Range and Batu Lawi, previously included in the formation, are here
considered as Meligan Formation for reasons already discussed (p.26).

Lithology

Mudstone and sandstone are the main rock types, with some li and
rare conglomerate. The mudstone is commonly cz]’::mus, invariably sandy,
poorly bedded, and typically shows spheroidal weathering and conchoidal fracture
(pl. xva). The colour is brownish grey or light bluish grey. At many places
it contains fragmentary plant remains and pieces of lignite (86171). Nodules

. hard mudstone are common. Sandstone
and lenses of clay-irolsionc e o‘across. are common and have a distinctive

lenses and blocks, mostly 1 to 2 feet _
i : most outcrops the sandstone is calcareous
irregular rather hackly surface. In g s;: " o estone (S6163)

and pyritic, and at places contains beds ar T !
and Egil;lls of calcite. A number of salt springs are associated with this mudstone

(see pp.107-113).

The sandstone is well bedded, and in places contains, abundert coalified
plant remains and seams and lenses of lignite up 10 4 inches thick. ?au
type of sandstone is commonly interbeddg with_soft, carbonaceous, very sandy
black shale, and light-grey mudstone with com f .
lignite seams ecast of Pa Umor, and lignite is also reliably reported from the
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Di'it tributary of the Kelapang, east of Pa Dali. Some beds of whitish quartzose
sandstone occur. 3 i

Conglomerate (S6150) found as boulders at Batu Patong in the Kelapang
headwaters, is composed of pebbles up to 2 em across mainly of red radiolarian
chert, vein quartz, sandstone, and agate; the last appears to have been derived
from vesicles in a lava without having been rounded to pebbles.

At the mouth of the Benaleh (or Baieh)-tributary is an exposure of the
following rocks, which differ somewhat from any others seen in the Kelabit
Formation :

Calcarcous sandstone, in beds as much as 4 feet thick

Dark-grey, light-grey, and brown shale, alternating in beds 01 to 2 inches thick

Sandy calcareous shale with Foraminifera (Nummulites sp.) up to 5 mm across

Impure  limestone, weathering to a reddish colour, containing pelagic foraminifers,
in beds as much as 6 inches thick.

Red mudstone was found in the Kelapang below Ramudu, but this is not
typical, and might represent an inlier of Kelalan Formation.

Tectonic aspect

The formation is moderately to steeply folded along north-south axes, and
in general the dips are slightly less steep, and the folding more regular and
less chaotic than those of the Setap Shale or Kelalan Formations. The mudstone
is fairly hard, but no slaty rocks have been seen. The exposure at the mouth

the Benaleh is unique in’ that it shows intense tight folding, including small
recumbent folds a few feet across,

Thickness
As the boundaries are not known no reliable estimate of the thickness

can be made. From the width of outcrop it seems probable that the exposed
thickness is at least several thousand feet, ' i i

Boundaries

Neither the top nor the basal boundary has been discovered. On general
structuml- evidence, and taking into account palaecontology and the regional
geology, it seems probable that the Kelabit Formation overlies the Kelalan
Formation either conformably or with a slight unconformity. To the west, the
formation is probably overlain conformably by the Meligan Formation of the
Tamabo Range. West of the Tamabo Range the formation has not been
recognised. This is presumably due partly to the general hiatus in deposition
in the Oligocene and partly to the lateral transition of the upper part of the
formaum} into Setap Shale Formation, The single Oligocene sample found in

Fossils and age

Fossils indicating both Lower Oligocene (Tc) and Lower Miocene (Te,.,)
age have been found in the formation (see locations on coloured map):

A specimen of calcareous shale, $6164, from the Kelapang River at the
mouth of the Benaleh tributary, was examined by R. Todd of the Palacontology
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and Stratigraphy Branch of the U.S.
1960). She wrote: Geological Survey mwdﬂd 13 May

1 list below the species of smaller Foraminifera found. Because

preservation, many of them are specifically w:d;t&mhs:bh. . 1 have inm%’ﬁ
the recorded ranges of the species in the planktonic part of the fauna, which is by
far the predominant part. The benthonic part adds few if any clues to the
of age or ecology. Its numerical insignificance suggests the deposit was not laid
close to shore or in connection with a reef, but rather suggests relatively

deposition.

i

i

Benthonic part:
Ammobaculites? sp.
Anomalina sp.
Asterigerina? sp.
Bolivina sp. aff. B. beyrichi Reuss
Bulimina ovata d'Orbigny
Cassidulina? sp.
Cibicides spp.
Dentalina? sp.
Dorothia? sp.
Eponides umbonatus (Reuss)
Gaudryina sp.
Gyroidina sp.
Nonion? sp. aff. N. advena (Cushman)
Nonionella? sp.
Plectina? sp.
Robulus spp.
Stilostomella? sp.
Uvigerina sp.
vaginulina spp. aff. V. mexicana Nuttall
Verneuilina sp.
Verneuilina? (or Gaudryina?) sp. juv,

Planktonic part: (listed in order of abundance)
Globoquadrina venezuelana (Hedberg) (abunda
(range from middle Eocene throughout the )

fairly common) (reported by Bolli!

Globigerina ampliapertura Bolli
e e 4 but Stainforth?

from uppermost Eocene fto owermost Oligocene,
reports it to range throughout the Oligocene

Other globigerinids
Globigerinoides trilobus (Reuss)? (very rare)
(uppermost Oligocene to Recent)
Globorotalia centralis Cushman and Bermudez
(one specimen) (upper Eocene),
The planktonic assemblage resembles somewhat an assem 1 studied from Guam
. ies (Globoguadrina venez lana and Globigerina ampliapertura)
here. On Guam this assemblage is

where the same two Spect ’
are associated with reticulate nummulites as iy e and 1 would estimate the age

currently considered lower Oligocene (Tertiary c) in age,
of this sample to be about the same.

nifera from the Oligocene-Miocene Cipero and
and_Planktonic Foraminifera_from Eocene

1Bolli, H.M., 1957, Planktonic Forami Ce
U.S. Nat. Mus, Bull, 215, text

Lengua formations of Trinidad, B.W.L,
Navet and San Fernando formations of Trinidad, B.
fig. 18 on p.99 and text fig. 26 on p.159.

2Stainforth, R.M., 1960, Current status of transatlantic Oli_so-Miocenc correlation by means
of planktonic Foraminifera: Revue de Micropaleontologie, V. 4, No. 2, p222, and range

chart on p.221.
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. Other -

- from the formation were

of Sarawak Shdl Oilfields Limited with the results shown in table 6.

TABLE 6. FORAMINIFERA FROM THE KELABIT FORMATION

examined by palaeontologists

GENUS SPECIMEN NUMBER
511561 i il 5|96166|56167[56169/56170]S6171 /56172
Ammoboculites { X X
Ammodisus x X X X X X X
Arenoduliming X X X
Bathysyphon « X x . + X + ¥
Boliving B +
Buliming X
Cassiduiing + X + X X X LS +
Crilostomelio x
Cibicides X
Ctoveling X
Cristellario X X X x + |
Crclomming + + + + X + | + X +
Ellipsogianduiing 1 X
Eponides X
Goudryina + + + + X X
Globigering e e o e X + + + |+ | + =3 + + + + X
Glodaguadring + X + + + + + | +
Glomospiro e
Grroiding X X X X %
Naplophragmoides + X X X X
Hormosing X
Logengmming x X
Nodosorio X + X i X + X
Nonion X +
Nummulites X X X
Operculing x X X
Pieurostomella x X X +
Pultenio LA X X X +
Reophar x
Rotatia x
Tertutario L X % X
Trochamming + + X X X
Trochomminoides X X X + X
Uvigering 3 ¥ X X
Verneuiling "
Vulvwling x X X X X X X
Notes X  One species recogmized
+ __ More than one species recognizes
ROCK TYPE LOCALITY AGE ASSIGNED| ROCK TYPE LOCALITY AGE ASSIGNED
S6I51 Mudstone mu‘om-\;:;“ Obm:” "hmm, T, $6162 Mudstone :;1;:. Ei’.‘i .ﬁ?:::‘:’muu Te .
56152 Croystone ::;t:r::g ';;a'.g:w"! miles Te_, $6i64 Shaie E““ﬂ.' !‘m- of mourn of Te=d
enpien tributary
5§6154 Mudstone g::::::u River obout | mite below 1 ae ate | 36168 | e s:""’. rfil;:'mor' mauth of Te-d
§6155 Mudstone :::::'32:.::' obout 2 miles Te-a SBIE6 Shole 5:5-':&'?-‘ '1'::::1‘1; mouth of Te-d
sy e LS S il e aleele| S6I67. St foping v ol houm o 10
S6I57 Mudstone Beruang tributary of Beolen Indeterminate | $6i169 Mugstone fenaten River neor Long fo-d
an
56158 Mudstone ’::'ecl:n River aoove Long 2,‘.’, '?'M S6170 Mudstone 1op “'"m,:n.‘;' mile below Te-d
S6159 Mudstone ’:um River obove Long Indeterminate | S6ITI Mudstone I.uplgn' m." n mile below  Indetérminate
nale
60 R nen 53?5"35-'2‘3‘ mml" nite Te=d 56172 Mudstone “’I“:n?n : ’t miles obove Te=-a
Oeterminations by Sorowox Sheil Oilflelds Limited, 1]
:“i::l':fl ¢ u::i%'fal:l":;' initare, exeepy for ""'“z:l. T‘;;nt‘n‘:e::o'auln
Nummutites sp.
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in the Kelabit Highlands (see p.37) O S

in the Kelabit Highlands

Photograph b: G. E. Wilford

PiaTe XVb., Ban Kevaran. Flat valleys surrounded by hills
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PLATE XVI. THE UppEr BARAM. The river above Lio Matu (a-c; e); Lio Matu airstrip (d);
steeply dipping sandstone in the Baram near the Tudan tributary (f)

Photographs: G. E. Wilford
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‘Radiolaria in chert pebbles in conglomerate (56150, see above) were
examined by G. F. Elliott of the Iraq Petroleum Company (report dated 2
December 1960 filed as GSKL 101A/63):

S6150 (large thin section): Cenosphaera, Dictyomirra, Melitosphaera, los-
phaera, (in matrix, but may be derived). Cenosphaera, Dorysphaera (in grey radiol
pebbles). Cenosphaera (elsewhere).

$6150 (Slide A): Dictyomitra, 2§tichopera, Cenosphaera (in different pebbles).

$6150 (Slide B): Melitosphaera, ?Stylosphaera, Dicolocapsa (in  different
pebbles).
None of these radiolaria are very well preserved. All range from various

levels in the Palaeozoic upwards except Melitosphaera, which is Jurassic—Recent.
The age of the constituents of the conglomerate, therefore, is Jurassic or younger.

SETAP SHALE FORMATION

The Setap Shale Formation is a thick monotonous succession of shale with
subordinate sandstone, and a few, mostly thin, lenses of limestone. It occu
most of the Middle Baram Valley; in the Suai area, its outcrop is less ve,
as it is partly covered by younger deposits: nevertheless it probably extends
under most of this country, except where its place is taken by the sandy Nyalau
Formation. It is not known east of the Tamabo Range.

Lithology

The lithology, of grey shale, grey mudstone, sandstone and a few limestones,
is very uniform and monotonous. Variation in the proportions of the con-
stituents occurs, and there is some variation in the degree of induration, W

in general is higher in the Baram Valley, particularly on the flanks of the Mulu
Anticlinorium. The following account of the lithology is based mainly on the
compilation by Liechti (1960), with the addition of further data from the writer’s
field work in the Baram Valley.

Formation crops out, and CORSIsts of shales and thin subordinate sandstones. SOU

Paroh Anticline, the Setap Shale Formation is sg::mlllyl absent, its place being
by the sandy Nyalau Formation, In Lhe_ll.,owe:l : i Va s?aiesm formation consists
monotonous succession of blue grey silty an clayey ha.l'*d O aoddiar. In

ignitic i ds, but .
bedded, moderately soft and lignitic in some ban oot mediom grained, and et

Suai Area. Along the Paroh Anticline in the upper Suai Valley, typical sﬁﬁpoﬁé

The interbedded sandstones are grey Of blue grey,
exceed 100 feet in thickness. In the subsurface near the Suai t}:e L Valiey
about 1,000 feet of limc‘s’tec:ine of Tes agem e e m:l.m!n

slightly more aréenaceous s occur near the ormi
satgidyymarlsmnc and calcareous sandstone aré interbedded in sandstone.

; :
Middle Baram (northwest part). Around the Bakong River, the formation is calcareous,
and shows a facies transitional to_ that of the Sibuti .Formation. m'l':: I:amdua::i?ﬁ“ of
shale and claystone, occasionally calcareous, with subordinate fine-grained, 1ozu'rds ceous
sandstone, also calcareous in places. sandstone is moré common

e
“f the formation, where carbonaccous material is more abundant. Lenses

(5 to 30 feet thick) and lenses of calcareous argillaceous sandstone
thicl(: and over a mile long occur in formation in this area. In the northern part
of the Middle Baram, northeast of Long Tkang, the
with the exception of thedBfam Belah Sanig::otmm‘
rt of the formation an orms 4 prom ;
ivers, sbfmt zd:iniles s::‘;hwest ofofgukit BIE; Eﬁhh» The member consists of at _
seven major sandstone s, most which 2 i
the sandst}ones are mostly hard and fine grained, grey 10 bluish grey and commonly msﬂ
carbonaceous; the shales are silty or
and are interbedded with thin sandstone yers. Over

-3
gﬁ
3
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area, the _[proporti_on of sandstone increases from about 10 percent in the Tinjar Valley
near the Tisam tributary to an estimated 20 to 30 percent in the southeast.

Tinjar Valley. Widmer (1953a) noted that the formation in the Tinjar Valley, as
elsewhere, consists of alternating shale and sandstone. In the lowest part, the sandstones
are fine grained, grey, mostly thin bedded, and hard. The shales are predominantly
dark-grey, sandy to silty, and commonly contain mica. Plant remains and finely divided
carbonaceous matter occur almost throughout the sequence, both in sandstones and shales.
Towards the top thicker bedded to massive sandstones occur, and these are slightly clavey
and softer. Some of the sandstones are calcareous, but limestone is rare. e only
limestone lens of any size was found in a squeezed zone in the valley of the Merurong
(a tributary of the Jelalong in the upper Kemena Valley) and was described as a light-
rey, dense, fine grained rock with irregular clay films, containing Globigerina sp. A similar

estone was found by the writer in a bed a few feet thick in the Tisam Valley (S4510).

Middle Baram (central and eastern part). In the main Middle Baram River and its
eastern ftributaries, the Setap Shale Formation is similar to the exposures in the Tinjar.
As described by Widmer (7953b), the shales are typically dark grey, sandy to silty and
contain plant remains, accumulated in fine bands, or finely dispersed. Towards the top,
paler, sometimes bluish-grey shales are present. Nodular shales, often with spherical
weathering and conchoidal fracture, are typical (pl. xviia). The sandstones are usually thin-
bedded, but towards the top may become massive. They are more common towards the
south. In the lower part, they are commonly hard and show some degree of re-crystallization,

while towards the top they are usually softer and often clayey. In a few places, slightly
calcareous layers occur,

The writer agrees with the above descrigtion except that he found calcareous shale
and mudstone to be qlulte common in the Middle Baram. Most of the argillaceous rocks
which show conchoida weathering .are slightly calcareous. Calcareous strata are especially
common around the Temala Anticlinorium, where Setap Shale Formation overlies the
Melinau Limestone Formation. At least 100 feet of calcareous strata overlie the Melinau

tone at Batu Gading and include calcareous mudstone (54432, S4438, $4614-17,

no benthonic forms. Argillaceous limestone (54494) and marl (S4618, S4620) occur about
a quarter of a mile downstream from Batu Gading, and the limestone (S4494) contains

g i us shale with pelagic Foraminifera
occurs above the Melinau Limestone at Bukit Besungai (S4482, S7023), in the Maloi
tributary of the Tisam (54662-63), and in the Kejin Valley (S7123-24). On the southwest
side of the Temala Anticlinorium, the Setap Shale Formation (exposed in the Liang
tributary of the Baram) consists of calcareous shale (87129, S7130, S7132) with lenses

of limestone conglomerate 54686, S4687, S7131
Sianet e e ( 31, §7133) and nodules or cobbles of fine

Limestone occurs a few hundred yards north of the Baram River at the Giam

Asa rapids, about a mile downstream from Long Akah. It forms cliffs about 70 feet
high, and contains A small cave remarkable for the pungency of the great number of
bats which crowd it. The limestone contains Miocene benthonic Foraminifera and has
been assigned to the Setap Shale Formation, T of rock include compact. medium
ined limestone (S4550), detrital imestone (SX?;;). and sandy limestone with shell
ragments (54552). A boulder of miliolid limestone about 10 inches across in the Akah

River at Meligong Rapids is the onl i i i
oy 8. Sioale Forfua "y only other limestone in the Middle Baram assigned

Valley, downstream from Long Tebangan village, and in the Tebangan tributa , the
strata are predominantly sandy. Beds of sandstone exceeding 50 feet andm:hict alter;yations
of shale and sandstone in beds 4 inches to a foot thick are exposed. In the Tebangan
tributary, thick exposures of poorly bedded grey shale oceur, interbedded with grey
sandstone and at one place a black sandstone (S4556), coloured a parently by carbonaceous
matter. An unusual conglomerate was found in this stream, goth as boulders (S4555)
and as lenses about 4 inches thick (S4557) in massive shale. This conglomerate is composed
of sub-rounded to rounded pebbles, 1 to 3 mm across, mostly of pink chert, with some of



43

vein quartz, and siltstone, fine-grained sandstone, and crystalline carbonate. The chert contains
numerous well preserved Radiolaria. Most of the chert pebbles contain abundant finely
divided pyrite, and some are almost completely replaced by it. Carbonate (probably dolomite)
occurs as rims round the chert pebbles and as rhombs in the chert. The sandstone matrix is
mainly guartz and chert with rare grains of albite and some carbonate, and little or no clay-
grade material. The lithology in this area is distinct from that of the normal Setap
Shale Formation. Widmer (/953b) mapped a belt of probable Eocene across this section,
and on strike extrapolation and photogeology showed it extending north-northeast across
the Patah and Tutoh Valleys, However, the lithology of these strata appears to be as
distinct from the Kelalan Formation as from the rest of the Setap Shale Formation,
and, moreover, the typical Kelalan rocks have not been seen in this section nor in
the continuation along the strike in the Patah and Tutoh Vall The writer considers
on photogeology, and the position of the rocks not far from the base of a prominent
scarp forming a synclinal structure, that their stratigraphical position is probably near
the upper part of the Setap Shale Formation, and they have wngequenﬂy been mapped
as such, though with some reservations. Conglomerate containing similar radiolarian chert
has been found as boulders in the Kelabit Highlands (see above, p.38).

Tectonic aspect

The formation shows moderate folding in the Suai Area, which increases
in intensity to the east. In the Middle Baram the dips are mainly steep, within
20 degrees of vertical, and the strata are probably overturned in places; the
the structure is complicated (pl. xvub). No marker beds have been found
in the formation and so the details of the structure within the formation cannot
generally be deciphered. Where thick sandstone bodies occur, they enable the
structure to be traced over small areas by the use of air photographs.

Thickness
Estimates of thickness are mostly unreliable, mainly because of uncertainty
due to the unknown extent of structural repetition. estimates shown in

table 7 have been compiled by Liechti (1960).
TABLE 7. ESTIMATES OF THICKNESS OF THE SETAP SHALE FORMATION

. Thickness
Locality (in feet) Remarks
—

i 1 400 From drilling results;
Suai Coast at least 2, o B
Paroh Anticline at least 4,000 Base not exposed
Tinjar Valley 15,500
Middle Baram Valley 16,500

' Most accurate estimate;
Tutoh Valley 18,500 e ise Ties Jumt sorth
of Suai-Baram area

Boundaries

The basal boundary i )
it is clearly defined where the formation rests
i.e. on the flanks of the Temala Anticlinorium,

i i . In the Middle Baram
RigA o theonsuh?lleﬁ.;:l Limestone Formation,
at the head of the Tutoh Gorge,



and at Bukit Siman. Around the Temala Anticlinorium, the contact has been
observed at Batu Gading, Bukit Besungai, Maloi Paku, and on the River
Kegin and is conformable. Elsewhere it is problematic, as the lithology is not

iently different from the underlying Kelalan Formation to allow an accurate
delimitation.

No general discordancy in the strike of the two formations has been
observed, and the junction is therefore believed to be a disconformity, the
Oligocene apparently being absent over most of the area. In the Sela’an Valley,
Widmer (/953b) observed an unconformity at a single exposure between Miocene
shale and limestone and ‘Tab’ (ie. Kelalan Formation) shale and sandstone
(see fig. 4) but this has not been observed elsewhere.

In the Suai area the formation is overlain conformably, and along a
strongly diachronous boundary, partly by Nyalau Formation, and partly by
Belait and Lambir Formations.  The boundary with the Nyalau Formation, which
1s a sandy facies largely synchronous with the Setap Shale Formation, is a gradual
transition, but where the Belait Formation directly overlies Setap Shale
_Fm'maﬁon the boundary is clear. In the Middle Baram area, the top boundary
is with Belait Formation, and, towards the Kelabit Highlands, with Meligan
Formation, and is also believed to be conformable and diachronous.

Fossils and age

The formation is believed to be exclusively of Miocene age. Most of
t.hg formation is Te, but it ranges as high as Tf in places. Much of the fossil
evidence has come from outside the area described. The only fossils found in
the formation are Foraminifera, and indeterminate plant remains.

In the Suai Area, only the upper part of the formation is exposed. From the Suai
Wells Floscullina botangensis Rutten indicates a Tfy age. In the Middle Baram area a
large number of shales have been sampled and have yielded mostly arenaceous faunas.
A large number of genera have been determingd by SSOL palacontologists, but they are

not listed here as they are of little age-determining value. A recent investigation by SSOL
of pelagic Foraminifera has led to the provisional determination of Tews to early Tes for

?’s numlljer of these samples. Identifications of some of the pelagic forms are given in
per

In the Middle Baram Area, from the limestone below Long Akah, C. G. Adams
(1959) identified the following faunas which he assigned to the '([,'e?
84550  Spiroclypeus sp.
? Eurupertia sp.
84551  Lepidocyclina sp.
Spiroclypeus sp.
Cyeloclypeus sp.
Miogypsinoides sp.
Operculina sp.
Gypsina globulus {Reuss)
Algal debris
From the boulder of miliolid limestone in the Middle Akah Valley he identified a
fauna as follows, which could only tentatively be assigned a Miocene age:

S4575  Borelis aff, parvulus Hanzawa
Miliolids and rotalids
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: Rgdio!ag‘a ig déﬁt pebl}mthin {hq conglomerate already described (S4555, S4557) were
examined by G. F. Elliott of the Petroleum Com )
certainly derived from an older formr:t‘}on. gl B

Mr. Elliott (report dated 2 December 1960 filed as GSKL 101A/63) recorded:

S4555 (Slide A): Cenosphaera, Dicolocapsa, Dictyomitra (in pebble). Ceno-
sphaera, Melitosphaera, Tricolocapsium, Stylosphaera, Lithapium, Stichopodium,
Mevenella cf. hensoni Davis (in larger pebble).

84555 (Slide B): Blustrella (in grey pebble). Cenosphaera, Dictyomitra, Lith-
apium, Dicolocapsa, Meyenella hensoni, Cryptocapsa (in buff pebble).

$4555 (large thin section): Cenosphaera (in black pebbles). Lombardia (pro-
blematicum: in grey pebble).

$4557 (including large thin section): Cenosphaera (in pebbles of black chert).

These radiolaria include some ranging from the Cretaceous (Tricolocapsium,
Stichopodium) and the Meyenella sp. is in the writer’s experience characteristic of
the Cretaceous too. The age of the constituents on radiolarian evidence is therefore
Cretaceous or later, probably the former. Lombardia is a thin-section microfossil
characteristic of the European Upper Jurassic, and seen by me at the same level in
Iraq, and recorded similarly from the Caribbean Bronnimann. Verniory (Arch. Scif.

by
Geneve, 1956) has shown that Lombardia is bly the thin-section a of
p{a:es of lhe) pelagic crinoid Saccocoma. Tndrje of the constituents }n 54555 is

therefore probably Cretaceous, perhaps with some Jurassic . .

Mr. Elliott later pointed out (letter of 20 1961) that Lombardia, while typically
Upper Jurassic, has recently been recorded in the Valangi and Hauumnin
Southern Poland (Lefeld and Radwanski, Act. Geol. Polon., 10(4), 593-614. 1960).

TANGAP FORMATION

The Tangap Formation is a calcareous formation within the Setap Shale
Formation, and includes the Subis Limestone Member. It is confined to the
Subis Anticlinorium, and lies entirelﬁ within the Suai area. The type section is in
the Tangap tributary of the Niah River, north of Bukit Subis. The formation
builds the core of the Subis Anticline over a length of 37 miles; the outcrop
is 6 to 10 miles wide in the Subis area, but narrows towards the northeast
due to pitching of the anticline. The type area for the Subis Limestone Member
is the limestone hill Bukit Subis, which extends over about 9% square miles
(see fig. 5 and pls. via, XViI, XIX). Strata referred to Tangap Formation have been
penetrated in the subsurface in wells near Bukit Subis and on the Suai Coast (see

stratigraphical columnar sections, fig. 3).

Lithology

The Ta Formation comprises calcareous shale, marl, greenish clay-
stone, and o:cs:.lsll?onal beds of purer limestone Wwith Jocally abundant pel:g’c
Foraminifera and fragments of benthonic forms. Non-calcareous and ungzuﬁ ]
also occur. The thick limestone of Bukit Subis, and thick beds in dl;:r su ace
met in exploration wells, are described as the Subis Limestone Member.

i i | is i ype. lower part

The limestone forming Bukit Subis is of shoal reef type The

is composed of infra-neritic algal limestone, containing quartZ grains, ':icnd e

dominantly larger Foraminifera, which passes upwards into an epi-neri thmis -

algal reef limestone. Although corals are rather sparsely ptuerved.chm

believed to be due to obliteration of the coral structure by diagenetic ges.
ble limestone

In the subsurface, Well Subis 2 penetrated dense impermea
which interfingers with sandstones and marls that have been referred to the
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Nyalau Formation and the clastic part of the Tangap Formation :
The limestone is believed to have formed in the same cycle of reef growth as

Tectonic aspect
The Tangap Formation is fairly gently folded, dips of 5° to 20° being

usual.

Thickness

The thickness of the formation in outcrop ranges from less than 2,000 feet
to 5.700 feet. In the subsurface of Well Subis 2 the formation is 5900 feet
thick: it extends over a vertical distance of 9,000 feet, but this figure includes
two tongues of Nyalau Formation of 1,400 feet and 1,700 feet.

The thickness of the Subis Limestone Member at the s_mfloe_ is about
1,200 feet; in the subsurface limestone it extends over a vertical distance of
3,100 feet, of which half is limestone, and half intercalated sandstone and shale
assigned to the Nyalau and general Tangap Formations.

Boundaries

The boundaries of the formation are mostly known from the subsurface,
where their delineation is difficult due to interfingering and lateral transition
(see figure 3). The formation interfingers with Nyalau Formation, which
underlies it (as at Bukit Subis) and overlies it (as at_Suai). The base does
not outcrop, but in the subsurface the formation also overlies Setap Shale
Formation in places and possibly also Tubau Formation.

The top boundary is in general a gradual transition into Sibuti Formation,
except in the southwest and in the subsurface of the Suai area, where Tangap
Formation grades upwards into Setap Shale Formation.

Fossils and age
The age is established as Lower to Middle Miocene (Te,., to Te,) on rich
foraminiferal faunas.

The Tangap Formation in general (ie. 3
Member) conteins a foraminiferal fauna of mainly arenaceous species, with ;
much richer fauna in a few marls which includes pelagic forms (Globigerina Spp.)-
The arenaceous faunas are not age-deterglinina. although the pelagic forms
would probably be so if specifically determined.

ATe.agehprmdbymmredmmmwimmmhnnﬁon

larger Foraminifera including:
Lepidocyclina sumatrensis Brady
Miogypsinoides lateralis Hanzawa
Miogypsinoides dehaarti v.d. Vlerk
Spiroclypeus orbitoideus Douville
Spiroclypeus tidunganensis v.d. Vierk
Spiroclypeus higginsi Cole

(Determinations by W. E. Crews, quoted by Liechti, 1960, p.164).



—

48

The outcrop of the Subis Limestone Member is also proved to be of Tes age on
abundant larger Foraminifera including the following (R. Haak and others, quoted by
Liechti, 1960, pp.164-65): :

Lepidocyclina (Nephrolepidina) angulosa Provale
Lepidocyclina (Nephrolepidina) inflata Provale
Lepidocyclina (Nephrolepidina) sumatrensis (Brady)
Lepidocyclina (Nephrolepidina) verrucosa (Scheffen)
Lepidocyclina (Nephrolepidina) flexuosa (Rutten)
Lepidocyclina (Eulepidina) dilatata (Michelotti)
Lepidocyclina (Eulepidina) dilatata var, tidunganensis v.d. Vlerk
Lepidocyclina (Eulepidina) ephippoides Jones & Chapman
Miogypsina irregularis Michelotti

Miogypsina primitiva Tan Sin Hok

Miogypsinoides dehaarti v.d. Vlerk

Miogy psinoides (Conomiogy psinoides) abundensis Tobler
Austrotrillina howchini (Schlumberger)

Spiroclypeus sp.

