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INTRODUCTION

A broad reconnaissance soil survey of parts of the coastal
and the floodplain areas of the lower Balingian drainage. basin
was made by Wall (1961, 1962). MNuch of the coastal work is diffi-
cult to interpret against the published base maps, however, now
that it is established that considerable coastal erosion has taken
place in this area. In addition, many of the records from the work
in the lower Balingian have now been lost. A terrain classifica-
tion map of part of the interior was prepared in 1965 (SCOIT, 1965).
In 1967 the writer attempted reconnaissance in the upper Balingian
but found that a long dry period had made river travel off the
main stream impossible. After two weeks work the field parties
were diverted to work elsewhere in Third Division and the project
postponed. This reconnaissance was, hdwever, reyuested as a
'first priority' need by the Third Division Development Committee
in recommending the soil survey programme for 1970 as a result of
the rapidly extending road network and the fact that the roadhead
from Sibu was approaching this area. In addition, more detailed
information regarding many localities along this section of the
coast was urgently required in connection with proposed block
plantings of coconut. A reconnaissance survey of the whole
Balingian Basin was therefore programmed together with a detailed
reconnaissance survey of the coastal area. The coastal area was
surveyed by Assistants Rosli bin Sahari and Timothy Kinok and has
been reported on separately (SCOTT, 1970). The interior was
surveyed by the writer and Assistants Ismuni bin Omon and Donald
Lawan. The five field parties spent approximately 14 weeks in
the area, field work starting in February and being completed in
mid—July, 1970.

For the purpose of presenting the information and for
convenience in planning field work the actual watershed boundary
of the drainage basin was ignored in delimiting the area of work,
which has been bounded by arbitrary sheet lines. In the east,
small portions of ¥ourth Division have thus been included while the
upper end of the Arip valley has been omitted. In the south the
extremely rugged terrain upstream of Sg. Lirai, which is of no
interest for agriculture, has been ignored. In the west, where a
confused pattern of generally low hills separates the Balingian
from the Mukah drainage and the watershed is diffiocult to define,
the map includes small portions of the Mukah drainage basin surveyed
by the writer in 1966. Tiork in that area is as yet unreported.
The coast is taken as the boundary in the north and the soile data
from the detailed-reconnaissance survey presented separately on a
larger scale (SCOTT, 1970) is included in the present map.

It is calculated that the soil map covers approximately 1,010
square miles, incluaing some 48 square miles of detailed reconnai-
ssance work and also including some 230 square miles previously
surveyed by Wall at a broad reconnaissance level near the coast
or by the writer on the borders of the Mukah basin. The map thus
presents approximately 730 square miles of 'new coverage' in this
area. The survey area is located in Fig. 1.

GEOLOGY

Geological information for this area is largely based on
Wolfenden (1960) and Liechti (1960) although some additional inferences
regarding lithology have been made from the charactervof the soil
mantle.
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The pattern of geological formatiomis atypically complex
for coastal Third Division. The area includes part of the northern
end of the gevsyncline formed by the Belaga Formation, characteristic
of central Sarawak, but is mainly underlain by younger rocks
(ranging in age from upper EBocene to Pliocene) which are generally
not conformable, outcrop in a rather confused pattern and, in most
cases, have a very varied lithology. The resultant soil pattern
is exceedingly complex. The geological formations present in the
gurvey area and in areas immediately peripheral to it are mapped
in Fig. 2. Brief statements on the lithological characteristics
of the formations follow.

Belaga IV (Upper Eocene)

Belaga IV rocks outérop in the south of the survey area and
comprise a variety of argillaceous rocks (shales, slates, etc.)
together with sandstones and conglomerate. The 30il mantle
suggests that conglomerate is not an important component of the
formation in this area and that outcrops of both uniformly argi-
1laceous rocks and mixed sandstones and shales are common in
different localities.

The Bawang Member of the formation appears to comprise mixed
sandstones and shales (the latter commonly very poor in iron) where
it outcrops in the Kemena valley but is dominantly iron-pich shales
with little sandstone in the north, where it outcrops to the east
of Bt. Tunggal.

Tatau Formation (Upper Eocene to Oligocene)

This formation outcrops in an anticlinal are encompassing
the Pelugau and much of the Lirai valleys, the headwater areas of
Sg. Kemena, the Bawang valley, and is also found in the Arip valley
and in the upper Sarupai to the south of Bt. Tunggal. In all areas
shales and siltstones are dominant although thick sandstone beds
are locally important. Limestone lenses are common in the Arip-
Tunggal area and are reported to be also important in the Pelugau
valley, although such features were not crossed on rentises during
the soil survey in that locality.

Volcanic rocks outerop in an irregular belt to the south of
the Sg. Arip, forming the southern wall of the distinctive trench
through which this river flows in its middle and upper portions.
These rocks comprise rhyolite lavas and welded tuffs but in at
least some areas the ridge is also built in part of conflomerates
and sandstones, on which the volcanic rocks rest. Andesite lavas
are reported as occurring sporadically at the base of the succession
but a brief investigation of the main area in which they have been
mapped suggested that such rocks either outcrop over very small
areas or occur in footslope positions covered by colluvial material
from the rhyolite ridge, as the soils in this area appeared to be
derived from rhyolite rather than more basic parent materials at
all points investigated.

The volcanic rocks form part of an anticline, the outcrop
extending southeastward out of the survey area but then turning
south and west to peter out in the ulu Muput, within the area mapped.
On the basis of the geological map, the soil association in ulu
Muput is inferred to be the same as that over these rocks in the Arip
area but this has not been checked during the present soil survey.
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Buan and Nyalau Formation (Oligocene to Miocene)

The Buan Formation only outcrops in the Arip valley in this
area, where it comprises shales similar to adjacent Tatau rocks.
Overlying these shales are the rocks of the Nyalau Formation.

The latter comprise mixed sandstones and shales and, as the basal
members of the formation are thick hard sandstones, there is a
distinct boundary with the underlying Buan Formation rocks. The
Arip valley is bounded on the north by a steep scarp formed of
these sandstones and the remainder of the outcrop in this locality,
forming a wedge between the Sg. Arip and Sg. Maong, is also domi-
nated by thick sandstone outcrops forming distinct scarp features.
In contrast, Nyalau rocks in the Anap-lower Arip area comprise

soft sandstones and shales, giving rise to much lower terrace.

Balingian, Begrih and Liang Formations (Mioceme to Pliocene)

The hills extending north between the Mukah and Balingian
rivers from the main hill mass of the Belaga Formation comprise
outcrops of the Balingian, Begrih and Liang Formations, the oldest
rocks outoropping in the north. All three formations comprise
mixtures of arenaceous and argillaceous material (both being
commonly only semi-consolidated) together with some conglomerate
and beds of lignite. While the Begrih Formation is described as
being rather more arenaceous than its neighbours to north and
south, the variety of lithology in the field was found to be too
great for any soil boundaries based on the geological formations
to be confidently drawn. (Outwith the survey area to the west
a so0il complex, in which profiles developed in sandy material are
dominant, has been mapped. This closely agrees in areal extent
with the mapped outcrop of the Begrih rocks but this dominance
of arenaceous material appears to be less pronounced farther
east within the present survey boundary.)

Soils developed in sanis/conglomerates were found to be
locally igportant on the swamp fringes to the south of Sg. Basai
and to the north of Sg. Duan, all in areas mapped as outliers of
the Liang Formation. Soils developed in similar material near the
Sg. Setawa (Kemena), which has been mapped as Bawang formation,
may also indicate an outlier of Liang rocks. (See the distributioh
orf Tika Family on the soils map).

Conglomerates and sandstoncs form a prominent arcuate ridge
at Bt. Tunggal, continuing across the Sg. Sarupai to form Bt. Ladong
and Bt. Keladan. Conglomerates are also dominant, with subordinate
shales, at Bt. Ransi to the south of Bt. Tunggal in the upper Sg.
Sarupai (distinct from Bt. Ransi in the upper Sg. Saparai, Tatau,
which is quoted as the eastern limit of such outcrops). These rocks
have been tentatively referred to the Liang Formation, with the
exception of Bt. Ransi, which is included with the Tatau rocks by
Wolfenden (1960) and as part of the Bawang member of the Belaga
Formation by Liechti (1960).
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(from Wolfenden, 1960).
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Granodiorite, etc.

Bt. Piring, north of Sg. Bawang, has been mapped as an
intrusion (extending some six miles long) of granodiorite, granite
and granophyre. Wolfenden (1960) describes it as being surrounded
by sedimentary rocks metamorphosed to biotite hornfels. The soil
mantle suggests, however, that a large part of the outcrop itself
is hornfels and that acid igneous rocks exposed at the surface
cover a much smaller area than the geological map suggests. They
are dominant at the western end of the outcrop but at other
points investigated soils derived from hornfels or mixed hornfels
and granodiorite appear to be widespread.

Alluvium and peat

The large area of Quaternary terrace material mapped by
Liechti (1960% from air photo interpretation are in fact deep peat
swamps bearing a specialised vegetation cover, as corrected by
Wolfenden (1960). Terrace sands do not appear to be very important
in this area except as part of the coastal sand complex. Such
deposits were, however, locally encountered north of Bt. Piring
(where they may be colluvial wash from the adjacent coarse-grained
igneous rooks) and in the upper reaches of Sg. Bawan. Here it is
possible that they are developed in residual material of the

Begrih Formation although a marine alluvial origin of the deposits
appears more likely. Isolated records in other areas are largely
from footslope sites in localities where gandstones and conglo-
merates may be present and, unless well-developed, terrace remnants
are difficult to distinguish from local colluvium. Wall (1961)
reported isolated podzol soils in alluvial sands near Nanga Bawan
but there is some doubt regarding records from this locality

(see the note concluding the soils section).

There has been an extensive build-up of sandy deposits
along the present coast which presumably formed initially as a
complex spit extending westwards from near Tj. Kidurong. In most
areas the sands rise little above present sea level but on the
western edge of the coastal section included in the survey area
some fossil strand lines are sufficiently high above the general
water table for podzol soils to have developed in them. These
become more widespread farthest west outwith the survey area
(scorT, 1970).

As described by Anderson (1964) there has been a considerable
development of peat swamps behind these sandy deposits which is
presumed to have followed initial silting of the lagoonal area
sheltered from coastal currents by the sand bars and the development
of clayey mangrove swamps. In almost all areas the peats are
underlain by clays similar to the estuarine clays colonised by
mangrove along parts of the present coast. The peals are mainly
deeper than 10 feet (and are probably 15-20 feet deep in most areas).
Peats underlain by sands are largely confined to a zoue behind the
coastal sands and only there are extensive areas of shallow peat
observed. Basal sand distribution roughly correlates with the
distribution of peats shallower than 60 inches although the detailed
pattern is rather complex. It appears that the peat accumulation
on the old mangrove clays has built up rapidly and extended both
geawards, over the lower inland flanks of the coastal sand complex,
and in other directions, infilling minor valleys formed by streams
draining adjacent hill masses. Peats deeper than 10 feet are
commonly found occupying quite narrow valleys on the fringes of the
peat swamp proper.
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Riverine alluvium, as can be seen from the soil map, does
not cover extensive areas, except near the Batang Balingian itself,
in the middle Arip and locally in the upper Sarupai and elsewhere.
On the banks of most streanms, such alluvium grades back very
quickly into peat deposits and cannot be separately mapped at the
scale used.

RELIEF AND DRAINAGE

Roughly half the area mapped is covered by peat swamps or
coastal sand deposits with minimal relief. The remaining hill land
has, in contrasts very varied relief which commonly reflects the
character of the underlying geological formations.

The Belaga IV rocks and the Tatau rocks south of the Sg.
Pelugau area give rise 1o relief with considerable amplitude
except on the swamp margins, these uplands being dominated,
especially in the Tatau rocks by prominant strike ridges; trending
roughly northwest-southeast. The Bawang rocks in the Kemana area
and the Liang, Begrih and Balingian rocks in the west, into which
the Belaga and Tatau rocks grade northwards, generally have sub-
dued relief with relatively gentle slopes and no relief features
which are obviously structurally controlled.

The Piring-Tunggal-Arip area, underlain by rocks with very
varied lithology and resistance to erosion, has a wide range of
topography. The granodiorite and hornfels of the Piring area have
produced a long steep-sided ridge which rises abruptly out of
lowlands developed in adjacent sedimentary rocks and merges
eastwards into equally steep-sided hills formed of rhyolites and
related rocks. These form the western faulted extremity of the
rhyolite outcrops which, farther  east where the outcrop is un-
faulted, form a continuous high ridge extending for many miles to
the southeast and continuing outside the survey area. The resis-
tant sandstones of the Nyalau Formation give rise to a wedge of
country with very dissected scarp/dip terrain and the narrow out-
crop of easily weathered Tatau and Buan shales which is sandwiched
between these sandstones and the rhyolites is responsible for a
marked lowland trench through which flows the Sg. Arip. To the
north the Nyalau outcrop has a faulted boundary and gives way
abruptly to undulating lowlands mainly underlain by Bawang and
Tatau sedimentaries. These are bounded on the north by intermi-
ttent outcrops of resistant conglomerates which form the prominent
ridges of Bt. Keladan, Bt. Ladong and, particularly striking,

Bt. Tunggal. Whereas in most other areas a transitional belt of
low hills borders the swamps even where the underlying rocks are
quite resistant to erosion, the conglomerate ridges of the Tunggal
Ladong area abut morthwards onto deep peats with no transitional
belt.




Most of the area is drained by tributaries of the Batang
Balingian although the peat swamps north of Sg. Bawan and Sg. Anak
largely drain direct to the coast. The main Balingian tributaries
in the west are the Bawan, draining the hills developed on
Balingian and Begrih rocks and the Lemai, draining an inland
basin bordered largely by Liang and Belaga IV rocks. Both drain-
age systems flow through many miles of swamp land before entering
the main stream and have markedly few secondary tributaries. 1In
the east the Pelugau and Lirai flow mainly in strike-directed
courses whereas the Kemena and Bawang streams draining the sub-
dued Bawang and Tatau terrain follow more erratic channels. The
Arip, as stated above, flows through a narrow lowland belt bounded
by the Byalau scarp in the north and the rhyolite ridge in the
south, and thus drains a very small area in comparison to its
length. An unusual feature of the Sarupai is the fact that
instead of rising in the swamps as might have been expected it
also drains a large area to the south of Bt. Tunggal, the river
running north through a narrow gorge between Bt. Tunggal and Bt.
Ladong. The dissected land underlain by Nyalau rocks drains
eastwards to the Tatau, as does Sg. Maong which follows the fault
zone bounding the Nyalau rocks on the northwest.

The upstream portion of the Batang Balingian is small,
rapid-strewn and controlled to a considerable degree by strike
and fault lines. It widens in the lirai-Pelugau area and in most
of the area covered by the present survey is a large river mean-
dering through swamplands. Most of its tributaries, on the other
hand, are very small. While the lower reaches of the majority
gan be used at all times of year, the hills in which streams such
as the Lemai and Bawan rise are virtually inaccessible by boat
during the dry season except immediately after heavy rain.

As previously stated, little riverine alluvium is associated
with any of the tributary streams jin their swamp courses, with the
exception of the Arip and, to a lesser degree, the upper reaches
of the Sarupai. In both these cases the development of mineral
alluvial tracts is probably largely due to the partial blockage
of the river valleys, by the convergenee of the rhyolite outcrop
and the sandstone scapp in the firstiinstance and by the conglo-
merate ridge in the second. These features have retarded the
lowering of the base level in the upstream portions of theee
valleys and limited the extension of the accumulating peat into
these localities. Deep peats are virtually absent from the
middle and upper Arip and have developed only to a small extent
in the upper Sarupai.

VEGETAT ION

Primary upland forest remains extensive in hill areas
which are too steep for cultivation but generally not elsewhere.
The high ridges of the Belaga and Tatau rocks in ths extreme south,
together with the headwaters of the Pelugau, Kemana and Bawang
remain under forest, although much of the extensive forest in the
middle Kemena is very poor and verges on heath forest, a reflection
of the soils peculiar to that area. The steep-flanked rhyolite
ridges and the steepest facets of Bt. Piring are also forested,
as 4g the dissected terrain developed in the Nyalau rocks and the
conglomerate ridges to the north of them. Remnants of forest
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elsewhere are scattered and inextensive. Where they have been
investigated it has generally been found that they indicate poor
sandy soils and have been avoided by farmers for that reason.
Most uplands on the fringes of the swamps have been cleared for
cultivation in the past and the lowlands associated with the
major streams in the area, together with the subdued terrain
which is general in the west of the survey area, ars now under
secondary growth of varied age.

The swampe largely bear a cover of broken peat swamp forest,
most areas having been extracted for timber in the past. Alan
forest is mainly confined to the swamps east of the Batang Balin-
gian. A large tract of Alan forest and some Padang Paya forest
is present between the Batang Balingian and S3g- Sarupai. The
Alan forest in this area runs to the edge of the swamp at Bt.
Tunggal. Peat swamp forest remains dominant very close to the
coast. Nipah and mangrove forest are present in the K. Balingian
area and locally elsewhere but are not widespread.

SETTLEMENT, AGRICULTURE, and COMMUNICATIONS

Through most of Sarawak settlement tends to be concentrated
along the main rivers, but this is less true in the present area.
Because there is only a restricted amount of alluvial land close
to the main stream and because most of the hill land in the areas
downstream of Nanga Lemai are separated from the Batang Balingian
by many miles of swamp, settlement has tended to concentrate on
the side streams, generally in their upper reaches close to
possible farming land. Thus, while much of the interior of the
basin has been settled by Iban, only two or three longhouses are
passed on the main river between Pelugau and Balingian bazaar.

