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] Abstraet

Vo The soils of the Lormaleng Extension Area north west of

: the present Lormalong Settlement Scheme in the northern part of the .

| Semporna Peninsula are derived from various parent material and

oconsequently give rise to different agrieultural potentials, In g
the 10,000 aores surveyed, approximately 29% of the soils developed !
on steepland ultrabasic to basiec igneous roeks are not considered

ugeful for agriculture, A further 36% of the soils derived frem |
lower expressions of this similar ultrabasic (slump) parent '
material and raised non-aetive alluvium are eensidered suitable for

oil palm plantation. 150 of soils develeped on gently rolling

tepography derived from vesieular lava are censidered to be ideally

suitable for cocoa plantation, The soils of the coastal margin

and Tingkayu floodplain ameunting to about 197 of the area would

require drainage as a pre-requisite to any agrieultural development,

Aclnowledgements !

The writer wishes to take this opportunity of thanking the
officers of the Sabah Land Development Beard, in partieular their
Senior Manager, Encik Graham Steele, the Tawav Regional Manager, ,
Breik Denis Wyman and the Agrenomist, Eneik Christepher Hoh and
whiist at Kunak, the warm hospitality of the Manager of Mostyn '
Estate, Eneik B{ll Tully, Their assistance with a light aireraft
for wserial reconnaissance, a land Rever fer ground work and
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Purpose of the Survey and Deseription of the Ares '

The soil survey of the Lormalong Extension Area was under-
taken in the period mid-April to mid-July, 1973 to delineate the 5
essential types of the soils and draw some conclusions for their |
usefulness in a major extension of the Lormalong Settlement Scheme,
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The area, existing largely to the north of the Madai - Batureng
Forest Reserve boundary and west of the mangrove swamp up to the
Sunge{ Tingkayu etill remains to0 be developed and extends over
10,000 acres, This is almost entirely covered by primary
equatorial forest except for a concession area on both sides of the
Kunak - Lahad Datu Road where the Sabah Timber Company has remeved
the best amount of regenerated secondary forest in this area near
the road. There has been no agricultural activity in the area held
by the Sabah Land Development Board except in the very south east
whers shifting cultivation from a small Bajau kampong has enoroached
on the basalt derived soil immediately north of the present
Lormalong Soheme,

The ares consists of a variety of topographical features
and is believed to have been sudjeoted to considerable geological
and geomorphological ohanges in Quaternary times. There are &
series of 200~300 foot high ridges running roughly parallel to the
coast in a north-westerly direction ocomposed mainly of much-altered
serpentenite (ultrabasic) material, This is generally known as the
'Slump Formation' and gives rise to fairly steep topography
projeoting out of the rolling terrain, Other components of the
Slump Formation i.e. sandstone, mudstone and vesiocular lava make up
the predominently rolling topography which continues north eastwards
out of the Madai-Baturong Forest Reserve into a ooastal terraced
alluvium, This in its turn merges into the_ lower active nl:l.uvim
of the Tingkayu floodplain and mangrove margin. These major
topographical features have been highlighted in the accompanying
introductory map along with the location of the rentis system made
during this survey and the previous regional reconnaissance soil
survey in 1966,

Methode of Carrying out_the Survey
A preliminary interpretation of the Sabah Forest Inventory
Aerial Photograph Cover of the area at a scale of approximately
1:125,000 was undertaken, The runs 1731(19-27), 1732(34-41) and
1733(23-30) were taken in May 1970 and their photocentres have been
marked on the introductory map. In addition to these, a very
up-to-date cover was qbtained from aerial photographs taken at a
similar scale of the Kunak to Lahad Datu Road in early 1973
(Run 1972, Nos, 5~11).

.'_’, 5 Ry ? 3/...