Cycloclypeus sp.

Operculina sp.

Amphistegina sp.

. Corals are abundant in parts of the limestone, mostly of the branching-growth
type, composite massive corals are also fairly common. The fragments are invariably
angular and unsorted. Algae include the following:

Lythophyllum sp. (abundant); Mesophyilum sp. (abundant); Lithoporella sp.
(abundant); Archaeolithothamnium sp. (less common); ?Lithothamnium sp.
(rare); Corallina sp.; Jania sp.; Halimeda sp. (locally abundant)

Fragments and spines of echinoids and bryozoans are common, and bryozoans also

occur as large patches. Gastropods and fragments of lamellibranchs are occasionally
found, as are rare sponge spicules.

The subcrop of the Subis Limestone, penetrated in Well Subis 2, is partly Teis;
partly Tes. The dividing line runs through the middle to upper part of the limestone.
The Tei4 fauna includes:

Operculina cf. pyramidum Ehrenberg
Heterostegina borneensis v.d. Vlerk
Neoalveolina pygmaea Hanzawa

Miogypsinoides ubaghsi Tan Sin Hock

Environment

Liechti (1960, pp.165-166) points out that the abundant pelagic Foraminifera
of the marls of the Tangap Formation and the almost complete absence of sand
indicate very quiet conditions, which might equally well be bathyal or outer
neritic. The Subis Limestone Member is believed to have formed in a depth
of water that did not exceed 200 feet, and probably was generally 100 feet or
less. The lower part, containing Algae (Melobesieae) and Cycloclypeus spp., is
considered to have formed under infra-neritic conditions (depth of water 160-200
feet), whereas the upper part, containing Miogypsina, Miogypsinoides and the

algae Corallina and Lithoporella, was formed under epi-neritic conditions (depth
of water 0-100 feet).
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SIBUTI FORMATION

The Sibuti Formation is composed of shale, with some marl and
lenses of limestone, and rare impersistent beds of siltstone and sandstone.
crops out in the Bakong area, extending west to the Niah Valley where it merges
with the Setap Shale Formation. Part of the type locality, the Sibuti
is included in the area.

Lithology

The formation (as described by S. T. Waite, quoted by Liechti, 1960, p.167)
is predominantly and monotonously argillaceous. There are scattered lenses of
siltstone and sandstone, but no single sandstone bed is continuous over a large
area. Marls and thin lenses of limestone are characteristic, but are less common
and thinner than those in the underlying Tangap Formation. The outcrop of
the formation is practically featureless.

The lowest strata are poorly fossiliferous dark-grey shale, without inter-
calations of siltstone oOr limestone. Bedding planes are marked only by
carbonaceous films, and rare sandy partings. These are d by

shales grading in places into fine grained argillaceous and marly siltstones and
small limestone lenses. In the Niah Valley the so-called Niah Kubu sandstone
occurs at this level. The foraminiferal fauna of this part 1§ prolific.

The upper part consists of calcareous or sandy shales, with a few sandstone
and limestone lenses.

Tectonic aspect

The formation is gently to moderately folded, to the same degree as the
Setap Shale Formation in the area. However, abberrant dips of as much as
60°, due to irregular disharmonic folding or slumping during deposition, are
common.

Thickness

The thickness is difficult to estimate accurately as the structure is mot
clearly understood. Pollock estimated i R
Waitg estimated it at 11,300 feet (quoted by Liechti, 1960, p.167); but Liechti
considered these estimates to be somewhat high. Towards the flanks of the
Subis Anticlinorium in the Niah River, the thickness decreases markedly though
gradually. Rijsterborgh estimated the thickness as 1,600 feet on the northwest
flank, and about 2,500 feet on the southeast flank (Liechti, 1960, p.168).

Boundaries

The formation overlies Tangap Efor:gation conformably
vague and transitional, and its determination depends upon
lithology of the Sibuti as compared with the Tangap.

ThewpboundarywiththeLambirFormaﬁonisalmoon!ombhmd

transitional, but is better defined, although still somewhat arbitrary and strongly
diachronous. It is drawn mainly on ppotogeologg es on the dls.unaﬂn
between the topography of the predominantly argillaceous
that of the arenaceous Lambir Formation. Laterally >
merges mto Tangap and Setap Shale Formations, this takes place mostly

in the subsurface.

. The boundary is
the less calcareous
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Fossils and age ; :
" . The_ formation is believed to be Middle to Upper Miocene, mainly
185,

ranging into Tf, This is based on a provisional determination of pelagic
Foraminifera (Haak, quoted by Liechti, 1960, p.168). -
A few Iafger Foraminifera in limestones in the formation in the Bakong

area corroborate a Te,-?Tf age:

Lgpidacych‘m sp., Nephrolepidina sp.,
Miogypsina sp., and Gyps:’m sp.

Environment
- The fauna indicates that the formation was deposited in shallower water
than the Tangap Formation. Inner neritic conditions appear most probable.

NYALAU FORMATION

where it forms hilly country in the Semilajau, Kemena, and Koyan Valleys.
The type area is in the coastal area, extending inland from Tanjong Kidurong to
Kuala Nyalau. The type section as defined by Liechti (1960, p.118) is along the
Sabulong River northeast of Tanjong Kidurong. Towards the northeast, in the
Suai area, it gradually wedges out into Setap Shale and Sibuti Formations, and
north of the Niah River is known only as a few lenses. It has not been distin-
guished in the Baram Valley, although thick arenaceous successions in the upper
Setap Shale Formation there, for example south of the Lawan Syncline, could be

regarded as Nyalau Formation. These are at present insufficiently known for
correlation.

Lithology

In the type area (hills behind the coast from Tanjong Kidurong to Kuala
Nyalau) the formation, as described by C. J. Mulder (1952), comprises :

Sandstone, which is fine to medium grained, thick bedded or flaggy, and which
commonly contains mica, carbonaceous material, and fine granules of pyrite. All gradations
from sandstone to sandy shale occur. Ripple marks, cross-bedding, graded-bedding, and
depositional slump structures are reported to be common. The porosity is fairly high, eleven
tested samples having a porosity ranging from 92 to 227 percent.

Shale, which alternates with thin beds of argillaceous sandstone and sandy shale.
Shale successions do not usually exceed 15 feet in thickness, Plant remains and lignite
films are ubiquitous. The only macrofossils are imprints of molluscs and a few Operculinids.

Limestones and calcareous sandstone are intercalated in sandstone, usually in" lenses
of as much as 30 feet long and 7 feet thick. These rocks usually contain abundant larger
Foramlmfcrp and lamellibranchs, Fine grained, dense varieties also occur, and in several
places are in contact with discontinuous beds of reworked limestone,

Lignitic material is abundant in all rock types except the calcareous ones. Pifch-black
clayey lignite bands, up to about three-quarters of an inch in thickness, occur most commonly
in argillaceous sandstone or at the contact of sandstone with shale or sandy shale,

In the Suai headwaters the formation (described by M. F. Shepherd, 1954b)
is also predominantly sat:gﬁ but towards the northeast there are increasingly
numerous thick shale intercalations. Sandstone successions, mostly 100 to 200 feet
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thick, rarely exceed 400 feet. As a result of a gentle regional dip (average about
8°), almost all the sandstone successions form well-defined ments that can
be traced on air photographs. Two main sandstone types eang recognised in
the Suai headwaters, causing characteristic topography and vegetation:

(a) A fine grained, hard, mostly massive, white to light-grey sandstone. This type is
most easily recognizable and is usually strongly jointed, wea to black-surfaced, rounded

and subangular blocks. The very low permeability of these sandstones gives rise to typical
badly drained dip slopes, on which the forest is stunted.

(b) Blue-grey, hard, fine grained sandstone giving rise to drier open-bush ridges. Two
sub-types were recognised: one is thick-bedded (3 to 15 feet) with occasional lignite streaks,
the other is thin bedded (3 inches to 2 feet) and lignitic; it contains. more common shale
partings and weathers in_a typical platy and tabular way.

Throughout the sandstones in the Suai headwaters, coarser, probably local,
lenses occur sporadically. Calcareous sandstones which grade into limestone occur
at some places.

The subordinate shales oc;:ur in Hons up to 2{)05?“ thick. They are
strongly lignitic. Thin layers of true silty clay or pure cie common, some
containing a rich fauna of smaller Foraminifera. Shales within sandstone succes-
sions are usually sandier and often strongly mdurgted‘

In the Ulu Suai Dome a marl marker bed occurs about 2,000 feet strati-
graphically below the top of the formation. This consists of light mm
moderately soft marl, typically poorly bedded, locally sandy and hard. It con
a rich fauna of smaller calcareous Foraminifera. The maximum thickness observed
is 75 feet.

On the compilation map, Liechti (1960, encl. 1) shows a thick sandstone
member, the Biban Sandstone Member, immediately under the marl ttll:;rker bed,
occupying the core of the Ulu Suai Dome. The main occurrence of memembnn.m
is south of the Suai-Baram area, and Liechti states (1960, p.120) that 1

Sandstone Member can no longer be distinguished north of the Bintulu River.
As the Biban Sandstone in the type area is at the base of the mlau Fm‘t::at;:l!;

it does not seem likely that the strata beneath the marl

i i i valent to the
2,000 feet stratigraphically below the top of the formation, are equiva
Biban Sandstongefaand they have accordingly been mapped as undifferentiated

Nyalau Formation in this account.

west of the Ulu Suai Dome), the
northw Setap Shale Formation, except
i . There the

In the Paroh Anticline (Suai Valley, nor
lower part of the Nyalau Formation grades in :
at the southwest end, where only Nyalau Formation is

sandstones are mostly fine to medium grained, Whl'j)::l da;d myis}:ra:::i‘:r: 0,1’1[;:
compact and massive, but with transitions to ! ded. o oty

subordinate interbedded shales are dominantly grey and well
strongly sandy, and with abundant lignite in some layers.

ion in the Koyan Valley west of the
The large outcrop of Nyalau Formation in o Rl lf;acg B lar soccusion

Dulit Range has been mapped from air photogra hs, .
of sandstogns scarps can be clearly distinguish (pl. xx); the area has not been

explored in the field.
Tectonic aspect

The Nyalau Formation shows gentle to moderately steep
paratively regular folding.

dips and o;m
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Thickness

The total thickness in the area from Subis southwest to Bintulu (which is just
beyond the Suai-Baram Area) has been estimated at 10,000 feet (Rijsterborgh,
quoted by Liechti, 1960, p.122). The thickness exposed in the type area is about

2,700 feet in the Sabulong Anticline. In the Suai headwaters, less than 4,000
feet is exposed.

Boundaries

The boundaries of the Nyalau Formation illustrate the complex and transi-
tional nature of the formations in this area, and the difficulty of establishing a
satisfactory stratigraphy in spite of detailed field surveys and painstaking palaeon-
tological studies by SSOL.

In the Jelalong Valley (upper Kemena), the formation rests conformably on
Setap Shale Formation. In the main Suai area, the basal boundary does not
outcrop, but in the Niah Valley lenses of the formation are included conformably
in the Sibuti and Setap Shale Formations. Evidence from wells indicates that in
the Subis and Suai area the formation rests on, and interfingers with, Setap Shale,
Tubau, and Tangap Formations. From the Semilajau Valley to the northeast, the
fom;agon passes laterally into Setap Shale Formation, and north of Bukit
Subis, into Tangap and Sibuti Formations, The transition takes place by wedging
and interfingering on both large and small scales. The top boundary throughout
most oj? the area is an erosion surface but, in the Suai and Koyan headwaters, the
formation is overlain conformably by Belait Formation. The boundary there is
somewhat arbitrary, and its identification depends partly on micropalacontology.
In the middle Niah Valley, Nyalau Formation passes laterally into Belait Forma-
tion, which in turn passes to the northeast into Lambir Formation.

Fossils and age

The age of the Nyalau Formation within the Suai-Baram area is believed to
range from Te,, to Tf.

In the type area, the following larger Foraminifera from lenses of limestone and

calcareous sandstone in Well Selun 1 and fr terop, a Miocene (Teis)
age (V. J. John in Mulder, 1952): gun om surface outcrop, prove

Amphistegina sp.

Austrotrillina howchini (Schlumberger)
Cycloclypeus sp.

Gypsina sp.

Heterostegina borneensis (v.d. Vlerk)
Lepidocyclina angulosa Provale
Lepidocyclina spp.

Miogypsinoides ubaghsi (Tan Sin Hok)
Neoalveolina pygmaea Hanzawa
Operculina pyramidum (Ehrenberg)
Operculina sp,

A scanty badly preserved calcareous fauna was found in some samples, usually asso-
ciated with large Foraminifera, including :
Asterigina sp., Cibicides spp., Elphidium sp., Guttulina sp., Marginulina sp.,
Nonion sp., Quinqueloculina spp., Rotalia sp., Sigmoilina sp., Textularia spp.
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Many of the samples yielded scanty, exclusively arenaceous faunas indicating brackish-
water conditions and composed of:

Ammobaculites sp., Cyclammina sp., Glomospira sp., Hormosina sp.,
Textularia spp., Trochammina sp. ) 2o

In the Suai headwaters similar, though not identical, arenaceous faunas occur, but in
the marl marker bed a rich fauna including age-determining larger Foraminifera, was found
(W.E. Crews and V.J. John, 71955). In this fauna Miogypsina s.s. was taken to indicate Tes-TL.

The Nyalau Formation is believed to range as high as Tf, since along the
strike in the Bakong Valley it passes into the Lambir Formation which is of

proved Tf, age.

Environment

Ripple markings, cross-bedding. brackish-water faunas, and lignitic matter
indicate a shallow littoral to paralic environment, while the limestone lenses and
marl bands suggest littoral to inner neritic conditions. In general, conditions
became paralic towards the end of the deposition of the formation.

TUBAU FORMATION

The Tubau Formation consists mainly of shales, and differs from Setap
Shale Formation in its more calcareous nature and in
It does not out in the area but is believed to occur beneath the Nyalau
Formation in the Ulu Suai Dome (Liechti, 1960, p.160). Argillaceous strata pene-
trated in Wells Subis 2 and Selungun 1, formerly allocated to Tubau Formation,
were considered by Liechti (loc. cit.) to be more mperly regarded as p Shale
Formation. The main outcrop of Tubau Formation lies south of the Suai Area,
in the Kemena Valley. The Setap Shale Formation in the Jelalong Valley shows
features transitional o Tubau Formation. The - of the formation is Miocene.
A more detailed description is given by Liechti ( 960, pp.158-161).
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Chapter V

NEOGENE BASIN AND POST-OROGENIC FORMATIONS
(UPPER MIOCENE TO RECENT)

The formations described in this chapter are those occupying
basin-shaped synclines, namely the Meligan, Belait, and Lambir
Formations, of Mio-Pliocene age, and the sediments deposited after
the Pliocene folding, namely the Liang Formation (Pliocene or
Plio-Pleistocene), and the Quaternary terrace deposits and alluvium.

MELIGAN FORMATION

Lithology

The formation is composed of massive sandstones that form prominent
mountain ranges, including Batu Lawi (6,650 feet) and the Tamabo Range
(4,000-5,000 feet). The sandstones are grey, greenish, or yellowish grey and

grey mudstone (S6146) with thin carbonaceous streaks (S6145). Soft grey mud-
stone (56143) also outcrops in this part, and containg lenses of calcareous conglo-
merate which includes pebbles of radiolarian chert (S6142).

Tectonic aspect

'I‘heh formation in the Tamabo Range dips regularly at about 80° to the
the

east; in Batu Lawi area it occupies a complex faulted syncline, and dips are
moderate to steep.

Thickness

The thickness in the Tamabo Range probably exceeds 10,000 feet, unless the
succession has been repeated by faulting or overfolding.

Boundaries

Along the west of the Tamabo Range, and south of Batu Lawi, the formation
appears on air photographs to rest conformably on Setap Shale Formation.

there is no evidence that the Setap Shale extends so far east. As there are no
air photographs of this inaccessible country, the geology is little known. The
relationship with the Kelalan Formation to the north is likewise obscure.

Fossils and age

Shale samples from the Batu Lawi area and the Kuba'an headwaters have
ed a

yield few arenaceous Foraminifera which, however, are not age-determining.
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A shale sample from the Tutoh Headwaters (Sabai tributary) above the
lowest massive sandstone outcrop yielded:

Bathysiphon sp.

Trochammina sp.

Globoquadrina altispira (Cushman and Jarvis)
Globorotalia cf. Mayeri Cushman and Ellisor
Cyclammina sp.

Globigerinoides sp.

This fauna was identified by a palaeontologist of SSOL and is indicative of
Miocene (Te) age.

Environment

The environment of deposition was probably shallow marine to littoral,
although the lithology is too little known for this to be cetain.

LAMBIR FORMATION

The Lambir Formation is composed of sandstone, shale, and limestone. The
formation occurs in the Bakong Valley near Beluru and exte_nds from the soqth-
west into the headwaters of the Sibuti and of the Sekaloh tributary of the Niah.
A single lens of Lambir Formation extends into the Sibuti Valley from the main
outcrop to the north.

Lithology

The formation in the Bakong area (as described by Mulder, /953) comprises
alternating sandstone and shale with calcareous sandstone and limestone.
Calcareous strata occur at two stratigraphic levels. The lower bed, about 75],“’3‘
thick, is exposed in the Mapoh River (sce fig. 9), and consists of hard sandy "f“"
stone crowded with large Lepidocyclinas. The higher level is about 2']1*00 eet
stratigraphically above these beds, where limestone about 60 feet t{_uck Rqrms ta
discontinuous curved ridge about 4} miles long, extending from the Trus :v‘er'no
the Lapan River. The rock is a hard pure limestone, in places con N'(‘); g
abundant large Foraminifera, and some bryozoans and corals, though it is “.ve:
typical coral-reef limestone. Analyses of specimens of this limestone are gl‘on
below (p.133). These calcarcous beds occur in a shale and sandston% _sugces?i s
Thick sandstone overlying the calcareous and shaly beds in mid‘gdm' nthyn;claif
formerly regarded as part of the Lambir Formation, is here incl in the
Formation as explained above (p.27).

Tectonic aspect 3 : :
The formation occupies comparatively gentle synclines and is htﬂ: dt;z%:::veez:_-

cally changed. The dip is generally about 10° to 20°; in m:s p;;E %o

such as the northern limb of the Grabit Syncline, it is as steep .

Thickness j

The thickness in the Beluru Syncline is about }g.zoo Jﬁﬁ"maﬁ?ﬂbfé v
Mulder’s sections, measured from the top of the Setap ormé bit Syncline it is
the ‘Grabit Sandstone’ (1953). On the north flank of the Grabit Sy

about 3,200 feet.
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Boundaries

The basal boundary is a gradual, slightly diachronous transition from the
predominantly argillaceous Sibuti Formation. It was originally defined palacon-
tologically, but now is placed at the first major sandstone in the Lambir Formation.
It is somewhat arbitrary as lenses of sandstone and siltstone, some large enough
to form ridges, occur in the Sibuti Formation well below the predominantly
arenaceous strata of the Lambir Formation; moreover, both formations include
calcareous rocks. The boundary now is drawn from air photographs, relying on
the distinction between the predominantly arenaceous Lambir Formation and the
predominantly argillaceous Sibuti Formation.

The top boundary was formerly considered to be an erosion surface in the
Bakong area; if the ‘Grabit Sandstone’ is included in the Belait Formation, as in
this account, the top boundary is a conformable transition into the Belait Forma-
tion. The change is marked by an increase in the number and thickness of
sandstone members intercalated in the shale. and by the presence of fine to
medium grained white sandstones, softer and purer than those of the underlying
strata. Seams and lenses of impure lignite, up to several meters thick, occur in
places in the Belait Formation near the boundary.

Fossils and age

The age is believed to the Upper Miocene (Tf) from larger Foraminifera,
occurring in the limestone, namely :

Nephrolepidina sp.

Miogypsina sp.

Gypsina sp.

Lepidocyclina cf. sumatrensis (Brady)
Operculina sp.

Floscullinella bontangensis Rutten

The last species indicates Tf, but the others indicate a general Te,-Tf age. The
presence of F, bontangensis in some of the samples, and the absence in otherwise
highly fou;iliferous limestones of Spiroclypeus, Miogypsinoides, and Austrotrillina,
were considered to point to a Tf,, age for these samples (W. E. Crews, quoted by
Liechti, 1960, p.190). The formation may range throughout the Tf.

The shales have yielded a fauna of benthonic Foraminifera comprising :

Ammpbacuﬁres 5p., Anomalina sp., Asterigerina sp., Bigenerina sp.,
Bo!ivmg Sp., Cibicides sp., Cyclammina sp., Elphidium ' spp.,
Flosculinella sp., Hormosina sp.. Loxostoma sp., Nodosaria sp.,
Nonion sp., Rectobolivina SPP.. Rotalia spp., Spirolina sp., Siphoge-
nerina sp., Textularia sp., Triloculina sp.

Environment

The limestones indicate inner neritic to littoral conditions, becoming entirely
littoral towards the top at the transition to Belait Formation.
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BELAIT FORMATION

The Belait Formation is composed of thick massive beds of sandstone, with
grey shale and some seams of lignite. In the Suai-Baram area it forms mountain
ranges west of the lower Tinjar River and in the middle Tinjar Valley (Bukit
Sekiwa, Bukit Selikan, Bukit Manyam, and the Dulit Range; see pls. 1v, Xx). The
southern end of the Belait Syncline extends into the area in the Tutoh Valley,
where the lower part of the formation builds Bukit Batu Belah. Sandstones in
isolated synclinal basins overlying Setap Shale Formation in the Middle Baram
Valley (Bukit Lawan and Bukit Liman) are also referred to the Belait Formation
(pls. XXIH, XXIV).

Lithology

The formation is composed of thick-bedded sandstones which form pro-
minent scarps and mountain ranges, with subordinate grey shale and clay, and
some lignite. West of the Tinjar Valley and in the Dulit Range _lhe formation
(as described by Widmer, /953a) consists mainly of pure white, fairly soft, com-
paratively coarse sandstones that are commonly cross-bedded; tercalations of
sandy clay are common in the lower part of the formation, but are fewer and
thinner in the upper part. Towards the west, in the Niah headwaters, white
sandstones are less common, and most of the sandstones are grey Of mottled
grey and white. They are more argillaceous than those in the Dulit Range.

Widmer (1935b) traversed the Tunyo tributary of the Apoh on the north

side of the La Syncline (Tutoh Valley; pl. Xxmb) and described Belait
Foreostion fesuie s ( e :r{th subordinate shale intercalations.

Formation consisting of thick sandston 1
overlying dark-grey sandy to silty shales with abundant coaly matter, wi:dnch
alternate with grey, rather soft, clayey sandstones. At Bukit Liman in the Middle

Baram, fine-grained, very hard, blue-grey sandstone (54509) is exposed overlying
typical Setap Shale Formation. The sandstone contains leaf remains nnd some
fragments of coal about 3 mm in diameter, and is veined by quartz in small

well-formed crystals.

Along the Batu Belah scarp (Tutoh Valley), only the lowest part of the
formation %s exposed. Shepherd (in Shepherd and van de Fliert, 1956) describes
grey and blue-grey, hard, fine grained to medium grm_ned. coaly sandstones. in
places interbedded with thin coal seams. They are massively bedded, contain l?m
thin clay layers, and show sporadic cross-bedding and ripple-marking throug (::t
The shales, which are estimated to make up 40 percent of the

the succession.
i ish- i ndy and moderately soft, and
succession, are bluish-grey, usually silty or sa {}y . v ¢ the

commonly strongly lignitic. Along the scarp ed | t ¢
Belait Fo{‘matiog imrgth of the Tutoh, seams of l:_gmte are mterlgedded wuh. "’ﬁ
and whitish quartz sandstone (S4696). The lignite (54693-95) ﬁw mand
Panai and Besungai tributaries; it is very hard, with subconchoi ﬁfmcturcm o
contains sparse pieces of resin about 1 cm across (further description y

is given on p.106).-

Tectonic aspect ' e
The Belait Formation occurs in synclinal bnsx;s and 01; mol;lgp‘reiulmar rfms .

gently folded than the underlying Setap Shale littlemdia o T

moderate to steep (20°-60°), and the rocks show genetic change.
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Thickness

The relatively simple structure, clearly shown on air photographs, makes
the estimation of the composite thickness of the Belait Formation comparatively

Syncline to the north exceeds 30,000 feet in thickness, is exposed within the
area. The thickness preserved in the Lawan Syncline is 5,000 to 6,000 feet, and at

Boundaries

The Belait Formation everywhere overlies Setap Shale Formation or its
sandy equivalent, the Nyalau Formation (pl. xx). Although there is in places a
discordancy of strike between the Belait Formation and the Setap Shale Formation,
the contact is generally believed to be conformable, and the discordancy is
explained as the effect of disharmonic folding (Liechti, 1960, pp.183-184). The
basal boundary to the north, where it has been investigated in detail, is strongly

tion grades laterally into calcareous Lambir Formation, and there again the

is vague and arbitrary. The top boun of the Belait Formation has
been eroded throughout the area, o

Fossils and age

The formation is largely barren. In the Tinjar area a meagre assemblage

sp., Hormosina sp.,
lowing have been identified :

Sp., Bolivina sp., C lammina sp., Gaudryina
sp., Haplophragmoides 8P Textularia spp. i 3

: Ppermost Setap Sh;a.te Formation, of proved Tf (Upper
Miocene) age. In the Bakong area, the formation similarly grades into Lambir
Formation of Tf age, North of the area similar evidence indicates Tgh age
(uppermost Miocene to Pliocene) for the highest part, but it is doubtful whether
any of the formation in the Suai-Baram area is ag young as this.

Environment

The presence of lignite, cross-bedding, and ripple-marks, with some bands
containing small marine benthonie F,

. Oraminifera, indicates clearly a rallic environ-
ment with sporadic marine incursions, -yl

|
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LIANG FORMATION

; The Liang Formation occurs in the coastal area, where it has been recognised
in two small outcrops south of the Nyalau River, and also occurs in the Suai
Valley beneath Quaternary deposits. A small group of outcrops between the
Tutoh and Baram Rivers has been assigned to the Liang Formation by Liechti
(1960) and named the Patan Member.

Lithology
The formation comprises sands, clays, gravel beds, and some lignites.

In the coastal area the two outcrops south of the Nyalau River are too small
to show on the 1:250,000 scale. One is about 500 yards south-southwest of the
fishermen’s village in the Nyalau estuary, the other nearly 1} miles S 5° W of the
village. The deposits (described by Kavelaars, 1954) consist of dark brownish-
grey soft clay with abundant plant and wood remains and a mixture of shell
fragments with sandy clay. In the more southerly outcrop, boulders about 1 foot
across of very hard dark-grey siltstone with buff claystone lenses, pierced by
worm borings, lie loosely on top of the soft shelly clay.

In the Suai Valley, the formation encountered in wells (described by Sheldon,
1950, and Rijsterborgh, 1956) consists of a lower, fossiliferous, part and an upper,
unfossiliferous, part which is known as the Lumut Member. There is some
evidence from Schlumberger logs of shallow core-drills that a slight angular
unconformity occurs between the Lumut Member and the underlying general
Liang Formation. Both parts consist of soft sandy clays, with occasional beds
of sand and gravel. Lignite as films and thin beds occurs throughout but is more
abundant in the upper part (Lumut Member), which is also recorded as containing
some quartz crystals and tuffaccous material, not seen in the lower part. A
conglomerate of quartz and sandstone pebbles and rare fragments of black chert
occurs near the base of the Liang, and a second, higher, quartz-pebble conglo-

merate was found in a number of wells.

The Patan Member, between the Tutoh and Baram Rivers, consists of clay,
sand, and lignite (see fig. 6 and table 8). The washed residue of '0?1:1 ofl. the
clays contained small very clear angular quartz m:;lt_l showing cryd o cuic
and relatively large flakes of dark mica (biotite or te), probably can
origin (Shepherd and van de Fliert, 1956).

Tectonic aspect s a9 24
The formation in the subsurface of the coastal area is MYI , and dips
i Patan Member (in the
robably do not in general exceed a few degrees. The P _ t
Earam {falley) is described by Shepherd as virtually flat-lying: a few steep dips
(up to 60°) shown on his map may be due to slumping.

Thickness
i i i i be more than 300 feet.
The thickness in the coastal area is estimated t0 an 3

The Luniut ll:tembet is 70-120 feet and the remainder of the formation is about

200 feet thick (Liechti, 1960, p.213).