As previously stated, these streams are generally small and cannot
be used by large longboats during the dry season. Many long-
houses are therefore rather cut off and, possibly in a response to
this, a rather large number of small shops and longhouse coopera-
tives have developed on these minor rivers, compared with many
similar areas elsewhere. The main trading centre for the popula-
tion of the middle Balingian is the bazaar at Nanga Lemai, although
permanent floating shops are established at Ng. Kemena and Ng.
Bawang also, and people living in ulu Bawan and Anak are within
relatively easy reach of Balingian bazaar itself.

The Ibans living in scattered and rather isolated settle-
ments in the uplands of the southern and western parts of the area
have cleared much of the land for hill padi and have also established
rubber along the majority of the larger streams. There is a con-
centration of longhouses in the middle and lower Arip. The riverine
tracts along this river have been pariicularly well-developed for
rubber and, in poorly-drained tracts, for wet padi. Apart from
the lower Bawang and some of the main tanjongs of the Batang Balin-
gian, wet padi is not widespread wlsewhere. Although the swamps
fringing many hills have been clearaed in the past for padi many
of these areas have since been abandoned. Considering the depth
of peat in many such areas investigated during the soil survey it
seems likely that yields were not encouraging. In some areas
rubber planted under the R.P.S.'A' scheme with efficient terracing
is seen and scattered pepper farms have also been established but
in general the area remains under traditional forms of cultivation
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and the trends towards new crops and methods noticeable among
ITban farmers in less remote parts of the Division have yet to
establish themselves in this area.

Towards the coast the Iban population gives way to Halay/
Melanau communities, settled particularly around Balingian bazaar,
the lower reaches of the main river, and on the coast itself.
While some wet rice is grown their efforts appear to be mainly
concentrated on coconut, along the coast, and sago, around
Balingian bazaar. Fishing is also important.

Balingian bazaar is the only bazaar of any size in the
area and, c¢xcept for the much smaller settlements at Kuala
Balingian and Nanga Lemai, is virtually the only centre of any
description larger than the basic kampong or longhouge unit.
From Balingian, more or less frequent coastal launches run to
Mukah and Bintulu, and one rather more erratic service runs
'monthly' direct to Kuching. While the bazaar provides a focal
point for the concentration of sago, timber and, seasonally,
illipe nut exported from the hinterland, it is not expanding and
much of the justification for its existence will disappear when
the roadhead from Sibu reaches the upper Balingian.

Communications within the area are difficult. Apart from
the lack of permanently-large tributary streams on which comment
has already been made, the present lack of any land link with
adjacent river basins other than footpaths in the interior means
that at the height of the rainy season, when very rough seas are
common for weeks at a time, the many settlements along the coast
are cut off from Balingian and Balingian and its hinterland is
cut off from Mukah and Bintulu. In these circumstances the exten-
sion of the trunk road through the interior part of this area
is likely to be a very significant factor in future development
and much of the area is likely to alter its mental orientation
from the coast towards the bridging point. The projected feeder
road into the hill land in the west of the survey aresa will be
egually important and some comments are made on this later in
this report.

SOILS

The soils of the area have been mapped in forty-one associations,
this rather large number reflecting the variety of soil parent
materials present. While the character of the soil mantle within
the mapping units has been established by sampling along traverse
lines the boundaries of the units are largely inferred from air-
photo interpretation. Delimitation of hill land associations from
swamp associations is possible from air photographs with consider-
able accuracy in clearcd land but less so where the area is under
a forest cover. Boundaries between two upland associations are
generally somewhat conjectural, particularly where the associations
concerned have many soils in common. All boundaries on the soil map
derived from the reconnaissance work in the interior of the basin
have therefore been shown as dashed lines. Soil associations near
the coast which have been mapped by detailed reconnaissance methods
and have greater reliability have been shown as full lines.
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The soils are classified in terms of the Classification of
Sarawak Soils (SOIL SURVEY STAFF, 1966) with the exception of
certain soils for which a new family has been established. This
is discussed and defined in Appendix I. With few exceptions the
soils of the area are not defined below the family level. The
families and great soil groups present in the area are bisted in
Table 1.

In the following sections the soils of the area are
described. They are discussed under the soil association mapping
units used in preparing the soil map and these are dealt with in
the order in which they appear in the key to that map. Many
families are common to a number of mapping units. Full descrip-
tions of the family are not repeated in discussing each associa-
tion in which the family occurs. They are only described in
detail under the association in which they are most igpportant,
unless the characteristics of soils in the family are peculiar
to particular mapping units. The sections under which the
fullest information on each family may be found are listed in
Table 2. Selected profile descriptions of some soils are
included in Appendix II.

Meluan Association

While Meluan soils are important components of a number of
associations, they normally occur in oomplex with other soils.
They have, however, been mapped separately in the Arip area.
Meluan soils comprise very young soils developed over sedimentary
TOCKS in which the parent rock is both pmesent within 10 inches
of the soil surface and is sufficiently hard to form a serious
impediment to root penetration. As argillaceous rocks generally
weather fairly deeply these soils are particularly associated
with areas in which massive sandstone, resistant to weathering,
is dominant, as in this case. The northern boundary to the Arip
valley is a very steep scarp formed by thick Nyalau Formation
sandstones. While covered by forest, the soil mantle is inter-
mittent, rock outcrops are numerous, drift fragments of sandstone
1itter the surface and the depth to parent rock is very shallow
where a soil mantle has developed at all.

Steep slopes and shallow soils preclude the use of this
association for agriculture.

../10




10.

Great soil group

Family

Series (where separated
in this area.

Skeletal

Meluan
Kapit

L o

Red-Yellow Podzolic

Abok
Nyalau
Bekenu
Merit
Semilajau
Malang
Sabangang
Lupar

- ———

Piring. Sebatu. 'Nyaroh'.
(?) Gading.

Grey-White Podzolic

Kerait
Saratok
BEmbang

Podzol

Silantek
Bako
Buso
Miri

Tunggal

Gley

Tatau
Matu
Bijat
Sebandi

Tatau. Plan.

Saline gley

Pendam
Rajang

Peat

Igan
Mukah
Anderson

Recent alluvial

Seduau
Kabong

(*Regosol')

Tika

Tika !

Table 1 ¢ Classification of Familios and Great Soil Groups.

following the Classification of Sarawak Soils (SOIL SURVEY

STAFF (1966)
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Meluan-Bako Association

The Meluan-Bako Association comprises the soils mantling
Bt. Tunggal and assumed %o mantle Bt. Ladong adjacent to it,
although the latter was not inspected. The association comprises
soils developed over conglomerates which on the steep hill flanks
are mainly shallow Meluan soils with many conglomerate outcrops
but on the gentler slopes of the summit zone are dominantly soils
of ths Bako Family. Bako soils are podzols in which the zone of
humus accumulation has developed to a cemented hard pan at depth
in the profile. Bako soile in this area are atypical of the
majority of these soils in that the bleached sands overlying the
humus pan are also hard and very diffioult to penetrate with a
changkol. As lumps of this material gquickly slake in water it is
likely that this feature is mainly due to mechanical packing
rather than strong cementation, but the feature needs further
investigation. A provisional Tunggal Series has been set up to
cover Bako soils with this feature. The profile comprises a thin
raw litter layer overlying brown loamy sand which grades; at a
depth of less than 10 inches, to white or light grey sand. This,
unlike normal Bako soils in which the bleached gands are loose,
it mainly hard to very hard, becoming uniformly hard at depth.
Where it has becen possible to penetrate it, an irregular thin
dark brown sandy loam is found to underlay these sands. This is
also hard in most sections, although the aegree of cementation
is variable. The humus pan overlies light grey to yellow wea~-
thered conglomerate, structural planes and other cracks being
infilled by black and brown acoumulations of humus and iron and
mangansse compounds. A detailed profile is described in the
Appendix (Profile 1).

Like the Meluan Association, the soils in this mapping

unit are not recommended for agriculture, slopes being generally
very steep and the soils shallow and very infertile.

Meluan-Silantek Association

It was expected that Bt. Keladan, to the northeast of Bt.
Tunggal and Bt. Ladong would have a soil mantle closely similar to
that of Bt. Tunggal but on inspection it was found that (in the
part of this ridge included in the survey, at any rate) hard con-
glomerate are here interbedded with rather softer sandstones.
Slopes are steep and Meluan soils with conglomerate outcrops are
dominant on the hill flanks but the podzols developed on summit
flats are generally not cemented and are intermixed with other
sandstone-derived soils. The most widespread soils apart from
those of the Meluan Family are podzols of the Silantek Family and
the mapping unit has therefore been styled a Meluan-Silantek
Association. Silantek soils comprise, in this area, greyish
brown sandy loams or loamy sands, possibly incorporating some
sapdstone fragments, overlying a soft humus accumulation zone at
a depth of 15-20 inches. This zone is a black to very dark brown
sandy loam and is normally less than 6 inches thick. It is easy
to auger through and the softness of the humus horizon is the
feature which distinguishes these soils from the related soils in
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the Bako Family. Below the humus zone is a yellow or ysllowish
brown sandy loam, commonly retaining some structural features of
the sandstone from which it is derived.

At some points, sandstone fragments in the upper part of
the profile were found to be numerous and in other areas it was
not possible to auger through gravel zones in the subsoil to the
humus horizon which was presumed to underlie them. It is therefore
possible that soils of the Baxo Family also occur. Locally bro-
wnish yellow loamy sands to sandy loamy overlying weathered sand-
stone rubble at depth, which are probably best considered shallow
phases of Nyalau Family soils (described in later sections) are
also present but these cover very restricted areas.

This mapping unit is not recommended for agriculture.
Soils suitable for farming cover too small an area to be worth
consideration.

Meluan-Merit Association

This association has been mapped at Bt. Ransi and in the
area underlain by Nyalau Formation rocks between Sg. Maong and
Sg. Arip.

Bt. Ransi, an isolated hill to the south of Bt. Tunggal, is
apparently built of mixed sandstone, shales and conglomerates. On
jts eastern flanks shallow Merit soils are dominant, in which
yellowish brown clay is underlain at depths of 20 inches or less
by weathered shale fragments, and Bekenu soils, in which brownish
yellow fine sandy clay loams overlie shales or clays with abundant
quartz gravel, are also present. The ridge line, however, has
many conglomerate outcrops and ths western flanks of this hill have
a mantle of very shallow Meluan soils underlain by conglomerate or
sandstone, the former outcropping at many points.

The steeply dissected terrain between the Sg. Maong and Sg.
Arip was only investigated on its southern edge where Merit and
Bekenu soils were found to mantle moderately sloping dip-slope
areas and, in general, are moderately deep; weathered rock being
found in the profile only at depths greater than 3 fest. Such
areas altcrnate with steeply sloping scarps mantled by Meluan soils
or bare sandstone exposures. It is likely that Nyalau soils also
occur in this mapping unit although they were not recorded on the
section inspected.

Development is not recommended for this mapping unit.
Reasonably deep agricultural soils are confined to fragmented
areas and the bulk of the association is too steepdy sloping for
agriculture to be considered.
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iDetailed profile

Soil Family Main association under
or Series which soils described ‘desoription (App.II)
Meluan Meluan é
Kapit Kapit-Merit i
Abok (Piring) Piring EProfila 6
Abok (Sebatu) Sebatu ‘Profiles 2 & 3
Abok ('Nyaroh') | Sebatu {Profile 4
Abok (Gading) Piring iProfile 5
Nyalau Merit-Nyalau Profile 9
Bekenu Merit-Bekenu
Merit Merit-BekenujMerit-Nyalau rProfilas 7T&8
Semilajau Bijat-Mukah
Malang Bijat-Mukah t
Sabangang Buso-Sabangang !
Lupar Buso-Sabangang;SWJu.u-Lup;r!
Kerait Nyalau-Kerait
Saratok Nyalau-Kerait
Embang Buso-Sabangang
Silantek Meluan-Silantek; Profile 10
Silantek-Kerait
Bako Bakoj; Meluan-Bako
Bako (Tunggal) Meluan-Bako Profile 1
Buso Buso; Buso-Andersonj
Miri-Anderson
Miri Buso-Anderson;
Miri-Anderson
Tatau Tatau-Matu
Tatau (Plan) Plan
Matu Tatau-Matu
Bijat Bijat-Mukah
Sebandi Bijat-Mukah
Pendam Pendam
Rajang Pendam
Igan Igan
Mukah Mukah
Anderson Anderson
Seduau 3 u.u=-Lupar
Bijat-Mukah
Kabong Tatau-Matu
L?ika Tikaj; Appendix I

Table 2 : Key to agsociations, etc. under which the main descrip-

tions of the soils of the area are given.
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Kapit-Merit Association

The soil associations described above, of which Meluan
Family is an important member, are associated with conditions
in which rocks resistant to weathering give rise to specific
landform features and these associations are generally of res-
tricted area. A large tract of country in the east and gouth of
the basin is also, however, characterised by great amplitude of
reliaf and steep slopes although rock strata are generally not
sufficiently hard for Meluan soils and rock outcrops to be wide-
spread. The strike-aligned ridges which are typical of the
assoociation grade, on the borders of the mapping unit,into less
steeply dissected terrain through a transitional zone sufficiently
broad that the boundary to the mapping unit must be rather
arbitrarily drawn in places.

The rock strata are steeply-dipping and hard sandstone bands
commonly forms the spine to the main ridges but such bands are not
necessarily thick. The upper slopes and summits ars commonly
mantled by shale-derived s0ils. Sandstone outcrops, if present,
are generally confined to the heads of gullies. The most wice-
spread soils on those ridges inspected are Kapit Family soils,
comparable in dppth to Meluan profiles but grading to weathered
rock (normally shale) which is soft and is not a complete barrier
to root penetration, together with shallow Merit Family soils:
brownish yellow to yellowish brown clays in which weathered shale
fragments are present within 20 inches of the surface and guickly
become dominant with increasing depth. Locally, however, deeper
Morit soils are important, particularly on the relatively gentle
slopes close to the ridge summits. Bekenu and Nyalau soils also
occur, and may be dominant in gpecific localities. A4s far as
investigations of this unit suggest, Meluan soils are confined to
steeply-sloping gully sites where sandstone outcrops.

This association thue has a wide range of goils and is
distinguished from other units over sedimentary rocks with com-
parable terrain by the general absence of Meluan soils. While
agriculture is possible in the association, and in some localities
it has been partially cleared for hill padi, there is a considerable
erosion hazard in clearing these stesp slopes, especially Where the
upper subsoil is sandy, as in Bekenu and Nyalau soils. Expensive
conssrvation measures are therefore necessary and, commonly, the
necessity to avoid gullied arsas adds to the difficulty of terracing.
The soils are not of more than average fertility by Sarawak stan-
dards and the difficulty of using thoem effectively is such that
development of these areas is not recommended while more suitable
land exists for agriculture in the area.

Sebatu Association

The Sebatu Association and the Piring Association, described
below, comprise a variety of soils derived from a wide range of
parent materials and are named after series within the agsociation
which cover significant areas.
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The Sebatu Association covers the soils developed on the
rhyolites and associated rocks which outcrop to the south of Sg.
Arip. The lavas and tuffs rest on sandstone and ghale in places
and are locally seen to outcrop on the ridge itself. As, in
aadition, there seems to be some variety in the constitution of
the volcanic material, the goil mantle is not uniform and appears
to be commonly derived from mixed parent materials. Shallow
Merit and Kapit soils are locally important in the ulu Semabat,
where Meluan soils underlain by sandstone and a regosol comprising
light grey coarse sand overlying conglomerate, classed in the
Tika Family, were also noted. The oxtent of such soils, developed
antirely from sedimentary rocks, is not known but it is believed
that they are not widespread. In general the soil mantle is
derived,at least in part, from rhyolitic material .

The dominant soil on the main ridge is a brownish yellow,
yellowish brown or strong brown clay loam which grades to clay at
depth. Colour varies 1ittle throughout the subsoil. Structure
is at best weakly expressed, although vertical cracks ars com=
monly present and have apparent clay-skin coatings. The profile
is 3-5 feet deesp on footslope gites, on the gentle slope facets
of the ridge shoulders and el sewhere but much shallower on the
steeply sloping hill flanks. Two profiles are described in detail
in Appendix II. Profile 2 ig a deep profile from a footslope site,
Profile 3 a shallower soil in a ridge-line position which shows
some pedoturbation in the upper subsoil, possibly due to tree fall.

These soils are classed in the Abok Family, on the assumption
that their iron content is consistently greater than in gimilar
soils developed over sedimentary rocks. They are distinguished
from other Abok soils as Sgbatu Series.

Sebatu Series appears to be dominant on the main ridge.
On the outliers to the west, at Bt. Tubau and beyond, similar
profiles in which the upper subsoil is a sandy clay loam appear
to be more common. These are coneidered to be derived from mixed
rhyolites and sandstones and are possibly best placed in the
Bekenu Family. They are left unclassified at present.

An outlier of the association occurs between Sg. Arip and
Sg. Selian, an Arip tributary. This comprises a tract of moderately
rolling hills mentled in part by Bekenu and Nyalau soils. These
hills are included in the Sebatu Association as the soils derived
from sedimentary rocks are associated with very contrasting soils
which are believed to be derived from igneous material, although
this is uncertain. The latter have a very dcep profile and a
uniform yellowish brown colour. They are distinguished from the
Sebatu Series described above by the well-developed blocky struc-
ture and the prominence of apparent clay skins or pressure coatings
in the middle subsoil. At depth the profile grades to variegated
yellowish red, yellowish brown and white clay from weathered rock.
This rock has not been identified but drift material in a gully
near the main profile site comprised rhyolite and carbonaceous
shale. The profile is described in detail in Appendix II (Profile
4) and is provisionally geparated as Nyaroh Series.
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With the exception of the rolling hills described in the
last paragraph,which are planted to rubber, the soils of the
Sebatu Association are largely uncultivated and are under forest.
The forest appears to be of poor quality and it seems likely
that Sebatu Series and related soils are chemically poorer than,
for example, Merit and Bekenu soils. Heavy fertilizer applications
may be necessary on them although no agronomic data are available
for these soils. The bulk of the unit is very steeply/and cannot
be recommended for development but there appears to be a fairly
vide footslope belt to the north of the main ridge (i.e. in the
Arip valley) in which slopes are sufficiently moderate for
terraced cultivation to be practicable. Further knowledge on the
chemical status of these soils is required before recommendations
can be made; however, regarding such areas.