"3

At an early stage, it was decided to insert rentises
(traces) at an angle of 30° (magnetic) from the main road at
intervals of 2000 feet to cover the most hopeful area for
agricultural development, i.e. to the NE and SV of the road. At
a later stage, sub-rentises to check soil glopes and parent materials
were inserted at 1000 foot intervals at right angles to the main
rentises. TFrom Chain 70 (100 foot chains) on Rentis 11, a radial
get of rentises at 30° intervals was cut to check on the soil
conditions in the northern part of the area. On all the main
rentises, auger profiles were described at 1000 foot intervals
with soil slope measurements at each chain interval (100 feet)
and differences in parent material ncted when they occurred on
both the main rentises and sub-rentises. Pits were sunk and
profiles described on diagnostic soils of the various parent
materials. These have been subsequently chemically and mechanically
analysed and are presented later in this report.

THE SOILS OF THE AREA

Digcussion of Mapping and Classification Involved

Since the completion of the reconnaissance goil survey of
the State earlier this year, there has been some doubt of how exactly
to map the finer distinctions of the goil associations previously
used. On ad hoc surveys, there is naturally a tendency to use
larger goales - in this case 1:25,000, over the 10,000 acres wnder
potential development. It depends entirely on the complexity of
the soil types occurring and the need for finer detail with respeot
to the character of the agricultural development envisaged., Some
thought has been given to this by the writer and it has been decided
in this instance to use Roman numerals as mapping symbols for the
geven distinct goil assemblages which are represented in the area.

For the purpose of this report, a soil assemblage is & '
ioao.l and finer distinction of the Sabah Soil Association which falls
into a definite geomorphological unit and is derived from as certain
a geological parent matorial as is practical to discover in the field.
Tied in with the geomorphological part of the definition, are the
slopes which are generally accepted to limit agricultural development,
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The FAQ Soil Units and their Sabah Soils Families are generally more
restricted in an assemblage than in an association as a result of
not only the finer definition but also the practicality of finding
such variations in the limited area in the field.

There are seven assemblages in the area. Each will be
described in turn with the soils found therein.

Agsemblage I (See Profiles 1 & 2 in Appendix)

The soils in this assemblage are developed on sharply
defined ridges running in a SE to NV direction through the area.
Slopes on this hills are between 15° and 25° though some 40 of the
slope results are excessively steep - up to-35°. The amplitude
of this steep ground is about 150 rising to 300 feet on hills near
the coast, The geology is almost entirely much-altered serpentenite.
This ultrabasic rock (i.e. with little or no free silica in its
matrix and high in ferro-magnesian minerals) has been dynamically
metamorphosed with shining "slickenside" surfaces with chlorite
and tale formed in the process. This gives the ultrabasic rock
easily recognisable field characteristics.

The soils fall into two FAO soil units. The most common
are Orthic Luvisols of the Tingkayu Family, which under the thin
surface humic horizon are characteristically dark yellowish brown
to yellowish brown and olive in colour. An appreciable clay shift
with depth from a loam texture to a clay loam to clay is noted whilst
at the same time the amount of the rotten rock fraction also
increases, From the chemical results not only of the type profile
at the old quarry side near the base camp but also from the
reconnaissance survey undertaken by P. Thomas in 1966, the high
results of the Mg and Ca levels bring the base saturation above 50
which marks the essential criterion in the Luvisol definition., These
high levels come from the weathering of the above mentioned
ferro-magnesian minerals and also the calcium =~ rich environment
exemplified by the limestone mountains of Madai and Baturong i
immediately to the south and west of the area, On the other hand,
the essential plant nutrients of K and Na are very low indeed,
pH is almost neutral.
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Less common are Orthic Acrisols to Chromie Luvisols tending
towards the Malawali Family which are found at the foot of the
ridges derived from colluvium, These have a characteristic
dveky red colour throughout the profile and bring to mind the
Rhodic Ferralsols of the Pinianakan Family found so commonly on
other ultrabasic but more mountainous areas in the State. The
texture increases in fineness with depth from a well structured
loam to clay loam which tends to be massive in the lowest horizon
surrounding the rotten ultrabasic parent material., An increase
in clay is noted for the mechanical analysis which definitely put
these soils in the Acrisol or Luvisol FAO Soil Units. However,
the base saturation tends to be lower in the upper horizons than
50% required for classification into a Luvisol. This percentage
is only surpassed in the lower less active horizons and thus in
the type profile appended, a classification can only be given of
an Orthic Acrisol, As in the previous profile, the Mg values
are high whilst Ca has been removed in the colluviation and is
represented in less quantity. Na and K are low and the pH is
slightly more acid. The lack of advanced weathering of this soil
into the FAO Ferralsol Unit is reflected in the lack of reddish
purple staining which normally occurs on one's hands after
examining similar soils in other areas of Sabah.