Liechti (L.c.) estimates the thickness of the PatansuMem:;t :;d 3%% g?ewﬂ
ever, he does not state the basis of this -~ ifﬁheir $ - :

(1956) do not give an estimate of the thickness. -y
is approximately to scale, the thickness represented is only about 80
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TABLE 8. STRATIGRAPHY OF THE PATAN MEMBER
(after Shepherd and van de Fliert, 1956)

|
| QUATERNARY: Lo
Cobble gravel
Disconformity
PATAN MEMBER:
Sand, orange and red, coarse ]
Sand, white, with clay laminae

Clay, very sandy, with lignite and quartz grains and lenses of
current-bedded sand | Not recorded

Clay, silty, dark-grey to brown, very lignitic and coaly

Clay, orange and white with root impressions. White clay contains
fine ash and mica flakes

Lignite

J

Clay, slightly silty 10
Clay, slightly silty, with sand lenses 12
Clay, very coaly, grey 10

5

Coal, brown

[ Clay, coaly, grey, soft, plastic . ‘ 34
Clay, blue-grey silty, with abundant sand lenses grading dmlm recorded
very sandy clay and sand with quartz pebbles and coal lenses

Unconformit
(Not observe
SETAP SHALE FORMATION:
Steeply dipping grey shale

Boundaries

In the coastal area, the formation rests unconformably on calcareous Setap

Shale Formation (formerly considered to be l.nniblr Formauon{l\:lmﬂ;ﬂ an ‘m
unconformity ranging from 12° to more than 40°. The Pat:? e e ol i
unconformably on Setap Shale Formation with a high angle s .

top boundary is an unconformity with overlying Quaternary deposits.

Fossils and age e
The formation in the coastal area_[l;la: yielgied. :o;'c:‘!;: u?gz m mmlfom_e:'r -
species recognised) and Vulvulina sp. 1] j
species of Rotalia have not been found in other formations.
The Patan Member has yielded only rare smaller Foraminifera almost cer-
tainly derived from the Setap Shale Formation.




morphological grounds. This, together with the unconsolidated nature of the
iang Formation, js taken by Liechti to Suggest a Quaternary age, at least for
the Lumut and Patan Members. However, volcanic activity is believed also to
Ve occurred in the Jate Tertiary and could equally well account for the ash in
the formation, particularly as no mica-bearing tuffs or lavag are recorded in the
Usun Apau, In fact, the boundary between Quaternary and Tertiary in Borneo
Is impossible to define satisfactorily at present.

Environment

.. A very shallow-water, near-shore marine environment is indicated by the
htholqu and fossils. The Lumut and Patan Members are wholly paralic, probably
estuarine,

JERUDONG TERRACE DEPOSITS

Terrace deposits along the coast, especially in the Sabulong area, and also
at a few places in the hinterland, were assigned by Liechti to his ‘Jerudong Cycle’
erosion and deposition,

The terraces occur intermilgently along the coast from the mouth of the

the higher hills occur at a height of about 60 feet. North of the Sabulong estuary,
sand and grave] overlie Nyalau Formation with an angular unconformity of
more than 10° along an undulating surface, ranging from 6 to 10 feet above sea
within a short distance. The terrace deposits are 12 feet thick or more,
At their contact, the terrace sands and the underlying Nyalay Formation, which
Is mostly - sandstone, commonly show a dark-brown weathering (probably a
h}lmm‘ﬁemented layer that typically develops in such sands), which makes it
difficult to distinguish the two formations, Further inland in the Sabulong Valley,
Patches of whitish sang were found by Mulder at several places, more than 150
feet above sea level: these might be terrace sands, but as no terraces have been
dlstmgqished on air photographs they are more probably weathered Nyalau
Formation sandstone.

In the Baram Valley, a few small patches of cobble gravel about 60 feet

€ sea level overlie the Patan Member of the Liang Formation and are
composed of cobbles of sandstone enclosed in sand (Shepherd, 7956). An area of
‘Medium high-terrace, Jerudong Cycle’ is shown on the compilation map (Liechti
et al, 1960, Enclosure 1) between the Tinjar River and Loagan Bunut lake. How-
ever, it appears from air photographs that this is a patch of Shorea albida, a tree
which grows Wpically on deep peat swamp, with high Tight-coloured crowns that
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give the impression on air photographs of a raised terrace area. This is confirmed
by J. A. R. Anderson, Assistant Conservator of Forests, who has investigated
the swamp forest of the lower Baram. : :

Small patches of terrace gravel fringe the middle Baram and its tributaries,
and have been incised to a depth of 50 feet. The terraces arc mainly cobble
and boulder gravel, capped by brownish sand (see pl. Xxxv). They are
particularly well exposed in the Akah River and in the Baram around Long Akah,
The airstrips in the middle Baram at Long Tebangan, Lio Matu, Long Akah.
and Long Atip are on these terraces. Widmer (1953b) describes various es of
sand on hills on the upper Baram, including one near Long Sela’an, where white
loose sand grading down into very soft clayey sandstone occurs on a flat hill:top
about 1,500 feet above the river bed. These could be terrace deposits or possibly
only weathered sandstone. -

In the Kelabit Highlands, considerable areas of encased sandy terrace
alluvium about 3,000 to 3,500 feet above sea level, in which the rivers have cut
down 25 feet or more, are assigned to the Jerudong Ccyle, The most extensive
of these terraces is probably the Plain of Bah, around Bareo; when air photographs
become available the terraces can be easily mapped. It is probable that slightly
higher terraces (50-100 feet above river level) reported by G. E. Wilford to occur
in the area around Bareo and Pa Lungan, belong to an early sub-cycle of the
Jerudong.

Age of the Jerudong Terrace. The Jerudong Terrace deposits in the coastal
and migdlef Baram areas are younger than the Liang Mﬁmi:ew:lo?d IS] of
Pliocene and possibly Lower Pleistocene age, and are older than t h-p a|:n
alluvium. From the evidence elsewhere, Liechti (1960, p.316) has shown that the
Jerudong Cycle is probably Middle Pleistocene.

RECENT ALLUVIUM

The extensive alluvium in the northern and northwestern parts of the arca
consists of sand, sandy clay, and clay, with occasional beds or lenses ?:y'::‘{::
Peat, in some places more than 50 feet thick, covers large .“:;.em g
Baram Valley. The surface of the peat is typw*l_lly domed, baik bemm
places more than 50 feet above the level of the nearest river -Shmwmaedbida
than a few feet of peat occurs, a distinctive swamp forest of m of the peat-
trees grows; this vegetation, together with the dome-shaped s B W Seies of
covered areas has led to their interpretation, from air ph“wl‘livm e their
‘Low Terrace’. In the area between the Baram and Tinjar “Low Terrace’ on
confluence, and around the Piking tributary, these areas ’hom shown to be peat
the compilation map (Liechti et al, 1961, Enclosure D) have

by ground surveys (Sir Bruce Whi!_c. Wolfe M‘;?d wl:;:t :efnliigﬁl)n lhtllsx
other areas shown as Low Terrace in the Ba "are shown as ‘Alan Forest (on

Area, are almost certainly deep peat, and many ¢ o
deep peat) or as ‘Padang Paya forest (on deep badly drained peat)’ on -

: the areas ma
1:250,000 Land Use Map of Sarawak. Along the m;;; some ofd t:' oy R":ver)

nota

as Low Terrace appear to be peat, but others ( O asts
appear to be lighter, lsal.'u%y areas, a!t::ush whether f:ﬂ‘ n ﬁ:; x:ypruen g
of a former sub-cycle of erosion & S Liechti 5 o
clear. The present writer has not attem delineate ‘Low Terrace

map, because its presence has not been

—

=1

proved.
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Backing the present coastline northeast from the Nyalau Estuary lies a
narrow belt of slightly raised beach deposits 60 to 150 feet wide and as much as
15 feet thick, composed of sand and coral blocks (Sheldon, 7950). Behind this
belt, shallow core-drilling showed the alluvium to be soft sandy clay 12 to 140
feet thick. In Suai Well 1, 100 feet of Quaternary was logged: this thickness
might be due to the well penetrating an old infilled channel of the Suai River
or to the contamination of ditch samples of pre-Quaternary strata with Quaternary
Foraminife

Some of the alluvial clays in the coastal area are marine, and have yielded
Roralia spp. (five unidentified species) and Operculing sp.

Fairly extensive belts of alluvium extend along the regional strike in the
upper Niah and Subis Rivers. These belts are encased, but the rivers have not
cut down into the alluvium, and so they are considered to be Recent. They
mainly overlie the argillaceous Setap Shale and Sibuti Formations, and their
ofigin may be explained by differential erosion of these softer beds combined
with slight warping along the synclinal axes they overlie.
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Chapter VI_
IGNEOUS ROCKS

Only small outcrops of igneous rock are present in the area.
They comprise:

(a) Sparse calcareous tuffite and calcareous volcanic breccia in
the Tutoh Valley, and tuffitic conglomeratic limestone in
the Upper Baram, included in the Kelalan Formation, and
indicative of Palaeocene extrusive activity.

(b) Dykes of olivine basalt in the Tinjar Valley, probably
Pliocene or younger.

(c) Tuffaceous material in the Patan Member of the Liang
Formation (probably Pliocene).

In addition there are hydrothermal veins in several places containing
ores of arsenic and antimony, which may indicates past igneous
activity at depth.

VOLCANIC AND PYROCLASTIC ROCKS IN THE
KELALAN FORMATION

Tuffite is interbedded with calcareous shale in the Tutoh River
at the mouth of the Rutanip, a few hundred yards downstream from

the Magait tributary.

The tuffite (S6134) is indist-inguishable in hand specimen from the

common greyish fine grained impure sandstone of the Kelalan and

Setap Shale Formations. The slide of the tuffite shows abundant
calcite, and veinlets of calcite and quartz. Chloritic matter, glass,
rhombs of carbonate, fragments of volcanic rock (some with
pseudomorphs after olivine), and fragments of sandstone, ooculli'
interstitially (see pl. XXVIIC). One slide (S6134D) contains Sma

circular areas which may be fossil Radiolaria.

A block of calcareous tuff agglomerate about 10 inches across
was found in the Tutoh River above the Magait tributary, along
the strike from S6134. The hand specimen (S4585) shows irregular
fragments of limestone and lava in a greenish matrix; in places,
feldspar crystals as much as 4 mm long aré

shows fragments of limestone and of lavas of

‘ iti Al are rich in chlorite, and some
and composition (see pl. xxviia,b). A 53 by calcite. The

have chlorite-filled vesicles. Most are contaminat 5
feldspar is albite or oligoclase, and they appear to be albitized basalts.

The fragments of limestone con

tain poorly preserved fossils (Algae?).
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Palaeocene limestone conglomerate, calcarenite, and calcilutite
containing volcanic fragments occur in the Kelalan Formation in
the Upper Baram below Long Silat and in the Belukun tributary
(specimens S6175-77, S7058, S7061, S7064, S7066-70, S7075-77,
S$7085, S7087, S7088, S$7090-92, S7094-96, 7102, S7110). The volcanic
material is a subordinate component. It comprises irregular frag-
ments of fine grained volcanic rock, irregular grains and streaks of
emerald-green and yellowish chlorite and crystals of plagioclase.
The abundant fresh crystals of feldspar and fresh chlorite indicate
that volcanic activity occurred contemporary with or not long before
the deposition of the limestone.

The rock fragments are irregular and are mostly spilite, being
composed of minute laths of albite in a turbid groundmass. Some
have a microporphyritic texture (e.g. in 86177). Other fragments are
variolitic basalt, vesicular glassy lava, and tuff (in S6176, Slide A).
S7073 contains fragments of microporphyritic, partly glassy, lava
with minute vesicles filled with yellowish and emerald green chlorite;
the phenocrysts are albite, much altered and partly replaced by
calcite. The plagioclase crystals are mostly less than 1 mm long
and it is not certain whether they are all volcanic or whether some
are of authigenic origin, although the former possibility is the more
likely. Many are euhedral, clear, and show albite twining. Those
which can be determined are albite, oligoclase, or andesine. Plagio-
clase crystals in $7087 (Slide A) and S7102 are very numerous, and
are certainly of volcanic origin; they are oligoclase in S7087 and
oligoclase-andesine in S$7102.

OLIVINE BASALT DYKES IN THE TINJAR RIVER

Dykes of olivine basalt in the Tinjar Valley were recorded by
Widmer (1953a; see also Kirk, 1957, p.97). He noted that they are
exposed at several places above Lepu Leju, and most are a few metres
thick. They are intruded into sandy shale and sandstones of the Setap
Shale Formation, and are aligned along the southeast-trending
disturbances of the upper Tinjar.

A specimen collected by Widmer from the dyke above Lepu
Leju (S3728) is a dark grey fresh-looking fine grained rock in which
phenocrysts of feldspar a few millimeters long are apparent. The
slide shows phenocrysts of basic labradorite as much as 2 mm long,
of composition about An68. The crystals show slight oscillatory
zoning, and contain inclusions of glass (see pl. xxvid). Many smaller
laths of plagioclase occur as skeleton crystals, mostly less than 0-4 mm
long, with abundant subhedral crystals of colourless olivine about
0-2 mm long, and some pyroxene, in a dark-brown nearly opaque
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glass. The glass contains microlites of a birefri i

. ' ringent mineral, abou

(I]ﬂ 15 mm long by 0-01 mm wide, and skeleton crystals of feldspart
umerous small vesicles (0-1 mm diameter) are filled with a paJé

%reen isotropic mineral with low refractive index (less than Canada
alsam), possibly a rather acid glass. Some vesicles have micro-

crystalline chlorite and/or serpentine at the core. An orange-red

birefringent mineral present in some slides may be iddingsite.

POSSIBLE TUFFACEOUS MATERIAL IN THE
LIANG FORMATION

Small very clear angular quartz fragments, showing crystal
faces, and relatively large flakes of dark mica (biotite or phgloggaite)
found in washed residues of the Patan Member of the Liang
Formation were taken to be of volcanic origin by Shepherd and van
de Fliert (1956). This is discussed above (p.39).

HYDROTHERMAL DEPOSITS

Hydrothermal activity and associated mineralization have
resulted in small irregular veins of stibnite and realgar in the Tisam
tributary of the Tinjar, of realgar in the Baram west of Bukit Liman,
and of stibnite in the Palutan tributary of the Baram. These are
described in more detail below (pp.97-106). The country rock is
Setap Shale Formation. Associated with the metallic minerals are
veinlets of a soft white mineral, probably a clay mineral of the
kaolinite group. The Mineral Resources Division reported (letter of

18 March 1958 filed as GSS 207/241):

‘A thin section of S4500 (Palutan River) demonstrates it to
be a brecciated siltstone in which small quartz grains are
abundant along with small dolomite rhombohedra, Spongy

limonite, and wisps of a colourless micaceous mineral with a

moderate birefringence.
The siltstone is veined extensively by the white mineral
which has a tabular habit, perfect pasal cleavage and low bire-
fringence (less than .005) in lst order whites and greys. The
plates are too small for an interference figure to be qbtamed.
but the average R.I. = 1-566+ 0001. The mineral is length
slow with approximately straight extinction 10 the cleavage.
i outline and a concertina-

The plates are pseudohexagonal in ;
the plates are viewed end on.

like structure is presented when at :
for sericite or talc, the R.I is

While birefringence is too low .
perties do suggest a clay

too high for a zeolite. The optical proper
selhon. g ¢ the Kaolinite group. This

mineral, particularly a mem er of :
same clay mineral is also present in $4508 (Long Liman, Baram
River) and S4511 (Tisam tributary of Tinjar).
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Chapter VII
STRUCTURE

The pre-Pliocene rocks are moderately to intensely folded, and
the structure, especially in detail, is complicated. The classical idea
of periods of sedimentation interrupted by folding, causing neat and
widespread unconformities, fails to explain the structure and strati-
graphy of the Northwest Borneo Geosyncline.. The intense folding
of the older strata appears to be the cumulative result of repeated,
gradual, and somewhat local folding rather than cataclysmic
orogenies of wide extent and short duration. For example, well-
marked angular unconformities can be traced laterally into con-
formable sequences within a few miles, as shown by Liechti (1960,
Pp.264-290) and Wolfenden (1960, pp.89-91); thus it is usually not
possible to assign an exact age to the folding of any given formation.

The regional strike in the area is fairly regular and constant :
in the Suai area it is northeast, in the Middle Baram east-northeast,
changing to north-northeast towards the Kelabit Highlands, where
there is also a north-south strike in places. The only major exception

to the regional strike is in the upper Tinjar Valley, where a northwest
strike prevails.

The main folding of the area appears to have taken place in
Neogene, probably early Pliocene, times. According to Liechti
(1960, p.280) this folding generally tended to produce structures
trending northeast, but these are clearly expressed only in those areas
where, due to the presence of plastic strata in the subsurface, super-
ficial folding (décollemenr) was possible. Elsewhere, the Neogene
structure was to some extent determined by pre-existing structures
of late Eocene or older age, which interfered with the Neogene
trend. An example is the northwest trend of the Dulit Syncline in
the Tinjar Valley. Décollement has also probably occurred between
the Setap Shale Formation and the underlying massive sandstone of
the Temala Anticlinorium (Haile, 1958b, p.72).

A general account of the structure and features of special interest
is given here. The structure can be seen in more detail on the
coloured geological map and on figure 7, and brief notes on the

tectonic aspect of each formation have already been given in
in chapters IV and V.

KELABIT HIGHLANDS

In the Kelabit Highlands the Kelabit Formation (Oligocene
and Miocene) is steeply folded along north-south axes, but not so
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intensely contorted as the mainly younger Setap Shale to the west.
The shale beds of the Kelabit Formation are comparatively soft.
The Meligan Formation forms the Tamabo Range on the western
edge of the Kelabit Highlands, and the complicated Batu Lawi
Syncline; the dips of the Meligan Formation are in general very
steep. The Tamabo Range is possibly the western limb of a long
narrow syncline, since the older (Oligocene and Miocene) Kelabit
Formation occurs to the east, but this part has been little surveyed
and air photographs are still not available.

BARAM AREA

Middle and Upper Baram Valley. The older formations in
general show the more intense degree of folding and induration.

The Mulu Formation is intensely folded, and consists in part of
slate. Vertical and near vertical dips predominate. In the Tutoh
Gorge narrow anticlines and synclines, some isoclinal, are exposed;
in many of them the beds can be traced over the top of the folds,
which have not been eroded, as is usual in other formations. The
Mulu Anticlinorium pitches fairly steeply to the southwest.

The Kelalan Formation is in general intensely folded, although
not quite so strongly as the Mulu. The folding of the formation
in the Upper Baram area is complex; there the structure of the
mainly vertical beds is expressed in the sinuous .trends of the
Palacocene limestone of Batu Tujoh and Batu Asi. The double
ridge of Batu Asi has been interpreted from air photographs as a
partly overturned anticline, but the palaeontology has yet to be fully
investigated, and the structural interpretation 1S only provisional. The
strong folding of the older formations cannot be regarded as evidence
of Eocene folding, or used to distinguish the FEocene formations
from the Miocene Setap Shale Formation, since the Setap Shale
is in places (especially adjacent to the Mulu Anticlinorium) as
strongly folded and as slaty as the Eocene strata. The -Temdla
Member of the Kelalan, composed of massive sandstone, 18 mo:(-ie
gently folded than the Mulu and the rest of the Ke_llg}llgn,_an 3
moreover, than the younger (Miocene) Setap Shale. l"sh 1[s an
example of disharmonic folding due to differences in lit oc;gy.
The Mulu and Temala Anticlinoria are rather .broad ovals in plan,
and somewhat dome-shaped, and contrast with the long Qanow
inliers of Kelalan Formation farther east. The reason 15 n;n nown,
but is probably connected with the nature of the basement.

¢ Baram and the main part of

i iddl
The Setap Shale in the Mi d ded as forming a single tectonic

the Kelalan Formation may be regar
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unit. Where thick shale successions prevail the strata are intensely
puckered and contorted; in one outcrop the dips may box the
compass. Because of this, and of the absence of any marker beds
apart from a few impersistent limestone and sandstone lenses, the
detailed structure of the Setap and Kelalan Formations remains
largely unknown; there is indeed, little inducement to attempt to
unravel it, as, although more detailed field work would undoubtedly
produce some results. they are likely to be of local significance only.
Photogeology is the best method of investigation, and, where sandy

eds occur, has provided a much better idea of the structure than
detailed field work.

The massive sandstones of the Belait Formation in the Middle
Baram form two comparatively small basin-like synclinal outliers
(Lawan and Liman Synclines) and the much larger Belait
Syncline, only the southern tip of which extends into the Suai-Baram
area. These sandstones are much more regularly and gently
folded than the underlying Setap Shale Formation. There is
a divergence of dip, and in some places of strike, along the contact
which has led geologists in the past to postulate an unconformity
between the two formations. However, as Liechti points out (1960,

:286), wherever the contact has been investigated in the field it has
n found to be conformable, and the discordancy is best explained

by disharmonic folding and minor local disturbance of the Setap
Shale Formation, the thick overlying sandstones of the outliers being
more rigid than the underlying shales. The Lawan and Liman
Synclines are not elongated along the direction of regional strike,

. Tinjar Valley. In the Upper Tinjar Valley, Belait Formation
in the Dulit and Manyam Synclines, and Setap Shale Formation in
the intervening anticline, trend northwest, at right-angles to the
regional northeast trend, as expressed in the Sekiwa Syncline to the

Long Lama is rather irregular and probably is a result of the
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interference of the two trends. Similarly, the isolated syncline at
Bukit Selikan shows a slight east-west elongation.

The aberrent northwest Dulit trend has been discussed by
Liechti (1960, p.281), who suggests that it may be secondary, being
partly a result of interaction between the Neogene folding and pre-
existing late Eocene structure in that area. Re-activated disturbance
along the line of the Upper Tinjar may also have been significant.
Liechti further points out that the Dulit trend marks a facies
boundary between the predominantly arenaceous Nyalau Formation
to the southwest and the argillaceous Setap Shale to the northeast;
this probably implies that faster subsidence occurred in the Miocene
northeast of the Dulit trend.

The Sekiwa Syncline is separated from the Jelalong Syncline
by the northeast-trending Jelalong Anticline, of which the Tinjar
Anticline is the en echelon continuation. Setap Shale Formation is
exposed in the core of both of these anticlines.

The Jelalong Syncline (a term introduced here) is the southwest
end of the complex synclinal basin of Belait and Lambir Formations
that lies along the watershed between the Baram and the coastal
rivers (Suai, Niah, etc.) which is here germed the Tinjar-Suai
Synclinorium. The trend of the synclines is northeast, except for
a north-south trend which lies on the northwest extension of the
Dulit trend (coinciding approximately with the section line B-B

on the coloured map).

Towards the Bakong Valley in the northeast, the separate

elements of the complex structure become more distinct, and a

4 ith steep to vertical cores of Setap
number of subparallel anticlines, with s :fn & Long Bok Anticlines)

Shale Formation (e.g. Teman, Bakong, l
are separated by gently deformed, t'glrly brc_:ad gynchnes (ﬁ}utrl;:é
Grabit, Ulu Bok, and Mentagai Synclines). Liechti, Whg me o
photogeology of this part (1960, p.280), points out tha ot
displays clearly the characteristics of what is o m’éa aite
tectonique de couverture (i.e. superficial folding, lljfﬁll'aml‘ﬂ‘il:1 ,tY i g
décollement, or a type of décollement), the Lm_'nbn'i)e"a lﬁeared e
of the Setap Shale Formations probably having been §

from the deeper parts of the Setap Shale Formation.

SUAI AREA

The structure of the Suai Area west of the Tinjar-Suai

) 4 ticlines and synclines
Synclinorium consists of nearly parallel antic .
tr}::ndilng northeast and has been closely investigated by geologists
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of Sarawak Shell Oilfields Ltd, as described by Liechti (1960,
pp.279-280):

‘As in the Pandan-Kakus Area, the synclines are wider, more gently
deformed and thus more easily recognised, than the comparatively narrow anti-
clinal trends, which are either flat roofed with steep to vertical flanks or—if
exposed at a deeper level of denudation—consist of a crestal steep zone only.
The steep flanks develop in some cases into longitudinal flexures or major faults
(Lembong fault, Pait fault), but major faulting has been found to be less common
than postulated previously, when rapid lithofacies changes, steep zones, and in
some cases the irregular distribution of facies-bound foraminiferal faunas were
accepted as fault evidence.

‘A number of the more important faults shown on the map appear to be
reverse faults. In addition to the longitudinal main fault, trending northeast-
southwest, subsidiary oblique faulting, trending north-northeast, north or even
northwest, is also in evidence. Scanlon convincingly advances the view that
faulting was contemporaneous with, or post-dates, folding, and that lithofacies,
in particular the interfingering of the Nyalau with the Setap Shale Formation
played an important part in the tectonic evolution of the area. He states ‘it is
probable that the structure started to grow asymmetrically but later the forces
of compression were relieved by steep zones which sometimes developed into
reverse faults or fault zones. These reverse faults had the greatest effect when
coupled with a resistant arenaceous facies adjoining a more pliable shale facies.
Thus the longitudinal reverse faults are most clearly expressed along the western
flanks gf the _apticlinal highs, where the competent sandstones of the Nyalau
Formation adjoin the more pliable Setap Shale Formation of the adjoining
synclines; where these faults had their greatest throws, they caused a swing in
the axial trends of the synclines, a fact which explains previous ambiguities
of the tectonic pattern of the area. Diversities of dip direction in the Setap
Shale facies may be due to local disharmonic folding caused by incompetence
of the shale. Minor overfolding, though rare, may have occurred locally, i.e.
Bala Anticline. Secondary folding and faulting occurred at a later date, as is
evident from the detailing of the Selungun and Sabulong Anticlines, but had
only a minor or negative effect on the regional structure picture . . 3

“The Ulu Suai Area, adjoining the Bintulu-Subis Area to the east, is
c!mractensed by exceptionally gentle structures. The main feature is the medium-
sized, gentle Ulu Suai Dome, accompanied to the east by a large Neogene
Syncline filled wlth Belait Formation, The almost circular dome lies' in the
northern continuation of the north-south trending Tubau trend [south of the
Suai-Baram .m_:a] with which it is obviously related. On the other hand an
east-west axis is also in evidence which crosses the dominant north-south trend
at a right angle. The culmination lies at the crossing of the two trends, which
adjust themselves in their northern and western continuation respectively to
the regional northeast-southwest strike. The gentle folding is probably merely
due to the competence of the Nyalau Sandstones. The possible presence of a
subsurface disturbance as hinted at in explaining the Tubau Valley tectonics,
may be another contributory factor. Lastly the large competent synclinal
occurrence of . . . [the Tinjar-Suai Synclinorium] has possibly shielded the dome
against strong deformation. In any case it is situated in the marginal area of
Nyalau development, where o the north the Setap Shale Formation begins to
replace the arenaceous lithofacies of the Nyalau and, due to its incompetence,
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PLATE XXV. TERRACE GRAVEL OVERLYING S
“"“!)'_H'IB shale by the Akah River, about 50 feet a
opposite Long San (b) (see p.12)

ETAP SHALE FORMATION. Shows gravel

bove river level (a); and in the Baram




PLATE XXVI. PHOTOMICROGRAPHS OF SEDIMENTARY Rocks

d,

b.
c.

d.

Subgreywacke from the Mulu Formation, Tutoh Gorge, 84595 (x 23) (see p.29)
Metamorphosed limestone from the Melinau Limestone Formation, upper Tutoh
Gorge, S4589 (x 8) (see p.36)

Fine-grained subgreywacke from the Temala Member of the Kelalan Formation,
54656 (x 17) (see p.32)

Sandy limestone from the Temala Member (S4654), Contains Foraminifera of Upper
Eocene age (X 23) (see p.32)

Photomicrographs by Mineral Resources Division
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would have afforded the possibility of releasing tectonic forces without affecting
the competent Nyalau Formation to any greater extent . . £

“The Subis anticlinal trend, north-northeast to northwest, is another major
and comparatively gently folded trend, which connects with the Sebatu Anticline
1o the south . . . the gentleness of folding may be ascribed to competent
biohermal limestone occurring both at the surface (1,250 feet thick) and in
depth . .. Similar bioherms in the subsurface of the Subis ... area may
possibly be of wider occurrence than has been so far mspemd Moreover the
Tangap Marls may increase the competence of the anticlinal core as oumptmd
to the surrounding shales of the Sibuti and Setap Shale Formations . . .
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Chapter VIII

~ GEOLOGICAL HISTORY

. The area formed part of the Northwest Borneo Geosyncline,
which was a subsiding area covered by sea in which an enormous
thickness of sediment was deposited. The subsidence started, it is
believed, in Cretaceous times, and the axis of the geosyncline
migrated gradually northwards throughout the Tertiary. The source
of the huge quantity of detritus is not known, but it was probably
derived in part at least from the central granitic part of Borneo,
which was being uplifted and eroded at this time. During the middle
and late Tertiary most of the detritus was probably derived from
Cretaceous and Lower Eocene sedimentary rocks which had been
uplifted and exposed to erosion along the southern flanks of the
geosyncline. As practically nothing is known of the geology of the
floor of the South China Sea, and little about east Kalimantan, the
palaeogeography cannot be reconstructed accurately. Probably the
main source of sediment, and the land areas, were somewhere south
of the Suai-Baram area, and the open sea lay to the northwest, as
it does to-day. The history of the Northwest Borneo Geosyncline

has been described in the compilation report (Liechti et al., 1960,
pp-2-5, 292-302).