Piring Association

The Piring Association comprises those soils mantling the
Bt. Piring ridge and derived from granodiorite, granophyre,
granite or hornfels, or from mixed granitic and hornfels material.
The soil mantle is varied and can be considered in three main
series. There are firstly strong brown coarse sandy loams or
clay loams overlying coarse sandy clays &t depth which are believed
to be developed entirely from granitic parent material. These
are classed in the Abok Family and probably correlate with
Geding Series, which has been mapped in west Sarawak over similar
parent materials. Profile 5 in Appendix II is an example of this
soil. Secondly, there are strong brown to yellowish brown clay
loams grading to clays at depth, characteristically well-structured,
rather homogeneous in the subsoil and generally more than 3 feet
decp. These soils, which are easily distinguished from the Gading
Series by the absence of coarse sand in the profile, have not been
linked conclusively with any rock type but are assumed to be deve-
loped over hornfels as this is the only rock type present in the
locality which is likely to give riss to such heavy-textured soils.
These soils are also placed in the Abok Family, and are separated
from other Abok soils as Piring Series. Profile 6 in Appendix II
gives details of one Piring profile. Thiraly, there are transi-
tional soils which have the yellowish brown colour and deep Pro-
file of Piring Series but a significant sand fraction in the upper
subsoil or throughout the profile. These are probably of mixed
origin and are derived from hornfels and granitic material. They
have not been classified. Granitic rocks outcrop in gullies and,
locally, as large exposures on steep hill flanks. Hornfels has
only been seen in siream gravel material.

There is no apparent pattern in the distribution of these
soils. On a section sampled towards the eastern end of the ridge,
Piring Series is dominant an lower and middle slopes and Gading
Series on the summit. On the path crossing the ridge from Rh.
Balong to ulu Tahu, farther west, Piring soils are dominant on the
gouthern flanks, transitional profiles on the north, and no Gading
goils were noted. A further scction inspected north of Sg. Teka~-
long, however, had dominantly transitional goils on the southern
flanks and Gading soils on the sugmit. Gading soils also appear 1o
be dominant at the western cnd of the ridge where it grades out into
low rolling terrain. It seems likely that the granitic components
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of this ridge are present as numerous outcrops of varied areal
extent and that they may be remnants of roof pendants in a mass
which, at least in some parts of the ridge, is mainly hornfels.
There seems, however, to be a general tendency for good Gading
profiles to be confined to the ridge line 2zone, and its contin-
unation into lower country to thc west, which suggests that the
granitic outcrop may form a narrow spine to the ridge, flanked
by hornfels on both sides. In sither event, the soil mantle
suggests that the granitic outcrop is of much less areal extent
than the geological map inaicatos.

The Gading soils present on the rolling country at the
western extremity of the ridge are ussd for rubber and pepper but
the bulk of this mapping unit comprisces very steeply sloping
terrain which remains largely undsr primary forest. Steep slopes
1imit the possibilities for development of these soils, although
they are believed to be inherently fertile by Sarawak standards.

On some gentle slope facets in footslope or summit locations

they can be recommended for a variety of crops if careful terracing
is used but the limited extent of such areas implies that only

such smallholder crops as rubber or pepper can be considered.

Piring-Merit Association

Botween Bt. Piring and Sg. Bawang on the south and between
the ridge and the Sg. Tahu swamps on the north is an intermittent
belt of rolling hills underlain by Tatau Formation shales with
subordinate sandstones. These lie close to the igneous contact,
have bsen metamorphosed to varying degrees and have in part been
altered to hornfels. The soils are heavy-textured and generally
deep but range from the brownish yellow over reddish yellow
colours typical of Merit Family soils to the uniform yellowish
brown to strong brown colours of Piring Series in the Abok Family.
The mapping unit is congidered to be dominantly a complex of these
two soils. Gading Series was not noted and it is likely that the
granitic material from which it is derived is confined to the main
ridge. Bekenu soils are, however, locally present.

These soils are suitable for such crops as rubber, pepper
and 0il palm with appropriate fertilizer and conservation measures
but possibilities for further development of them are limited as
they are at present largely under old rubber.

Merit-Kapit Association

The Kapit-Merit Association which is dominant in the steeply-
dissected uplands in the south of the survey area generally grades
quickly to moderately deep soils in the rolling country bordering
it to the north. In parts of the area, however, a transitional
belt is found in which the terrain is moderately rolling but the
s0il mantle shallow and, as in the adjacent higher hills, Kapit
Family soils are common. This has been mapped as a Merit-Kapit
Association and generally comprises a complex of Kapit and shallow
Merit soils. Bekenu soils are present but are not widespread.
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Most of the unit is at present under regrowth of varied age
following clearance for hill rice. The shallow soils, broken
terrain and probable low fertility of this unit limit its poten-
tial but, given adequade fertilizer applications and careful
terracing, it can be used for tree crops. There is, however;
greater scope for agriculture in the Merit-Bekenu Association,
into which this unit grades to the north and west.

Merit Association

The Merit Association is found in two areass in the lowlands
of the upper Arip valley and in a tract of undulating and rolling
country stretching south from ulu Sarupai to ulu Maong. Both
areas are underlain by shales of the Tatau Formation. The domi-
nant soils are of tho Merit Family and in both localities the
profile ranges from shallow to moderately deep- A yellowish brown
clay loam or clay overlies a yellowish brown clay with many
fragments of grey weathered shale at depths of 10 to more than
30 inches. Soils of the Kapit Family, in which the shale frag-
ments are dominant within 10 inches of the surface, are present
but are rare. Outcrops of shale are also locally present but
do not appear to be widespread. In the ulu Maong area small
limestone outcrops were noted at two points and in the Arip valley
the association is bounded on the south in the ulu Sebatu area
by a series of larger limestone outcrops.

In the Arip valley this mapping unit is associated with very
gentle slopes and may be suitable for large-scale planting of,
for example, 0il palm but the unit is at present covered mainly
by poor regrowth and the soils are likely to be exhausted follo-
wing many cycles of padi cultivation. Heavy fertiliser applica-
tions are thus likely to be required. In the Sarupai-Maong area
the association occurs on more rolling terrain which would require
terracing if cleared for tree crops.

Merit-Bekenu Association

e e ———————

An association in which the dominant soils are of the Merit
and Bekenu Families has been mapped in a number of localities
where shales with subordinate sandstones are present. Nyalau and
Kapit soils are present but not extensive. The association is
found overlying Bawang rocks in ths northeast, east of the ulu
Sarupaij in a broad arc running east and south from Bt. Piring
through country underlain by the Tatau Formation; and in the hills
drained by the southern tpibutaries of Sg. Lemai and underlain by
Belaga IV rocks. The association continues outside the area to
the west and is dominant over a broad belt between Batang Mukah
and Batang Oya.
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Merit Family soils have varied profile characteristics and
most possible permutations are present in this association. A
common profile comprises yellowish brown clay loam grading at a
depth of 10 - 20 inches to yellowish brown to strong brown clay.
Weathered shale fragments are absent from the upper part of the
clay horizon but become inoreasingly common with depth. In
areas, however, where the shale is soft and deeply weathered,
nard shale fragments may be absent from the profile and the
yellowish brown clay subsoil matsrial grades at depths of 3 -5
feet to a pale-coloured faintly mottled clay in #hich no rock
structure is identifiable. A foature of shale weathering is the
mobilisation of iron and manganese compounds which are leached
down through the weathering profile and in part redeposited at
depth. These deposits tend to be concentrated along main struc-
ture planes, channels opened by root penetration and in other
gituations where downward movement of water is relatively easy.
Thin sheets of iron-enriched weathered rock thus tend to develop,
which are considerably harder than the surrounding shales. &4t the
soil/weathering rock contact these sheets tend to break up into
hard fragments, commonly still containing vestigial rock structure,
and concentrate as a gravelly zone of irregular thickness at the
base of the soil profile. Any quartz stringers or other parti-
cularly resistant material in the underlying rock are similarly
expressed in the profile and a 'stoneline' at depth in the sub-
goil is a common feature. It js sufficiently common that some
1ateral movement must be inferred in the development of most
Merit profiles (slope creep and pedoturbation due to tree fall
are the most likely aganta) as the concentration of this material
is otherwise difficult to explain.

Subsoil colours tend to become redder with depth but in many
profiles there is minimal variation in either texture or colour.
The subsoil may be yellowish brown clay throughout or yellowish
brown clay loam over strong brown clay. Structure is weakly
blocky. Apparent clay skins may be present in the lower subsoil
but are never well-expressed and, except for the linings of root
channels and the larger pores, arse probably largely pressure
toatings.

The depth of the profile varies, inter alia, with the
slope and the resistance to weathering of the underlying shale.
Profiles in which fragments of weathered rock (except for iron-
enriched material concentrated in stonelines) are present within
20 inches of the surface are considered shallow, profiles with
weathered rock between 20 and 48 inches are congidered moderately
deep. Deep Merit profiles have no recognisable weathered rock,
subgoil material retaining rock structure nor the base of a stone-
line (if a stoneline is present ) within a depth of 48 inches from
the surface.

Profile 7 in Appendix II describes a Morit profile in detail.

The profile was gampled from the continuation westwards of the
Merit-Bekenu 4ssociation in the Mukah drainage basin but is of a
type equally common in this area. It is moderatoly deep but with
o 'stoneline' of iron-enriched shale fragments in the middle sub-
soil. The gleying present in the second horizon is a3 common fea-
ture of these soils and may be due to a temporary perched water
table above the less permeable clayey horigons whifh underlie it.
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Bekenu Family soils are closely related to Merit soils but
are derived, at least in part, from more sandy parent materials.
Two types of profile have been included in this family. Firstly,
there arc profiles in which the texture is sandy loam to sandy
clay loam in the upper subsoil and grades to sandy clay at depth.
Such soils are developed over sandy shales or thinly bedded
shales and sandstones and, as far as can be inferred from the
profile character, are developed directly from the underlying
material. Secondly, there are profiles in which the upper sub-
soil is light-textured as described sbove but the lowar subsoil
is clay loam or clay, the sand content dropping abruptly at
depth. These profiles are considered to be biseguent, the lower
subsoil being derived directly from underlying shales, the upper
subsoil being partly or wholly drift material from sandier parent
material upslope from the profile site. It ig doubtful whether
this aseumption of bisequancy in one case but not in the other can
be justified and, as stated above in connection with Morit profiles,
there is good reason to consider that the majority of upland soils
over sedimentary rocks are not strictly residual in origin.
Purthermore, it is illogical within the terms of the classification
system presently used to group residual and nonresidual soils in
one family. In short, the Bekenu Family is an unsatisfactory
classification unit. It does, however, group togethar those
soils which have the general profile morphology of Merit and
Nyalau soils but are intermediate in texture between them; this
was the point uppermost in mind when the family was introduced.

Bekenu soils generally ococur in areas where sandstone beds
outcrop but are not sufficiently extonsive to give rise to Nyalau
soils, or in areas where the underlying rocks are of intermediate
texture grade, such as sandy shales. Bekenu soils rarely cover
wide areas and most commonly occur in complex association with

Merit soils, as in this area.

The topography on which thig association is found ranges
from gently undulating to moderately rolling. Slopes steeper
than 25 degrees are, however, uncommon and the mapping unit as a
whole can be considered suitable for cultivation, particularly of
trec crops, provided terracing and fertilizers are used. 4By
however, the terrain is varied, contour mapping (togather with
cemi-detailed soil survey) is recommended for localitiss considered
for development before planning decisions are taken.

Merit-Nyalau Association

The hill land in the west of the survey area (and a minor
portion of the ulu Sarupai in the northeaat) have been mapped as &
Merit-Nyalau Association ana comprise, in the main, soils of the
Merit, Bekenu and Nyalau Families. These areas ars underlain by
rocks of the Liang, Begrih and Balingian Formations (Tatau Forma-
tion in the Sarupai area). .Lttempts were made to subdivide this
mapping unit but this was found to be impossible on the basis of
the reconnaissance-levcl data available. On the traverses which
were sampled, however, the imprcssion was gained that a complex
of all three families is rarely found in this unit, that one is
dopinant in each locality, and that survey at a semi-detailed level
would be sufficient to isolate large tracts of both Merit and
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Nyalau soils, with Bekenu soils being a minor component in each
unit and rarely widespread. Data at present available suggest
that Merit, with subordinate Bekenu, soils are dominant in the
southern part of the Liang Formation draining to the Sg. Lemai,
both Merit and Nyalau soils are important in the northern part of
the Liang outcrop drained by ulu Bawan, and that the Balingian
rocks ars mantled mainly by Merit soils on the border of the
survey area but that these are replaced by Nyalau gsoils on the
lower hills fringing the swamps (i.e. in the headwaters of the
Bayan, Teres and Bedengan). It appears that in all throe forma-
tions, while a varied lithology is present, outcrops of one rock
type cover a wide area and are directly reflected in the goil
mantle. Thin bands of a1ternating sandstone and shale, which
are typical of the Belaga Formation, are less common in the
Miooene/Pliocene rocks.

The heavy-textured Merit Family soils have been described
under the preceding association. 4 variant of the normal profile,
which may deserve series status, has been noted in this mapping
unit in various localities (overlying rocks of all three forma-
tions). It is abnormally red in colour and comprisss a strong
brown to yellowish red clay loam, overlying a yellowish red 1o
red clay. The 'stoneline' material, while largely comprised of
jron-enriched shale fragments, includes numerous 'pipes' or root
impressions. It was expected that such profiles indicate highly
ferruginous shales but analysis of one profile show little diff-
erence from the normal Merit profile in this respect and it may be
the form of iron rather than the amouant which is important. The
one profile which has been examined in some detail 1is located
immediately outside the survey area to the northwest (underlain
by Balingian Formation rooks). It is included in Appendix II as
Profile 8.

Nyalau Family soils are developed over sandstones or sand-
stones with subordinate shales. They are light textured through-
out the subsoil. The normal profile is a yellow or brownish
yellow sandy loam or gsandy clay loam grading at depth to a yellow,
brownish yellow or reddish yellow sandy clay loam. Apart from
drift fragments, recognisable weathered rock is rarely seen
within 48 inches of the surface, the profile being norpally deep-
Sandstones outcropping in central Sarawek appear to be either
sufficiently hard to give prominent relief fsatures and very
shallow soils of the Meluan Family, or easily weathered and
associated with gently rolling terrain and deep Nyalau profiles.
Intermediate types which might be expected to give rise to shallow
Nyalau soils are not often sncounterad. Except on lower slope
gites, Nyalau soils are generally freely to excessively drained.
Structure is at best weakly developed and most profilee appear
gtructureless in moist condition. Profile 9 in ippendix II ie a
Nyalau profile from this survey arca.

A number of other soils are present in this mapping unit,
although none cover large areas. Conglomerates are present in all
three geological formations underlying the association and pale-
coloured gravelly loams and sands derived from them are locally
encountered and placed in the Tika and Saratok Families. Saratok
soils are morphologically similar to Nyalau soils but are much
paler in colour. Tika soils are described in a following section.
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These soils are usually sncountered in footslope positions in
this mapping unit and are probably devcloped in colluvial wash
material. It is likely, however, that in some localities terrace
remnants fringe these hills but are too rostricted in extent for
recognisable landform features to have becn preserved. Some of
the footslope sandy soils may thus bz of old alluvial origin.
Weakly developed podzols of the Sibantck Family (also discussed
more fully in a later section) are also locdlly present, parti-
cularly in the area underlain by Begrih Formation rocks between
Sg. Teres and ulu Bawan. Westward from this area, outwith the
survey area, these solls were found to be a major component of
the soil mantle. Xerait Family soils, very pale in colour but
otherwise similar in morphology to Merit soils, were recorded

in many parts of the mapping unit but were nowhere found to
cover extensive areas.

Most of this mapping unit has rather subdued relief and
comprises gently undulating to moderately rolling hills fragmented
by swamp tracts. More steeply rolling terrain is locally present
in the north and in the watershed zone between the Lemai and Bawan
drainage farther south. Nowhere in this mapping unit, however,
is steepness of slope a major limitation to agriculture and the
bulk of the mapping unit has been cleared for cultivation in the
past. Isolated remnants of primary forest, whers: investigated,
were found to be associated with poor soils, generally of the
Silantek Family. The cominant soils of the Merit, Bekenu and
Nyalau Families have largely been used for pill padi and are under
regrowth. Much of the 12nd has been overworked and the regrowth
is of poor quzlity. Rubber has been planted in soms areas and
pepper gardens have also been eetablished near some longhouses.

There are good prospects for development in this mapping
unit but semi-detailezd survey of localities under consideration
for agricultural plinning would be essential as the soil mantle
is varied. Heavy fertilizer applications are likely to be required
for most crops and in soms localities eradication of lallang may
be a problem.

Nyalau-Marit Association

The tract of country stretching southwest from Bt. Tunggal
to the lower Arip, which is largely underlain by Nyalau Formation
rocks, has been mapped as 3 Nyalau-Merit Lssociation. In many
respects the soil mantle is very similar to that of the Merit-
Nyalau Association desoribed above. This area has been distin-
guished on the soil map because goils of the Nyalav Family are
dominant in most parts of it and the numerous other soils which
ocour rarely cover large areass Moderately shallow Nyalau pro-
files are also common, having weathering sandstone within 30
inches of the surface. Ais previously mentioned, this is unusual
for Gentral Sarawak, and is presumed to be 2 feature related to
the Nyalau Formation.
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In one locality in ulu inak, Merit soils were recorded as
the dominant Family. This appsars %O correlate with the outlier
of the Tatau Formation shales mapped by Wolfenden (1960) in this
area (ses Fig. 2) but there is at presont insufficient data
available to justify bounding these soils off as an isolated
portion of the Merit Association which has been mapped farther
cast over this formation.

ipart from soils of the Nyalau Family and subordinate Merit
soils, local occurrences of Saratok, Tika and Silantek soils were
recorded on traverses in this mapping unit. Tika and Silantek
soils are common to the south of S5g. Arip, but appear to be very
restricted in extent to the north.

The western portion of the association comprises gently
undul 2ting terrain which has been largely cleared for hill rice
and, in some areas,for rubber. Moderately rolling terrain is
commoner farther east and here much of the land remains under
forest. The agricultural potential of this mapping unit is com-
parable to that of the Merit-Nyalau issociation but as sandy soils
are dominant in most loczlities, the erosion hazard is somewhat
greater and steep slopes may be limiting in some arsas, particu-
larly parts of the forested tracts in the east of the unit.

Nyalau-Kerait Association

The soils in much of the arca drained by Sg+ Kemena ha¥e a
range of characteristic similar to that of the Nyalau - Merit
Association but Kerait soils are widespread. In the Nyalau -
Morit Association these soils are rarely encountered. The Kemena
arca soils have therefore been separated as a Nyalau = Kerait
Lssociation. The boundary of this unit agrees closely with that
of the Bawang Formation rocks mapped by Wolfonden (1960).

This area is gently undulating to moderately rolling and the
mapping unit is broken by bottomland tracts associated with the
Sg. Kemena and its main tributaries. Nyalau and Bekenu soils are
dominant, both being commonly of only shallow depth and underlain
by weathcred shales and sandstones at 20 - 30 inches. Merit soils
are also present in some localities. These yellow to yellowish
brown soils are intermixed, however, with paler-coloured soils
which are mainly placed in the Kerait Family, although Saratok and
Tika soils are also present. Kerait Family soils comprise pale
yellow to light grey sanay loams grading to sandy clays of clays
at depth and are commonly mottled yellow or reuadish yellow in the
lower subsoil. Profiles which are silty clay loam over silty clay
2180 occur. The criterion on which the family is separated from
Saratok soils is the heavy texture at depth. Kerait soils have clay,
sandy clay or silty clay horizons within 48 inches of the surface.
Saratok soils have z similar profile form but are coarser in tex-
ture throughout the top 4 feet. Normally, sandy loams overlie
loams or sandy clay loams in Saratok profiles and there is commonly
a stoneline of quartz gravel at the Dase of the profile. This
foaturs is also found in Kerait soils but, where, present, the
stoneline is generally thinner in the latter. Kerait soils are
associated with iron-poor shales and mixed shales and sandstones.
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Saratok soils are generally developed over iron-poor gandstones
or in colluvial deposits on the footslopes of hills which are
mantled by light-textured soils, such as those of the Nyalau
Family. In this mapping unit Saratok soils do not appear to be
widespread. Soils similar to those of Saratok Family in which
the subsoil is sand or loamy sand throughout the surface 48
inches are separated as Tika Family, which are described in
Lppendix I. These soils are preseant in the western part of the
unit but cover very small areas.

The NyalaurKerait Lssociation is thus dominantly one of
goils with varied texture and natural fertility. Most soils in
the unit can, however, Dbe used for agriculture once their
fortilizer requirements are established and met. The area
covered by the association is of particular interest for develop-
ment because the terrain is generally not a limiting factor, much
of the area remains under forest and the proposed trunk road is
projected to skirt it closely on the eastern side. More detailed
investigation of this area is therofore warranted.

Kerait Association

The Nyalau-Kerait Association in the Kemena arsa is asso=-
ciated with undulating and rolling terrain. In many localities
this grades to very gently undulating terrain, close 10 the Sg.
Kemena itself and its main tributaries, bearing poor forest.
Where investigated these arsas proved to be mantled largely by
Kerait Family soils, described in the preceding gection, although
Saratok and Nyalau soils are locally present also. This low
terrain has therefore been isolated on the map as a Kerait Asso-

ciation.

The fact that the areas in which these soils are dominant
are of low relief and close to main drainage lines or swamp
borders suggests that the soils may be developed in old alluvium
rather than Bocene sediments. 1f further investigation proves this
to be the case, the soils would be appropriately recclassified as

Lubai Pamily in the system now in use.

Low fertility is the main 1imiting factor to development
of these soils and too few data are available from experimental
work for their fertilizer needs to be known. Until more is known
about them development of Kerait soils is not recommended. Where,
as in the adjacent Nyalau-Kerait .ssociation, they occur in com-
plex association with other better soils they must be included in
any planting scheme but where, as in the present sasociation,
they are dominant over gizeable areas, such areas are best avoided.

Merit-Kerait Association

An isolated cluster of hills close 1o the Batang Balingian
downstream of Sg. Duan was investigated on one traverss. The
dominant soils on the line sampled proved to be of the Merit and
Kerait Families and these hills have therefore been isolated as a
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Merit-Kerait Association. It appears likely, however, that this
je an extension of the Merit-Nyalau .ssociation which is dominant
over similar rocks farther west. Further investigation might show
that a wider range of soils ig present.

The terrain is moderately rolling and is largely used for
hill padi at present, with some rubber near the main river. The
development potential is gimilar to that of the Merit-ilyalau
Lssociation.

Bako Association

In one locality between Sg. Maong and Sge Jarupal an
extensive belt of gently sloping terrain was noted, mantled by
podzols of the Bako Family and bearing poor heath forest. 4is
terrain and vegetation contrast sharply with the adjacent Merit-
Nyalau Association on undulating and rolling topography, it has
been possible to jsolate the unit on the map. Bako soils have
been dascribed under the Meluan-Bako issociation. In this area,
unlike the Tunggal Seriess of the 3t. Tunggal conglomerates, the
normal Bako profile with a loose eluvial horizon is present and
the profile is developed over sandstone. The soile comprise a light
grey sand or loamy gand, overlying a dark brown sandy loam horizon
which may be friable in its upper portions but becomes hard and
impossible to penetrate with an auger within a few inches. The
hard pan, on the line inspected, was found to be generally within
20-25 inches of the surface. At the foot of the slope,; however,
the overlying light grey sands are deeper anc locally the pan is,
if present at all, more than 48 inches below the soil gurface.
Such deep soils are separated in the Tiks Family.

Development of these s0ils is not recommended.

Nyalau-Silantek Association

4 Nyalau-Silantek rgsociation has been mapped on the northern
footslopes of Bt. K¢ladan, on nille between Sg. Arip and Sg. Nibong
and in scattered low hills fringing the swamps in the ulu S5g.
Sapaya, a tributary of Sg. Basai.

The association comprises goils of the Nyalau, Saratok and
§ilantek Families, with some Tika Family soils in the B3g. Lrip
area. In most localitics the unit is under poor forest, although
some of the Nyalau soils have been cleared for rubber or hill padi
in the Sg. Arip area.

Where mapped in the Sg. Arip and Bt. Keladan areas, these
soils are developed over sandstonés and conglomerates, tho latter
giving rise to Saratok and Tika soils. In the ulu Sg. Sapaya area
the parent material is uncertain. The mapping unit occurs as
scattcred lowland areas fringing hills which are mainly buil?t of
argillaceous material. The sandy soils may be developed in old
alluvial material rather than sandstones. If that is the case,
they require placement in different familics (Sabangang, Triboh and
Buso). 4s the association covers a very small area in all three
localities, particular study of thess soils is not justified at
this level of mapping and they are therefore grouped together.
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Where present in the Bt. Keladan area the association covers

5 very small area and is surrounded by goils which are unsuitable
for agriculture. Tlsewhere, however, the association is adjacent
to tracts of the Nyalau-Merit and Merit-Bekenu ' gsociations which
have potential for development. Should planting be considerec on
thase better soils, dovelopment can extend into the Nyalau-Silantak
Association where Nyalau soils are present. The Saratok, Silantek
and Tika soils should be avoided, however.

Silantek association

3ilantek soils rarely occur alone in this survey areca.
They normally are found in association with Nyalau and Saratok
goile, as in the association described above, OT with Kerait
soils, as in the association deseribed below. In a fow lccalities
(the middle Sg. inak and near Sg. Buloh) these weskly developed
podzols were noted as the dominant soil capping low hills and have
been separated on the mape. In both localities there is some doubt
regarding the material in which these soils arc developed and it
is possible that they mantle alluvial terrace remnants rather than
outcrops of sandstone and should properly be placed in the Buso
Family.

The association covers a Very small area and comprises

soils with acute nutrient deficiencies. Tevelopment is not
recommended .

3ilantek—Kerait Lssociation

The Silantek-Kerait rssociation comprises soils present in
the extreme west of the survey arca between Sg. Basai and Sg.
Danau. In this locality the swampe are bordered by low undulating
terrain bearing poor forest and mantled by soils of the Kerait
Family. In this unit Kerait soils are light grey to pale brown
sandy loams grading at depth to clay or sandy clay, and the profile
ig mottled yellow throughout. In places the texture is clay loam
or sandy clay loam at depth and, while heavier taxtured horizons
are probably present below a depth of 4 feet, such soils are placed
in the Saratok Family. This undulating terrain rises back from
the swamp margin to a ridge, mantled by heath forest, which is
mainly mantled by weakly developed podzols of the Silantek Family.
These ars, in this locality, light greyish brown sands overlying
at a depth of 18 inches dark brown loose fine sandy loams which
grade to brownish yellow loam from sandstone with humus staining
down the main structural cracks. A detailed profile description
of a Silantek profile from somewhat farther north and just outside
the survey area is included as Profile 10 in Lppendix II.

in outlier of this association has been mapped farther south
in ulu Sg. Basai on inference from the vegetation and terrain.
Tt has not been investigated in the fisld. The terrain suggests
that Kerait soils, rather than Silantek, are likely 1o be dominant
in this part of the unit.

411 soils in this association are deficient in plant nutrients
and the asgsociation does not cover a significant area. The mapping
unit is best ignored in development planning.
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Tika Association

Soils of the Tika Family occur as minor componants of a
number of associations in the area. They are particularly
important in two localities, however, and have been mapped as a
consooiation between Sg. Pelugau and Sg. Setawak and west of
Batang Balingian between Ng. Bawang and Ng. Lrip.

Tika Family soils comprise coarse sands to loamy sands with
no genetic horizons cxpressed in the profile. In this arca they
are normally pale yellow, light grey or white in colour, have a
stoneline of quartz gravel at depth in the subsoil snd are derived
from sandstones and conglomerates. The family is an addition %o
the system to cater for undeveloped soils of this nature which
are otherwise not covered by the classification. The definition
of the family and its relationship with other families are
discussed in Appendix I.

Tika soile are extremsly infertile and bear a poor forest
cover. They should not be considered for agriculture where they
cover extensive areas, as in this association. Where they occur
as minor unite in other associations it will probably be neceesary
to include them in any planting schame but particularly heavy
fertilizer applications are likely to be required.

Merit-Tika Association

To the south of the Tika Lssociation mapped near Batang
Balingian the soil mantle is locally a complex of Merit and Tika
soils. This area, which is not extensive, has been mapped as a
Merit-Tika Lssociation. Without more detailed investigation to
assess whether the Merit soils cover 2 gsignificant acreage the

unit is best not congidered for development.

Buso /.ssociation

Close to the coast in the northwest of the survey area
weakly developed podzols are locally present. These become more
extensive farther west outwith the survey areca (scorT, 1970).
They are classified in the Buso Family and the unit is mapped as
Buso .ssociation. The profile is normally a pale brown to light
greygand overlying a dark brown sand, the dark-coloured horizon
resting in turn on yellow to palec olive sands. The profile is
loose throughout and the dark horizon of humus accumulation shows
no signs of cementation. These soils are developed in marine
sands which are at a slightly higher elevation than the present
beach material and represent a low fossil beach. The difference in
elevation is not great, however, and the water table at the time
of the survey was rarely more than 2 feet below the soil surface.
In depression sites within the mapping unit, Buso soils are re-
placed by soile of the Tatau and Matu Families, which are described
below.
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These soils are generally left unfarmed in this area and
bear a cover of poor forest. Klsewhere they have boen used for
agriculture, particularly for coconut and pincapple. They can
only bs recommended for these orops, however, where heavy ferti-
lizer applications are practicable. It must also be noted that
optimum use of adjacent Tatau and Matu soils requires drainage
improvement and such improvement is likely to involve complica-
tions of droughtiness on nearly Buso soils if the latter are
cultivated as well. No recommendations are therefore made for
development of this mapping unit.

Buso soils also occur farther inland where they could not
be mapped separately from peat soils and a compound unit has been
employed. These are described under the Buso-.nderson .ssociation
below.

Buso-Sabangang issociation

In the middle section of Sg. Bawang, ncar Rh. Balong and
Rh. Mapan, a complex of low hills and terrace flats are found
close to the river and are mantled by a variety of soils developed
in old alluvial material. The unit has been mapped as a Buso-
Sabangang lssociation although a number of other familise were
recordaed.

% Rh. Balong well-developed Buso soils were noted; compri-
sing light grey fine sand underlain by dark grey fine sand which in
turn grades at depth to dark yYellowish brown sandy loam. This
soil is found on a flat terrace remnant which has been used for
the site of the longhouse. It was not noted elsewhere in the
mapping unit but may ococur. More widcspread are pale yellow to
Yellowish brown sandy loams to sandy clay loams of the Sabangang
Family, the texture normally becoming heavier at depth in the
profile and scattered subrounded quartz gravel being present at
various depths or throughout the soil. These soils occur on
undulating terrain in association with heavier soils of the Lupar
Family, comprising brown to brownish yellow clay loams, grading
to clay at depth and underlain by a stoneline of subrounded quartz
gravel. Between Rh. Balong and Rh. Mapan Lupar Family soils are
associated on gently undulating terrain with poorly drained soils
which, if aleo derived from old alluvium, arse classified in the
Bobang Family. These comprise light grey sandy clay loams with
rusty mottling grading at depth to light grey and yellow mottled
clays or sandy clays.

The variability of the soil mantle in this mapping unit is
such that none of the soils described above can be considered
dominant in the unit without further more detailed investigation.
The association covers a very small and fragmented area and has
little development potential for this reason. Lupar and Sabangang
soils can be used for tree crops and Embang soils can also be
utilised with improved drainage and heavy fertilizer applications.
Buso soils should be avoided.
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Seduau-Lupar Association

During investigation in 1966 of the area upriver of Nanga
Pelugau, mature soils of the Lupar Family were noted at many
points on spurs close to the river. The profile comprises
brownish yellow clay loam or sandy clay loam overlying brownish
yellow to reddish yellow sandy clay or clay and a stoneline of
subrounded quartz gravel underlies the profile. As the profile
is very similar to that of Merit or Bekenu Family soils, and the
topography is moderately rolling with no suggestion of terrace
remnants; the identification of the parent material of these soils
as old alluvium (on which classification as Lupar Family relies)
is difficult except where the stonzline is exposed in landslips
or river-cuttings. Lupar soils may therefore be mores widespread
near the main river than is suggested by the map. The mapping
unit has been limited to that section where such profilcs were
observed and includes some Merit and Bekenu soils. In that
locality small tracts of present floodplain land mantled by
Seduau soils aleo occur. These cannot be isolated at the mapping
scale used and a Seduau-Lupar mapping unit has therefore been
employed. Seduau soils comprise brownish yellow to brown clay
loams and clays developed in recent alluvial material without
horizon differcntiation.

Careful terracing is required on the hills mantled by Lupar
soils, which commonly have slopes of 15 - 25 degrees. The more
suitable agricultural soils of the Seduau Family cover very
restricted arecas. The unit &s a whole is surrounded by land with
low potential due to steep slopes. No recommendations are made
for development.

Pendam Association

The Pendam Lissociation comprises saline clay soils of marine
or estuarine alluvial origin. The association is found immed-
iately upstream of Kuala Balingian, in the lower reaches of Sg .
Sarupai and bordering many of the streams flowing directly off the
large peat swamp tracts to the sca. along much of ths coast iteeclf
an intermittent belt of these soils is present but it is only broad
enough to be mapped near Kuals Balingian.

The association comprises mainly soils of the Pendam Family
which are poorly-drained bluish grey to dark grey clays and are
weakly to moderately saline. They are associated with similar
but younger soils of the Rajang Family, which are strongly saline.
Salinity levels have mnot been measured and the salinity status is
inferred from the natural vegetation cover. Rajang soils are
typically found unaer mangrove forest on sites close to the sea and
subject to frequent tidal incursions of sea water. Pondam soils are
less subject to brackish water influence and normally bear a cover
of nipah forest. The vegetation in this area suggests that the
bulk of the association is appropriately considered to be of the
Pendam Family and that Rajang eoils cover only restricted areas.
More detailed investigation may, howevers revise this opinion.

«./30




30.