UPPER CRETACEOUS TO OLIGOCENE

The pre-Cretaceous history is unknown, and Upper Cretaceous
rocks are knov.}m from only one outcrop. It seems probable, however,
on consideration of the regional geology, that the area already
formed part of the geosyncline in Upper Cretaceous times, and that
a considerable thickness of sediments was deposited at that time,
particularly in the area of the middle Baram and Kelabit Highlands.
Conditions of deposition of the Kelalan and Mulu Formations were
probably mainly miogeosynclinal, since typical eugeosynclinal rocks
such as graywacke, ophiolites, and radiolarian cherts are not known,
and limestones were formed both in the Palaeocene and at the end
of the depos}tion of the Kelalan and Mulu in the late Eocene. The

are not true reef limestones, being mostly fine grained and containing
pelagic Foraminifera, but Algae and larger benthonic Foraminifera,
common in some of the limestone, indicate deposition in a fairly
shallow sea. At this time, or just before, volcanic activity took place
somewhere in the region, as testified by the admixture of chlorite
and fragments of lava in the Palaeocene limestones and limestone
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conglomerates. This is the only known Palacocene volcanism in
Borneo, and the position of the centre of volcanism is not known.

In late Eocene times the area was still probably entirely covered
by sea, but the amount of detritus being brought in from the land
diminished, and gradual folding movements started, causing anti-
clines which formed shoals, or, perh:fs, even islands. On the flanks
of these anticlines, especially the Mulu and Temala Anticlinoria,
limestone reef-complexes began to form—the Meligan Limestone
Formation. These were built of Foraminifera, Algae, and corals,
and in part are probably true reefs, in part reworked reef debris.
Uplift, probably accompanied by continued gentle folding,
towards the end of the Eocene. In the middle Baram apparently
little or no sedimentation took place in Oligocene times, Of,
Oligocene strata were deposited, they were er before deposition
continued in the Miocene. In the Kelabit Highlands, however,
deposition of the Kelabit Formation started at least as early as the
Oligocene, and probably continued into Miocene and even younger
times. In the Melinau Valley, just beyond the northern limit of the
area, deposition of the Melinau Limestone Formation was, in places,
continuous from Upper Eocene to Miocene, whereas in the upper
Baram Miocene limestone rests directly on Palaeocene rocks.

MIOCENE DEPOSITION

In the middle Baram area, general subsidence and sedimentation

started again in early Miocene times. On the eroded surface of the
Upper Egocene reef-complex limestone, which occurred in patches
in the early Miocene sea, similar limestone began to fO!'!'l'll ?g:;i!l!,
composed of Miocene Foraminifera and Algae mixed wit oded'
derived from parts of the old reef that were still being erof .
At Batu Gading, the Miocene part of the limestone has a pr;g:m:i a
its base, but no angular unconformity can be detected, in ";;;g
that no folding occurred between Upper Eocene and Miocene o
This limestone growth did not contin hOWever,h p:o :icl{
because subsidence caused the reefs to sink below the deptd dﬂ wOver
they could grow, and because the water became (00 n(lilclll yﬁaram,
the. drowned reefs, and locally elsewhere in the m‘it edebut e
calcareous shales with pelagic Foraminifera were depos! iy 7}
most of the Kelalan and Mulu Formations 12 this al‘ﬂ\‘v :1‘-:: laidwdoeown.
shales, with thin sandstones of sugigrgay:v:{i!‘:jggl’:ﬁicka g
In places, such as the area nor 3 ’ o

of 1::e111dst(:;r1c, resembling Nyalau Fotmatlon'ﬁ::“ deposited in the
argillaceous strata of the Setap Shale Formation.




76

South and west of the Tinjar River, deposition in the Miocene
was predominantly sandy, especially southwest of a line joining the
Dulit Syncline with Gunong Subis. This line represents a primary
facies boundary, which, in the early Miocene, separated an area of
predominantly sandy deposition to the southwest (Nyalau Forma-
tion), from one of mainly shaly and marly deposition to the northeast
(Setap Shale, Tangap, Sibuti, and Tubau Formations).

The Subis limestone reef complex formed on the line of this
facies boundary. Growth of this limestone started in early Miocene
(Te,) times; this older part is known only from Well Subis 2, and
consists of an alternation of limestone with marls and sandstone
(see fig. 3). The history of the present surface outcrop, of Te,
age, is much better known, from detailed studies by geologists and
palaeontologists of Sarawak Shell Oilfields Limited (notably I. L.
Burr and W. E. Crews, 1950; H. A. Jordi, 1954; R. Haak, / 955; and
J. 'U. Todd, 1955). They concluded that the limestone formed as
an isolated ‘biohermal growth’ of shoal-reef character and was
confined to clear shallow waters (down to a depth of about 180 feet)
in the infra-neritic zone. In general, the area must have been
subsiding during the Miocene, even over the shoals such as at Subis,
as proved by the great thickness of strata that accumulated. To
describe these shoals as due to uplift would therefore be misleading;
they are merely areas where subsidence was slower, and where
sedimentation or reef growth at times out-paced subsidence. The
distinction is not merely one of words, as will be shown below.

Relatively slow subsidence in the Subis area probably caused
shallow.shoals to form, on which fine sands were deposited (Nyalau
Formatlop); on these sandy shoals crustose calcareous red Algae
(Melobesioidea) and larger benthonic Foraminifera were able to live,
and their fossil remains accumulated to form a limestone platform.
The contact between these sands and the overlying limestone is
transitional, strongly suggesting that sedimentation was continuous.
The sea de;;th at this time is estimated to have been about 150-180
feet. By building up of the reef through normal growth, the growing
surface of the reef eventually reached into shallower water, the
epi-neritic zone (less than 120 feet), with a corresponding change of
fauna (large Foraminifera, echinoids, corals, Bryozoa) and flora
(especially characterized by articulate red Algae). The prolific
growth of corals and calcareous red Algae, together with the absence
of significant clastic material in the Subis Limestone, indicate clear
water conditions over the Subis shoal during the time the limestone
was deposited. However, muddy water in the immediate neighbour-
hood around the shoal is strongly suggested by the rapid increase
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FIGURE B, DIAGRAMMATIC SECTIONS SHOWING GROWTH AND EROSICN OF THE SUBIS LIMESTONE

[After | L Burr, (950 for eapionction see text )
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of clay in limestones towards the lateral boundaries of the
limestone complex. Haak concluded that the surface layers of the
sea, down to about 180 feet, were rather clear, whereas below this
depth the water was frequently muddy. The absence of fine quartz
sand in the Subis limestone can, according to Haak, only be
accounted for by a tectonic steepening of the gradient of the Subis
shoal, and he concludes that the biohermal growth was bound to a
structural uplift which not only produced the shoal but continued
to be active during the build-up of the limestone complex.

Figure 8 shows one conception of the growth, folding, faulting,
and erosion of the Subis limestone. However, J. U. Todd (7955)
doubted whether the growth of the reef complexes (of Melinau and
Subis) was ended by drowning or whether the reefs were even covered
by any thickness of shale. He considered that reef growth was
stopped by exposure due to erosion because of continued uplift.
Todd based his conclusions on faunal evidence that the upper part
of the limestone was deposited in shallow water (0-90 feet), and that
the Tangap shales flanking the limestone contain a fauna indicating
deposition at more than 180 feet. Todd considered that the deeper
water clastic sediments were never deposited over the limestone but
only against the flanks, since a change from a sea depth of less than
90 feet deep to over 180 feet would involve ‘catastrophic geology’.

A, pointed out above, there is no evidence of uplift at any time
in the Miocene over the Subis shoal. Nevertheless, it is possible
that reef growth outpaced subsidence and led to a cessation of
growth, or that actual uplift did occur, raising the Subis limestone
above sea level. Of these, the second possibility appears less likely,
since 1t implies an actual reversal of the subsidence which was
general in the Miocene in this area. Even if reef growth was stopped
in this way, this does not necessarily mean that the limestone was
not subsequently buried. All that would be required is for subsidence

Limestone in the Baty Gading area, which is very similar to the
Subis Limestone, was certainly buried by younger shales, as was the

limestone in the Setap Shale found in deep exploration wells at Suai
(see fig. 3).

The suggestion by Todd that the Subis Limestone was probably
never buried under any considerable thickness of later sediments
is more_difficult to believe for another reason. It involves the
supposition that the Subis area remained about the same level relative
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to the sea from middle Miocene to Recent times, since if it had
continued to subside under the sea into which so much mud and
sand was being brought it would have been covered by sediments;
and if it had been elevated above the sea for any length of time it
would have been removed by erosion. It is difficult to believe that the
Subis area was so stable that it remained at the same level during this
period, during which the intense Pliocene folding occurred. It seems
much more likely that the Subis Limestone was buried by a con-
siderable thickness of younger sediments, and was only exposed to
erosion after the Pliocene folding, possibly during the Pleistocene.

Elsewhere in the Suai Area, deposition was probably continuous
in the Miocene, mud, calcareous mud, and some lim'estox.lc being
deposited. Apart from the Subis limestone and the thick limestone
met in the Suai wells, the limestones known to have been formed
in the Miocene are mostly thin, but there were probably others
formed, which are now buried, especially in the coastal area.
Towards the end of the middle Miocene (ie. in late Te times)
sedimentation became more sandy. In those parts of the sea where
mud was being deposited, that is most of the middle Baram area
and the northern part of the Suai Area, the shale deposition (Setap
Shale and Sibuti Formations) gave way to sand; in the north,
calcareous sand with some limestone (Lambir Formation), else?vhet:
non-calcareous sand with seams of lignite, was deposited (Belglt b?;n
Meligan Formations). In areas where the Nyalau sands ha oy
deposited, the change in the type of deposition was less mmore
but nevertheless the depositional environment of the Belait was
estuarine than that of the Nyalau.

This influx of sand and general regression of the sea was
probably connected with folding which occurred in slala.te t?dloc‘;_g:
times in North Borneo, but affected Sarawak only ightly. s
thick sandstones of Upper Miocene (Tf) age ng;:} :C;Egation.
synclines, separated by anticlinal areas of Setap Rk resees-of
The formation of these synclines, with their great s elad
strata, all of which appear to have been deposited in c;z:sation The
(i.e. paralic) or deltaic conditions, requires special exptem ik
main difficulties are to account for ghe apparenﬂ}’ og]:lale Fwomm“ At
deposition of the Tf part of the argillaceous Setap S s :
and the arenaceous Belait Formation, and to explain restricted
geographical distribution of the Belait Formation.

i imate
Liechti considers that the px_‘CSent.synchn&: 9116131'1& thg élzpfoxfln
limit of deposition of the Belait sediments (196U, Pp-
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‘Whereas deposition up to late Te time was widespread
and connected, in the later Tertiary a number of Isolated Basins
came into existence in the coastal and near coastal area . . .
These basins are separated by cores of steeply folded Setap
Shale, which are inferred to have controlled deposition to some
extent . . . The Setap Shale cores apparently subsided less
rapidly than the basins and so formed barriers separating them.
The cores received only an occasional influx of sand or none
at all. Obviously currents and wave action carried the incoming
sand across them, dropping it in the somewhat deeper adjacent
basinal slope, whilst the clay particles reached the deepest,
central part of the basins. It must be added, however, that the
environment in the deepest parts of the basin does not point to
much greater depth than that in the flanks. The stratigraphic
evidence leaves no doubt about a general deltaic-paralic environ-
ment of the Belait Formation that changes towards the coast
into a shallow littoral-paralic environment of the Lambir and
Miri Formations. It is thus concluded that the gradients from
the incipient crestal highs to the bottom of the basins were small,
and that the pronounced difference in thickness between
synchronous deposits of Setap Shale and Belait Formation is
-due mainly to rapid basinal subsidence. This implies that Belait

Sandstones have never been deposited across the Setap Shale
cores .’

alternative, that the formation was deposited over much wider areas,
was then folded, eroded, and is now preserved only as outliers
In synclinal basins, still has to be considered; some of the facts in
the Suai-Baram area, for instance, the small outliers at Liman,
Lawan, Manyam and Selikan, are more easily explained on this
theory. It is difficult to believe that each one of these synclinal
outliers, of various sizes, was a discrete depositional basin.

On the whole, however, deposition of the Belait Formation
was probably concentrated in, if not confined to, the main areas of
the present outcrop. Even so, the suggested reasons for this are
not wholly convincing. The idea that mud was deposited on

shallow areas, whereas Sand was being swept across them to be



Prate
: a’:;(:ll.CI-'Im)mwrmxm,wus oF VoLcanic ROCKS
. Calcareous tuff agglomerate from the Kelalan Formation, Tutoh River (S4585A & B),
4) (see p.65)

compose - .
posed of fragments of vesicular lava and limestone (X

e
ffzfgln:efmm the Tutoh River (S6134), composed of calcite,
nts of volcanic rock (x 17) (see p.65)
phenocrysts of labradorite containing

Ohvios DYR frem the Sies e (53728B), showing
inclusions (crossed nicols, X 23) (see p.66)

chloritic matter, glass, and

Pharomtcmgmphs by Mineral Resources Division




PLate XXVIIL Batu Gaping QUARRY,
ation (a); and Kelabit workers near the small

The quarry face, in Melinau Limestone Form-
crusher (b) (see p.117)
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deltaic conditions. It appears probable that at the beginning of
Belait deposition the areas where Setap Shale was still bei
deposited were actually topographically lower than the Belait
‘Basins’, and not higher, as suggested by Liechti.

_ Nevertheless, it is clear that there was in fact very great sub-
sidence in the areas now occupied by the synclinal basins, since the
present thickness of strata in them is tens of thousands of feet.
The cause of subsidence is problematical. Liechti (1960, p.283)
considered that basinal downwarps may have originated by passive,
differential, gravitational subsidence, due simply to heterogeneity of
the Palacogene and older substratum, or to differential compaction
of the Setap Shale, rather than to a genuine structural phase.
Formation of downwarps by differential compaction, or other
mechanism, may have been combined with an influx of sand

detritus into the area due to folding and uplift of the hinterland.
Once the process had started, it may have been sustained merely by
increased subsidence due to the load of sediment, as Liechti points

out (1960, p.284).

An alternative theory is that the load of sediment was the prime
cause of subsidence. According to this, the distribution
Neogene basins depended on the position of the sprea s
deposited presumably as deltas after the late Te upl of the hinter-
land had caused increased sand to be brought into the sea. It is possible
that the floor of the late Setap sea was quite flat and the deltaic
sands caused accretion of the land, and swamp forest f peat
grew on the deltas. The Setap Shale substratum was very soft and
soon subsided where the deltas were forming and the peat was
buried by younger sands and later became coal,

being repeated several times. This hypothesis explains the formation
of coal seams rather better than previous ideas, and mOTEOVeT, the
ait, which becomes pro-

diachronous basal boundary of the Bel C
gressively younger from south to north of the Suai-Baram arcs (see
Liechti, 1960, p.182-183), can be explained by the progressive

migration northwards of the deltas. Again the trunca

Belait and Limbang Synclines in the n?rth, and their nmhw;nrds

pitch is more easily explained on tth(;sltden?ltchgmﬂaraﬁ e Bse : ati’te
i ent deltas O - y

of the arefl CoouEe it B , and of the coastal alluvium

of the rivers that flow into Brunei Bay, anc I ¢
around Suai, resemble those of the Belait basins. Conditions in

: s ed by deep
these present-day deltaic areas, which are l_argely covered by
peat, might well be similar to those obtaining at thehbeglnmng of
the Belait. An important difference, however, 1§ tha}r t r:' Quaternary
deposits in these deltas rest unconformably on the Tertiary in most

places, so that the parallel is not complete.
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In the Suai-Baram area the deltaic hypothesis does not fit the
facts quite so well, as the Neogene basins are closed on all sides
and seem to follow fundamental structural trends. Nevertheless the
hypothesis does suggest certain lines along which future work can
be done to elucidate the nature of the Neogene basins. Most useful
would be a knowledge of the palaeogeography and source of the
detritus, such as might be provided by detailed mapping of the
orientation of current bedding. The nature of the coal and the areal
extent of the seams could also throw some further light on the
conditions of deposition. There is no information about the lower
Belait Formation strata in the middle of the synclines, or about the
Belait-Setap contact there, since these are invariably hidden by over-
lying rocks, and so far no deep drilling for oil has been done in those
parts. The only hope of finding out anything about these strata
would appear to be by drilling and geophysical surveys, which might
eventually be done by oil companies, since there is a possibility of
stratigraphic oil traps in the basins (especially the Belait Syncline):
the extensive facies changes and wedging out of formations, which
are known to occur in the area, certainly favour stratigraphic traps.

However the sedimentary Neogene Basins originated, and in
the writer’s opinion all of the factors discussed above, namely
tectonic warping, differential compaction, and subsidence due to
deltaic deposition, were probably involved, the later history of the
basins is less problematic. As subsidence continued, the lower strata
probably acquired an increasing dip towards the centre of the basins,
which explains the present steeply dipping rims. In the Suai-Baram
area the uppermost beds in the Neogene Synclines are still sandy;
whereas to the north more clayey strata succeed the basal beds. It
may be that sands were deposited in the Suai-Baram area at the

same time as more clayey strata were laid down to the north, farther
from the Jand.

PLIOCENE FOLDING

Deposition in the Neogene basins stopped in late Miocene or
early Pliocene times in the Suai-Baram area, and was followed by
the Pliocene folding (also called ‘pre-Liang folding phase’), which
was fairly intense in the Suai-Baram area. The general trend of the
folding was northeast-southwest, and Liechti (1960, p.301) explains
all other structural trends in the Neogene of this area as due to
interference by reactivation of pre-existing structures mainly trending
north-south, which originated in the late Eocene or earlier. Examples
of structures which may have formed by interference between a
northeast-southwest and a north-south trend are the Ulu Suai Dome,
which lies due north of the Tubau trend (a north-south anticline
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which lies south of the Suai-Baram area), the north-northeast trending
grt;ptures &n the eastern part of the middle Baram, and the northwest
ulit trend.

The folding caused steepening of the dips around the rims of the
Neogene basins and in the intervening shale cores. Probably this
folding was mainly an accommodation of the underlying thick plastic
shale to the unevenly distributed overlying strata, resulting in
pressure folds, causing anticlinal cores of shale to rise between the
synclinal basins. Recently, such a mechanism has been demonstrated
experimentally by V. V. Belousov (1961), and explains how sedi-
mentation could continue without interruption in some coastal areas
of Sarawak and Brunei. 1

As Liechti has clearly proved, the ‘bench-vice’ conception of
folding i.e. of compression of an area between two rigid blocks,
fails to explain the folding in the Northwest Borneo Geosyncline,
and the hypothesis of folding due to movement of the strata under
their own weight after uplift fits the facts better.

PLIO-PLEISTOCENE HISTORY

Uplift in Pliocene times probably raised most of the area above
the sea, except for the area now covered by alluvium. Along the
coast and in the Baram Delta, sand, lignite, and clay of the Liang
Formation was deposited, probably as isolated patches. Slight
warping movements in early Pleistocene times (post-Liang folding
phase) account for the scarcely detectable unconformity between the
Liang and overlying alluvial terraces. Erosion of the land areas,
which probably started in Pliocene times, continued after the post-
Liang folding, and, on regional evidence, Liechti concluded that wide-
spread regional peneplanation occurred after the Liang deposition,
and named the cycle the Peneplanation Cycle. The peneplain is now
preserved only as remnants, and in the Suai-Baram Area the only
evidence of ifs existence is the similar height of the hills in many
areas—the so-called Gipfelflur or summit plane. This can be seen in
the Kelabit Highlands (with the exception of Gunong Murud \yhrc(l;
is higher), in the Dulit Range, and the hills between the Suai an
Tinjar river basins, and at a lower level in the Suai Area.

The age of this Peneplanation Cycle is, however, doubtful.
Liechti (1320, p.308-309) coﬁsiders that it Js_prpbably early Ple_lstc:-
cene, but the evidence is not wholly convincing. In the writer’s
opinion, the Peneplanation Cycle may have started in Plloc;n; tlm.;:s
in the hinterland, and the Liang Formation may be regali') !e a(;sd :zds
depositional component. Nevertheless the area was proba yt.eres
to a moderately low and mature relief by early Pleistocene times.
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A new cycle, the Jerudong Cycle, was started in the early or mid-
Pleistocene by uplift of the whole area, accompanied by slight
warping. Further erosion caused dissection of the peneplain and
deposition of sand terraces along the coast. Encased alluvium in
the Kelabit Highlands may also have been formed at this time,
although Wilford (1961, p.125) thought it possible that it was formed
at a late stage in the Peneplanation Cycle, because it lies at about
the same height as the Gipfelflur of the Peneplanation Cycle.
Further uplift, probably about 100-200 feet in the coastal area, but
as much as 2,000 feet in the Kelabit Highlands, started a third cycle,
the Alluvial Cycle which caused rejuvenation of the rivers and
dissection of the Jerudong Terrace, and corresponding deposition of
river alluvium and peat in the Baram delta and coastal areas.

T
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Chapter IX
MINERAL RESOURCES

The mineral resources include limestone and shale suitable for

the manufacture of cement, sand and gravel, pure sand probably
suitable for glass making, lignite, phosphate (guano), salt springs, and
small occurrences of ores of antimony and arsenic. At present lime-
stone worked as roadstone, salt, and phosphate (guano), are the only
mineral resources exploited. There is some chance of oil and natural
gas being found in the area but exploration and drilling by Sarawak

Oilfields Limited have so far not resulted in the discovery of any
commercial deposits.

LIMESTONE AND DOLOMITIC LIMESTONE

Limestone occurs at a number of places. It is quarried for use
as roadstone at Batu Gading (on the Baram below Long Lama), and
was formerly quarried near Bukit Subis on the Niah River. Most
of the limestone is pure, and has a very low content of magnesia; a
few specimens from the Beluru area, and one from Bukit Subis,
were found on analysis to be dolomitic. Dolomite is 1n demand in
Sarawak as fertilizer for pepper and rubber, but no workable deposits
have been found so far. In this account the classification suggested

by Pettijohn (1957) for limestone and dolomite is used, namely:
Approx. Magnesia

Percent

Dolomite  — oyivalent percent
High-calcium limestone 0 to 5 0 to Il
Magnesian limestone 5to 10 111 to 21
Dolomitic limestone ~10t0 50 241 o 108
Calcitic dolomite 5000 90, il 08,00 19:5

Dolomite 90 to 1’0;1 _' 19:5 to 216

. . . » & L @ d -bd
Baru Gading. The Batu Gading limestone deposit is cescrl
in detail in the section on the Baram cement Pmlec‘-egglaow . Recorded
production from the quarry is: = |

1957 5,311%cu. yds

1958 12,396 cu. yds

1959 7,368 cu. yds
#Sold in Sarawak; exports to Brunei not included
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The limestone samples analysed are all high-calcium limestone
containing less than 11 percent magnesia (see tables 16a and b).

TABLE 9. ANALYSES OF LIMESTONE FROM BUKIT SuBIis

‘ SiO; [ FeyO4 MgO { Ca0O ‘J P20
WEIGHT PERCENT

S1132 0-30 0-09 0-98 543 0-05
1133 114 019 0-88 535 0-04

1134 303 045 0% | 520 0-05

1135 4-96 0-46 1-16 499 0-04

1136 572 0-80 115 489 004

1137 0-84 0-39 0:34 539 0-04

1138 202 0-21 198 517 0-02

1139 0-44 0-09 0-54 549 0-04

Analyses by the British Aluminium Company Limited

Bukir Subis. The limestone at Bukit Subis outcrops over about
9% square miles, and forms mountains 700 to 1,000 feet high over
most of that area. Reseryes-are thus unlimited for practical purposes.
The limestone is chemically very pure, and contains very little
insoluble residue. Analyses are given in table 9. Tests made in the
Shell laboratories on a number of limestone samples from Bukit
Subis showed that the insoluble residues of most samples was less
than 1 percent weight, some were 1 to 2 percent and only very few
above 2 percent. Dolomite was determined by electrical means for
51 samples in Shell laboratories, and by chemical analysis for 27
samﬁ}es by the Soils Laboratory of the Agricultural Department,
Kuching. "Of these, 59 are high-calcium limestone, 15 magnesian
limestone, 3 dolomitic limestone, and 1 calcitic dolomite. The calcitic

percent magnesia); it was collected from the cliff face about a quarter
of a mile south-southwest of the triangulation point on Bukit Subis.
Other samples nearby are high-calcium limestone, and so it is pro-
bable that the dolomitization is only local. It nevertheless indicates
the possibility that workable dolomite may occur at Bukit Subis.




FIGURE 9
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Beluru Area, Bakong Valley. Several beds of limestone occur
near Beluru in the Bakoni Valley, in Lambir Formation. Thcyl_hg:;
been described by Wilford (1959, 1960, pp.233-236; and unpub e
accounts). The limestone beds are mostly thin, and l;hein{wm :‘;
generally impure (see analyses in table 10), grading latera }l;ardot abe
and calcareous sandstone, but appears to be sufficiently Brin (:his
used as road metal, though tests would be needed to con e
The thickest, hardest, and purest bed forms a ducontl%uon:xtend-
extending from Kudi Hill west-southwest, and another "l! 3‘: oy
ing in a north-northeast direction in"the headwaters of the Lapan
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tributary of the Bakong. The limestone is cream, grey, or bluish
grey, and forms steep cliffs with little overburden. It appears to be
sufficiently hard to use as road metal. Good quarry faces exist within
a few hundred feet of the Bakong River downstréam from the Trus
tributary. The Bakong River is narrow but is said to be deep; local
opinion has it that boats carrying more than 25 cubic yards of stone
could not use the river unless a great deal of clearing of trees and
branches was done. Thus it would probably not be economical to
quarry the stone for the Miri area, but it would be useful for local
roads such as the one proposed from Beluru to Miri. Analyses (table
10) showed three s&)ecimens of dolomitic limestone (S6638, S6645,
S6650) and one of dolomite with sand or clay (S6640); only the last
approacheslthe grade in current demand for fertilizer, and this is
from a thin and comparatively inaccessible bed (see figure 9).

TABLE 10. ANALYSES OF LIMESTONE AND MARL FROM THE BELURU AREA,
BAKONG VALLEY

Specimen Ca0 ' MgO Insoluble
number percent percent Residue
56637 1035 J Nil 77-50
$6638 27:60 860 2670
56640 2345 12:50 | 2433
56641 45-89 0-49 1646
S6642 4780 1:84 9:16
56643 5005 Nil 10:30
56644 5244 099 452
S6645 4380 615 7-95
S6647 5516 Nil 0-48
S6648 52:96 160 105
$6649 53-48 Nil 3:26
56650 4658 713 1-84
S6651 . 52.96 1-11 2:31

Analyses by D. Sutton, Soil Chemist, Department of Agriculture, Kuching
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Detailed sampling of the main ridge would be warranted, however,
on the evidence available, if the demand for dolomite persists and
no other deposits are found in Sarawak. '

Other limestone deposits. Other limestone deposits in the
Suai-Baram area occur at Batu Tujoh, Batu Asi, and Batu Siman in
the Upper Baram, near Long Lama, in the Siniai and Kitan tri-
butaries of the Akah, and in the Tutoh River near the Ubong
tributary. All these deposits are inaccessible and as there is no local
demand are of no economic importance at present.

PHOSPHATE

The following account is taken from Wilford (1951), who investi-
gated the deposits in 1951. His report has been brought up to date
and some slight changes made.

Deposits of guano and rock phosphate, egtimatgd to amount to
28,700 tons, occur in the Niah Caves at Bukit Subis in the Fourth
Division of Sarawak. The caves are situated about 6 miles southwest
of the village of Niah and 40 miles south-southwest of Miri (see
fig. 10). This map of the caves was prepared from a chain and
compass traverse made with the help of a surveyor from the Land
and Survey Department, Miri.

HiISTORY

The Niah Caves have been important for over a century, mainly
due to the flourishing birds’ nest industry. Interest in thtf:i phosp_l:ta::
deposits is thought to date from about 1870, but thcj rﬁt l\;»'n!‘h=
record of their investigation is contained in a letter fgomh. - easley
to the Borneo Company Limited, dated 1922, in which he states:

‘In the caves I found [the place] where Mr Everettdhatli borgtg
some years ago to prove the depth of guano! 3111) %) ioﬂtz;se
that were reported to have been opened recently by

\ initiated about 1928
The working of guano appears to ltlsv:h':e;nment day. In 1947,

and has continued spasmodically up

¥ Hairisson, Curatcl))r of the Sarawak uscuén Rﬂgegg;mg;
Ethnologist, visited the Niah Caves and ma elt?lr b et
examination of the guano deposits. 1he Asl’llfﬂ e hDeatepmant e
have had analyses made of several samples of I; chp dep o

also responsible for supervising the working of the deposits.