These soils are inherently fertile but, except for wet
rice on Pondam soils, reguire drainago improviment and salt
leaching before a wide variety of crops can be recommended.
Given tho provision of drainage works, the main limitation to
cultivation is possible sulphate concentrations. This is a
major limiting factor in Rajang soils but is of less importance
in soils of the Pe¢ndam Family. In view of the lack of factual
information on the chemical status of the soils in this associa-
tion and thc limited acreage covered by it, it is not rocommended
that thesc soils be developed. If, however, adjacent soils of
the Mukah ussociation are brought into cultivation with improved
drainage, planting can extend onto Pendam soils. Elsowherc in
the Statc, Pendam soils have buen successfully used for a variety
of crops, including rice, coconut and fruit trees.

Mukah /ssociation

The Mukah LAssociation is mainly a consociation of Mukah
Family soils. These comprise peats which are more than 10 inches
but less than 40 inches in thickness and arc¢ underlain by clay or
silty clay mineral horizons. They form 2 transitional belt
between the estuarine clays of the Pendam .ssociation (or, locally,
the riverine clays of the Bijat-Sebandi .csociation) and the
deeper peats of the /inderson Association. Where the association
has been mapped ncar the coast it also commonly occurs in bands
roughly oricntated with the present beach and representing clayey
depression sites between fossil beach line matesrial which have
later becn infilled by shallow peat deposits. The association
has only boon mapped in coastal arcas, wherc detailed reconnai-
ssancs data is available. DBlsewhere, these soils have been com-
bined with other alluvial and organic soils for mapping purposes.
Even in the arva covered by this more detailed survey work the
soil pattern is too complex for Mukah soils to be accurately
isolated from related soils and the association thersfore includes
minor occurrences of decper peats of the Anderson 1 Family and
shallow peats similar to those of the Mukah Family which are under-
lain by marine sands. These are classed in the Igan Family.

Mukah Family soils, in their prssent state, are suitable
only for a limited range of crops such as wet rice and sago.
Drainage improvement and permanent lowering of the water table is
necessary before a wider range of crops can be recommended. In
coastal situations in this area there is little prospect of drain-
age improvement except as part of a large drainage scheme. Deve-
lopment of these soils depends on the practicability of such a
schemes.,

Pendam-Mukah Association

The transition from Pendam soils ncar the river bank to
Mukah soils farther from the river, which is found noar Kuala
Balingian, continues upstream beyond the¢ area covered by the
detailed rcconnaissance survey. The complexity of tho soil pattern
is such, however, that the associations cannot be reliably separated
on tho map from the broader reconnaissance data available.
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Pondam soils have thereforo beea combined with soils of the Bijat-
Mukah issociation in this section of th. river and 2 Pondam-Mukah
/ssociation mapping unit employed. The boundary of thec unit is
taken as the limit of nipah palm observed on air photographs.
Where nipah is present it can be inferred that the clayoy mineral
alluvial soils are of the Pendam Family rather than the nonsaline
Bijat Family.

Tho soils in this mapping unit arec discussed under the

Pondam and Mukah .ssociations above and the Bijat-Mukah .sso-
ciation below.

Bijat-Mukah Association

The mineral soils and the shallow peat soils found close to
the banks of the Batang Balingian, in the middle Arip valley and
locally on the banks of othcr moderately large streams have becn
mapped together as a Bijat-Mukah .ssociation as the transition
back from the river bank from ons soil to another is commonly
rapid and the soil fumily which is doginant in the association
changes from place to place. The full sequencs of goils is
listed below. In practice the complete sequence is not usually
present.

The river bank itsclf is commonly mantled by soils of the
Semilajau Family, these comprising brownish yellow or yellow
loamy sands or sandy loams with somewhat heavier texturcs at depth
in the profiles and, commonly, rather redder colours. These
soils are particularly associated with levee sites, occupy a very
narrow band back from the river bank and are generally absent from
the association in the lower reaches of the river. Where a well-
developed levee is prasent, they may be replaced by or grade back
into soils of the Malang Family, which have equivalent character—
istics to those of Semilajau except for texture, Malang profiles
being clay loam grading at depth to clay.

Where no levee is present, or is only very weakly expressed
as in most streambank situastions in this survey area, Semilajau
and Malang soils are replaced by soils of the Seduau Family which
comprise brown, brownish ysllow or reddish yellow clay loams or
clays without genetic horizon differentiation.

Semilajau, Malang and Seduau soils are at.least moderately
well-drained, and only extend far back from the river where a
well-developed levee is present and gives rise to a broad band
of soils above the general level of the floodplain, or where
artificial drainage has been provided as in many tanjongs cleared
for rubber or other crops. Most soils in river floodplains,
however, are imperfectly to very poorly drained and are classed
in the Bijat, Sebandi and Mukah Familics.

Bijat Family soils comprise light grey clays which are
commonly strongly mottled ycllow, reddish brown, etec. Transitional
profiles between Malang and Bijat soils, in which the gley colours
ana strong mottling are confined to the lower half of the profile,
are common. Bijat soils are floodad periodically and normally
have the groundwater level high in the profile except for a bricf
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period during the driest part of the Year. They are not perma-
nently waterlogged, however, or flooded for sufficisntly long
periods for surface peat to form. In depression sites or as
transitional soils between those of the Bijat and those of the
Mukah Families such soils are, however, found and thaese are
classed in the Sebandi Family. Sebandi profiles generally com-
prise completely gleyed clay, light grey or grey in colour and
without strong mottling, on top of which a thin surface peat
layer has developed but is not more than 10 inches in thickness.
These soils generally grade laterally into soils in which the
surface peat in deeper than 10 inches and the latter are separated
in ths Mukah Family, described in a preceding section.

The well-drained soils of the Semilajau, Malang, and Seduau
Families arc suitable for a variety of crops,including rubber,
0il palm, fruit trees and dry scason vegetables. They experience
some annual flooding, are actively accreting (although probably
only significantly so in Seduau Family soils) and thus have a
somewhat higher nutrient status than equivalent residual soils
from the same sedimentary parent materials. The potential of
these soils is limited by the flooding hazard during the wet
season, which restricts the range of perennial crops possible
unless protection against it can be provided, the generally
restricted acreage which these soils cover and, most important,
tha fact that they are generally confined to the banks of major
rivers which arc also the situations in which the settlement of
the arsa is concentrated and these soils arc, as a result, fairly
fully used for trece crops (cspecizlly rubber) at the present time.
Unless sufficient interest can be gencrated for people to cut
down thoir old rubber trees, there is little scope for development
on these soils in most localities.

Bijat and Scbandi soils are suitable for wet padi with
flooding control and, with the same proviso, can also be used for
dry season vegetables with bankiag. Mukah soils require drainage
improvement before they can be recommended for development, as
has been discussed under the Mukah \ssociation. Theo possibilities
for improved drainage and flooding control are greator in loeali-
ties near the Batang Balingian, however, than they are close to
the coast. The river meanders widely and it appears practicable
for soms of the major tanjongs to be bunded off from the basin
peat swamps which adjoin the shallow peats near the river and
improve each tanjong as an independant unit. 18 can be seen from
the map, however, such possibilities are mainly confined to the
Pelugau-Lemai section of the main river and areas near Balingian
bazaar. In the middle section of the Batang Balingian the asso-
ciation as a whole occupies a very narrow strip back from the
river, quickly grading into deep peats of the /nderson Family.
Possibilities for improvement also exist in the middle Airip, the
upper Sarupai and the upper Buloh floodplain areas but all three
areas mentioned are used for wet padi at present and any scheme
considorod for them would concern improvemont rather than the
opening up of new land.
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Tatau-Matu Association

The Tatau-Matu .ssociation is confined to areas close to
the present coast and comprises soils developed in beach sands
with no deep surface peat accumulations. The main soils in the
association are those of the Tatau and Matu Families. The former
comprises poorly-drained sands, pale yellow to light grey in
colour, commonly mottled, with the water table normally within 20
inches of the surface. The latter comprises very poorly-drained
sands, completely gleyed, in which surface peat is present but is
less than 10 inches in thickness. Tatau and Matu soils commonly
occur in complex association, Matu occupying depression sites
and Tatau undulations with slightly better drainage conditions.

On the beach itself Tatau soils commonly grade into well-
drained brownish yellow sands of the Kabong Family (locally these
are pale yellow or light grey in colourj but these occupy only a
narrow strip back from the beach. Minor occurrcnces of weakly-
developed podzols of the Buso Family are zlso present but where
these are extensively found they have been separately mapped as a
Buso issociation. In association with Matu soils in some de-
Pressions very poorly drained sands with more than 10 inches of
surface psat are also rscorded and are placed in the Mukah Family,
but these also are of minor extent. Nasar Sg. Bedengan sandy
s0ils with the physical characteristics of Tatau Family were noted
under mixed nipah and swamp forest. The presence of nipah suggests
that these soils are slightly saline and they may, on that
characteristic, be more appropriately classed in the Nonok Family.
They do not occur in other areas and no salinity measurements
have been made. They are provisionally classed as Tatau soils,
therefore.

The soils of this association are commonly used for coconut
in this area and can be recommended for this crop if drainage is
improved to some extent and fertilizer requirements met. They
may also be used for certain vegetable crops but are too sandy
for a wide range of crops to be recommended.

Plan Association

The valley tracts bordering the hills in the west and
southwest of the survey area are generally infilled by peats
and, unless cleared for wet padi, bear a cover of peat swamp forest.
One valley in the southwest of the area, however, has a poor
grass cover and was briefly investigated. The soils present in
the ssction examined comprise largely grey to dark grey medium
sands, faintly mottled yellow. These ars poorly drained and are
at present floodplain level. They are therefore placed in the
Plan Series of the Tatau Family. It ie, however, difficult to
understand why aominantly sanay alluvium should be deposited in
this situation as the surrounding hills, while including Nyalau
and Bskenu soile in the mantle, ars dominantly clayey soils of the
Merit Family. It is thus possible that this unit represents a
'drowned' terrace remnant and these goils, in the present classi-
fication, should be considered in the Gong Series. Minor soils
with depositional layers of loam and sand were also noted and are
unclassified.
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The soils in the association are agriculturally poor and
the mapping unit is of very restricted area. No development is
recommsndcd. The unit is of some academic interest, however,
and, together with other possible terrace remnants in the loca~
lity, should be further investigated when occasion arises.

Igan Association

Igan Family soils are equivalent in characteristics to
Mukah soils with the cxception that the moderately deep surface
peat layer is underlain by sand rather than clay. The Igan
Association is dominantly one of Igan Family soils. It has been
mapped in coastal areas and generally occupies a transitional
position between soils of the Tatau-Matu Lssociation and the
deeper peats of the inderson Family. Minor arcas in which the
surface peat layers are deeper than 40 inches are present and
these are placed in the Anderson 1 Family. They are gcnerally
underlain by sands. The pattern of the basal saad and clay is
very complex in detail, however, and minor occurrences of Muksah
Family soils have also had to be included in this mapping unit.

Igan soils cannot be recommended for agriculture in their
present state but provided drainage can be improved their poten-
tial is similar to that of the soils in the Tatau-Matu Association.

Anderson issociation

«l1 peat soils in which the peat deposits are more than 40
inches in thickness are classed in tho snderson Family. The
character of the underlying mineral horizons is ignored for
classification purposcs. Three depth phases are distinguished,
as follows:

anderson 1 - peats 40 to 80 inches deep
inderson 2 - peats 80 to 120 inches deep
inderson 3 - peats deeper than 120 inches.

The inderson Association comprises Anderson Family soilw with

few inclusions of other soils. The latter are likely to be con-
fined to the borders of the mapping unit and comprise outliers of
adjacent associations included through faulty interpolation of the
boundary on the basis of the survey data. The family is mapped

in its three depth phases defined above.

It can be seen from the soil map that the .nderson Famiiy
covers an extremely large part of the survey area and that the
bulk of the swamp tracts comprisc peats which arc deeper than 10
feet. Back from the main river the gradation from mineral allu-
vium through shallow peats to deep peats is very rapid and it is
only on the seaward margins of the swamp that significant tracts
of /nderson 1 and ‘nderson 2 soils arc consistently presont.
This appears to be an effect of the 'backslope' of the coastal
bar behind which the swamps have developed. Study of the dis-
tribution of marine sand underlying the peats (mapped in the report
on the detailed reconnaissance of the coastal areas (SCOTT, 1970))
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shows that the inland limit of sand deposite in this area rarely
extends far beyond the shallow peats of the Igan and Mukah
Families, and that basal clay bocomos dominant where the over-
lying peats are 40 - 60 inches thick. The development of large
peat swamps of this kind has been described in detail by Jnderson

(1964).

It can also be seen from the soil map that the deep peats
have infilled many of the old rivsr valleys draining into the
swamp area and that, particularly in tho west and southwest, it
is generally the case that the transition at the hill foot from
shallow to deep peats is so narrow that only /nderson 3 soils
can be mapped at the scale used.

These soils are used to some extent for sago and the peat
swamp forest and other forest types which mantle them are extractad
for timber. Without a major drainage scheme timber extraction
appears the bestuuse for these soils and a drainage scheme for
peat swamps of this type does not appeoar practicable. Consider—
able quantities of water shed dirsctly off the surrounding hills
into the ewamp, only part flowing in established drainage courses.
There is a considerable flooding risk from the Batang Balingian
which flows through the swamp to ths sea and this risk would
increase as drainage improvement lowered the level of the peat
surfacs. The only possibilities for improving these soils with a
view to agriculture appear to be where the peats ars rsasonably
shallow (inderson 1 soils) and in locations where they, together
with better soils (of the Mukah Family, mainly), can be isolated
from the main body of the swamp by bunding. BSuch areas are con-
fined to some of the larger tanjongs of the Batang Balingian
and possibly some coastal localities between two major streams.

Bijat-Anderson Association

4 Bijat-iAnderson .issociation has been mapped in areas wherc
mineral alluvial soils and peat soils of at least moaerate depth
are known to occur but where, either the range of soils present
and their relative importance is uncertain, or the transition
from mineral soil to deep peat ocours over too narrow a belt for
the unit to be further subdivided on the mapping scale used. The
former situation is present in many of the peat-infilled valleys
bordering the main peat swamps. Traverses crosding some of these
floodplain tracts cncountered only '‘nderson 3 soils. In other
comparable tracts, however, Bijat, Sobandi, Mukah and .inderson 1
soile are all present, and Seduau soils may also occur on stream
banks. The Bijat-inderson mapping unit has been employed for such
areas to indicate that peats deeper than Anderson 1 are, if present,
of minor extent in these valleys. The second situation mentioned
is found in the midale sections of Sg. Basai (Lemai) and its
tributaries and near some other streams. Mineral soils of the
Bijat and possibly Seduau Familios exist along the river banks
but grade quickly to shallow and moderately deep peat soils back
from the river. Where the association has been mapped in these
localities Anderson 1 and 2 goils arc dominant within the unit but
Anderson 3 soils do not cocur.
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Only the areas where this mapping unit is found in valley
tracts on the fringes of the swamp arc of interest for develop-
ment. 4s tho soil mantle is varied, scmi-detailed survey would
be reyuired in each case before raecommendations could be made.

Nyalau-/nderson Association

In a few localities (near Nanga Lemai, in ulu Sg. Bawan and
in the extreme¢ northwest of the survey areas low hills mantled by
Nyalau soils are intermixed with swamp tracts mantled by peat
soils and the vegetation cover or air photo quality is such that
the hill areas cannot be isolated. 4 Nyalau-/'nderson Association
has thercfore been mapped and has been subdivided into Nyalau-
inderson 1, Nyalau-/inderson 2 and Nyalau-/nderson units tc indi-
cate the depth of peat which records suggest occur in the bottom-
land arcas. In the case of the Nyalau-inderson unit, no data on
this are available and Anderson soils of all depths may occur.

The potential of the soils in this mapping unit have been
discussed under the Merit-Nyalau and ‘nderson Associations.

Buso-/nderson Association

Between Sg. Bakzu and Sg. Bayan a complex of swamp tracts
and low undulating terrain with podzol soils was encountered and
mapped as a Buso-inderson .ssociation. It is probable that the
podzols in this mapping unit are dsvsloped in old marine sands.
Both weakly and strongly developed podzols occur. Greyish brown
to dark greyish brown loose sands overlying very dark brown hard
sandy humus pans are present and have beecn placed in the Miri
Family. The pan layer is generally at 20-25 inches dapth. Greyish
brown to dark greyish brown sands which beoome somewhat darker in
colour with depth but do not develop a humus pan are also presant,
however, and have been placed in ths Buso Family.

The swamp tracts intcrmixed with the sandy undulations are
geénerally mantled by shallow peats of the Mukah and .‘nderson 1
Families. Towards the borders of the mapping unit, however, decper
Peats may occur.

No development is recommended for this mapping unit.

Miri-inderson Association

Bordering the northwestern flank of Bukit Piring is a belt
of very gently undulating country bearing mixed swamp forest and
heath forest and mantled by well-developed podzols of the Miri
Family. 1In this unit the Miri profile is typically a light grey
to brown coarse sand overlying at a dopth of 15-20 inches a bard
black coarse sandy humus pan. Locally this is replaced by deeper
weakly-devoloped podzols of the Buso Family, comprising light grey
to greyish brown coarse sand with intermittent dark brown patches
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at depth in the profile. The coarse grade of the sand in these
soils suggests that they do not rspresent remnants of old marine
terraces like the soils described in thc preceding association
but are developed in colluvial material derived from ths igneous
rocks of Bukit Piring.

To the north the podzols give way abruptly to Anderson 3
soils. The boundary cannot be delimited accurately on the air
photographs for this locality and the mapping unit has therefore
been called a Miri-inderson .issociation as some deep peat soils
are likely to be included in it.

No development is recommended for thse soils.