FIGURE 10. PHOSPHATE DEPOSITS IN THE NiAH CAves
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The Niah Caves consist of about 2 miles of eml:nd lgamgu
covering an area of about 23 acres. Figure 10 is a plan of the caves
and the main phosphate deposits. Entrances to the caves are located
on the east, west, and south sides of Gunong Subis, and connections
with the surface occur in at least five places in the roof of the caves.
tSﬁnall streams and water seepages from the roof are common in

€ caves. i

The passages include two chief types:

(a) Narrow, high, rift-like passages, connected laterally by tube-
like passages of small diameter. The rift-like passages are
seen to follow the major, direction of jointing and calcite
veining in the limestone.. . . = -

(b) Broad, long, passages, about 100 feet in height and 120 feet
in width. These Eassag%_.whﬂlje they epalew? form large
chambers as much as 300 feet in diameter and 200 feet in
height. The floors are typically covered with Igie limestone
boulders, mounds of clay, and thctgl;ano and rock phosphate
deposits. Selenite occurs in both Jay and phosphate.

c
THE PHOSPHATE DEPOSITS

The phosphate deposits originate chiefly from the accumulation
of bat and sw?ft droppings and the remains of insects which live :ln
them. The deposits have taken thousands of years to form B:Ih |
during this time, have reacted with the limestone and clay of the
cave floors to form rock phosphate. The bulk of the phos hatc'::
either dry or slightly damp; only in a few localities is it wet, : 15%08060
averaging more than 6 inches in depth cover a total area of 130,

ScLuare feet; thinner deposits have been omitted in calculating reserves.

ini numbered I to IX in fi 10.
The areas containing the reserves are by pitting was 29 feet; the

The greatest depth of phosphate proved. :
average depth attained in 24 pits was a little more than 11 feet (see

pl. xxx). The deposits are of two types, as follows:

(a) Guano. This consists mainly of organic material; it is a .
dark-brown to black deposit which gives off ammogia.mmg. hv:;aggnllal
lated on steep (30°-50°) slopes in two chief a:u: om A e =
and the northeastern partolnmlmﬁmd. [ mm
ammonia is probably due to the concentration of urine i be
birds and bats which live in the roof of the ?n\: above ps cmdﬂ;POG. .
The guano has the consistency of wet sawdust 'Ihemfmh C tinous
insect remains and a black clay-like substance. 1he e
gy ;re clay;{‘ike a;giﬁ‘:h:fe tb;;ea?ns:co?ln which give the guano
insects, and it is the re ; -
its dark colour. Chemical analyses of this type of guano are given in

table 12.




(b) ‘Fossil' Guano and Rock Phosphate.
mainly of aggregates of mineral

Deposits of this type consist
particles. The material is soft, dry,

powdery, reddish-brown (51175), dark-brown (S1 174) and cream (S1173),

often containing nodules of the

mineral newberyite (S1152) and buff

nodular phosphate rock (S1148) at various depths.

The surface layers of these deposits were sampled to a depth of
1 foot with a view to determining if they differed considerably from the
underlying material, or whether they were transitional to the guano
which in part overlies them. This surface layer (S1169) is generally

damp and dark brown

or reddish brown, but analysis shows that

chemically it is more closely allied to the underlying deposits than to the
overlying guano.

A hard white rock phosphate,
limestone of the cave floor, was found
deposits rest on a cla
S1166 and S1167) to

y floor the clay
a depth of several feet, and fissures apparently due

replacing limestone ‘boulders or the
in some pits. Where the phosphate
is altered to rock phosphate (S1155,

to contraction in the clay are filled with a breccia of soft powdery

phosphate mineral (S1150, S1 176).

In pit X a layer of pale-blue material

occurs interbedded with soft, cream and brown ‘fossil’ guano at a depth
of 6 to 7 feet. The analyses of these different types are given in table 11.
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CHEMICAL ANALYSIS AND MINERALOGY OF THE DEPOSITS

The phosphate material varies considerably in chemical com-
position (see tables 11 and 12). Figure 11 shows the variation in
P.O, and CaO content in a typical section of the deposit; both the
P,O, and CaO contents increase mthdzﬁf.h to near the base of the
deposit, but nitrogen appears to be chiefly restricted to the surface
guano deposits. : '

The guano of the Niah Caves has been examined, and the results
have been compared with those of a mineralogical study of simliar
guano deposits from Gunong Staat by the Mineral Resources Division
of the Directorate of Colonial Geological Surveys. The conclusions
reached are as follows: 2

(a) The surface guano consists chiefly of organic material.

(b) The ‘fossil’ guano consists chiefly of the calcium phosphates coll te
(3Ca0O.P,0..H,0), brushite (&HPO‘;ZH,O). and  monetite 0.
P,0,H,0). Gypsum (CaSO,.2H,0) is common in the A layer
of blue guano in pit X may consist in part of vivianite (Fe,P,0,.8H,0).
Nodules of a hard crystalline rock (S1152), occu.m% in layers near the
surface of the deposit, have been analysed and identified by the Geologi-
cal Survey Department, Federation of Malaya as follows:

“The specimen S1152 shows crystals of platy habit associated
with brown (organic) material and some p:iva yellowish-white
material’ .

‘The microscopical section shows that the colourless transparent
material is biaxial with a wide optic axial angle. Refractive index
1'525; sign indefinite. Chemical analysis: Mr Tooke carried out an

approximate analysis of the cr and obtained the following
results,
Percent

H,O—w 312

PO e AN

Mgo e s s LR ls‘?

CaD 5 58

ALO, .. 05

MnO. a0 008 06

Insoluble (Organic) ... ... 247

‘If it is assumed that the CaO is due to the admixture of a
calcium phosphate the analysis after deduction of the calcium
pproximately :

phosphate would be a

Percent
H.0 373
P,O, 440
187
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‘The optical properties of the mineral suggest that it is
newberyite (2 MgO. P,O.. 7H,0). The theoretical analysis of this (i.e.
H,0, 362%; P,0,, 40-89%: and MgO, 239%) bears reasonable relation-
ship to the approximate analysis of the crystals from S1152’.

(c) The main minerals thought to be present at the base of the “fossil”
guano deposits are the aluminium phosphate variscite (AIPO,. 2H.0)
where the bed rock is clay, and brushite (CaPHO,. 2H.,0) where the bed
rock is limestone. Crystals of selenite are sometimes present in both
the rock phosphate and underlying clay.

QUANTITY OF PHOSPHATE DEPOSITS

Reserves of guano and rock phosphate are estimated to be at
least 28,700 tons; 500 tons is surface guano containing about 5 percent
N and 45 percent P,O,, and the remaining 28,200 tons ‘fossil’ guano
and rock phosphate containing an average 23 percent PO, The
nodular rocks and rock phosphate, which form less than 5 percent
of the whole deposit, have PO, contents varying between 9-3 percent
and_ 426 percent. Table 13 details the size of the deposits in the
various cave passages.

TaBLE 13. RESERVES OF PHOSPHATE IN THE Nian Caves, FOURTH D1visioN,

SARAWAK
(long tons)
(seeAEQ‘.' 10) Surface Guano ‘Z’iﬁ‘i E;f.‘;‘s';‘im‘iﬁd J
I 320 24,300 |
it 144 180 ]
1 Nil 1,645 |
| v Nil 180
3 v 0 . On T
7 5 10 |
vl 5 1,800 |
VIII 8 25
IX 8 35 |
= Tori 599 28,200 N




97

PHOSPHATE PRODUCTION

Guano production from the Niah Caves appears to have started
about 1928. In 1930, the output began to increase, and a mono;
for collection and sale was granted to Kim Guan of Miri, who wor
the deposits until 1944 when the Japanese took them over. The
monopoly holder paid a royalty of $0.25 per pikul ($4.20 per long
ton) on guano sold in Sarawak, and 10 percent ad valorem on exports.
In 1945, the deposits were worked under contract for the British
Military Administration, and in July 1947 the Sarawak Agricultural
Department became responsible for supervision of the production
and distribution. The recorded production is as follows:

long tons
1946 201
1947 279
1948 420
1949 500
1950 643
1951 649
1952 696
1953 632
1954 620
1955 402
1956 - 385
1957 465
1958 153
1959 el L
1960 Not recorded

TRANSPORT

Guano is at present collected from the Niah Caves by hand
labour and carried about 14 miles to store at Pangkalanb Lfba (:ﬂ
the Niah River (pls. xxix, xxxia). From there it is taken by launch to

Miri and other coastal towns in Sarawak. The terrain between the

caves and the godown is for the most part low-lying, flat, and :
o8 - bove ground level provide
Planks of bilian raised on stilts 2 to 3 feet abov and ladders are used

a path over the more swampy parts, and planks anc 1a
in rocky areas adjacent to ll};nwtone hills. The Subis, a small stream,

is normally too shallow and too full of obstacles for the guano to be
transported by boat. _ :
— in the
i ibnite) i ) laces in
Antimony ore (stibnite) is known to occur at twg
Middle Baran}': and Tinjar, namely the Palutan and Tisam Valleys.
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FIGURE 12
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At both places the stibnite occurs as disseminations in shale and
sandstone of the Setap Shale Formation (Miocene), and no igneous
rocks are known to occur nearby.

PALUTAN ANTIMONY

Soon after the Baram District was ceded to Rajah Brooke, prospecting began
for antimony and other minerals in the area. In 1884 the Resident, C. C. de
Crespigny, was Prospecting for cinnabar, and later in the year a Mr H. T. Burls
Was engaged by the Rajah, and started, in June, for the Palutan, indicating that
the antimony there was already known, or at least rumoured to ocecur (Sarawak
Gazette report). However, nothing more is heard of Mr Burls in the Gazette
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reports, and from a reference in Jennings (1888) it is clear that he died soon
afterwards.

In 1885 antimony was reported in the Palutan by Malay prospectors working
for the Rajah’s government, and in 1886 C. W. Daubeny, Officer-in-Charge of
Baram, visited the Palutan antimony. In 1888 a Mr Hay, probably working for
the Borneo Company Limited, visited the Palutan antimony. In the 1890’s the
Borneo Minerals Company, probably a subsidiary company to the Borneo
Company, was formed to prospect for antimony in the Baram District, and made
some excavations of the Palutan occurrence. In 1907 T. S. King, Assistant
Resident, examined the occurrence, apparently on instructions from the Rajah.
The Japanese are said to have visited the occurrence during the occupation. The
writer briefly examined the occurrence in October 1957.

Description. ‘The antimony ore in the Palutan Valley is in a branch of a
northern tributary called Sungai Atun, which is about 20 miles from the mouth
of the Palutan by the stream route, or about 9 miles west of the Palutan mouth
in a straight line (see fig. 13). The place is in Sungai Perak, the west branch
of the Atun. Acess is by prau as far as the mouth of the Atun, which takes 2
days; only praus can be used on the Palutan. From the Atun mouth to the
antimony occurrence is about an hour's walk up the stream, cutting across
small steep hills. The area is formed of shale and sandstone of the Miocene
Setap Shale Formation,

All that could be seen of the antimony occurrence, when examined on 10
October 1957, was a small flooded pit about 20 feet across and 6 feet deep, on
the southwest side of Sungai Perak. The sides of the pit are formed of hard
slaty shale (54502), some (S4500) with veinlets of a soft white mineral, probably
a clay mineral of the kaolinite group (sce above, 5567) No ore was scen in
the pit; a few small pieces of stibnite, the largest ' inches across, were found
about the pit and in the stream bed (S4501). One piece (54504) contains a small
grain of red mineral, probably realgar. The stibnite pieces contain ?kaolinite
and very little crystalline quartz, but no vein quartz was seen in the country rock,
although pebbles of vein quartz are quite common in the streams throughout the
Palutan Valley. Panning in the stream showed a very low proportion of heavy
minerals, and only a few grains of stibnite. Panning above the stream showed

no stibnite or other ore minerals.

Conclusion. There are no indications of any antin;ony deposit approaching
workable size in the Palutan. Access to the occurrence in the Atun valley of the
Palutan is difficult, and to be workable an antimony deposit there would have

to be large and rich.
TisaM ANTIMONY
History. The Tisam antimony Wwas probably known at least as early

as 18_84. Charles Hose (1929, p.45) quotes the following extract from the diary
of the Resident, C. C. de Crespigny, for the year, which probably refers to the

deposit :.

April 26. Jappar returned from Lons_Salai . Bk found
stibnite in the Tinjar, and brought specimens of the r‘::cp'i(" % 4

May 14. Cinnabar is said certainly to exist up the Dapoi, a branch
of the Tinjar, but very far up . . .
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Helms, Manager of the Borneo Company, visited the oceurrence in 1890.
From 1891 to 1896 H. H. Everett and A. H. Everett examined the Tisam
occurrence for the Central Borneo Company. The Japanese are reported to have
examined the occurrence during the occupation in the 1940’s. In 1956 Abdul
g:g:kb“ of ﬁ%‘“"‘ pitted the occurrence. The writer visited the occurrence on 16

1957.

. Description. The antimony ore in the Tisam Valley (a tributary of the
Tinjar) occurs in a headwater branch of Sungai Semalau, itself a southern tributary
of the Tisam (see fig, 13). The stream in which the antimony occurs is called
Sungai Perak. The nearest point on the Tinjar River—Long Nanga—can easily
be reached by outboard motor praus when the river is high, but when the water

Tinjar is by walking about 6 to 8 miles along a path which mostly follows the
crestotasheepridgeabouxsoomthigh. The: area is built of shale and
sandstone of the Miocene Setap Shale Formation,

Three places where the ore occurs, within a radius of about 200 yards,
were briefly examined by the writer on 16 October 1957. At each place the
stibnite is associated with a soft white mineral, probably hydromica, and no
vein quartz was seen:

No. 1 place consists of a number of irregular pits and trenches, on the bank of the
stream, about 30 feet above stream level. Sandstone and shale are exposed in the pits, and
the spoil consists Oof mudstone, brecciated shale (with a soft white mineral, possibly hydro-

and rare pieces of stibnite a few inches across, No ore was seen in situ,

No. 2 place is a vertical outcrop about 20 feet above river level and 100 vards down-
stream from No. 1, Jt of hard blue-grey sandstone dipping 75° towards N 140°E,
and grey shale with plant remains. Thin veinlets of stibnite, about one-tenth of an inch
thick, occur on some slickensided surfaces in sandstone, and there are also traces of a red
mineral: realgar, and/or cinnabar (S4512). A soft white mineral occurs with the stibnite,

stream, and 150 yards upstream from No. 2 lace. The pit is full of water, but signs
of ore (stibnite) outcropping on the far side of thg pit can bgn 3031. uAboou:v% ;ards baeuow
:fh::ﬁl;lt m&eﬂmm hgmlas%e gurng prosp:ctinbg by Abdul Rajak in 1956) “i'hich s]:‘l,(:’“'!
] g e ieces of stibnite up to 4 i ing about
near this excavation are probably from the old pit. iy eyl
\ Conclusion. No indications of a workable deposit of antimony were seen
in the Tl_sam Vall;y. 'I'ho. area is difficult of access; it is doubtful whether even
a large rich deposit of antimony could be profitably worked there.

ARSENIC AND ALLEGED MERCURY

. Arsenic ore (realgar and ?arsenopyrite) occurs by the Baram
River, west of Bukit Liman, and traces have been foum{

tributary of the Baram, o the north. The first reference to the

Museum, examined the occurrence in the 1930’s. Former investi-
gators recorded mercury ore also (see Ann. Rept., 1957, para. 113),
but this was not confirmed in samples of mineralized rock examined
by the Mineral Resources Division.  Small amounts of cinnabar, may,
however, occur there, The deposit is not economically workable.




Irregular veinlets containing realgar occur in hard, grey non-calcareous
shale and sandstone of the Setap Shale Formation in the right-hand (east) bank
of the Baram about half a mile upstream from the mouth of Sungai Liman,
west of Bukit Liman. The outcrop is about 50 yards long by 12 yards high;
the sediments dip 75° towards N 290° E. The minerals occurring in the veinlets
include realgar, dolomite (S4505, $4506), rare quartz (S4508) and
The veins of dolomite are much more common than those of quartz; both
minerals occur together and crystal faces are well-developed, indicating their
formation under conditions of tension. They were probably formed at a shallow
depth at the same time as the arsenic ore. The ore occurs as small disseminations,
containing pure realgar, up to three-quarters of an inch thick; the presence of
cinnabar has not been confirmed chemically. Some mineralized zones 6 inches
thick can be seen and traced laterally for 10 feet or so, but mostly the mineraliza-
tion is irregular. Slickensides occur, some of which are mineralized.

E%

About 100 yards north of this exposure, in the same bank, is
smaller exposure with traces of red minerals, and above this, some 40
above the river, is a prospecting adit about 8 yards MNW
by Everett. No mineralization was seen in the adit. Rocks in Sungai Liman
up to the foot of Bukit Liman were examined. No trace of metallic mineralization
was seen, although quartz veins are common in the sandstones. Panning showed

no heavy minerals.

it

HISTORY OF PROSPECTING FOR ANTIMONY, ARSENIC, AND
MERCURY 1884-1907

A considerable amount of prospecting was done in the middle
Baram and Tinjar Valleys from 1884 onwards. Records of this work

were published in the Sarawak Gazette, from which the following
extracts have been made:

1 MAY 1884, p44. Baram Official Journal

cinnabar up-river although
Thursday, February 8, 1884, Jappar arrived. He found no pa
he searched well in the vicinity indicated by me and went up a good way further i
Thursday, February 28, 1884. . . . To Pangeran Nianaj at et e found
be kind enough to let me know whereabouts in Baram it was algron it the govem-
cinnabar, and should it be in sufficient quantity to enable a compa y work _
ment will pay him $300 . . .

2 JUNE 1884 1, p85, Baram Oﬂicéd Journal i
' ) § i s e TRDPRE

Saturday, March 1, 1884. . . . Jappar retifhed L sy L v o
found in Simabah and brought specimens of rock, one Of milar |
rock supplied from Kuching, the other is faced hmﬂ“‘“ m“"‘w
appearance as to form, of diamonds. But my glass o 2 Yoit e

Sunday, March 9. 1884, From H B, the Rah dat DRCOR T oty
that a paddle-wheel vessel is abou . e Baram tri o
with a giologist to come out to explore the new concession for minera

; C. C. de Crespigny

Resident, 1st Class, 3rd Division




1 JULY 1884, Baram Official Journal

Tuesday, May 27th—S.S. Lorna Doone arrived, passengers Mr Daubeny, returned
from lehve.‘and Mr Burls who has been engaged by H. H. the Rajah to prospect for minerals
between m. ;

. Tuesday, June 3rd—Mr Burls started on his expedition to Palutan in the Bujang
Baram, which will convey him as far as the mouth of Tutu ., J

C. C. de Crespigny

1 AUGUST 1885. An account of His Highness visit to the outstations (Communicated).

1 Baram. April . . Discoveries of antimony have been made up the river, which,
if worked, will afford a steady and valuable export,

2 NOVEMBER 1885, p.108.  Baram (Monthly Report)

: + « . Tuanku Mudah brought also three mineral specimens, one of which, apparently
cinnabar, was found in the river Mabalon by one Haji Abdullah—the other two sFecimcns.
one of which is, I think, antimony, were found by the Tuanku himself in Pa utan; he

i the river as full of minerals . . i

C. W. Daubeny
Officer-in-Charge

2 AUGUST 1886, p.124. Baram (Monthly Report)

ceoecieen. Bulu Obong's corpse still lying in the house, 1 was informed that the people
P e Amors: resdy; o open up. Any. discussion W the i had been completed

C. W. Daubeny
Officer-in-Charge

1 OCTOBER 1888, p.130. Baram (Monthly Report—A ugust)
" oﬂl\f[“rr;llsayuhagl igsifed‘ dl..:ring the month both the Antimony district in the Palutan and

! DECEMBER 1890, p.160. Baram (Monthly Report—September)

. On the 9th Mr Helms arrived having come via Limbang and Tatau and started
again for the Tinjar i+ - 10 prospect for antimony in that river, On the 26th I received a
letter from him in which he stated that he had visited the antimony in the Tisam, a tributary

of the Tinjar, and that he finds it to be a .| bl i i ich h
thinks e bo < gm e N R a valuable lode of sulphide of antimony which he

I MAY 1891, p.65—Our Notes

At a general meeting of the General Borneo Company held in London on the 23rd
February, the following allusion Wwas made by the Chairman to the Baram concession :

‘As to the Baram district Property, you see what we state in the report as to
the discovery of antimony and_ quicksiiver. We are unable at present to tell you
what the extent of the ground is jn Which this antimony has been discovered , .
Mr H. H. Everett—not our Mr Everett, the Manager , . a well-known man—
has gone out there, and he has to report to us to what the extent of the ground is.

¢ specimens of antimony sent home give the following results: one specimen was
analysed by Sir Charles » Who says:— % " T “qye” hineral contains 80
percent sulphide of antimony. The other analysis is from a Mr. Clude . . . and
the result is that the metallic antimony is 68.57 percent. That is most excellent
and wonderful proportion of antimony, If we have a large field of that, it represents
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an_enormous value. 1 believe that the report says that the antimony would be worth
£25 per ton; but T consider that is under the lﬂy:l'k 1 think that such antimony as
that would be worth £30 a ton’, vy s o e - v iy

1 JULY 1891—Baram (Monthly Report)

. April. The Sri Putri arrived on the 25th with Mr Everett who came to examine the
Antimony in Tisam. Mr Everett asked me to accompany him and we left Claudetown on the
26th arriving at the mouth of the Tisam on the 28th; we walked over to the Batang Taha on
the 29th and saw the Antimony which appears to me to be in very small quantity. The
distance from the Tinjar river is about 6 miles.

I returned on the 30th Mr Everett going further up the Tinjar to prospect for minerals.

May. On the Ist I left Long Tisam in the Sri Putri and arrived at the Fort the same
day. Mr Everett started in a boat for the headwaters of the Tinjar river to prospect for
minerals . . . Mr Everett arrived on the 10th, he reports a find of cinnabar in the Tinjar
river near the mouth of Dapoi, also traces of gold and antimony in this district.

2 NOVEMBER 1891, p.I—Baram (Monthly Report—September)

. . . On the 20th Mr Everett chartered the launch to take him to Long i

On the 14th the Resident and Mr A. H. Everett left for the Tinjar, the former to take

six weeks leave in search of natural history specimens, the latter to prospect for minerals
E.

E_ .
e

A W,
A t Resi

§2

I FEBRUARY 1892, p.34—Baram (Monthly Reporf)

: _made another trip to Long Nahassah,
October 1891 On the J2th the SRt e e The

Mr Everett arrived the same night from Tinjar . . . The Sri
next day from Labuan, with Mr Everett who has brought coolies to open the antimony

in Tisam.
November (1891). Mr Everett returned from Tisam on the 2nd ':.im : eo:::l ll::

antimony is like that of Lalang in the Rejang, he has left instru
turn omyas much as they cmuoncqmdur-hopezlshﬁmmwmm&c

work.
December (1891). Mr Lopez who was employed by the Central Bomnéo Company
died of ‘beri beri’ . . .
. Charles Hose
Resident

1 JUNE 1892, p.i1l—Baram (Monthly Report)

itral ¥ ived on the 13th
_ April. Mr Everett the Manager of the Central Borneo Company arri
in the Sri Putri, he examined the work done in Tisam wdmﬂ%m the prospects of
antimony appear more favourable, than when he last visited 4 [h i
g Charles Hose
Resident

1 NOVEMBER 1892, p.202—Baram (Monthly Report)
H. Everett was

September (1891). She (the Sri Putri) came in again on “':,difm m the antimony

3 2 m
on board and he proceeded upriver to Tisam the same day in ! - Somed <o
worked there . . . Mr Everett was favourably impressed by the appearance
The Company are, however, going to stop work 'Hm the North East Monsoon
over L%

r G. Pratt Barlow

Acting Resident
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tree-trunk about 2 feet in diameter and as much as 8 feet long. When empty,
a well may take up to 24 hours to be replenished, and so the seepage of salt

: _ wells such as the one at Pa Mein
where water flows in accompanied by bubbles of inflammable gas. Most of the
wells are either in swampy alluvium,

sk or on the banks of small rivers. Many
SPTINgs In Swampy areas are characterized by a surround of boggy ground criss-
crossed by the tracks of the many animals which have come to drink the salt
water.

The m!ha_d of working at the best known and most frequently used springs,
thﬁse at Pa Mein, was described in 1909 (Sarawak Gazette, 1 March 1909) as
follows:
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whole of the centre of the hut was taken up by rows and rows of furnaces
running lengthwise and being fed at either end. On these furnaces were
numbers of large iron cooking pots of about 4 feet in diameter, each furnace
accommodating about 10 pots, which are filled with water from the spring
and in various stages of boiling. The method employed is to keep on
filling the pots with the water as it is boiled away, during which process
the salt coagulates around the sides of the pot whence it is scooped out
and poured into bamboo or bark vessels, which are then thrust into the
furnace and kept there until the bamboo, or bark has been burnt off, by
which time the salt has solidified and comes out in long cylinders or what-
ever the shape of the vessel in which it was burnt, four fillings of one
of these large cooking pots producing one cylinder of salt about 8 inches
long and 3 inches diameter.’

In 1957, almost 50 years after this account was written, identical methods
are still used by the Kelabits. However, the Muruts at Ba Kelalan prefer t
allow the salt to solidify on the sides of the iron pans, when they chip it
and crush it into powder with wooden hammers, rather than to dry sal
in bamboo.

=%

Quantity of salt produced. As the springs are only worked on demand
and by groups of people from different villages it is difficult to estimate the
quantities of salt produced. Annual salt production at Pa Mein, the largest
spring in the area, is estimated to be of the order of 3 tons and the total
for the whole area to be about 5 tons. The annual on in the neighbouring

parts of Indonesian Borneo is probably also eﬂm tons. t';hemt{:ilw!h m
; . : fain wa
at Pa Mein, when the springs were not diluted by E. Wilford to be about

are cut off. Improvements could be made in the i
it -+ mination of the salt water by ground

if precautions were taken to prevent conta
water and animals; e.g. by the construction of concrete-lined and covered wells.

Quality of salt and chemical analysis. Most salt produced is a : table
or off-white colour; the main impurities responsible for the colour are
remains in the salt water, burnt bamboo bark, and rust from springs which is
is conspicuous variation in taste between the salt from different s
readily recognized by the inhabitants and is probably due QRD esources Division
chemical content. A sample of salt was sent t0 the Mineral h with special
of the Directorate of Overseas Geological m ém' mm Y::d the possible
re iodi , the presence 5
ference to the iodine content 'I'Pi'le ‘Agricultural Department, Sarawak, also

presence of radioactive material. : the
enquired about the desirability of using the salt for Jivestock. The results of

analysis are given below:
was submitted
“The sample, which was damp, coarsely crystalline and grey in colour
to chemical analysis with the following results:
(a) Moisture evolved at 300°C: 12.69 percent
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Composition of the sample dried at 300°c

Percent
Sodium Na 37:61
‘Potassium K 026
' Calcium Ca 0-90
Strontium Sr 019
Barium Ba 010
Magnesium Mg not detected (less than 0-01)
Chlorine Cl 5728
Todine 1 0-052
Bromine Br not detected (less than 0-05)
Fluorine F 0013
Sulphate S04 not detected (less than 0-10)
Borate B0y 1-77
Carbonate COs 1-49
Phospha POy trace, less than 0-01
Silica 5i0, 012
Iron and aluminium oxides Fe:03 and Al:Oy 0-055
99-84

These results can be recalculated to give the following hypothetical compounds
present in the sample dried at 300°C.

Percent
NacCl 94:08
KCl 050
NasB4O : 2:30
CaCOy 2:25
SrCO; 032
BaCOy 014
KI 0068
§i0; 012
AlOs + FeiOy 0-06
99-83

. ‘The sample did not exhibit any detectable radioactivity, Nitrate, nitrites and ammonium
salts were not detected. A considerable amount of water-insoluble matter was present,
. to 268 percent of the dried salt. This is included in the above analysis and
mainly of carbonate of caleium, strontium and barium. It was commented that
! presence of an appreciable quantity of borate is noteworthy. This is probably present
in the original sample as borax, Na:BiO710H,0 (230 percent Na:BiO; is equivalent to4-16
percent NayBi0;,10H,0), the water content of which would be evolved at the temperature
necessary to remove the free moisture from the salt,

‘It should be comparatively simple to avoid gross contamination by water insoluble
carbonates by allowing the relatively concentrated brine to settle and decanting off the
supernatant liquor from the residue. This js obviously a desirable step to introduce. In
addition to an appreciable amount of borate the salt contains traces of jodine and fluorine,
all of which might be more difficult to remove,

. In view of the su use for feeding livestock, the Commonwealth Bureau of
Animal Nutrition, at the Rowett Research Institute, Backburn, Aberdeenshire, was asked for
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advice on the use of a salt of this composition and the following extract from their letter
deals with this question.

“Apart from the strontium and barium which can be removed by solution and
decantation, the only other elements which might be deleterious are fluorine and
borate. In neither case, however, do we consider that these are present in amounts
likely to be harmful to livestock. I enclose a short note on borate,

“We are of opinion, therefore, that the salt can safely be recommended

for livestock.
BORON

“The quantities of borate likely to be consumed in this salt do not
likely to be harmful. According to Sollmann's Manual of Pharmacology
effects may follow single doses of 2 to 5 g boric acid or borax in man and
to 30 g may be fatal. The salt is readily absorbed and is excreted Ihem
and there is no immediate effect of taking up to 05 g "'ﬂﬁ though if it is
at this rate for a long time there may be some 1
that such large amounts could be obtained from the salt % Owen "ﬁlﬂfhﬁ'
given dairy cows from 16 to 20 g borax daily for 40 days ill effect; o
contained up to 3 p.p.m. of boron, but this amount can be considered safe. ml&,
(1939) found that hens could take 05 percent boric acid in the ration,
transferred some of it to the eggs, but apparently not a harmful amount.

REFERENCES
OWEN, E. C. (1955): Jour. Diary Res., 13, 243 “HOVE E., ELVEHIEM, C. A, AND
E. B. HART (1939: Amer. Jour. Physiol., 127.689".
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. ‘It should be emphasized that these comments apply only ”mm
this sample. Samples obtained from other springs or by “-E’ml mlubiliﬁ' of the constituent
process may vary considerably in composition due to the different solubilities reskagp s g™
salts, and further samples of salt obtained under controlled condi ”"“’m u:ayle. A much
analysed if the intention is to develop the use of the salt on a by less primitive means.
purer product could, of course, be obtained if the salt were

SUMMARY

containing a considerable amount

‘This sample is essentially impure sodium chloride O mall amounts of jodine and

of moisture, some soluble matter, some sodium borate an
fluorine.

“Providing care is taken to exclude insoluble matter, a material of this composition
should have no harmful effect on livestock.’
in a belt parallel to the

Origin of the Salt. The salt springs occu
regional strike of the Eocene to Miocene rocks which mx&(ﬁ
fig. 13), and the salt water is probably derived ﬁ%m} L e
these rocks. Jordi (unpublished report of Sarawak Oilfie and shale which
Ba Kelalan a rhythmic alternation of sandstone, nlmono 20 b5 ‘peobubly
contains concretions of pyrite and gypsum and which he considers
the mother formation of the salt springs in that area.

4 . below in order from north
The springs. The salt springs are described heir location
to south under the names of the villages near w_hich they occur. Their

largest

is shown on figure 13.

(a) Ba Kelalan. Around this village there are three yards
group consists of three wood-lined walls about 10 feet 'I:f in a small valley 500

of the Kelalan River about 3 miles north of Ba
diameter and 6 feet deep and take about 24 hours te
wells in the Kelalan area and were being worked in 1
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Wwhich the gas escapes—presumably the snakes died of suffocation while exploring a possible
ready-built home. Though the gas is non-inflammable there is a distinct smell of petroleum
nearby; no oil film was present on the water, however, The low dip of the sediments nearby
(18 degrees northeast) indicates the gas might be escaping from an anticlinal zone of normally
steeply folded sediments. N :

There are two small seepages in marshy ground in raised alluvium bordering the Puak
River .':hou: 3 miles southeast of Long x largest is situated in alluvium at the
foot of a small boulder-strewn river terrace about 500 yards mcho{ where the Senah tributary

be the remains of a well used over 50 years ago by Kelabits. The second seepage is in flat
ground about 300 yards south of where the Senah stream flows into the Puak. There is a
slight flow of water and gas bubbles periodically rise to the surface of the pool and rnarlhy
ground which surrounds the seepage. 3

A disused spring, well-known to the Kelabits of Ramudu, is sa occur in the
headwaters of the Eaiong River about half a day’s walk south of Long Banga, mm from
the Kalimantan border. A salt seepage is reported about 1 hour’s walk up the Metapa,
a small tributary of the Baram 6 miles east of Lio Matu.

a
1

i) Li i i ) and its
() Lio Matu. Several springs or seepages are said to occur in the Selungo |
tributaries, north of Lio Matu. One spring in the Sa'it tributary is said to ha
formation nearby—probably calcareous tufa. :

ROADSTONE, GRAVEL, AND SAND

i industry

Due to the sparse population and lack of roads and industry,
there is at present little demand for constructional materials :fnthm
the area, and so no detailed survey has been made, except of the

Batu Gading limestone.

The limestone in the area would make good roadstone, and
most would be suitable for concrete aggregate for general P“m
being clean, hard and compact. Some of the sandstone o
formations (except the Liang and younger) is hard cnoqgl&l o
used for local roads. Gravel and sand occur in the middie
upper reaches of the rivers.

-
:
7
&

1 ' ala Likau are
Raised beaches along the coast southwest of Ku
composed of white sand some of which is probably of glassmg

1 i jor i just
quality. Equivalent terraces south of Tanjong Kidurong g
of theyarsf contain large amounts of high-quality glass-sand (Kirk

1957, p.155-157).

OIL
] _ by , especiall
There are possibilities of oil aocum“é“g%?;:; ‘f,’; asr:raa She

near the coast, though prospecting an - in
Oilfields Limited overgze\?erax decades have _fa_ltlﬁg g“:mn’e’g of
commercial quantity. Favourable factors are { igneous intrusions;
marine sediments and general absence O er much of the area,
unfavourable factors are the intense f‘ﬂqingfo;nations
and the absence of the known oil-producing 0 :
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The producing formations of the Miri and Seria oilfields to the
north are the Seria and Miri Formations whose stratigraphic position
is between the Belait and Liang Formations. They are not present
in the Suai-Baram area.

Sual AREA

The Suai area is one of very complex stratigraphy and structure.
Some of the sandstones and biohermal limestone within the Setap
Shale, Sibuti, and Tangap Formations are potential reservoir rocks.
Sandstones of the Nyalau Formation are mostly rather impermeable,
but locally they are slightly coarser and more permeable. The
sandstones of the Belait Formation are also potential reservoir rocks,
but they occur in synclinal basins which have few or no promising
structures. Stratigraphic traps, formed by wedging out of sandstones
into shale, may be present.

Deep drilling in the Suai area has been confined to six wells at
Kuala Suai and along the coast to the southwest, two wells on the
Subis Anticline southwest of the Subis Limestone outcrop, and one
well at Selungun on the coast near Kuala Nyalau (see table 2). The
Suai wells proved small quantities of oil, and gas was encountered
under high pressure in Suai Well 3. The Suai wells encountered only

small quantities of gas, and the Selungun well found neither oil nor
gas.

Among the promising structures in this area is the ulu Suai
Dome, which has not yet been tested by drilling.

MIDDLE BARAM AREA

In the middle Baram area, only a few of the sandstones of the
Setap Shale Formation are sufficiently thick or permeable to be
possible reservoir rocks. Although no oil indications have been found
in the middle Baram, the discovery at wells Engkabang 1 and 2 (in the
lower Baram just north of the area) of small quantities of oil in a
sandstone within the Setap Shale Formation indicates, however,
that the formation must be considered a potential oil producer in
this area. The most favourable part appears to be the northern
part of the anticlinal structures in the Tinjar and Bakong tributaries.

Over the rest of the middle Baram the tightly folded Setap
Shale, Kelalan, and Mulu Formations are comparatively unfavour-
able. The predominantly sandy Temala Member of the Kelalan
Formation, exposed in the gentle Temala Anticline, is surrounded
by more tightly folded, younger, Setap Shale Formation. This
implies that disharmonic folding, and. probably décollement, has
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taken place, and that relatively gentle anticlines of Kelalan and
Melinau Limestone Formation may be concealed beneath tightly
folded Setap Shale Formation. Such structures could form oil
traps, although there is so far no indication of Eocene oil in north-
west Borneo. The sandstones of the Belait Formation, as in the
Suai area, form synclinal basins, in which structural traps are not
likely to occur.

KEeLABIT Hmmnns

The gentler folding, and more frequent, thick, permeable sand-
stones, are favourable indications. However, no oil seeps are known,
and the few hot salt springs, some with'ﬁa:. do not appear to
associated with oil accumulations. The Kelabit i1
remote and inaccessible that only a very good prospect would
worth drilling there. aloric
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Chapter X

CEMENT-MAKING POSSIBILITIES IN
THE KUALA BARAM AREA, NORTH SARAWAK

INTRODUCTION

Large deposits of limestone suitable for cement-making occur
orth Sarawak. The most accessible deposits are in the Batu
Gading area, north of Long Lama, where more than 21,000,000 long

sites for a cement plant exist in the Kuala Baram area (Baram river
estuary), north of the Suai-Baram area, where natural gas from
Seria Oilfield is available and where the river mud would provide an
alternative source of clay material.

PREVIOUS INVESTIGATIONS

A first reconnaissance investigation of Batu Gading and a
preliminary estimate of limestone reserves were made by G. E.
Wilford in 1955 (GSKL 017/40 and Ann, Rept., 1955, pp.54-57).
Possible uses were outlined by F. W. Roe in the same year (GSKL

LIMESTONE

Limestone occurrences in Sarawak have been described by
G. E. Wilford (4nn. Rept., 1955, pp.41-161). The following occur-
rences in north Sarawak are listed in approximate order of their
potential importance as sources of raw material for cement making.
They are Baty Gading, Subis, Melinau, Beluru, Keramit, Long
Lobang, and upper Baram. The first three of these are sufficiently
large and accessible to merit more detailed description.

Batu Gaping AREA
Reserves

Estimated limestone reserves in the Batu Gading area exceed
21,000,000 long tons, Details are shown in table 15, page 132. (Tables
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are assembled at the end of this chapter). For Batu Gading and Bukit
Besungai (north), these estimates are based on a levelled traverse
round the hill made by a survey party from the Department of Lands
and Surveys, Miri. The other hills were surveyed by tape-and-
compass and heights of rock faces estimated visually or measured by
aneroid. The surface of the rock is extremely irregular; pinnacles,
gorges, and caves are numerous. The estimate of the average thick-
ness is thus only approximate. The location of the deposits is shown
on figures 15-18. The writer is indebted to Mr. R. Morris, Quarry
Manager, Sebuyau, for estimates of the depth to which the lime-
stone could be economically worked under overburden at Batu
- Gading and Bukit Besungai (north).

BATU GADING. Limestone forms cliffs along the south side of
a ridge some 240 feet high at Batu Gading. The stone consists of a
bed about 100 feet thick dipping about 10° towards north-northwest
(see pl. xxvima). The top of the limestone averages about 70 feet
above swamp level in the western part of the ridge; above the lime-
stone, the hill is composed of shale and rises steeply (about 1 inl);

FIGURE 14

BATU GADING LIMESTONE
IN RELATION TO THE MIRI AREA AND BRUNEI &
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FIGURE 15

LIMESTONE LOCALITIES
NEAR BATU GADING, BARAM VALLEY
SCALE 1: 50,000
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since the limestone bed is dipping into the hill
burden Increases rapidly. Towards the eastern part, the top of the
limestone is lower (30-50 feet), and the stone forms an area of
pinnacles (W on figure 16) largely surrounded by swamp. East of
area W, the limestone outcrop appears to be covered almost entirely
by swamp, and only a few small isolated pinnacles were seen.

, the depth of over-

The reserves at Baty Gading comprise the following :

(@) West part of main ridge (x-x’ to y-y’ on figure 16)
Area: 12,274 square yards
Estr:'ll:mted average thickness of rock above alluvium level: 14
ya '
Volume of rock: 170,000 cubic yards

(b) Central part of main ridge (y-y’ to z-z’ on figure 16)
Area: 20,850 square yards o

Estimated average thickness of rock above alluvium level: 11 yards
Volume of rock : 230,000 cubic yards

——




FIGURE 16

MAP OF LIMESTONE AT BATU GADING, BARAM VALLEY
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(c) East end of main ridge (east of z-z’ on figure 16)
Area: 13,687 square yards
Average thickness above swamp level estimated: 7 yards
Volume of rock: 90,000 cubic yards

(d) Eastern outlier (W on figure 16)
Area: 31,130 square yards
Average thickness above swamp level: 7 yards
Volume of rock: 220,000 cubic yards

(¢) Extension 500 yards ENE of (d)
Area: 14,000 square yards
Average thickness: 5 yards
Volume of rock: 70,000 cubic yards |
Total under no overburden : 780,000 cubic yards

The overburden increases rapidly above the top of the limestone, and only
where the face is high, in the east part, will it be economic to work into the hill,

and even there only to a depth of cover of about 20 percent of the rock height
(Mr Morris’s estimate).

. The additional rock under 0 to 5 yards overburden for the part of the
main ridge west of z-z’ is estimated at about 60,000 cubic yards.

ToTAL FOR BATU GADING : 840,000 cubic yards
(=1,700,000 tons or about 1,430,000 cubic yards when crushed).

Prospecrs_ of extension. The only place where an extension of
the Batu. Gading stone might be found is further east along the foot
of the hill. It appears that the outcrop of limestone to the east is

lower and largely underlies swamp. Prospects of finding further
workable stone are poor.

BUKIT BESUNGAI AND BUKIT BETOK. Limestone hills extend
south from Sungai Besungai to Sungai Betok, and are known as
Bukit Besungai and Bukit Betok (see figures 17 and 18). Five of
these hills have been surveyed; the most northerly, Bukit Besungai
(north) accurately by a Survey party from the Land and Survey
Departn:lent, and the rest only approximately by tape-and-compass.
Other hills to the east have not been surveyed; these are described
below. The five surveyed hills are described from north to south:

() Bukit Besungai (north). This is a hill 200-300 feet high on the
west bank of Sungai Besungai about § mile southwest of the
existing quarry at Batu Gading. There is high ground on the
Baram banks about 700 yards due east of the rocks where a
wharf might be built; access from this point is along the Sungai
Alat Valley and appears to be quite easy.
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The limestone occurs along the east side of the hill, and i
top averages about 140 feet above river level. On the east,
rock is bounded by low alluvial ground. For the purpose
calculating reserves the rock area has been divided into
parts:

(a) Northeast of p-p’ on figure 17
Area: 32,176 square yards

Estimated average thickness of rock above alluvium
level: 23 yards

Volume of rock: 740,000 cubic yards

(b) Southeast of p-p’ on figure 17

Area: 14,694 square yards
Average thickness above alluvium level (estimated):
18 yards

Volume of rock: 260,000 cubic yards

(¢) Under 0-11 yards overburden, along a face averaging
140 feet high; 200,000 cubic yards

Total reserves at Bukit Besungai (north); 1,200,000
cubic yards

(ii) Bukit Besungai (south): this hill is separated from Bukit
Besungai (north) by a valley about 40 yards wide
Area: 276,000 square yards
Average thickness: 20 yards
Volume of rock: 5,500,000 cubic yards

(iii) Bukit Besungai (east):
Area: 70,000 square yards
Average thickness: 10 yards
Volume of rock: 700,000 cubic yards

(iv) Bukit Betok (north):
Area: 100,000 square yards
Average thickness: 17 yards
Volume of rock: 1,700,000 cubic yards

(v) Bukit Betok (southwest):
Area: 45,000 square yards
Average thickness: 8 yards
Average thickness: 3-3 yards :
Volume of rock: 360,000 cubic yards

gaﬁa
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(vi) Bukit Betok (south):
Area: 30,000 square yards
Average thickness: 3-3 yards
Volume of rock: 100,000 cubic yards

ToTAL FOR BUKIT BESUNGAI AND Bukir Berok: 9,360,000
cubic yards

(=19,000,000 long tons or about 16,000,000 cubic yards when
crushed).

NORTHEAST OF Bukrr BeTok. Limestone extends northeast
of Bukit Betok as far as the Ulu Temala, where many caves are
reported. Traverses have confirmed that large limestone hills occur
northeast of Bukit Betok for at least a mile, and probably contain
several more million cubic yards of limestone.

Quality of the Limestone

Analyses of limestone from Batu Gading (30 specimens), Bukit
Besungai (17 specimens), and Bukit Betok (4 specimens) are shown
in table 16A (p.133). Analyses made of 8 specimens previously, and
expressed in a slightly different way, are shown in table 168 (p.134).

The Mineral Resources Division commented : _

The Batu Gading limestone is of excellent quality, and l}:m very
little variation in composition. The Bukit %mﬂvmmmh
in quality and the very sandy portions have a ikt
practice, there would appear to be no need to reject the siliceous :

i very low silica modulus of the
as its effect would be balanced by the very X ot of good

limestone. The Bukit Betok limestone represen
quality . . . . The percentages of phosphate in wm&oﬁb lamvh;m O:e ﬂil:
limestone . . . were found to be too small to be of any signifi

cement manufacture.
Later three samples of limestone from Bukit Besungal (east)

were analysed (S4688-90); L. C. Chadwick re i

[These samples are] impure limestones, mmm:‘fmﬂ;o 25 ant;
of CaO, but showing very wide variations in silica my onl ﬂm,; m;lplcs.
14-0 respectively. This occurrence cannot “."""53’33“ is i:muting. as it
but obvlilm:sly contains :Lome useable % has a favourable silica
approaches ‘cement rock’ in compositi . imestone
Goduins. T would Bedd only about one-fifth of its weight of pure .
to give a theoretically perfect cement mix.

OTHER LIMESTONE DEPOSITS

. 2 b ?
Limestone as much as 1,000 feet tl;ci}(esfmh .fol{fl:w'g‘t 'gf

about 6 miles southwest of Niah and 40 C
Miri, Fourth Division (see pp.85-86, and fig. 105 ;;-do}vltlégr%ag;a";;
Rept., 1955). This is the Subis Limestone Mem




124 1

FIGURE 18
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Formation (Miocene). The limestone is hard and pure. Analyses of
of samples from the northern part of Bukit Subis are given in
table 9, and show that the rock is chemically suitable for cement
manufacture. Limestone which forms small outcrops near the west
bank of the Niah River has been quarried on a small scale by
Sarawak Oilfields Limited in 1940 and intermittently by a Chinese
concern since 1955.

Although the reserves at Bukit Subis are virtually unlimited,
and the limestone appears to be pure, it would be expensive to trans-
port, as the Niah River is small and has a shallow bar at its mouth.

Small outcrops of Miocene limestone near Beluru, 20 miles
southwest of Marudi, Fourth Division, are shown in figure 9.
According to reports by Shell geologists the rock is sandy and grades
laterally into calcareous sandstone. The limestone bed forms the
core of a discontinuous ridge between Sungai Trus and Sungai Lapan.
The bed is about 70 feet thick and is hard and pure, and in many
places crowded with Foraminifera. The largest outcrops are east dqnd
northeast of Beluru. The deposit is less accessible than Batu Gading
and so has not been re-investigated.

Large reserves of limestone occur in the Melinau Valley between
the Tutgh River in Fourth Division and the Limbang %“’esr =
Fifth Division. The limestone, which lies mostly north of the l:;;
Baram area, covers about 150 square miles, and has b:; mxrlt;nare
thickness of at least 6,000 feet. It is in general pure, ttg: Tutoh
dolomitic. Access is more difficult than Batu Gading, as A
River is not navigable to barges as far as the lﬂnelssgi'lf-
detailed description is given by Wilford (Mem. 10, :

Other occurrences of limestone in north Sarawak, t:r?;fl}orar:
not considered important as potential sources of }'a:'d mlfere e
cement industry under present conditions, are list
sake of completeness.

Beraya, about 20 miles southwest of Miri, and lléerrgit; iil,o t:l:;
Limbang Valley are described by Wilford (bb:ceimb B © (M"em. .
Lobang in the Tinjar lies in the area descri y

1957).

ARGILLACEOUS COMPONENT

i i terial for the
Two possible sources of suitable .eeous mal et
cement have been found. The first 18 shal;h gugs:m’ atge mgneg

limestone everlying the main limestone at
is river mud in the Baram Estuary.
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SHALE, MuDSTONE, AND ARGILLACEOUS
LIMESTONE OVERLYING THE MAIN LIMESTONE AT BATU GADING

Analyses of 32 samples of argillaceous rock overlying the main
limestone at Batu Gading show that the overburden there is very well
suited for use with the underlying limestone for cement-making (see
table 17, p.135). The ratio of AlLO, to Fe,O, in the argillaceous samples
was found to be about 3% to 1—a normal ratio—which shows that
there is no danger of excessive Fe,O,. The percentage of phosphate
in composite samples was found to be too small to be significant.

L. C. Chadwick wrote in regard to the argillaceous rocks -

tentatively put forward in 4 previous report, when only three samples
(54432, 8 and $4439) had been taken [see Ann. Rept., 1958, p.44].

The silica modulus is very satisfactory, ranging in most cases from
23 to 27, and the overburden as a whole appears to be very well suited
for use with the underlying limestone for cement-making. Variations in
&c composition of the overburden, which merely mean variations in

3 content, would be correct simply by adding more or less of the
Very pure underlying limestone.

The overburden at Bukit Besungai, assessed from only two
analyses, appears to be similar to the Batu Gading material, and

thus also suitable for blending with limestone for cement-making.

Mub anp CLAY FrROM THE BARAM AND BELAIT ESTUARY AREAS

If the cément plant were built in the coastal area, a local
Source of argillaceoys material would be advantageous, as it would
save transport costs from Batu Gading. The only suitable material

found so far is river mud in the Baram, some of which, however, is
Very promising and could be cheaply worked.

Samples from the Baram and Belait Estuary area were collected
and sent for analysis as follows - 25 from the Baram Estuary; 9
from the Belait Estuarjf; one each from Badas on the Belait River,
and from the Lumut Hills east of Seria. The results of the analyses
given in table 18 (p.136), and the locations are shown on figure 19.

It was concluded that some of the Baram River muds are
probably suitable for Use as the argillaceous component in cement-
making. The samples from the Belait Wwere rather more siliceous, and
as the silica is in a very fine state and litt]e could be removed by
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sedimentation, it was concluded that the Belait mud is unsuitable.
The sample from Badas is a river mud that Brunei Shell Petroleum
Company use as a base for drilling mud; that from Lumut Hills is
a young Tertiary clay used by the company for dyke construction.
Both showed a high silica modulus, and are thus probably not very
smtai;le, although no firm conclusions can be drawn from single
samples.

The samples from the Baram and Belait were collected from
near the banks of the rivers, as no equipment for sampling the
deeper parts was available. By sounding across the Baram about a
quarter of a mile upstream from the ferry, it was established that
mud extends across the river bed, except for one sounding which
may have been on a sandy bank. The depths of water at half tide
ranged from 14 feet near the banks to 29 feet in the central channel.

FIGURE 19
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Detailed comments on the muds, by the Mineral Resources
Division, are given below :

: General Considerations : From the point of view of kiln operation

| in the manufacture of Portland cement, an important requirement is that

1 the composition of the mix must be such as to yield a satisfactory clinker

-] at a reasonable working temperature. The clinkering temperature depends
ant

|

on a number of factors, of which the most important is the silica modulus
56810

i m . If this is too high, clinkering may not be attained at

a reasonable working temperature, and if too low, the mix may tend to
fuse instead of clinkering,

The silica modulus of grey Portland cement usually lies between 2-4
and 27 and seldom exceeds 3-0. In Practice, it is sometimes necessary to
make some adjustment to the silica modulus, or to the iron modulus
(_‘,’léi,AI,O,f %Fe,0,) either by adding smal] amounts of such materials as

Srica, sand, waste bauxite, or iron ore, or by removing excess silica by
sedimentation or sieving,

Baram River Muds, $4395-44}9. In the preliminary chemical
eXamination of argillaceous materials for cement manufacture, it is usually
sufficient to determine only the loss on ignition, silica and ‘R0, R,0,’
being the total oxides (essentially ALO; plus Fe:0,) precipitated by
ammonia after separation of the silica. From the analytical results obtained
1t will be seen that the silica moduli of the Baram River muds range from

Along a 2.mile stretch near the Baram estuary the average silica
modulus of the myug appears to be about 2.9, A composite sample of
the mud from this arey (54397-4400; $4404-4408) was taken, shaken
thorough_ly With water, and sieved on a 170-mesh B.S. sieve. The residue
on the sieve was g small (about | percent) that its removal would have a
negligible effect on the silica modulus. The fineness of the mud in these
lower reacl;es 1, of course, not surprising, and would indeed be a great
advantage in cement-making as no grinding would be necessary,

Belait River. Muds: A washing test was done on a composite
sample of the Belajt River muds (54420-4428). Before washing this sample
had a silica modulus of 4-5; (he residue on the 170-mesh sieve was approxi-
mately 20 percent, ang the materia] passing the sieve was found to have
a s:hc;a modulus of 38. It seems evident, therefore, that the mud in this
Tiver 1s very low in clay content, and is unsuitable for cement manufacture,

. Bauxite, pr-sili_ca bauxite is produced in west Sarawak, and
80 1s readily available if required to reduce the silica modulus.
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CEMENT CALCULATIONS

Cement clinker compositions were worked out by the Mineral
Resources Division from the average composition of the Batu Gading
limestone and of (a) the Batu Gading overburden, (b) the Baram
River mud (all samples), (c) the Baram River mud (from the 2-mile
low-silica stretch only). The results are shown in table 19 and 29
(pp.137 and 138).

SITE FOR A CEMENT PLANT AND TRANSPORT

The most suitable sites for a cement plant in north Sarawak
and Brunei are on the coast where the cement is needed, either at
Kuala Belait or Kuala Baram. A natural gas pipe-line from Seria
Oilfield to Lutong Refinery exists, and land and coast transport
routes meet at these two river estuaries. This size of ship entering the
Baram is limited by the bar. Recent suryeys indicate that sh_lps
drawing as much as 8-9 feet could enter at high water. Ocean-going
vessels could be loaded in the Miri Roads, about 12 miles south-
southwest from Kuala Baram.

From Kuala Baram to Batu Gading (a distance of about 125
miles) there is much deeper water, and it is probable that large barges
(with a capacity of 400 tons or more of stone) could be used.

Roads extend from Kuala Baram to Miri (15 miles) and east-
wards from Kuala Baram to Kuala Belait (14 miles), Tutong (55
miles) and Brunei Town (84 miles). The Baram River 1s_nav1gable
for barges of 200-250 tons capacity from Batu Gading to its "."‘“.'2:"
but there is a bar at the estuary, and transport to the sea is hmltm
to ships of 8-foot draught or less; a similar bar occurs at the rrliou
of the Belait River. It has been suggested that the 23 mile Paga i/
Canal might be dredged to link the Baram and Belait Rwerg,tw :.;e
would allow direct transport of raw. materials by barge into

oilfield region.

S Belait in Brunei, and (b)
Two possible sites exist: (a) Kuala shows that suitable

Kuala Baram in Sarawak. Preliminary testing :
mud exists in the Baram estuary, but samples from thege g“bft,ﬂﬂ
are too high in silica. The Baram estuary thus appea

favourable.

The possibility of a small cement plant at Batu Gading, has

been considered. This would have the advantage ot tht;ems?ggr ::g
materials—limestone and clay—would be pre:senttm‘::; rt down the
only the less bulky finished cement would require ol - for use as
river. On the other hand, the lack of cheap natural gas

fuel probably outweighs the advantages.
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FUEL

GENERAL

Natural gas is produced at Seria, and a considerable surplus is
at present flared as no use can be found for it. W. N. Foster,
Petroleum Technologist, estimated in 1954 that the amount of surplus
gas (calorific value 38,000 B.Th.U/cu.m.) above company require-
ments at Seria would be

Cubic metres a day

End of 1954 2,000,000
End of 1964 750,000
End of 1974 250,000

(N.B.—Figures for 1964 and 1974 are ‘conservative estimates’)

Analyses of the gas are given in table 21 (p.139). The pipe line from
Seria to Lutong in Sarawak, is working almost to capacity, and it is
probable that a fresh line would have to be laid if the gas were to be
used in a cement plant. The approximate cost of a pipe-line laid on
the surface, assuming a minimum of clearing work and good access
(ie. laid alongside existing roads) is estimated at :

6-inch line M$48.000 a mile
4-inch line MS$32,000 a mile

NOTE ON NATURAL GAS USED IN CEMENT MANUFACTURE IN TRINIDAD
(from Roe, 4nn. Rept., 1957)

of cement. The company, Trinidad Cement Limited. is a subsidiary of the Rugby
Portland Cement Company, Rugby, England, Cement-making started in 1954,
and oil fuel was used unti] March 1956, when a change was made to natural gas,
whlg;h has proved economically advantageous, and gas has given easier and more
efficient working. Technical features of the plant are outlined below.

The plant is designed to produce 100,000 tons of cement annually, but local
dc'zma'nd has proved so great that it is hoped to exceed this. A 350-foot rotary
kiln is used and burns daily 2,400,000 cubic feet of gas to give an average kiln
temperature of 1450°C. (An analysis of the gas is given in table 8). Limestone
comes from ‘nearby Mayo; it is fairly soft, contains varying amounts of clay and
2-3 percent iron, but is low in magnesia (05 percent) and free from phosphorus.

containing 75-76 percent calcium carbonate; this is pulverised, then roasted, to
produce cement. Should a smaller output be needed in Borneo a vertical kiln

b*—
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may have to be used; German vertical kilns working on the Lurgi system using
the Sinterband process could be used with natural gas, and such kilns could be
shut down for short periods and readily restarted.

SIZE OF THE CEMENT PLANT

In general, a rotary kiln is the most economical where about
100,000 tons or more of cement is needed annually. This type of
plant is built where it is considered demand will increase but is
estimated initially to be around 75,000 tonms annually; in practice
demand seems to exceed the estimates as soon as production starts,
e.g. Trinidad and Malaya. Vertical Kilns are used where the demand
is likely to be smaller, e.g. 15,000 to 50,000 tons annually. Vertical
kilns today are efficient and give an economic, easily controlled
output. They require a source of argillaceous material that can be
ground to a powder, and river mud could not be used unless it was
dried. Moreover, should the demand increase to around 100,000 tons
annually, it is more economic to have one rotary kiln with this
capacity than say four vertical kilns each with a capacity of about
25,000 tons. Both in Malaya and Trinidad, where cement manu-
facturing has started since 1950, sales have .exc.eeded 01:181“31
estimates of demand and the 100,000 ton rotary kiln is producing in
excess of its designed output in Trinidad, and at capacity in Malaya.