Soils near Sg. Bawan

Wall (1961) mapped the lower section of the Sg. Bawan
drainage area and, where records from this survey are available,
field work was not repeated on the present survey. Traverses in
this locality werec sited to fill gaps in the records. The 1961
map shows a broad belt of inderson 1 and 2 soils, and relatively
restricted areas of lnderson 3 soils far from the Batang Balingian;
the bulk of the peat soils in this locality are underlain by sands.
although not indicated on the map, the field records also show
minor occurrences of podzols to the north of Sg. Bawan in its lower
section. PField work in 1970 showesd no agreement with the earlier
work and recorded generally much decper peats, all underlain by
clays. This is surprising, particularly as there is fairly close
agreement between the two surveys farther towards the coast.

There is obviously a need for further work in this area and it is
hoped that the Sg. Bawan locality can be reinvestigated in 1971.
To avoid delaying production of the soil map, however, the earlier
survey has, for the present, been ignored and boundaries extra-
polated entirely from the 1970 traverse records.

Until further information is available it should be noted
that the soils data for the Sg. Bawan areca is of doubtiul
reliability.

SOIL LAND LAND SUITABILITY

A so0il suitability classification for Malaysia was recently
finalised and circulated (WONG, 1970). For various reasons, this
system is not appropriate for assessing the potential for agricu-
ltural development in the survey area. The reasons need not be
discussed here. This system does, however, give a framework within
which the mapping units employed in this area can be compared with
soil associations elsewhere from thoe viswpoint of agricultural
potential. For the sake of completeness, the mapping unite have
boen rated in the Malaysian system in Table 3.
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Soil issociation Rating
Meluan Ve
Meluan-Bako Ve
Meluan-Silantek Ve
Meluan-Merit ITIIg and Ve
Kapit-Merit Ve
Sebatu Ilg and Vg
Piring IIg and Vg
Lbok-Merit IIg and II1Ig
Merit-Kapit IIg and IIIg
Merit IIc
Merit-Bekenu IIg and II1lg
Merit-Nyalau IIg

" Nyalau-Merit

Nyalau-Kerait

IIg and IIIg
IIg and IIIg

Kerait Ig and IIg
Merit-Kerait IIg and IIlg
Bako IIc
Nyalau-Silantek IIg and Iln
@ilantek In
Silantok-Kerait IIg and IIlg
Tika IIn to IIlg
Merit-Tika IT1g

Buso IId and IIn
Buso-Sabangang IIg and IId
Seduau~Lupar In and IlIg
Pendam IIId and Va
Mukah IIIo
Pendam=Mukah IIId and IIlo
Bijat-Mukah IIId and IIlo
Tatau-Matu IId and IIId
Plan IIa

Igan ITId

Asnderson IIIo

Bijat-.nderson

ITId and IlIo

Nyalau-.inderson
Buso-/nderson

Miri-inderson

IIg and IIlo
IIc and IIIo
ITc ana IIlo

Table 3 : Mapping units rated by the Malaysian soil suitability

clasgification.

For definition of classes ses Wong (1970).
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For tho present needs of development planners a gimpler
system has been devised in which the weight given %0 the various
1imiting factors have immediate rathor thun long-term rolevance.
The system organises the mapping unite into three Classes, which
can be roughly defined as follows: Class 1 land - land in which
development is practicable and which has fow problems to Dbe
overcoma; Class 2 land - land which has problems but in which
development may be practicable and further investigation is
warranted; Class 3 land - land to De avoided.

The problems associated with Clase 1 land are minor and can
cagily be coped with by the farmer himself or by CGovernment aid
involving little outlay of mongy and offort. The particular type
of problem is therefore not specificd in the systom. Class 3
land is not subdivided either, as thesc arcas are not to bo
congidercd for development and the roasons why they must be
ignorcd are; in any case, fairly obvious. In Class 2 land,
howevor, tho nature of the main limiting factor is of importance
and this Class has therefore been divided into three subclasses
on that basis. Thess are Class 2g - where the use is mainly
1imited by stecp slopes which will reguire careful terracing and
other measurcs before agriculture can be rocommended; Class 2d -

poorly drained areas which are capable of improvement but the
farmers themselves to tackle although

problom is too great for the
a drainage scheme with Government help would be practicable;

Class 2n land - land which has poor soil capable of growing

only a limited range of crops gatisfactorily without heavy ferti-
lizer additions but in which improvament by such addition would
appear to economic (this is, for most soils, a guess made without

the guidance of agronomic data).

Tt is obvious that this system docs not have long-term
value. It is based on the writer's estimatc of what is practi-
cable and what is not and on wh t crops and forms of agricultural
development are of interest at the present timec. Tha gyetem is
devised merely to summarise the comments made under sach soil
association discussed in the foregoing section and allow a rapid
appraisal of the scope for development in the guprvey arca.

This is otherwise difficult where a large number of mapping units
are concerned. The units are ratoed in the system in the key to

the Soil Map.

The feasibility of a proposed developmont project in any
specific locality rests not only on the inherent character of the
terrain and soil mantle. ‘mong other things, communications,
present land use and status, and the available acreags of suitable
land ars also of importance. Detailad suggestions for development
are therefore not made at the present time. In the following
scction, however, certain areas where the prospects appear 10 be
particularly good are indicated and the development of future

communications are discussed.




proposed line of trunk road.
suggested line of feeder road
steep land or poor soil.
alluvium and peat,

main upland areas where development
is practicable
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RECOMMEND AT IONS

The problems of development in the coastal parts of the
survey arca have been discussed in a separate report (SCOIT, 1970)
and will not be considered further hers.

Large sections of the survey arca comprise deep peat swamps
and, as discussed under the inderson .ssociation above, it does
not seem likely that the major drainage works which would be
necessary to improve them for agriculture would be practicable.

It is recommended that the main swamp arecas remain under forest
for timber cxtraction as at present. There may, however, be
possibilities for draining some peripheral sections of the main
swamp tracts where they are partly bounded by tanjongs of the
Batang Balingian. Any drainage scheme in such areas should be
limitad to Mukah and Anderson 1 soils. Peats deeper than .nderson
1 are best excluded. Before such a scheme can be recommended
somi-detailed soil survey information would be requirsd and the
practicability of drainage assessed by Drainage and Irrigation
Department. If a proposed scheme of morec than a few hundred
acres is envisaged the availability of potential settlers must
also bs investigated. The population in this area is rather sparse.

Dovelopment of land outside the main swamp areas will depend
to a large degree on the provision of road communications. The
projected trunk road is intended to pass through this area and
at time of writing the trace has been surveyed castward to beyond
Sg. arip. It can be assumed that the trunk road will, in general
terms, follow this trace and the line has been plotted on Figs.

3 and 4. These diagrams isolate the hill arcas which are of
interest for development in whits, land in black comprising

steeply sloping areas and arcas in which the soils, wholly or

in large measure, are very infertile and not recommsnded for
development. It can be seen that the proposed trunk road will,

in the west of the survey area (Fig. 3), fodlow a rather narrow
tract of good terrain and soils between the swamps and the main
hills and that it is mainly in the east of the area (Fig. 4) beyond
the Batang Balingian that it crosses large tracts of land which

may be suitable for development. These tracts comprise the ulu
Kemena and the land between Sg. Maong and ulu Sarupai. Both areas
are extremely isolated at present and development cannot be
anticipated until the trunk road is an accomplished fact. Once
good communications are established, however, present goils deta
suggests that these areas would repay more detailed investigation.
The ulu Kemena is of particular interest as much of ths land
remains under forest and presumably would not be found subject to
land disputes should a scheme be projected. Most of the Maong/
Sarupai area is under customary rights, judging by the distribution
of secondary vegetation. In both arsas the terrain is varica and
gsome tracts must be isolated from any scheme bocause the expence

of terracing them is likely to be high. Contoured mapping of these
areas would be required prior to semi-detailed soil survey to
assess the potential of specific localities more closely.
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. thira arca of intersst i3 tust in tho upper arip relley
whers Juiformly low relief is widoaprsaa, the soils arc noderatily
suitable for agriculture (although probably roguiring bouvy

fertilizor applicutions) and thers are possibilitica of inCorpo-
rating the fouotelope arvas of the Piring lssociation.  Mout

rexs i this locality have bosn cultiveted and it includ s 3
swamp tracis of wet padi lana. Ths attitude of the righto-ownere
to devolopment would reyuire investigation prior to further sur-
vey wors in thie area. 4 feoder road running southsast from the
trung rosd to the heaud of the irip walley must ulso be anticipatsd

if dev:ilopment is considered.

4 feedor road has already been provisionally programmed to
link the hills between the Mukah and Balingian swamps with the
proposed trunk road although ground survey for this road has not
yet started. The present soil survey only includes part of this
hill complex but it must obviously be considercd as one unit for
planniag purposes. Fig. 3 shows the extent of hill land in this
area and also isolat:ss tracte of poor soil (largely complexes
of Nyalau and Silantek soils under poor forest) which were mapped
during 1966 and ar¢ as yet unreported. It can be scon that the
best agricultural land lies generally towards the east of the
hill complex and the feedsr road should be aligned with this in
mind. . suggested alignment is approximately shown in Fig. 3.
This avoids the areas of worst soil and links up with ulu Bedengan
in the north. 4 road along the coast frop Mukah to Balingian has
been talked of at various times. Should this be programmed and
built 2 link with the interior road network via the Sg. Bedengan
will be useful. It may be practicable to continue the feeder road
to ths coast itself and a possible route is shown in dashed lines
on Fig. 3. This involves crossing at least onz mile of deep peats
before shallow peat and coastal alluvium are reached and would
royuire investigation by Public Works Department. Even if 4 4g
found that the peats in this section are sufficiently shallow for
road construction to be practicable, it is doubtful whsther exten-
sion of this feeder road to the coast would be justified unless
improved communications along the coast itself were planned at
the same time.

is stated above under the Merit-Nyalau lLssociation, the soil
mantle in the hill 1and through which the feeder road is projectod
is very varied, although most widespread soils arc suitable for
agriculturc and slopes are generally not sufficiently stoep for
this to be a limiting factor. The hill tracts are fragmonted by
extensiong of the gswamps and thers are few large arcas in conso-
lidated blocks for which development can be suggested. It is
recommended that planning for this hill complex be deferred until
the feeder road has been built, and more detailed soil survey then
brogrammed. In this instance, further soils information is unlikely
to have g bearing on the road line. It can only be varicd within
narrow limits if thoe many swamp-filled valley tracts on cither side
of the suggested line are to be avoided.

Only areas in which large-scale agricultural dsvelopment
2Ppears feagible have been discussed in this section. HNumerous
smaller areas exist whers development can also be considercd and
reference may be made to the distribution of soil mapping units
rated as Class 1 (and some Class 2 land) on the soil map. Most
Such areas are already in use for agriculture and improvement
schemes will depend partly on the needs and wishes of the farmers
in spscific localities.
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APPENDIX I

4 nots on Tika Family

.. nunmber of soils ar: noted which are coarse-taxturcé
throughout the subsoil und which have no diagnostic borizous,
or non: which arc more than very woeakly cxpressed. Such szoils
asccur over two types of parcnt matorials over recent alluvi.l
(gencr.1ly mirine) sands and over highly silicgous sedimuntary
rocks and turrace deposits. BSoils over recent alluviil sinds
gre placcd in the Groat Soil Group of Recent Alluvial Soils in
the syst.m currently used (SOIL SURVSY STLFF, 1966). But this
systeom has no place for the other soils mentioned. By most
definitions thesc are Regosols, but such a group has not bcen
includced in the system. Tika Pamily has becn established to cover
such profilus.

Four distinct soils have been recorded which guailify for
placement in the Tiks Family. (Other soils no doubt occur also.)
These arc as follows:

(a) brownish yellow to yellow Nyzlau profilss which have
loamy sand textures to a depth of at least 48 inches 2nd do not
have sufficient clay increase with depth to wualify for an
argillic horizon. Such profiles have been noted in the Kolupu
area, Binatang District, and elsewhere but they are not gencrally
widesprecad. Where found, they have been grouped in the Nyalau
Family. The lack of sufficient cliy incrsase to qualify for an
argillic horizon disyualifies them from placement in this fauwily,
however, as an argillic horizon is diagnostic for Nyalau Family soils.

(b) coarse-temtured profiles which have been placed in the
Saratok Family, being light grey in colour, but which lack suffi-
cient clay increase for an argillic horizon. Like Ngalau soils,
Seratok soils must have an argillic horizon by definition.
'Saratok' profilcs which do not, in fact, qualify for ths family
as definca are quitc common in colluvial positions.

(¢) very deep Podzols, normally of the Miri Family and
occurring on marine terrace revmnants, which do not hive a spodic
horizoa within 48 inches of the surfacs. By dofinition such soils
cannot bc placed in the Podzol group as it is only the 48-inch
profile which is considered for classification in the system.
They cannot be considercd Recent Alluvial Boils as they are deve-
loped in old alluvial material.

(d) pale-coloured coarse sands zand loamy sands derived from
Sandstonc or conglomerate and underlain at depths greater than 10
inches by yuartz gravel or hard paroent rock. These soils are too
dﬁ@? to be considersd Skeletal soils and lack the diagaostic
argillic horizon of th. Saratok Family.

In sach casc mentionsd, the 'regosols' described above
ﬁre closcly releted to soils in the Groups of Red-Yellow Podzolic,
Jrey-fhite Podzolic or Podzol soils in the present system, but
lack sufficient expression of genetic horizons for placcement in
thoss groups. It is not considered nscessary to create a number
of naw familics, however, to emphasise the differcnces between
t?e§a 80ils and their relationships to other families. .in approach
Sibilar to that of the U.S.D..L. systsm (SOIL SURVEY ST.FF, 1660, 1967)
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is adopteds that, given a lack of genetic horizoms and highly
silicsous parent material, in very coarse-textured soils the
texture itself is the feature of paramount importance. 4 wide
range in colour,gand size, mode of origin, etec. is acceptable

4t the fumily level and nszed only be considered, if at all, at
the series level. One family - Tika - has therefore been
introduced. This cannot be placed in any of ths present Creat
Soil Groups. In a subseyuent revision of the system, a Group of
Regosols may be added to cover these soils.

Since the system at present in use was compilad, it has
been agreed to move towards a pan-Malaysian soil classification
using the U.S.D... system as a basis for correlation. Few of the
diagnostic limits used in the Sarawak system agree exactly with
those of the .merican system. With futurc correlation in mind,
the definition of Tika Family uses the U.S.D..\s 1limits where
these are appropriate. The family is comparable to the typic
and lithic subgroups of the Great Group of Quartzipsamments.

Definition of Tika Family

Tika Family comprises soils which:

1) have no R or C horizon within 10 inches of the mineral
soil surface

2) have textures below the Al horizon of loamy fine sand
or coarser to a depth of 48 inches or to an R or C horizon,
whichever is shallower.

3) have a sand fraction which is more than 95 per cent quartz
or other normally insoluble mingrals that do not weather to liberate
iron or aluminium

4) have no spodic horizon within 48 inches of the mineral
soil surface

5) haove insufficient clay increase with depth (to 48 inches)
to quilify for an argillic horizon

6) arc not permanently saturated with water and

T) are not found on present river floodplains or present
marins beaches.

Within the family thrce series have so far been recognised
but hivs not been precisely defined. These series arsi-
Tika Series: light grey to white coarse sands to loamy coarse
sands daveloped over sundstones and conglomerates and commonly
grading to a coarse quartz gravel stoneline or to parent rock
within 48 inches of the mineral soil surface. Most Tika soils in
the Balingian basin and 'Saratok’ soils without argillic horizons
can be considered in this series.
Genting Scries: light olive brown to brownish ycllow loamy sands
developed over sandstones, normally gravel-free in the surface 48
inches. Tika and Genting Series arc distinguished on the basis of
colour.
§§long Series: estublished in Uust Sarawak but also presont in
Bintulu” irca and elsewhere on the Fourth Divigion coastsy light
grey to white sand to 48 inches but underlain, or assumed to be
underlain, by a well-developed spodic horizon; developed in old
marine terrace material. Kilong Series is distinguished from Tika
and Qenting Series on the alluvial nature of the parent material.
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APPENDIX 11

selected profile descriptions

Ten profiles &are daescribed in this appendix, tuhe
profiles beine loceted elvner within this survey are. Cr
in compsreble areas lmmediztely tc the west of it. WVhile
gome of the profiless ere included beceause they are repre
gentative of importent fenilies in the survey eree -
Profile 7 (ilerit Femily), Profile 9 (Kyelau Family) snu
Profile 10 (silantek Feamily) - others are included for
different reasons. Profiles 2 - 6 (Abok Family) concern
soils which heve not previcusly been mapped in central
Serawak snd are aescribed to facilitate comparison with
similer soils 1n ke Abok Family recorded in west oSarawek.
Profile 1 (B8cko Family) and Profile 8 (Merit Family)
illustrate so1ls encountered in this area having features
which sre not typicel of the femilies concerned.

Analyticel data ere included for these profiles

where they are avellable. Data for those profiles seam-
pled in 1970 are incomplete.
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Profile 1

Great Soil Group: Podzol. Parent material: Conglomerate,
iy ascribed to Liang Formation

Pemily: Bako (Upper Pliocene).
geries: Tunggal Vegetetion/land use: Poor primary

forest, probably Heath Forest.
Location: Bukit Tunggal,
Balingian Subdistrict. Altitude: Approx. 450 ft. a.s.l.
(Traverse BB120, pe& 6) 1

Field Nos: B312-B316

site: Summit of high L
ridge. Slope 3~ folling  Lab. Nos: S7778-87782
steeply away to 40~ on
nearby hill flank. Date sampled: 21.6.70.