POTENTIAL MARKETS

The initial market would be in Brunei and north Sarawak. ;Vl;h
the advantages that come from the cheap fuel, i.. natural gas, an (:03
particularly suitable limestone at Batu Gading, there is 3“3 for
chance that cement could not only be PTOd'““d eoon_qmlc:o)éo;-
Brunei and north Sarawak but would be in a strong position

pete with overseas cement coming 01:5()1 Wﬁ‘t:rr?n %::::&k;gede]:aos?:i
0 -
Borneo, so that there should be a g ong the Rajang in Sarawak

areas of northwest Borneo, from the mouth of q

to Kudat in North Borneo, are short of good quagty ﬁ%%eit?gu?g
there is every incentive to use cement for pufpow‘;ﬂf wvailable For
not otherwise be employed if good stone Was read y aVel with 3-5
example, soil stabilization, using Wﬂ!,sqnd’ ands g so;ne coastal
percent cement, has been used for building roa lttll'l D ethand for
areas, and further use of this method would 8 % oduced cement
cement. The availability of reasonably cheap. holrln e‘gposes Cement
would in itself tend to create a market for suzc ;{40) g

imports into British Borneo are listed in table 22 (p.140).
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TABLE 15. LIMESTONE RESERVES IN THE BATU GaDING AREA
Measured Reserves (
Place Cubic yards [
Estimated Long tons |
Rock in place | volume when |
broken "
|
Batu Gading 840,000 1,430,000 ( 1,700,000 |
Bukit Besungai (north) 1,200,000 2,040,000 2,440,000 ||
e e e it s il ] —_— . 1 ]
Bukit Besungai (south) 5,500,000 9,350,000 11,170,000
Bukit Besungai (east) 700,000 1,190,000 1,420,000
_—_“__—___—'__——___ . | e e —————
Bukit Betok (north) 1,700,000 2,890,000 3,450,000
"__—‘—-———-—-.'..._____________ o e RIS EE W =IF AT NIV RS INELN ] o
Bukit Betok (southwest) 360,000 610,000 730,000
-____—‘_—_‘—___'_—————-—.____ O ——————————— S— ——
Bukit Betok (southeast) 100,000 170,000 200,000
— R i L SUER: R M Of
Total Measured Reserves 10,400,000 17,680,000 21,110,000
——
Note:  Density of limestone taken as 203

assume
—_—— e e T ¥

that 1 cu. yd. in place will

long tons/cu. yd. Tt has been
yield 17 cu. yd. broken rock
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TABLE 16A. ANALYSES OF LIMESTONE FROM THE BATU GADING AREA
: = ol Loss at
| Si0. ‘ R:0; CaO MgO 1000°C Total
Specimen Ll 0=
‘ Number WEGHE
BATU GADING
R Lo L : E 99-88
S4431 | 088 | 067 418 | . 065 g_g Prit o
5529 050
<o Fq l b 5498 071 4316 9985
4434 | 044 056 gt 089 4396 9992
4436 ‘ 040 072 Juis on
4440 074 0-90 5478 o] i i
4441 098 | 1-50 53 06 4368 100-38
2 | 00 0-80 oo 047 4368 | 1001S
| 4443 020 0-42 28 085 4320 100:01
4445 024 | 064 s <o b4y 100-40
4446 071 | 0-82 060 4358 100-26
‘ 4447 072 068 5%3 76 pe4 08 82
‘ 4449 | 196 ‘ 188 5343 4 on 9900
4450 | 172 156 s3i6 oo 214 993§
. 2:36 1-66 glﬂ 068 42 99.%
T 132 136 ki o | 4% | wn
| 4455 | 0-38 0-80 v 070 4268 3%
CEE ) B E| | | o
445 | . 2 ’
458 | 046 024 ] -4 991 | 1005
4459 | 0-50 080 i on 4360 100!
| 4460 | 020 | 0-50 o - 053 4376 0020
| 10 | tas | s | oW | dsis | %
| 4463 202 140 5316 on a3 9969
| 068 0- :
4465 . 1-58 126 5346 076
B UNGAI
‘ 4466 3014 | 1038 | ;5:;4 074 41-54 ”wu'”
4467 ‘ 364 2-80 346 30-?3 i
4468 2494 7-26 1 074 e 5893
| 4469 | 1006 | 542 4661 092 2032 (2}
470 | 3928 | 1148 21 45 1168
“an | 604 | 228 i 002 4068 9965
4472 | 426 | 304 236 059 42:62 ”99 7‘“
473 | 322 | 128 g 077 4262 :
4474 186 1-98 2 068 ﬁ:n mwu
| 4475 184 | 214 o 073 254 |
4476 1-84 174 A 079 4 100“"
“n 5 o4 55:59 074 97 | 10014
4478 024 ‘ 104 s 067 an e
| 440 173 150 537 g‘: 4118 ]
0 . - ; :
_dn | o) | 4Bl SR) &1
44 ¥ -t
£ BUKIT BETOK (EAST) " —
e 5180 444 4172 9926
4495 274 | 188 ar 083 4n o
4496 092 | 3:56 e 092 doeh o
4497 | 188 | 428 20 077
L 4498 | 242 | 2:94
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TABLE 16B. ANALYSES FROM THE BATU GADING AREA
(from British Borneo Geological Survey Annual Report, 1955, table 7)

l

e ! M©O | PO

Nature of residue

Locality  |Yfecimen -
WEIGHT PERCENT
S3674a | 5404 | 094 007 | Quartz 95, pyrite §
6 1 36748 | 5404 | 0-62 004 |Quartz 80, pyrite 20
B 3674c | 5412 | 0-88 0-05 | Quartz 100
Batu Gading 3674p | 4572 | 052 004 | Quartz 90, arseno-pyrite 10
3674 | 5208 | 073 007 | Quartz 95, pyrite §
3674F | 52:53 | 0-83 0-07 | Quartz 85, pyrite 15
Sungai Betok 3677 | 5495 | 068 0-09 | Quartz 95, ilmenite §
Bukit Besungai | 3680 | 49-82 | 1-09 003 | Quartz 100

Analyses by W. A. Tooke, Chief Chemist;
Flinter, Geologist, Geological Survey,

identification of residue by F. H.
Federation of Malaya
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TABLE 17. ANALYSES OF SHALE AND ARGILLACEOUS LIMESTONE (OVERLYING THE
MAIN LIMESTONE AT BATU GADING AND BUKIT BESUNGAI)

| Si ] 1 Loss at
| Specimen s ‘ ROs a6 M0 1006° C Tan
Number |——
‘ WEIGHT PERCENT
BATU GADING
S4432 | 3189 | 1330 2860 0-62 25:52 9995
4438 4828 | 22:76 11-78 2:10 14-98 99-90
4439 | 2984 | 1354 29-60 139 2498 99-35
4613 | 2727 1124 32:54 097 2782 9984
4614 49-89 18:95 12:38 134 1463 97-19
4615 40-87 1464 21-56 085 1988 97-80
4616 2384 1273 3366 066 2898 99-87
4617 845 | 1271 2470 1-32 2149 9867
4618 32:16 13-86 2715 1-34 2316 9767
4619 | 3203 | 1400 2707 137 2380 9827
4620 3864 19-00 19:32 2:08 18-47 9751
4688 2337 671 3840 096 3044 99-88
4689 | 1801 7:32 4037 0-90 3268 9928
4690 | 2140 1:53 4362 066 32:49 99-49
6000 3766 | 12:47 2524 0-56 22:39 9832
6001 63:16 2463 089 0-86 701 96+55
6002 4646 16:06 1686 1:06 17:20 9764
6003 | 6020 26:52 076 1-40 777 9665
6004 4343 17:81 18:41 067 1829 9861
6005 5813 | 2169 606 121 974 9683
6006 3224 1355 2722 1:28 2422 9851
6007 6201 | 2526 053 1-88 686 9654
6008 5343 2286 806 1-41 1106 96-82
6009 33-60 ‘ 14:30 26:35 1:56 2285 98:66
| 6010 5185 21-26 972 146 1305 97:34
L 011 64:31 ‘ 2403 1:56 082 653 9725
6012 46:94 1865 14:55 086 16:04 97:04
6013 6092 ‘ 2609 064 1-59 728 96:52
6014 4123 1574 20-68 140 1892 A
6015 | 5506 2381 5-48 1-57 1022 97:04 !
6016 6052 | 2708 026 on #19. ¢ S
6017 | 44-80 | 18-06 16:64 1-50 1683 | “ 97-83
BUKIT BESUNGAI .
|
4482 4478 1884 1643 144 1630 1| 9P
i 4666 4678 18:58 15:54 1:50 1611 98-51

Analyses by the Mineral Resources Division, Overseas Geological Surveys, 1958 and 1959_‘
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TaBLE 18. ANALYSES AND SiLicA MoDULUS OF MuDp AND CLAY FROM THE
BARaM AND BELAIT ESTUARIES, EAST SARAWAK AND BRUNEI

—i
i : Loss on ; ‘ ‘ = |
Sﬁedrg:: Bty | ignition Si0, . R:0; & Mi:gﬁﬁu ‘
I um [ Si0Os/R20y |
WEIGHT PERCENT |
. $4397 1256 | 5608 | 2418 | 2:32
| 4398 11:94 60-48 2132 | 283
4399 : 11-82 5890 2153 | 274 :
| 4400 | poram River, Sarawak 11:62 5852 | 2002 | 292 :
| 4404 | (2-mile stretch of low- 1112 59-22 2077 | 285
4405 | silica muds) 11:58 5934 | 2016 2:94 4
4406 135 | 6219 205 | 303
4407 983 6647 1867 | 336 =
4408 11-72 3854 | 2128 | 2:75 i
4395 L1802 589 | 1968 | 300 ﬁ
4396 22:32 5616 15:54 | 362 3
4401 10°44 61:88 1970 314
4402 | 1078 | 6082 | 930 | 315
4403 [ 1026 6328 20-52 | 3-08
4409 | 1230 5561 2348 2:37 !
4410 1087 |68 | 202 | 303
4411 . 978 6483 1990 | 326
4412 Baram River, Sarawak | 1011 6931 | 1996 327
4413 L e 6666 1886 353
4414 L1073 6410 1960 | 327
4415 | ‘ 9:52 6848 | 1651 415
4416 | 6:49 8243 | 858 961 {
4417 | 109 6336 2095 302 1
4418 ) 6652 | 1814 367 :
4419 9:34 79 | 1534 | 469 :
4420 | 109 68:30 1484 | 460
4421 10-82 70-64 12:65 5.58
442 13:10 6504 | 1640 397
4423 | 1076 6938 | 1452 478
4424 | Belait River, Brunei | 1120 | 7089 | 1420 4:99
4425 i 1876 5639 | 2008 2:80 .
4426 | 1054 70:39 1363 517
| 4427 : ; 7-43 7711 11:54 | 668
s - | %13 6541 18:48 354 |
| = %2 § M River | 610 72:69 17:52 415
o : : 1
|| 443 I&Tm? East of 727 70-54 1926 366 :
82313;?231°§u?{’f=y:',"°" samples by the Mineral Resources Division of the Overseas




R0,
Ca0
Loss on ignition

Silica moll_um_; Si0, /R
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‘TABLE 20. CALCULATED CLINKER COMPOSITION

| Batu Gading
I limestone

| (235 parts)

and

[ Batu Gading
| overburden
L (100° parts)
‘ (see note (a))

Batu GfEr;g | Batu Gading

limestone |  limestone
(360 parts) | (360 parts)
and ' and
Baram River | Baram River
mud mud 2-mile
(100 parts) stretch

(see note (b)) | (100 parts)
| (see note (c))

WEIGHT PERCENT
- SV -
Si0, 21-75 22:47 i 21-49
R,0, 9:57 778 ! 831
CaO 6633 6667 ‘ 66-70
Silica modulus 227 2:89 2-59
Lime Saturation Factor 0-94

0'94 [ 0'97

Notes on Table 20

. (a) Batu Gading limestone and overburden. These give a well-balanced mix requiring

little or no adjustment.

The previous calculation (based on the same average limestone but only three over-

analyses) required rather less than 2 parts of limestone to 1 of overburden; the

present calculation requires rather more than 2 parts of i

mestone, because the overburden

as a whole appears to be less calcareous than was at first thought.
Good cement mixes can be calculated from about 34 cgm-t.v, of limestone to 1 of over-

burden (when the latter is shale containing practically no

0) or from 1 part of limestone

to 1 of overburden (when the latter contains 30-35 percent CaQ). These are the extreme

cases, and the calculat
very high silica m

fons are equally satisfactory for any intermediate mixes,
(b) Batu Gadin limestone and general Baram Estuary m

a modulus of 2.9, which is almost certainly too high. The Hmeslonbml_jd mix would probably

need a little adjustment to reduce the silica modulus, and

be an appropriate additive.

(¢) Batu Gading limestone and mud from 2-mile

stretch of Baram River.

The limestone reduces the moderately high silica modulus of the Baram River mud
(2-mile stretch

) to the very satisfactory figure 2+6,

are well suited, and the mix would require little or

t is concluded that the two materials
no adjustment.

.-J
3




Methane
Ethane
Propane
Iso-Butane
Normal Butane

Pentanes and Heavier

Carbon Dioxide
Oxygen

Hydrosm Slﬂphidc
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Paper 1

THE STRATIGRAPHICAL SUCCESSION IN THE BATU
GADING AREA, MIDDLE BARAM, NORTH SARAWAK

by
C. G. Apams AND R. Haak

INTRODUCTION

The limestone formation in the Batu Gading area was ma:i‘ped
and sampled by N. S. Haile (1956) and was visited by R. Haak in
1958 at the request of the Geological Survey. As the main limestone
outcrop proved to be of considerable stratigraphical and palaconto-
logical interest, the opportunity was taken to re-examine it together
with the nearby outcrop at Bukit Besungai during the course of a
visit by C. G. Adams to Sarawak in 1960. The present paper em-
bodies the results of these investigations.

FIGURE |
LOCATION OF LIMESTONE NEAR BATU GADING
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feet) which are disconformably overlain by limestones of Lower
Miocene (Te,) age. This limestone sequence is in turn conformably
overlain by Lower Miocene calcareous shales.

STRATIGRAPHICAL SUCCESSION AT BATU GADING

(See figure 3)
The following succession is found:
feet
>40 Calcareous shale*
+15 Bedded limestone Age Te,, (early Miocene)

+25 Limestone breccia including
silty shales at the base

disconformity
+120 Massive limestone

EOCENE
LITHOLOGY

The Eocene limestones which form the bulk of the Batu Gadj;:g
outcrop along the Baram River (figure 2 and pl. 1a), are mgssnu;:e,
mainly unbedded, very hard, dense, dark frey, and almost p

(average insoluble residue approximatelfz 15°pﬂtocewnalt' o &?ﬁnﬁf

bedding suggest a dip of approximately v :
These rocks are often strongly recrystallized, and mlcrostﬁlboggf n?ll;g
irregular calcite veins are common features. Large §

quartz grains with diameters uE to 1,500 microns a{enl::;und in the
stratigraphically lowest part of the exposed section (pl. A).
PALAEONTOLOGY

The limestones are richly fossiliferous, the principal organisms
represented being larger Foraminifera, Algae, %Ol‘ﬂls (ngemi'infsmgf
mental), together with echinoid and bryozoan Gebris.
molluscs are occasionally found.

l The presence of Pellatispira T%pp. in the following association of
arger Foraminifera indicates a Tb age: .
ies can be recognised,

spi : several specl
) % e Qg.uggf?grti'spim crassicolumata Uml?gl'ove.
Very abundant; at Jeast two species are

found.
Aktinocyclina spp. Abundant.
*Only the lowermost 40 feet were examined.

Age Tb (late Eocene)

Discocyclina spp.
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. Nummulites spp.

Opercul__;‘na Spp.

Abundant; at least two species are found

including  Nummulites cf. semiglobulus
(Doornink).

Very common; a small Operculinella-like
species is frequently found.

FIGURE 3

STRATIGRAPHICAL COLUMN AT BATU GADING
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. Prate IA.  TypicaL Upper EoceNE LIMESTONE FROM BATU GADING. Foraminifera visible
in this si_»ctmn are: Discocylina spp., Nummulites cf. semiglobulus (Doornink), and Pellatispira
Spp. X§

Microspheric and megalospheric forms;
from the lower part of the Bukit Besungai Limestone

PLATE IB. Nummulites javanus VERBEEK.




PLATE TIA. LOWEST LIMESTONE AT Batu GADING. Limestone containing large sub-
rounded qu

artz grains; from the lowest stratigraphical level exposed at Batu Gading. x 9

PLATE 1IB. MARLY ROCK From BASE OF MIoOCENE,

s Contains pelagic and smaller
benthonic Foraminifera, From south of cave entrance,

river section, Batu Gading. X 9




PLATE IIIA. ALGAL-F
. . . GAL-F i =
Miocene limestone, Batu g‘:‘l‘:ﬂt’::lﬂ';.\]Lo CALCARENITE. From the uppermost 15 feet of

act between Miocene and Eocene lime-
Gading. The disconformity is marked

stonepi;mg[: tlll-.IB‘ MioceNe-EoceNe Contact. The cont
bv a sandy ﬁ cave mouth in the river section at Batu
v a sandy band which can be clearly seen




PLATE V.

L
2,
:
4.

Nummulites javanus VERBEEK,

Vertical section of microspheric form, x 5
Equatorial section of micropheric form, x 33

Vertical section of megalospheric form, x
Equatorial section of megalospheric form,

12;
® 12
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With the exception of miliolids, which occur in abundance in the
stratigraphically lowest part of the river section, small benthonic
Foraminifera are rare throughout the Eocene part of the succession.

Calcareous algae, mainly Melobesieae, occur profusely through-
out the limestones and occasionally form the bulk of the rock. Well-
preserved specimens, both globular and encrusting forms, are
found and occasionally attain a considerable size; the genus
Archaeolithothamnium occurs in great profusion. Representatives of
the Corallinaceae are only found in large numbers at the base of the
Eocene where they occur together with Halimeda.

MIOCENE

The Lower Miocene (Te, ) limestones form only a minor part (40
feet vertical thickness) of the section cropping out along the river.

THE EOCENE/MIOCENE CONTACT

The Eocene-Miocene boundary is not always lithologically
distinct, especially where limestones of the two systems are in 00;:;
tact. A clear-cut lithological boundary is, however, visible Wh"",l.th.
Eocene limestone is overlain by calcareous silty shales (figure 3). b 1:
can only be seen immediately north of the cave entrance (i.e a gu
200 to 220 feet from the north end of the limestone outcrop) ?’95381;
the river level is very low. At the time of observation (Haak in g
these shaly beds could be followed over a distance of niﬁproxtlmv:atc}r'
30 feet; they have a thickness of at least 2 feet 61 0131 4 e
surface but gradually taper into the Miocene limestone geelelowed
upstream. A 4-inch limestone band in the shales cﬂth e
laterally into the main limestone. Irregular lumps tl(ae s g%hm
small) of Eocene limestone were also found within . 8 o Bocasd
beds, which have been deposited on an eroded su 'a?oraminifera
limestone, contain rich Lower Miocene faunas of pelagic

(pl. mB).
The following species are found:
Globigerina dissimilis Cushman & Bermudez var.
Globigerina binaiensis Koch -
Globigerinoides spp.
Globorotalia mayeri Cushman & Ellisor.

Globoquadrina venezuelana (Hedberg) var.
o - to the cave.
Shales are absent from the south side of the entrance @ [o° o oo
They are represented by the basal foot or 0 of the limestone




146

which forms the lower part of the Miocene at this point (pl. 1miB).

This basal bed is fairly rich in small benthonic and pelagic
Foraminifera.

LIMESTONE BRECCIA

The lowest 20 feet of the Miocene succession consists of lime-
stone breccia. Irregular blocks of Eocene limestone, often of a darker
colour than the surrounding matrix, occur in great abundance and
some are of considerable size (up to 2 feet in diameter). This part
of the Miocene is furthermore characterized by the presence of a large
number of compound corals, both branching and massive types, their
present attitudes sometimes strongly suggesting an original growth
position. The upper 3 feet of this sequence is transitional from lime-
stone breccia to bedded limestone (see below).

Rich occurrences of Te,, larger Foraminifera are mainly found
at the extreme base of the Miocene limestone sequence.

The following fauna occurs:

Heterostegina spp., e.g. H. borneensis van der Vlerk.
Spiroclypeus sp.

Lepidocyclina spp. of Nephrolepidine type.
Lepidocyclina (Eulepidina) sp.

Neoalveolina pygmaea (Hanzawa), rare occurrences only.

Reworked Eocene specimens are found throughout and are
occasionally more abundant than the Miocene Foraminifera. The

foraminiferal fauna in the derived blocks is, of course, entirely
Eocene.

BEDDED LIMESTONE

The uppermost 15 feet of the limestone is well-bedded and it is
the only part of the entire section which shows good stratification.
These beds comprise alternating fine, medium and coarse grained
bioclastic, algal-foraminiferal calcarenites (pl. mA); they are very
hard, light grey, dense, and in the uppermost part somewhat sandy.

The fossil content of the rock is mainly fine algal, foraminiferal
and echinoidal debris. Remains of bryozoa and molluscs also ocour.
Smaller Foraminifera, both benthonic and pelagic, are found in great
abundance, e.g. Amphistegina sp., Textularia sp., and representatives
of the families Miliolidae, and Globigerinidae. The pelagic Foramini-

fera are mainly confined to the uppermost part. Larger Foraminifera
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are only rarely found. The following Te,, association has been
recorded : : 3

Heterostegina sp.

Lepidocyclina spp. of Nephrolepidine type.
Miogypsinoides sp.

Operculina sp. _

Neoalveolina pygmaea (Hanzawa)

Algal and echinoidal debris occurs in great abundance, the cal-
careous algae being represented by Corallinaceae and Melobesieae.

CALCAREOUS SHALES

The limestones are overlain bmltemating calcareous sandstones
(up to 7 inches thick) and sandy limestones. These beds are transi-
tional into a mainly shaly sequence with intercalations of calcareous
s‘ﬁnflstoneshand detrital limes:lones, - ‘;n themilgwg l:;‘;'en'fg;
shales are hard, light grey, silty or sandy and con

rich Lower Miocene fauna of pelagic Foraminifera. The following

specific determinations were made:

Globigerina binaiensis Koch

Globigerina dissimilis Cushman & Bermudez var.
Globigerina cf. ciperoensis Bolli

Globigerina spp.

Globigerinoides spp. -

Globoquadrina venezuelana (Hedbﬂ'_ﬂ) var.
Globororalia mayeri Cushman & Ellisor.

CORRELATION WITH BUKIT BESUNGAI

i 213 i ich rise from the
Bukit Besungai is formed by three hills which rise X
swamp about three quarters of a mile southwest hoeie B:g:m %;ﬂ':.f;
Although in places quite well exposed, there is now o
stratigraphical succession such as can be seen along

i i ¢ i , therefore,
Ouding. Estimates of (A8 thepshg:ne;t%?le 3:: cmlm recent

been based on the geological survey ma 0 i
observations. Sampling has been largely confined to Bukit Besunga

North. and .th thﬂ
Approximately 170 feet of limestone 15 e}?ocene! (Tb) ::e. The
exception of the top 5 to 6 feet, it is all of laMtqooene limestone which
uppermost 5 to 6 feet is formed by Lower Mi ne as at Batu Gading.
is presumed to rest on an eroded"smfmdggfewod The limestone
Unfortunately, the contact could not be 0bs ;
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' FIGURE 4
CORRELATION BETWEEN BATU GADING AND- BUKIT BESUNGAI
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succession overlies unconformably a series of steeply dipping sand-
stones and shales, the latter being known to contain a fauna indicative
of a late Cretaceous age (see fig. 4). '

The greater part of the Eocene limestone is very similar, both
lithologically and faunistically, to that of Batu Gading. The same
genera and species of Foraminifera are present in the two successions.
The stratigraphically lowest 50 feet at Besungai (observed between
the cave entrance on the east face and the swamp) is formed by a
sandy limestone which becomes progressively more arenaceous
towards the base. This limestone is rich in Nummulites javanus
Verbeek, especially in its lower levels. Both megalospheric and
microspheric forms occur in abundance (pl. 18 and pl. 1v, figs. 1-4).
Associated with N. javanus are various species of 'Di“‘f"ydim’
Aktinocyclina, Operculina and Pellatispira; the last named is, how-
ever, rare. N. javanus does not occur at Batu Gading. ;

As stated above, the topmost 5 to 6 feet of limestone is early
Miocene in age. The upper 3 feet is formed by a fine grained, well-
bedded calcarenite, identical with that seen at the top at Batu Gagimg;
below this is found a few feet of limestone breccia which contains a
Te,, association of larger Foraminifera. This very thin development
of Lower Miocene limestone is overlain conformably by calcareous
shale of early Miocene age.

AGE OF THE BEDS

Unequivocal evidence for the age of the Batu Gading and for
the greater part of the Bukit Besungai limestone successions 1S pro-
vided by the microfaunas. The only difficulty concerns the dating of
the lowest 50 feet at Besungai. A. G. Davies (1956, p.55) believed
that the presence of N. javanus probably indicated a Middle Elocene
(Lutetian) age. This view can no longer be accepted. Not on)f' g
species closely related to N. javanus (e.g. N. gizehensis) Known ron:
the Upper Eocene of the Far East (Nagappa, 1957), but a
Besungai and sometimes elsewhere in Sarawak, N. a?“";ﬁoctﬁu? ;:
association with Pellatispira. It 15, therefom, conmdeb I} the
Upper Eocene (Tb) age can be safely assigned to by

| ' oted that N. javanus is most
consmonty. totat- i eie i a (i.e. Middle Eocene)

commonly found in the upper part of the.T : :
of British Borneo and that its occurrence in the Tb is restricted £0
the stratigraphically lowest part.
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Paper 11
CALCAREOUS ALGAE FROM SARAWAK

by
J. HARLAN JOHNSON

The algae observed may be classified as follows:

Family Sub-family Genus

Archaeolithothamnium

Lithothamnium

Mesophyllum

Melobesioideae | Lithophyllum

Rhodophyta :
(red algae) Corallinaceae Lithoporella

Melobesia

Dermatolithon

Corallina

Corallinoideae
Jania

Dasycladaceae Cymopolia
Halimeda

Chlorophyta
(green algae)

Codiaceae

Perforating algae

Uncertain

SYSTEMATIC DESCRIPTIONS

RHODOPHYTA (RED ALGAE)

Family CORALLINACEAE
Sub-family MELOBESIOIDEAE

Genus ARCHAEOLITHOTHAMNIUM Rothpletz, 1891
g knobs or branches. Tissue

Plants crustose, some species developin pothallus of curved cell threads.

differentiated into hypothallus and perithallus. Hy
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PLATE . ARCHAEOLITHOTHAMNIUM AND CYMOPOLIA

Figures 1-2. Archaeolithothamnium nummuliticum (Giimbel) Rothpletz. Eocene. West end
of Batu Gading (x 50)

1. Fragment of a branch showing several layers of sporangia.

2. Piece of a crust. Thin hypothallus at base and several layers of sporangia embedded
in the perithallic tissue,

Figure 3. Archaeolithothamnium cf. A. lugeoni Pfender. Focene? East end of Batu Gading
(x 50)

Figure 4. Archaeolithothamnium cf. A. myriosporum Johnson, Probably Miocene, Batu Gading.
Shows several thin thalli superimposed (X 100)

Figure 5. Cymopolia saipania Johnson. Miocene. Fast end of Batu Gading. An oblique
cross section (X 25)




PLATE |




PLATE II
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PLATE 1. LITHOTHAMNIUM AND CYMOPOLIA

Figure 1. Lithothamnium crispithallus Johnson. Eocene, West end of Batu Gading. Shows
3 well developed plumose hypothallus, a thin perithallus, and a large conceptacle ﬂ{i’d with
Sporangia (X 100)

Figures 2-3. Lithothamnium marianae Johnson, Eocene. Bukit Besungai
2. A badly worn fragment of a branch showing W"ﬂl zones (X 50).
3. A frayed piece showing a conceptable chamber (X 50).
: ; ¢ v 2 tical section showing
Figure 4. Mesophyllum species 1. Eocene. Bukit Besungai. A nearly vertical
a thin hypothallus at the base with a thick perithallus with pronounced growth zones above. A
large conceptacle is also present (% 50)

; ARG By : ity Gadi section of a badly
Figure 5. Cymopolia saipania Johnson. Miocene. Batu Gading. Cross
recrystallized specimen. Shows the large sporangia and traces of the branches (X 40)
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The most characteristic and easily recognized feature is that the sporangia are not
collected into conceptacles but occur in lenses or layers throughout the tissue. The
genus reached its zenith during the Cretaceous and Eocene and has been declining
slowly ever since. It forms an important element in most Eocene floras.

Archaeolithothamnium nummauliticum (Gﬁ;nbel} Rothpletz
Plate 1, figs. 1 and 2

Lithothamnium nummuliticum Giimbel, 1861, Geognostische Beschreibung des bayerischen
Alpenbirges und seines Vorlandes, p.654.

Giimbel, 1871. Die sogennanten Nulliporen und ihre Betheiligung an der Zusammen-
setzung der Kalkgesteine, part 1, 42 p., 2 pls.

Lithothamnium nummuliticum (Giimbel) Rothpletz, 1891, Deutsche geol. Gesell. Zeitschr.,
v. 43, p.316, pl. 17, fig. 5.

Lithothamnium nummuliticum (Giimbel). Capeder, 1900, Malpighia, v. 14, p.176, pl. 6, fig. 2.

Archaeolithothamnium nummuliticum (Gtimbel). Lemoine, 1917, Bull. géol. Soc. France,
sér. 4, v. 17, p.247.

Lemoine, 1927, Bull. Mus, Nat. Hist,, v. 6, p.546, fig. 1.

Lemoine, 1939, Mat. Carte géol. de I'Algérie, sér. 1, Paléont., no. 9, p.56.

Iohmor_l. (manuscript), Fossil algae from Eniwetok, Funafuti, Kita-Daito-Jima: U.S.
Geological Survey Professional Paper 260-(Z), pl. 2, fig. 6, pl. 3, fig. 2.

Description. Plant crustose with protuberances or short branches. Hypo-
thallus commonly only slightly developed, of curved rows of cells. Perithallus
quite regular. Hypothallic celis 18-20 microns by 8-12 microns: perithallic cells
8-26 microns by 8-14 microns. Sporangia in superimposed layers, 50-79 microns
n diameter and 77-112 microns high.

Remarks. This is a common, very widespread, long-ranging species.

Geologic range. Late Cretaceous to lower Oligocene, but especially abun-
dant during the late middle and early Upper Eocene,

Locality. West end of Batu Gading and Bukit Besungai.

Figured specimens. Slides 4450 1T (3) and 4449 IT (2).

Archaeolithothamnium cf, A. lugeoni Pfender
Plate I, figure 3

""‘”""*‘i’"l“;f”{,‘”’;gm"f“m lugeoni Pfender, 1926, Soc. espafiola historia nat. Bol., v. 26, p, 324,

Archaeolithothamnium lugeoni Pfender. Lemoine, 1939, Mat. Carte €ol. de I'Algérie, sér.
1, Paléont., no, 9, P. 52, text-figs, 14, 15, p. 62. g ersn

Archaeolithothamnium cf, 4. lugeoni Pfender. Johns 9 v ’
Professional Paper 280-E, g 219, p]e.nﬂ, ﬁm"‘91-3.011, 1957, U.S. Geological Survey

Description. Fragments attributed to this form were observed in slides
from only one locality, They contained perithallic cells measuring 11-29 microns

by 11-16 microns, and Sporangia with diameters of 45.55 microns and 55-70
microns high.

. Remarks. This form differs from Pfender’s A. lugeoni of the Mediterranean
region in having somewhat longer cells and slightly shorter sporangia,

Age. Probably Upper Eocene.
Locality. East end of Baty Gading.
Figured specimen. Slide 4460.

—
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Archaeolithothamnium ¢f. A. myriosporum Johnson
Plate I, figure 4

Archaeolithothamnium myriosporum. Johnsen, 1957, U.S. Geological Survey Professional

Paper 280-E, p. 219, pl. 46, figs. 1-3

Description. Plant develops as a crust with knobs or protuberances.
Hypothallus fairly well developed; cells measure 10-18 microns by 9-14 microns.
Perithallic tissue regular with cells 8-16 microns by 8-12 microns, Sporangia in
tightly packed layers. They measure 11-36 microns in diameter and 36-38 microns
high.

Remarks. Represented by two fragments in a single slide. The fertile
specimen is cut at an angle which affects the measurements of !hﬁ sporangia.
However, the species represented closely resembles the common Saipan species,
A. myriosporum Johnson. .

Age. Miocene, probably Lower Miocene,

Locality. Batu Gading. .

Figured specimen. Slide 3674 C. _
Archaeolithothamnium species ?

Remarks. Fragments of Archaeolithothamnium cut at oblique angles were

observed in slides 3674A, 4441, 4442, 4448, 4487 and 4495. Since accurate cell
measurements could not be obtained, it is not possible to identify them specifically.

Genus Ll’l"l-lO’iW_l. 'UM: P hilippi, 183 ’_. i : .
The tissue of Lithothamnium normally  is dwlgym‘ndﬂﬂﬂmﬂ“h o ::;:
: = the
hypothallus and perithallus, although in some m“' ] forms, Commonly, the

and poorly calcified that it is not recognizable in f
hypothallus consists of curved threads of cells, but in some W

in vertical sections (see plate II, figure 1). The conceptacles are
many roof openings for the escape of spores. ;
: : urassic (?) or
The known geologic range of the genus is from the Upper 3 (»
Lower Cretaceous to the present.
Lithothamnium crispithallus Johnson
Plate 11, figure 1 ) .
Lithothamnium crispithallus Johnson, 1957, U.S. Www Profes :

p. 223, pl. 42, figs. 6-8. well
Description. Plant forms a small thin plate or Crust. H”min'"w
developed, of curved threads of cells, with a plumose 8-11
13-18 micmnsclzl‘ 58

section. Hypothallic cells rectangular or slightl : ith
microns. Perithallus thin, but thickening around the conceptacks: Wi
microns by 6-8 microns. Conceptacle 660 microns by I o

Remarks. This tiny species with its small perithallic cells and large
ceptacles is very distinctive. :

Age. Upper Eocene. el :
Locality. West end of Batu Gading. In beds of probable Miocene age,
containing reworked Eocene foraminifera. y

Figured specimen. Slide 4453.
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Lithothamnium marianae Johnson
Plate 11, figures 2 and 3

Lithathamnium marianae Johnson, 1957, U.S. Geological Survey Professional Paper 280-E,
P- 226, pl. 41, figs. 1-3,

shows pronounced lenticular growth zones, composed of regular tissue with
rectangular cells measuring 10-26 microns by 7-16 microns. The cells vary in size,
especially in height from the centre to the margin of the growth zones. Conceptacle

chambers observed ranged in diameter from 347-514 microns and in height from
160-198 microns.

Remarks. This form is identical with the species described from Saipan.
Age. Upper Eocene.

Locality. East end of Batu Gading and Bukit Besungai.

Figured specimens. Slides 4474 1I (2) and 4475,

Lithothamnium species ?

Remarks. Infertile fragments of a thin crustose form with small rectangular
cells were observed in slides 4433, 4434, 4435, 4436, and 4453, The perithallic
cells measured 5-8 microng by 6-8 microns.

Only two fossil Lithothamnium are known from the Pacific region with this
type of growth habit and such small perithallic cells. These are L. cf. L. minge
oine, described by Johnson and Ferris (1949) from the Miocene of West Java,

distinguisbqs the two species from each other is the size of conceptacles.” These
are small in L. of. L. minge (125-175 microns in diameter) and large in L.
crispithallus (up to 685 microns),

A well preserved typical specimen of L. crispithallus was found in slide
4453, from a bed which immediately overlies those from which slides 4434, 4435,
and 4436 were made. The writer, therefore, thinks it probable that the infertile

€nts mentioned above belong to L. crispithallus rather than to L. cf. L. minae,
and this would fit in with the Eocene foraminifera associated with them.

N
Additional Lithothamnium debris

., Remarks. In addition to the species described above, fragments of
Lithothamnium were observed in slides 3674A, 4433, 4449, 4452, 4455, 4456,
4457, 4460, 4462, 4474, 4478, 4481, 4497, 4498 Unfonunately. however, these
were infertile and inadequate for specific identification.

Genus MESOPHYLLUM Lemoine, 1928

_ Structurally, thig genus lies between Lithothamnium and Lithophyllum. The
ussue resembles that of Lithophyllum, except that it more commonly shows pro-
nounced growth zones, The conceptacles, however, are of the Lithothamnium type,
Wwith numerous apertures in the roofs.

Both crustose and branching types are known. The geologic range of the
genus is from the Eocene to the present.
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Mesophyllum vaughanii (Howe) Lemoine
Plate 1II, figures 1 and 2

Lithothamnium vaughanii Howe, 1918, U.S. Nat. Mus. Bull. 103, p. 6-7, pls. 7, &
Mesophyllum vaughanii (Howe) Lemoine, 1939, Mat.Carte géol. de I'Algérie, sér. 1, Paléont.,

no. 9, p.89, pl. I, figs. 2, 8, 11, 15.
Johnson, (manuscript), Fossil algae from Ishigaki: U.S. Geological Survey Professional
Paper,

Description. Plant forms a basal crust from which develop long branches
or spines. The tissue of the branches consists of numerous, 1 . :
lenticular growth zones. The cells in these zones measure 7-22 microns by 7-12
microns. Conceptacles are numerous. As sectioned, they have diameters ranging
up to 500 microns. The majority show sporangia.

Remarks. This is a widespread U Eocene species, known from the
Mariana and southern Ryukyu Islands of the Pacific, the Mediterranean region,
and the Panama Canal Zone. _

Age. Upper Eocene.
Locality. Bukit Besungai and west end of Batu Gading.
Figured specimen. Slide 4477 11 (2).

Mesophyllum species 1
Plate II, figure 4
Description. Thallus develops as a thin crust with rounded protu
Hypothallus thin (about 88 microns) and not well preserved. Puithm ::g
pronounced, more or less lenticular, growth zones (88 to 130 microns Y
cells in regular rows. Cells show quite a size range, especially b{';‘"““ Osid
and margins of the growth lenses. Cells 10-22 microns by 9-76 microns.
large conceptacle observed, diameter 771 microns, height 1 microns,
crowded with sporangia.

Remarks. Represented in the collection studied by ml ctimmum
only one fairly good specimen, which is the slightly oblique farge size suggests
combination of growth habit, cell measurements, and mui‘t"tﬁybe given a name.
an undescribed species, but the material is inadequate for

The nearest described species from the Pacific mthi’ Eﬁ.ene =
Lemoine from the Lower Miocene of Saipan. It also '“%” and slightly
M. suganum (Rothpletz), but it has larger perithallic
conceptacles.
Age. Probably Upper Eocene (but could be Lower M »
Locality. Bukit Besungai.
Figured specimen. Slide 4481.

Mesophyllum species 2
Plate 1V, figure 6 :
Description. Thallus crustose, probably with small about
or short stubby branches. Hypothallus co-axial or m > of mﬁ
microns thick; cells 15-24 microns by 9-11 microns. e to microns
cell layers; cells 10-18 microns by 9-12 microns. Conceptacles up

in diameter and 101 microns high.
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Remarks. This form suggests Mesophyllum suganum (Rothpletz) but has
a much better developed hypothallus. Only a single reasonably complete specimen
was observed,

Age. Upper Eocene.
Locality. Bukit Besungai.
Figured specimen. Slide 4476 11 (1).

Genus LITHOPHYLLUM Philippi, 1837

This genus also has a tissue normally differentiated into a hypothallus and
a perithallus, Characteristically, the basal hypothallus is co-axial; that is, forn;ed
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opening in the roof for the escape of spores.
The geologic range of the genus is from the Upper Cretaceous to the present.

Lithophyllum borneoense Johnson, n. sp.
Plate 1V, figures 1-3

well d;veloped_co—axial hypothallus 114-264 microns thick, covered by a few layers
of lpemhalhg tissue. Hypothallic cells 24-48 microns by 9-16 microns: perithallic
cells 7-20 microns by 7-12 microns. Conceptacles unknown

Dimensional details (in microns)

[ ; WEG '
[ S | ?rfcknem of Hypothallic ceH.r_' Perithallic qel!s Ol a0 Base

| | Ypothallus Length [ L":’drh E—LG’_H';}I_-[__WJ:d_!}I g of branch _;
| aaa J| 132220 | 26.39 | 10~14:l 811 ] 7-10 # 2341 x 812 ;
—— ey e o L R et e AR S |

4435 || 21264 | 2442 | 10.16 | 120 |l 912 | |
s | e i el ot e
| 3674,\||_m;:22:_‘ 33-48 .f 11-16 ;—&'f:ﬂ 7-12 ,|__ _ _—I

B TTANE  viesol |
. Remarks. This is a rather striking and distinctive form with a crust con-

sisting of strong, well developed, basal co-axial hypothallus, almost no perithallus,
and knobs or branches on top. The crust strongly resembles the Miocene
Lithophyllum prelichenoides Lemoine and has hypothallic cells of about the same
size. However, it differs in developing protuberances or short branches.

Age. Upper Eocene.

Locality. West end of Batu Gading,

Type specimen. Slide 4442, Also figured, slides 36744 and 4435.

‘*
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Lithophyllum besalotos Johnson, n. sp.
Plate 1V, figures 4 and §

Description. Plant forms a thin irregular crust. Several may grow
superimposed. Hypothallus thin but distinct, of irregularly curved rows of cells.
Perithallus shows irregular growth zones of layers of thick-walled cells. Cells
wider than high, arranged like bricks in a wall, with the ends commonly not one
above the other. Small conceptacle chambers observed on one specimen, but
there is some question whether these represent male conceptacles or conceptacles
of sporangia.

Dimensional details (in microns)

Slide

| |
E Thickness |

of

Hypothallic cells

|i hypothallus

Length | Width

Thickness
o
perithallus

Perithallic cells

Length

Wwidth |

Conceptacles

62-83

| 18-24

10

176-220

8-13

9-19

absent

62i

52-114 ‘

14-25 | 7-11

273

8-13

11-22

132-484

8-12

11-20

absent

44-88 |

68-88

14-22 | 8-9

106-352

1113

12-18
(25)

absent

1618 | 9-10

660

7-11

9-15

212-231 x
57-63 [

Remarks.

in vertical section.

Age.

! This species is quite uniq
suggestive of a Lithothamnium and its peri

Late Middle or Upper Eocene.

ue with its thin but distinct h
thallic tissue looking like a

allus
ick wall

Locality. West end Batu Gading and also at Bukit Besungai.
Slide 4448.

Lithophyllum traceyi Johnson
Plate V, figure 4

Type specimen.

Lithophyllum traceyi Johnson, (manuscript), Fossil algae from Guam; US. Oect

Professional Paper.

Description. This is a strongly brai
branches. Sections of the branches show a thick
by a well developed marginal perithallus.
layers showing growth zones. Cells measure
wide. Perithallus of regular cell layers; cells 8-

conceptacles present.

Medullary hypoth
19-45 microns h
14 microns by 7-

branching form with relatively

ullary hypothallus
B iaaline. of Arched

igh and 7-12 microns
> 11 microns. No

ogical Survey

thick
surrounded
cell
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i PLate 11 MESOPHYLLUM AND LITHOPORELLA

Figures 1-2, Mesophyllum vaughanii (Howe) Lemoine, Upper Eocene. Batu Gading
1, A nearly vertical section of a branch showi
conceptacles filled with sporangia. (X 40

. 2. A detail of the same (X 100),
Figure 3. Lithoporella melobesioides (Foslie) Foslie. FEast end of Batu Gading (x 100)

ng the irregular growth zones and numerous
).
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PLATE IV. LITHOPHYLLUM, MESOPHYLLUM, AND JANIA et

i i West o A

Figures 1-3. ' Lithophyllum borneoense Johnson, n. sp. Eocene. -

Nearly vertical sections of crusts showing the well developed hypothallus and the protuberances ( )
1. The type specimen.

Figures 4-5. Lithophyllum besalotos Johnson, n. sp. [Eocene. West end of Batu Gading.
Vertical sections of the type specimen (% 100)

Figure 6. Mesophyllum species 2. Eocene. Bukit Besungai. A vertical section (x 100)
Figure 7. Jania species. Bukit Betok (x 100)
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Remarks. This species appears to be the same as one recently described
by the author from Guam, where it occurs abundantly in the Miocene Maemong
limestone (Tertiary E).

The cells of the medullary hypothallus are of about the same size as in
L. glangeaudi Lemoine, but that species does not show the strongly differentiated
tissue shown by L. traceyi. It also strongly resembles L. kladosum Johnson but
has smaller cells.

Age. Miocene.
Locality. East end of Batu Gading.
Figured specimen. Slide 4457.

Lithophyllum sarawakense Johnson, n. sp.
Plate V, figure 1

Description. Plant develops as a thin crust with well differentiated
hypothallus and perithallus. Hypothallus around 60-100 microns thick, of curved
rows of cells. The cells measure 20-25 microns by 9-10 microns. Perithallus up
to 225 microns thick, composed of layers of cells. Cells rectangular, measuring
8-13 microns by 7-11 microns. Conceptacles large, the one figured measured 583
microns in diameter and 192 microns high.

Remarks. The distinctive features of this species are the long, relatively
narrow cells and the unusually large conceptacles.

The nearest species from the Pacific area known to the writer is the one
described by him as L. cf, L. lingusticum Airoldi from the boring at Eniwetok,
which has similar cell measurements (conceptacles unknown), but which differs
in having a thicker and co-axial hypothallus.

Age. Probably Miocene.
Locality. West end of Batu Gading.
Type specimen. Slide 4434 11 (2).

Lithophyllum prelichenoides Lemoine
Plate V, figures 2 and 3

Lithophyllum prelichenoides Lemoine, 1917, Soc. géol. France Bull., sér. 4, v. 17, p.262,
figs. 8, 9 (1918).

Lemoine, 1939, Mat. Carte géol. de I'Algérie, sér. 1, Paléont, no. 9, p.99, figs.
65-66, p.107.

Johnson, 1957, U.S. Geological Survey Professional Paper 280-E, p.229, pl. 49, figs. 1, 2.

Description. Thallus thin, encrusting, with a well developed co-axial
hypothallus and a thin perithallus. Hypothallus 132-270 microns thick, with cells
18-27 microns by 8-11 microns. Perithallic tissue quite regular, 100-275 microns
thick, with cells 7-12 microns by 6-11 microns. No conceptacles observed.

_ Remarks. The Borneo specimens are typical of this widespread Miocene
species.
Age. Miocene, probably Lower Miocene.
Locality. East end of Batu Gading.
Figured specimen. Slides 4457 11 (1) and 4459,

“
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Genus LITHOPORELLA Foslie, 1909

Thallus consists of a single layer of very long cells except around the con-
ceptacles where several layers of smaller cells may be present. Cells show a
large range in size in a single plant. Each conceptacle has a single pore.

Plants form small thin crusts which m&iﬁirow attached to other algae, coral,
shells, and other organisms. A number of may grow superimposed to form
crustose masses.

The geologic range of the genus is from the Upper Jurassic to the present.

Lithoporella melobesioides (Foslie) Foslie
Plate III, figure 3

Mastophora (Lithoporella) melobesioides Foslie. = Weber van Bosse and Foslie, 1904, Siboga-
Expeditie Mon. 61, p.73-77, figs. 30-32. )
Melobesia (Lithoporella) melobesiodes Foslie.  Lemoine, 1939, Mat. Carte géol. de I'Algérie,
sér. 1, Paléont,, 9, p.108-110, figs. 78-79.
Lithoporella melobesioides (Foslie) Foslie. l..xmo-Gmlwmk. 1943, Geol.-mijn!
Nederland en Kolonien Verh., Geol. ser., jagu 113, p.292-293, pl. 2, fig. 8.
. = . : is, 1949, Jour.
Lithoporella (Melobesia) melobesioides (Foslie) Foslie. Johnson and Ferris, A
pPaleomology, v. 23, no. 2, p.196-197, pl. 37, figs. 4-5, pl. 39, fig. 2. _
Lithoporella melobesioides (Foslie) Foslie. Johnson and Ferris, 1950, B.P. Bishop Mus.
Bull. 201, p.18, pl. 8, fig. A. : o X
Johnson, 1957, U.S. Geological Survey Professional Paper 280-E, p234, pl. 37, fig.
pl. 43, figs. 1-2, pl. 49, fig. 4, pl. 56, fig. 6.

Description. Thallus consists of a single layer of m:le c:lﬁhjh m ﬂ";g‘
the conceptacles. Cells elongated vertically and commonly - ¥y ¢ o b
Cells range greatly in size, even in a single slice across a (hal Dimens
are tabulated below.

Dimensional details (in-microns)

| Slide | Cell size ' prtack
3674A 51-79 x 1335 Not present
3674E - 88-99 x 12:30 Not present
o
3674F | 415112224 | Not present
= 4434 11 (3) 33.}53. x  9-18 Diameter 324, height ;13
4451 77-87 x 13:21 Not pmt
4457 25.56 x 11-28 Not present Tokgg00 |
R TSNS TURT PRI FRBRL. (0 (1 e TP
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Remarks. Fragments attributed to this species occur on many slides. Only
a few were measured and used in this description, The above dimensions all fit
within those of the ubiquitous, highly variable L. melobesioides,
Geologic range. Eocene to Recent. Hence of no stratigraphic value.
: ,L@al.fry. Batu Gading, both east and west ends.
< Figured specimen. Slide 4457,

Genus MELOBESIA Lamouroux, 1812

. The thallus forms a thin crust. one to several layers thick. Cells cubic or
horizontally elongated. Conceptacles have several to many pores in the roofs.

Infertile specimens of this genus  cannot always be distinguished from
infertile specimens of Dermatolithon. 'The specimens discussed here were
recognized by their similarity to the material previously described by the author
from Saipan and Guam.,

The genus has a geologic range from Eocene to Recent.

Melobesia cuboides Johnson
Plate V, figure 6
Me!obe.rlia“; mbo:’dc.r?lohnson, 1957, U.S. Geological Survey Professional Paper 280-E, p.234,
P- » . 6, .

... Description. Thallus monostromatic. Cells cubic or horizontally elongated
with thick walls, They measure 10-30 microns by 9-18 microns. No conceptacles
present,

Remarks. These are identical with the material described from the Upper
Eocene of Saipan.

Age. Upper Eocene.

Locality. Batu Gading and Kejin Tugang.

Figured specimen. Slide 4672.

Melobesia cf. M. cuboides Johnson
Melobesia ? cuboides Johnson, 1957, US. Geological Survey Professional Paper 280-E,
P.234, pl. 43, figs, T

Description.  Similar to M. cuboides except having appreciably longer cells.
measured 9-17 microns by 19-43 microns.

Remarks. Represented by several fragments on a single slide (3674C).
Age. Eocene.
Locality. Lower part of Batu Gading.

Genus DERMATOLITHON Foslie, 1899

Plants belonging to this genus develop thin crusts that are circular or
irregular in outline, They grow on other algae, coral, shell and other hard
objects. Thalli may grow one on another. Hypothallus of one or two rows of
cells that are vertically and obliquely clongated. Perithallus of a few layers of

nearly cubic cells, Conceptacles slightly to strongly convex, with a single aperture
in the roof of each, :

The genus has a geologic range from the Eocene to the present,

o
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Dermatolithon debris

Remarks. A number of small fragments attributed to this genus, but
inadequate for specific description, were observed on slides 3674F, 4451, 4459,
and 4480.

Sub-family CORALLINOIDEAE

The plants form small bushy growths composed of tufts of segmented
branches. The segments are calcified, but the nodes between them are not.
Consequently, the fossils commonly consist of the segments or fragments of them.

Numerous fragments of these algae were observed in the Borneo collections.
The majority could be readily assigned to genera, but only a few could be
identified specifically.

Genus JANIA Lamouroux, 1812

The plant consists of masses of slender dichotomously branching fronds.
Each frond is a series of slender segments formed of tiers of hypothallic cells
surrounded by a narrow perithallus that is characteristically restricted to a single
layer of small rectangular cells. The hypothallic cells tend to be wider in propor-
tion to length than in most genera of articulate corallines. In many instlnc::l.
they are elongately wedge shaped in section, and the successive tiers of cells te
to meet along irregular lines.

The genus has a geologic range extending from the Late Cretaceous to the
present.

Jania species
Plate 1V, figure 7; plate V. figure 5
Remarks. A few slides contained fragments of algae bel 10 was
genus. All were so badly worn and fragmented that specific
not certain. On the basis of cell measurements alone, these may be compared with

material described from Saipan as follows:
Dimensional details (in microns)

Slide Ce";y;{” m“ﬁ'ﬂ Resembles -
4435 38.78 x 1220 .Iam’a vetus Johnson
4441 69-85 x 10-14 Jania vetus Johnson
4453 4255 x 14-18 Jania species B Johnson
3674 29.33 x 715 Jania species A Johnson
4495 4354 x 11-15 Jania species A Johnson
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It must be stated, however, that these identifications are too uncertain to be of
any value in determining the age of the limestones. ‘

~Age. Eocene and Miocene. |
Locality. Batu Gading and Bukit Betok. |
Figured specimens. Slides 4495 and 4441, |

Genus CORALLINA Linnaeus, 1758

The plants are clusters of segmented stems which branch at close intervals,
ordinarily in a plane. Branching typically pinnate (dichotomous to trichotomous
or irregular). Perithallus weakly developed and inconspicuous, the greater part
of the individual segment consisting of hypothallic tissue. Segments mainly clavate,
flattened cylindrical, or flattened Halimeda-like but varying widely in shape.
Conceptacles lateral or terminal.

The genus has a geologic range from the Eocene to the present.

Corallina debris

Remarks. Fragments of loose segments of Corallina were observed in slides
from practically all the localities, but none of them were sufficiently complete to
warrant making cell measurements or description.

Slides containing debris of Corallina were 4431, 4433, 4434, 4435, 4436,
4437, 4440, 4441, 4442, 4445, 4451, 4452, 4453, 4454, 4455, 4456, 4457,
4438, 4459, 4460, 4461, 4464, 4465, 4472, 4486, 4494, 4495, 3674A, 3674D.
3674E, 3676, and 3679.

CHLOROPHYTA (GREEN ALGAE)
Family DASYCLADACEAE
Genus CYMOPOLIA Lamouroux, 1816

This genus includes small heavily calcified plants formed of a series of
rounded cushion shaped or short cylindrical segments. Each segment consists of a
thick central stem from which whorls of slender primary branches develop at
regular intervals. Each primary branch then gives rise fo a tuft of secondary
branches. The spherical to nearly cylindrical sporangia are located within the
cluster of secondary branches on a short modified secondary branch.

The genus has a geologic range from Late Cretaceous to Recent.

A few slides in the Borneo collections contained fragments of Cymopolia.
Unfonunately'. all the fragments were somewhat recrystallized and did not permit
too accurate identification. They represent two species,

Cymopolia saipania Johnson
Plate 1, figure S; plate II, figure 5
(.-ympof‘iﬂ ;;lngi‘a?Joélmon. 1957, U.S. Geological Survey Professional Paper 280-E, p.241,
P o L] ': .

Remarks. Judging by the dimensions of the segments and the size of the
sporangia, most of the observed fragments belong to this species.

Age. Probably Lower Miocene.

Locality. West end of Batu Gading and east end of Batu Gading.

Figured specimens. Slides 4434, 4459 1I (3), and 4457.

_—_—AA




167

Cymopolia species ?

Remarks. Specimens of Cymopolia too badly preserved to permit identifica-
tion were observed in slides 3674E, 4441, and 4443, \

Age. Eocene.
Locality. West end of Batu Gading.

Family CODIACEAE
Genus HALIMEDA Lamouroux, 1812

Halimeda plants are small bushy tufts of segmented branches. The segments
show a variety of shapes and sizes. They may be broad and leaf-like, or flattened
subcylindrical, or subconical. Calcification starts at the outer margins and works
inward. Young growths show but little calcification, while older segments may
be strongly calcified.

The genus has a geologic range from Late Cretaceous to Recent.

Recent species are separated largely on the shape of the segments, structure
of the nodes between the segments, and character of the branching. The fossils
commonly consist of individual segments which can seldom be assigned to species
on the basis of fragments cut across in petrographic slides.

Halimeda fragments were observed in numerous  slides from both Eocene
and Miocene limestones from all the Borneo localities.

. T . 4434

Slides containing Halimeda: 3674A, 3674D, 3674E, 3674F, 3677, b

4435, 4441, 4442, 4443, 4444, 4447, 4451, 4455, 4456, 4457, 4460, 4461, 4464,
4474, 4478, 4480, 4483, 4495, 4498, 4636, 4667.

PERFORATING ALGAE

Fine algal threads perforating fragments of shell, coral, and % cggﬂml:::
debris were observed in several of the slides examined. They were stndisd but aee
in the lower beds of the Miocene at Batu Gading. These were not i
mentioned as matter of scientific interest.
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PLATE V. LITHOPHYLLUM, MELOBESIA, AND JANIA

Figure 1, Lithophyllum sarawakense Johnson, n. Sp. Probably Mocene. West end of Batu
Gading A vertical section of the type specimen (X 100)

[Figures 2-3. Lithophyllum prelichenoides Lemoine. Miocene. East end of Batu Gading.
Sections showing the well developed co-axial hypothalus (X 50)

Figure 4. Lithophyllum traceyi Johnson. Miocene. aBtu Gading (x 50)

Figure 5. Jania species. Eocene. Batu Gading. Nearly longitudinal section of a fragment
of a segment (X 40)

Figure 6. Melobesia cuboides Johnson. Eocene. Kejin Tugang., Section of a mass of inter-
grown plants (X 50)
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