0 - 2 inches Dusky red (2.5YR 3/2) litter in a loamy
matrix, the litter raw obut finely comumi-
nuted. Abundent rootlets. Distinct wavy
boundary. (87778)

3 - 7 inches Brown (7.5YR 4.7/2) loamy cogrse sand.
Moist. Structureless. Slightly loose.
Some dark brown staining down main root
channels. Many roots. Diffuse wavy
boundazy. (ST779)

7 - 18/19 inches White (7.5YR 8/0) lcoy  coarse sand.
Moist. Structureless. Consistence variable
from very firm to very hard at different
points in horizon, becoming generally
very hard at depth. Rare rootlets. Few
pores. Diffuse wavy boundary. (S7780)

18/19-22/25 " Brown and dark brown (7.5YR 4/2 and 3/2)
batided comras TiAmEiannd, ghg Thin bands
approximately conformable with the horiz™
boundaries and black coatings to the few
cracks. Moist. Friable to very hard, the _
consistency unrelated to colour. Rare roots,
following friable zones. The horizon angles
through the profile, 2-4 inches thick.
Indistinct irregular boundary. (87781)

22/25 - 26 ! Weathered conglomerate, dominantly yellow
but in freshex patches grey to light grey.
Black (Manganese?) and strong brown (Iron?%)
coatings to the main structural cracks and
some dark brown to black (humus?) infilling
of cracks. Ver, Lerd. (s3782).

oo I BT I




Great Soil Group:
Yellow Podzolic

Family: Abok

Series: Sebatu

Locetion: Ulu Sebatu, Arip,

Profile 2

47.

Red-

Palingian Subdistrict.
(Traverse BB150, peg 100)

Ssite: Long footslope to

mein ridge. Slope

0 - 2 inches

2 - 17 inches

17 - 27/33 inches

27/33 - 55 inches

102,

Dark yellowish brown (10YR 4/4)scndy cley loam.|

Moist.

Loose to friuble. Abundant roots and
rootlets. Indistinct irregular boundary.

(S7789)

Strong brewn to brownish yellow (7.5YR 5/6 -
10YR 6/8) randy clay lcam, . Moist. Massive
except for scattered vertical cracks. I
Few clay skins. Friable. Many roots and I
rootlets. Few pores. An intermittent thin

bznd of iron-enriched hard rock fragments

gt the

wavy boundary. (S7790)

Sandy clay texture and common clay skins.
Slightly firm. Otherwise as above.
Indistinet irregular boundary. (87791)

Strong

Massive, but vertical cracks as above.

No clay skins seen. Few roots. Few pores.
Through the horizon run inclined bands of
hard weathered rock fragments and gsoft
patches of reddish brown (2.5YR 4/4)
weathered rock. (87792). '

Parent material: Rhyolite lava
or tufl.

Vegetation/land use: Poor
primary forest

Altitude:

Field Nos: B329-B332
Lab. Nog: 87789/7792
Date sampled: 27.6.70.

Weak medium granular structure.

base of the horizon. Indistinct®

brown (7.5YR 5/8) clay. Moist.
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[Jab. Nos. 57789 S7790 S7791 87792
Horizon limits (ins.) 0-2 2-T7 17-27/33| 27/33-55
yery coarse sand 0.67 0.09 = 0.58
coarse sand Lag3 0,14 0.15 122
medium sand 1.92 0.28 0.22 1233
fine sand % 8.13 5.05 4,55 4.63
very fine sand 46,31 45.68 41.21 35.17
sand 58. 26 51.24 46.13 42.73
gilt 20.16 19.17 18.30 22.48
clay 20.75 32.57 32.29 36.33
pi (H,0) 4.1 4.5 5.1 5,0
pH (Kel) 32 3.5 3.6 3.6
¢ y 3.82 0.31 ') vy 0.18
N 0.219 0.050 0.032 0.050
o/N A9 6 5
C.E.C, 14.35 32427 8.14 7.98
Exch. Ca me/ 0.73 0.40 0.29 0.26
Exch, Mg 100 gm 0.53 0.04 0.06 0.05
Exch, K 0.38 0.08 0.07 0.08
Exch. Ne 0.09 0.03 0.05 0.05
8.3, % 12 4 6
Total P 146 107 66 120
pav,. B Pl 14 2 1 2

Table 4 : Analytical data for Profile 2.
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Profile 3

Great Soil Group: Red- Parent material: Rhyolite lava
Tellow Podzolic or tuff.

Family : Abok

Series: Sebatu

Vegetation/lend use: Poor
primary forest.

Altitude:

Location: Between Semabat
and Sebatu headwaters, Field Nos: B318-B323
Arip, Balingian Subdis-

trict. Lab. Nos: S7783-S7788
Site: Main Sidge line, Date sampled: 26.6.70.

less than 1- slope; rigge

flanks of more than 40
slope within 20 feet on

two sides.

0 = 3 inches

3 - 10 inches

10 = 21 inches

2l - 35 inches

35 - 40/48 inches

40/48 - 48+ inches

Dark reddish brown (5YR 3/2) loam.

Moist. Mainly structureless; few fine
crumbs. Loose. Abundant roots and rootlets.
Indistinet wavy boundary. (S7783)

Yellowish brown (1O0YR 5/4) silt loem.
Moist. Weak medium subangular blocky
structure. Friable. Abundant roots and
rootlets. Diffuse irregular boundary.
(S7784)

Reddish yellow (7.5YR 6/8) clay loeam.
Moist. Wesk medium and coarse subangular
blocky structure. Frigble. Meny small
weathered angular rock fragments and
scattered stones and boulders of rhyolite
lava. Many roots and rootlets. Indistinct
wavy boundary. (S7785)

Strong brown to yellowish red (7.5YR -
5YR 5/6) clay. Moist. Medium to coarse
angular blocky structure. Slightly firm.,
Few roots and rootlets. Diffuse wavy
boundary. (S7786)

Yellowish red (5YR 5/6) clay. Moist.
Weak coarse angular blocky structure.
Slightly firm. Scattered coarse guartz
grains. Few rootlets. Distinct irregular
inclined boundary. (S7787)

Inclined band of weathered rhyolite as
cobble-gize patches, crushable with
difficulty, in & matrix of yellowish
red clay as in overlying horizon.

(S7788)

th There is a discontinuity in the profile &t 21 inches,
e material above this level being disturbed, it is assumed,

by tree fall.
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Profile 4
Great Soil Group: Red- Parent material: Unknown,
Yellow Podzolic possibly rhyolite lava or tuif,

with carbonaceous shale.
Femily: Abok
_ Vesetation/land use: High

Series: 'Nyaroh' (provi- regrowth and scattered trees,
sionally separated from after hill rice.

Sebatu Series

Location: Near S. Seliah,
Arip, Belingian Subdistricv. field Nos: B353-E359

site: Upper slope of Lzn. Nos: S7800-87806

moaeratgly rolling terrain.

Slope 4°.

0 - 3 inches

3 = 11 inches

11 - 26 inches

26 - 49 inches

49 - 62 inches

Date sgmpled: 13.7.70.

Olive brown (2.5YR 4/4) clay. Molst.
Medium to fine weak granular structure.
Frigble. Abundant roots and rootlets.
Indistinct wavy boundary. (87800)

Yellowish brown (10YR 5/6) clay. Moist.
eak medium engular blocky gtructure.
Frigble to slightly firm. Few apparent
cley skins. Few rootlets. Few pores.
Diffuse wavy boundary. (37801

As sbove but clay sKiLs prominent and
structure coarse angulal blocky breakir
to medium snd fine angular blocky. Indie
tinct wavy boundary.

(11-17: S7802 ; 17-26: 37803)

Yellowish brown (LOYR 5/6) clay with few
medium fain% yellowish red mottles becomin:
many with depth, and rare fine distinct
white mobttles. Moist. Coarse angular
blocky structure breaking to fine to
medium angular blocky. Firm. Few rootlets.
Few pores. Indistinct wavy boundary .
(26-36: S7604 ; 36-49: 37805)

Variegated yellowish red (5YR 5/6) end
yellowish brown (10YR 5/6) clay with white
mottles as above. Moist. Coarse angular
blocky structure breaking to fine angular
bleocky. Firm. Rare rootlets. Rare pores.
(ST006).
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?Qm Nos. S7800 [57801 57802 87803 [87604 | ST805 |S7806
¥ [gorizon 1imits (ins.) 0-3 | 3-11 L1-17 |17-26 |26-36|306-49 |49-62
yery coarse sand 0.18] 0.04 | - - - i X
coerse sand 0.821 0.2610.221 0,14 0,221 0.27{ 0.2k
gedium sand 3,16 | 1.60 1 1.37] 0.92 | 092} T2 §:0:73
fine sand % 7.481 6.39 | 5.12| 4.62] 3.94| 3.55| 3.36
very fine sand 12.69 [12.47 14.04 [11.88 [10.28| 7.14| 6.06
gand 24,135 |20.76 |20.55 [17.55[15.36 |11.57 [10. 36
silt 28.33 [23.24 [24.70 [21.64 [20.03 |23. 70 [25.04
clay 52.13 {56.08 [59.23 [65.18 |65.84 [65.74 [62.77
pH(Hén 4.4 1 4.7 14,9183 1752 230 5.5
pH (Kel) 3.4 1 FLE RS eS R SAu T 8a 3.8
C 4.7 0.95 l0.64 |0.52 [0.47 [0.37 |0.30
N 7 0.296 [0.094 [0.075]0.060[0.047 {0.039 |0.036
C/N 16 10 9 9
C.E.C. 17.451 7.40 10 n.8.1 5.54 5.35; 5.18] 6.00
Exch, Ce me/ 0.79| 0.34| 0.43| 0.28] 0.43[ 0.27| O.34
Exch. Mg 100gm | 0.35| 0.07| 0.04| 0.02| 0.02) 0.02 0.02
Exch, K 0.25| 0.07) 0.06| 0.06] 0.06| 0.04| 0.04
Exch. Na 0.23] 0.03| 0.18| 0.03| 0.03f 0.03| 0.04
B. S, % 9 6 7 10
Total P 171| 1s8| 118| 349| 129f 157| 133
it ® i Thug2 1 2 1 2 1

Table 5

: Analytical data for Profile 4.
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Great Soil Group:
Yellow Podzolic
Femily: Abok

Series: 7 Gading

Location: Near Rh.

52.

Profile 5

Hed- Parent material: Granodiorite.

Vegetation/land use: 01d
rubber.

Altitude:

Layang, Field Nos: B285-B290

west of Bt. Piring,
Balingian Subdistrict. Lab. Nos: S7762-ST7767

Site: Upper slope

moderately rolligg

terrain; slope 5.

0 - 13 inches

14 - 5 inches

5 = 14 inches

14 - 22 inches

22 - 32 inches

32 - 40 inches

of Date sampled: 28.2.70.

Brown to dark brown (7.5YR 4/4)/loam.
Moist. Weakly cloddy. Friable. Abundant
rootlets. Diffuse wavy boundary.

(57762)

Strong brown (7.5YR 5/6) coarse sandy
clay loam. Moist. Weak coarse subangular
blocky strufture. Frisble. Ma rootlets.
Diffuse wavy boundary. (8776§§

Strong brown to yellowish brown (7.5YR -
10YR 5/8) coarse sandy clay loam. Moist.
Weak coarse subangular blocky structure.
Frigble. Few rootlets. Diffuse wavy
boundary. (S7764)

As above. (357765)

Strong brown (7.5YR 5/6) coarse sandy
clay. ) . Moist. No structure
seen. Friable. Rare rootlets. Scattered
fragments of well-weathered granodiorite.
Diffuse wavy boundary. (S7766)

As @bove but no roots seen and abundant
fragments of weathered rock. (S7767)
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Leb. Nos. 377621 S7763 | 57764 | S7765| S7766 | 87767
Horizon limits (ins.) 0-1% | 13%-5 S5-14'| 14~221 29-321 32-48
very coarse sand 5,801 l.68% 1.871" 2,181 '7.74 } 10.82
coarse sand 13.191 12.15].11.66 | 11:231 13:66 | 14.69
gedium sand 16.86 | 17.56 | 17.51 ] 16.141| 11.74 9.66
fine sand % 21.24 | 19.74 | 20.24 | 17.56 | 10.63 | 9.89
very fine sand 12.57 1 15.83 Vi6.00 1 34235F 7.71 | 9.60
sand 69.66 | 66.92 | 67.28 | 61.46 | 51.48 | 53.66
gilt 8.21 ) 3,861 4.83 ] ‘B.90%1 :7.23:110.65
clay 23.59 | 26.81 | 27.11 | 33.56 | 35.86 | 33.17
pH (H,0) 5.0 4.9 5.0 5.2 5.7 5.6
pH (Kel) 3.4 3.9 4.0 4.1 4.5 4.8
g b 3.26 | 1.33 ) @085 | 0.64}] 0.40 | 0.29
N e 0.277] 0.124| 0.075| 0.0559 0.043| 0.031
¢/N 12 11 11 12

C.E.C. 9.03 | 3.04: 208 1o9T {5 Xa3T o 1441
Exch, Ca me/ 0.58 ] 0:32 10,421 "0.32 71 '0.29 1 0.32
Exch. Ng 100gm| 0.22 | 0.06 | 0.03 | 0.02 tr 0.05
Exch, K 0.23 | v.08 | 0.05| v.06 | 0.04 | 0.05
Exch. Na 0.27 | o301 0.01} 0.054 0.07 | 0.08
B. 8. % 14 18 i

Total P 218 | 360 | 395 | 198 | 378 | 335
e * e 3 1 o HTS | 2

Table 6 : Analytical data for Profile 5.
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Profile 6
Great Soil Group: ked- Parent material: Quartz biotite
Yellow Podzolic hornfels (presumed)
Femily: Abok Vegetation/land use: Primary
forest
Series: Piring
Asltitude:

Location: Bt. Piring
ridge, north of Rrh. Field Nos: B300-B305
Balong, Balingian Sub-
district. (Traverse BBl108,Lab. Nos: S7768-S7773
peg 40)

Date gampled: 5.5.70.

Site: Upper slope of
strongly r8111n5 terrain;

slope c.20

0 - 4 inches Dark brown (10YR 4/3) clay. Fata™?
Moist. Very weak coarse subangular blocky
structure. Slightly loose. Abundant roots
and rootlets. Indistinct irregular
boundary. (S7768)

4 - 15 inches Reddish yellow (7.5YR 6/8) clay.

Moist. Very wesk very coarse subangular
blocky structure, bresking to fine and
medium angular blocky. Friable. Some

* greyish brown staining down main cracks.
Few rootlets. Diffuse wavy boundary. (S7769) !

15 - 26 inches Reddlsh yellow (7.5YR 6/6) clay,’
. Moist. Structure as above. Friable.
Few clay skins. Few rootlets. Few pores.
Diffuse wavy boundary. (S7770)

26 - 35 inches Strong brown (7.5YR 5/8) clay. Moist.
Coarse to medium engular blocky breaking
to fine angular blocky structure. Many clay
skins on msin structural faces. Few rootlets.
Few pores. Diffuse wavy boundary. (S7771)

(%]
(97
I

38 inches As above with many large iron slag freg-
ments; (stonelingg (not sampled

38 - 49 inches Yellowish red (5YR 5/8) clay with few
fine and medium distinct yellowish brown
mottles. Moist.Fine angular blocky structure.
No clay skins seen. Slightly firm. Few
roots. Rare reddish brown patches from
weathered rock. Few pores. Diffuse
irregular boundary. (S7772)

49 ~ 60 inches Yellowish red (5YR 5/6) clay with few
fine and medium distinct yellowish brown, |
pink and white mottles from weathered rock.
No structure seen. No clay skins. Slightly
i firm. Few roots and pores. (S7773)
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Tab. Nos. 57768 | S7769 |ST7770 |S7771 |S7772 (STT73
forizon limits (ins.) 0-4 4-15 |15-26 |26-35 |38-49 |49-60
very coarse sand 1.34 | 0.03 | 0.06 | 0.18 | 0.64 | 0.96
coarse sand 1.76 0.38 0.30 0.42 1.07 1.83
gedium sand 2,35 | 1.04 | 0.96 | 1.01 | 1.29 | 2.72
fine sand % 5.48 | 3.54 | 4.02 | 3.67 | 6.35 5.33
very fine sand 11.48 |10.64 | 9.00 |10.68 | 4.91 |14.09
gand 02,41 |15.63 |14.34 |15.96 |14.26 [24.93
gilt 30.90 |25.81 |22.06 |21.57 |59.82 [29.68
clay 46.92 |61.87 [60.96 [62.21 |20.88 [47.22
pH (H,0) - 4.6 4.8 5.0 5.2 5.1 5.1
pH (Kel) 3.4 31 3.6 3.7 3 3.6
¢ 5.10 | 0.85 | 0.30 | 0.27 | 0.23 | 0.15
N % 0.362| 0.073| 0.026 | 0.032} 0.019 | 0.023
¢/N 14 12 12 8

% 18.33 | 6.93 | 6.04 |6.35 | 5.57 | 6.2l
Exch. Ca me/ 0.46 | 0.21 | 0.30 |0.41 | 0.20 |0.27
Exch. Mg 100gm| ©0.28 | 0.07 | 0.09 |0.14 | 0.13 0.11
Exch, K 0.23 | 0.07 | 0.04 |0.04 | 0.04 |O0O.05
Exch. Na 0.17 | 0.10 }0.05 |0.09 | 0.08 |0.08
B.S. % 6 6 8 11

Total P 153 441 38 118 48 49
Av. P ppn 6 4 2 1 1 2

Table 7 :

Analyticel data for Profile 6.
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Profile 1

. 1. chale (Tertiarys
Red-Yellow Parent materials "Jr‘j‘ O
Great Soil Grou Belaga IV Formation
Podzol10* AN
e ".'T'L.g‘_;tj,'t iul'if’1.1n3 uses RegZrowtii iV

Famll,!: Meril hill rice; one year old.

geries: ._ltit'iud c. 100 ft. a.s. L

== £

Location: Ulu Sé. St;‘batu’ Pi ‘1,; | 13 5 Cle 94

ukah Subdistrict. field =25

! o QAL 587 ‘.' s L
gite: Summit of moderately Lab. Nos: S4021=54
Tolling terrainj slope 5 - / b
Date sampled: 31.0.66.
YR ) al .y Moist
0-1 inch Brown to dark brown (10YR 4/3) clay. Mols
¥ " ' | * m
Structureless. Friable. .bundant rootlie
Indistinct wavy boundary. (84857)

1 - 6 inches Yellowish brown (10YR ‘/";) el loam, with n
very coarsc yr'Jla(J unced ligh 1:5' Wnislh Egray §
mottles. Moist. Structurcecless. iable. Many
rootlets. Indistinct wavy boundary. (348

6 - 11 inches Brownish yellow to strong brown (1 /¢
7.5YR 5/&) clay. Moist. Very weak . it
angular blocky structurs. Few apparent ol ina.
Firm. Few rootlets. Raru fin juartz i gnenta.
Diffuse wavy boundary. (54859)

11 - 16 inches  Strong brown (7.5YR 5/7) clay. Moist.
angular blocky structure,breaking to meai Many
apparent Cl';.‘r‘:jk’.i:].;. Firm. Many mall { Loom L § P
iron-enriched weathored shzle and o
quartz. Few rootlets. Indistinct wav
(54860) '

16 - 23 inche 1

hUS Structuru weak and p Jl’tl-_‘ raret thory
above. Diffuse wavy bound wry.  (54861)
23 a i
30 inches Strong brown (7.5YR 4 P O
nLerdeda 1 wWit)
8I‘c.yls;h brown (1|J13 5/2Y 4 1 i 2 e
< o Ldg0V Yeall - :
(12fﬁ 6/4) weathored olay sk e £1ank
-1 Ly wNaaSy i Kad '..'_"
red and .}EllOnlar brown. The o] .nd s o
;rg inclined across LR g Wit 3 .6
dvln p % . - AL i ' T f —p- -
2 Weak ‘Tl..\..lu. ;:‘._uju.l ar '-_1‘_:1&: Sl i :

30 - 38 inches g above.

L

(54863).




b Tos. 54857 | 54856 | 54859 [54860 [34861 [54862{54863
forizon limits (ins.) 0-1 | 1-6 | 6-11 [11-16 {16-23 |23- 30E30-38 '
yery coarse sand % 0.06} 0.18} 0.17| 2.51} 7.00 O.47E n.d.
soarse sand 0.06| 0.53} 0.67| 3.21| 7.84 1.63i n.d. ||

¥ | jediun sand | 0.59| 0.83! 0.56} 1.77} 3.82} 3.05! n.d.

§|sine send ! 0.89! 1.18} 0.83| 1.07{ 1.70| 1.47, n.d.

| very fine send | o 16.23118.76 |13.26 {12.36 | 7.63} 7.61} n.d.

4! i5ta1 sand 17.83121.46115.49 {16.82 |54.27 |14.23] n.d. |
gilt 1 40.69[45.55{39.63 |34.51 [28.62 (44.55| n.d.
clay ., 41.65133.3144.73 |44.9243.60 }41.11} n.d. |
il (H,0) b
C A= 4.29] 2.01] 0.73] 0.41] 0.45} 0.41} 0.43
N ? 0.309 10.140 |0.066 [0.063 }0.057 [0.086 }0.077
o/N - 14 14 11 T |
(3.0, 21.16 {15.38]12.38 [11.5210.58 |12.41]11.95
Exch. Ca me/ 0.321 0.20} 0.26] 0.06} 0.11}| 0.14} 0.20
Sxch. Mg 100gm| ©.78] 0.14] 0.19} 0.25] 0.14} 0.13 0.06
Bxch. K 0.29{ 0.21} 0.10} 0.07} 0.09} 0.09} 0.10
Exch. Na 0.14| 0.11] 0.12} 0.11} 0.13} 0.09} 0.10
B.S. % i 4 5 4 4 4k g
Extr. Ca (100| 103} <100} 206} 103} 103} 296
Extr. Ng 1374 | 1300| 1480} 1605| 2528 | 3031} 1852 }
Extr. K ppm 3664 | 3212} 3304 | 2676 | 4511} 6838 6762
Bxtr. P 200| 142| 115{ 115| 103| 124} 103
Extr., Fe 85| 105 39 14 3 3 L]
Extr. Mn b ' & - o o SR
EXtr. Al o9o9| o8al e71| 14| 603| 963] 734 ]
Total §i0, 66.43 |71. 36 |69.08 [62.59 [51.77 [58.99|57.39 |
fotal Fe 0, % 5.18| 3.61| 4.41] 7.53|13.56 | 4.49] 4.42 |

4 | Total- U 60 _

. el-41,0, 11.76 {12.92|14.89 [29.29 |19.12|23.6022.49 |

Table 8 : Analytical data for Profile 7.
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Profile 8

Groat Soil Group: Red-Yellow Parcnt material: Shale (Miocenes

Podzolic.

Family:

Series:
[erios

Merit

Balingian Formation)

Vegetation/land use: Regrowth
(approx. 4 years 0old) after hill rice.

Lltitude:

Location: Penipah-Bedengan
area, Mukah Subdistrict; FPield Nos: 8972-3979
(Traverse 08, peg 47)

Lab. NWos: S5165-85172

8ite: Summit of low knoll
riging slightly above Date sampled: 12.10.66.
surrounding gently undulating
0
terraini slope 1 .

0 - 5 inches

' 5 = 15 inches
15 - 23 inches
23 - 31 inches
31 - 36 inches
36 - 42 inches
42 - 54 inches
%4 - 60 inches

Brown to dark brown (10YR 4/2) clay loam. Moist.

Weak finc angular blocky structurc. Friable. Many
rootlets. Some clods of material from underlying

horizon. Diffuse wavy boundary. (S5165)

Strong brown (7.5YR 5/6) clay loam. Moist. Vcak
coarse angular blocky structure, breaking %o fine.
Slightly friable. Few rootlets. Some humus staining
down main root channels. Diffuse wavy boundary.

(55166)

Strong brown to yellowish red (7.5YR 5/6-5YR 5/8)
clay loam. Moist. Coarse angular blocky structure,
breaking to fine. Some apparent clayskins..
Blightly friable. Few rootlets. Some humus gtaining
on larger cracks. Diffuse wavy boundary. (85167)

Strong brown to yollowish red (5YR 5.5/8) clay,
reddish yellow (7.5YR 6/6) on some ped faces.

Moist. Weak coarse angular and subangular blocky
structure. Clayskins and humus staining as above.
Slightly friable. Few rootlets. Rare iron-enriched
weathercd shale fragments. Indistinet wavy boundary.

(s5168)

Yellowish red (5YR 5/8) clay with abundant irre-
gular or platy iron-enriched rock fragments and
many root impressions ('iron pipes'). Indistinct
wavy boundary. (S5169)

Red (2.5YR 4/8) and yellow (10YR 7/6) finely
mottled clay. Moist. Structureless. Slightly friable.
Few rootlets. Diffuse wavy boundary. (S5170)

L8 above with many fine distinct white mottles and
many medium distinct weak red mottles. Indistinct
wavy boundary. (S5171)

Weathered shale, dominantly light grey, partly
variegated pinkish grey and yellowish brown with
strong brown staining in the few root channels and
some hard bands of iron-enriched shale breaking to
platy fragments. (8S5172)
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p—

b, Nos. S5165| S5166| S5167| $5168| 55169 | 85170} S5171
forizon 1imits 0-5 5-15| 15-23| 23-31| 31-36 | 36-42| 42-54
vry coarse sand 0.121 o.20f o0.11] 0.39] 5.010| 0.32| 0.67
goarse sand 0.66| 0.43] 0.29] 0.49| 4.01| 0.42] 1.66
sodiup sand 1.82| 1.68| 1.34| 1.35| 2.33| 0.95| 1.83
#ine sand 15.78| 9.53| 8.88| 8.16| 8.75| 4.64] 0.73
very fine sand % 23.42| 27.86| 28.06| 24.35| 19.65| 24.14| 28.23
sand 41.80| 39.70| 38.68| 34.74| 36.75| 30.47| 33.12
silt 31.33| 25.27| 23.15| 18.81| 19.63 | 25.38{ 27.00
clay 27.20| 36.24| 39.84| 44.80| 42.12| 46.14 | 42.28
93(320) 4.5 4.5 4.8 5.0 5.0 5.0 5.0
¢
¥ %
o/N
0.3.C. 10.42| 10.24] 10.48] 13.34 | 12.66 | 16.49 | 18.99
Bxch. Ca me/ 1.30| 0.26| 0.19] 0.06| 0.06 |<0.06| 0.06
" Mg 100gm| 4 78| o0.32| 0.14| ©0.14| 0.20{ 0.27| 0.33
ERk 1.41] 0.47| 0.27| 0.40| 0.40| 0.54] 0.62
" Fa "1.50| 0.91] 1.20| 1.08| 0.87| 1.42| 0.88
B.S. q. 48 19 17 13 12
Extr. Ca 318 105 105 212 321 214 215
" Mg 315 376 948 | 1271 nd 1287 581
Bk 477 370 852 | 1152 nd 1733 | 1738
B P ppo 48 48 67 70 46 68 49
" Pe 127 281 14 7 (' 5 1
" Mn 5 s ;] - 2 =4 e
S Al 504 739 718 856 803 1343 | 1629
Total Si
. 3203 ’;
¥ 210
P —— e 3
P retention % 69.24| 63.02 | 60.87| 55.22 | 41.42 | 40.18 |35.90
v, p
"ater dispersible
~""'-----___
frae F9203 nd nd 4.05| 4.97| 6.24| 5.04 | 5.75
\_______
Teble 9 : Analyticsl data for Profile 8.
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Profile 9
Great Soil Group: Red- Parent material: Sandstone
Yellow PodzolicC (Miocene: Nyalau Formation)
Family: Nyalau Vegetation/land use: Primary
forest.
Series:
Altitude:

Location: ulu Bunyoh, Arip,
Balingian Subdistrict. Field Nos: B342-B348

Site: Upper slopeoof high Lab. Nos: S7793-S7799

ridge; slope c.15 .

0 = 2 inches

2 - 6/12 inches

6/12 - 19 inches

19 - 30 inches

30 - 44 inches

44 - 50/55 inches

50/55 - 75 inches

Date sampled: 12.7.70.

Dark yellowish brown (10YR 4/4) sandy
clay loam. Moist. Structureless to very
weak subgngular blocky. Loose. Abundant
roots and rootlets. Indistinct wavy
boundary. (S87793)

Brownish yellow (1OYR 6/6) sandy loam

to sandy clay loam, with prominent dark
brown and reddish brown patches, largely
as infilling of root channels. Moist.
Structure as above. Loose. Many roots
and rootlets. Diffuse irregular boundary.

(S7794)

Brownish yellow (1OYR 6/6) sandy loam.
Moist. Massive except for large vertical
cracks. Friasble. Few large pores. Many
rootlets. Diffuse wavy boundary. (S7795)

Brownish yellow (10YR 6/6) sandy clay
loam. Moist. Structure as above. Few
apparent clayskins. Friable. Scattered
patches of pale brown and yellowish brown
weathered rock. Few large pores. Few
rootlets. Diffuse wavy boundary. (S7796)

As sbove but claysekins prominent.
Diffuse wavy boundary. (S7797)

Brownish yellow (10YR 6/6), light grey
(10YR 7/2§ and yellowish brown (1O0YR 5/8)
sandy clay loam. Moist. No structure seen.
Firm and slightly plastic. No roots seen.
Few large pores. Indistinct irregular
boundary. (S7798)

As above but scattered hard iron-enriched
fragments of weathered sandstone in thin
bends inclined across profile face,
following rock structure lines. (S7799)
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[Tab. Nos. S7793|S7794 | ST795 | 7796 (7797 |S7798 | 87799
Jepth 1imits (ins.) 0-2 | 2/7,|5/32 |19-30 [30-44 | 44,2 202
yery coarse sand 1330 = = a - Oeld}] =
coarse sand 2.69| 0.11| 0.07| 0.09| 0.10| 0.28]| 0.08
gedium sand 11.61[11.60 (12.24 (11.83 |10.42| 9.61[10.04
fine sand % 31.70 [39.00 [35.16 |34.9233.90 |32.35|33.52
very fine sand 12.95(16.30 |15.18 |15.93 |16.00 [15.90 |14 .84
sand 60.31 [67.06 |62.65 |62.77 |60.42 [58.25|56.48
silt 11.91 [13.32(34.02(11.79[12.60 [14.99|16.44
clay 26.59 [20.04 | 3.65 |26.27 |26.91 [27.26|27.72
pH (H,0) 3571 4.3 8B " g T Ao AR 508
pH (Kel) 2.2 V3.6 P3a L3 38 ¥ 3.h ] 3
c 8.8710.83] 0.56 | 0.09| 0.12| 0.09| 0.07
i % lo0.427 .068 [0.059 [0.025 [0.025 |0.024 |0.037
o/N 21 12 9 4
(8.0, n.d. {8.01 |'4.3715.021 5. 7316211 5.08
Exch, Ca me/ 0.34 {0.39]0.32]0.26| 0.29 | 0.28| 0.32
Exch. Mg 100gm| 0.59 | 0.09 {£0.01 | 0.02 [£0.01 K0.01 | 0.02
Exch, K 0.52 |0.10 | 0.06 | 0.06 | 0.06 | 0.07| 0.08
| Bxch, Na 0.17 | 0.08 | 0.08 |0.07 | 0.07 | 0.05]| 0.04

| (35 % 8.3 &b 8

| | Total P 157 | 189 | 321 64 | 158 53 7 4
4%, P ppm 12 4 3 2 2 2 2

Table 10 : Anclytical data for Profile 9.
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Profile 10

Gpreat Soil Group: Podzol. Parent matcrial: Sandstone
R (Miocene; Balingian Formation).
Family: Silantek

Vegatation/land use: Heath forest
Series:

Altitude:s
Location: Kenyana-Bakau

watershed; Mukab Subdistrict. Field Nos:

$946-595T

(Traverse OM5, peg 40)

Sites

slope 2 .

0 - 4 inch

4 - 3/5 inches

35 - 1/9 "

/9 - 12/16 *

12/16 - 18

18 - 20 "

20 - 22/24 "

Lab. Noss S5146-55157

Middle slope of mode-
rately gndulating terrainj

Date sampled: 1.10.66.

Very dusky red (2.5YR 2/2) raw humus and brown
(7.5YR 5/2) fine sandy loam. Moist. W~ak coarse
granular structure. Very friable. Abundant rootl]-*s.
Indistinct smooth boundary. (85146)

Brown (10YR 5/3) and pale brown (10YR 6/3) fine
sandy loam, the colours diffuscly variablc. Moist.
Stpuctureless. Friable. Many rootlets. Diffuse
wavy boundary. (S5147)

Very pale brown (10YR 7/3) fine sandy loam, diffusely
washed brown (10YR 6/3) and with brown staining

down root channels. Moist. Structureless. Very fri-
able. Few rootlets. Diffuse irregular boundary.

(55148)

Light grey (2.5Y 7/2) fine sandy loam, with few
large very pale brown patchcs and pale brown and
brown staining down root channels. Moist. Struc-
tureless. Very friable. Few rootlets. Diffuse
irregular boundary. (S5149)

White to light grey (5Y 7.5/1) loamy finc sand; w-t.
many coarse to fine distinct pale yellow and very

pale brown mottles, some associat:d with root channels.
Moist. Structureless. Very friable. Rare rootlets.
Tndistinct wavy boundary. (85150)

White to light grey (5Y 7.5/1) and light grey (2.5Y
7/2) fins sandy loam, with pale yellow staining
along old root channecls. Moist. Structurcless.

Very friable. No roots scen. Indistinct wavy
boundary. (s5151)

Dark brown (7.5YR 3/2) fine sandy loam with 1light
yellowish brown (10YR 6/4) patches, reddish brown
stains down root channols and thin dark reddish
brown layers in the body of the horizon. Moist.
Structureless. Firm. No roots seen. Indistinct
highly irregular boundary, dipping where it crosses
an old root channcl. (85152)
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22/24 - 22/27 inches Pale yellow (2.5Y 8/4) fine sandy loam
with yellowish rcd (5YR 5/8) and strong
brown (7.5YR 5/6) staining down main
cracks and root lincs. Moist. Brezks
weakly along vestigial rock structure
plancs. No roots seen. Indistinct irregular
and interupted boundary. The undcrlying
material tongues up through this horizon.

(55153)

22/27 - 27/33 inches Yollow (10YR 7/6) fine sandy loam, mottled
strong brown and yellowish red, with
yellowish red and pale brown staining down
gtructural lines and old root channels;
this material grading laterally to yellowish
red (5YR 5/8) fine sandy loam. Moist.

Rock structurec as above.” Very friablej
very firm where yellowish red. No roots
geen. Indistinct irregular boundary.

(s5154)

27/33 - 35/42 inches Pale yellow (2.5Y 7/4) fine sandy loam with
- many medium and fine distinct yellowish red
and yellow mottles becoming fewer with depth.
Brown staining along old root lines. Moist.
Structureless. Very firm. Very rarc rootlets.
Diffuse wavy boundary. (27/33-34: 851553
34-35/42: $5156)

35/42 - 48 inches Mottles few. No roots seen. Otherwise as
above. (S5157).
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