From an examination of the auger profiles taken on these
steepland soils sampling could not take place under 20 inches depth
in about 12% of the results. This assemblage of steepland soile
extends over some 2732 acres of the area surveyed.

Assemblage IT

The soils of this assemblage are associated with the
landforms described in the previous assemblage, Slopes are similar
and therc is an abundance of vesicular lava boulders on the surface
with soil only occupying interstices between the surface and subsoil
boulders. The characteristics of the soils are similar to those
in Assemblage IV described below. This assemblage has been found
and delineated on a relatively small area of 183 acres.
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Assemblage III (See Profile 3)

The landforms particularly relating to this assemblage.
are less intense expression of those described in Assemblage I,
being low rolling hills with moderate slopes in the range of 5°
to 15°. These hills, like those of Assemblage I, consist of mainly
ultrabasic much-altered serpentenite. Paton in his original
reconnaissance soil mapping of the area combined these two
Assemblages giving a type name to the soils expressed thereon as
Tingkeyu. This name has been retained for the Orthic Luvisol
family found most commonly in Assemblage III.

In the profile described of the Tingkayu Family soils

there is again found an appreciable clay shift from a loam texture
in the upper horizons to @ clay loam in the lower horizon and this
ig further reflected in the mechanical analysis. The exceedingly
high calcium and magnesium cation results brings the base saturation
to an extremely high level though it muet be noted again, as in the
soils of Assemblage I, that the potassium and sodium cation figures
are low. The pH of the soil is predominantly neutral, It was
noted that sccondary regrowth was particularly strong on these soils.

Thie Assemblage occupies a belt running NW from the present
Lormalong Scheme flenking the steeper ridges of Assemblage I towards
the Sungei Tingkayu and has a total area of some 1648 acres.

Assemblage IV (Sce Profiles 4, 5 & 6)

This assemblage contains economically the most important
soils found in the area surveyed, Within this assemblage of low
rolling hills and flat land, the soils are derived from vesicular
lava from two provenances., . The older and undoubtedly the more
extensive is a component of the Slump Formation closely associated
with the other parent materials of scrpentenite of Assemblages I
and III and sandstone of Assemblage V. At the very castern and
western end of the Kunak - Lahad Datu Road, the vesicular lava is
knomn to be the northern-most tendrils of the Mostyn Flow - a
much-later and charactoristically olivine-rich lava. The lava,
however, is contiguous in the field and distinction on the basis
of crystalline composition not possible, The soils are gimilarly
undistinguishable in all pedological characteristics.
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The soils of this assemblage are characterised by the
dark brown loam to clay loam appearance thrOughout the profile.
The amount of parent vesicular lava boulders can vary in
proportion to the soil fraction to a very high degree and it can
be said that it is never less than 50%., Because of the high
amount of parent material, it is difficult to determine a definite
horizonal evolution although the pit profiles of the Eutric
Cambisols representative of the Bombalai and Mostyn Families do
show a slight inorease in clay with depth. These first two
profiles are taken in the west and east of the area respectively
and are probably derived from the younger Mostyn Flow. Both are
high in Calcium and Magnesium as in other soils in the area whilst
the Eutric Cambisol of the Bombalai Family has a slightly higher
content of Sodium and Potassium than the Dystric Cambisol of the
Mostyn Family, The well developed fine to coarse granular
structure with the high proportion of rock material give good
drainage charactoeristics in these soils.

The Cambisols (or "changing" soils) with only a suggestion
of a clay shift would indicate a certain juvenility over solls
with a more appreciable clay shift i.e. Acrisols. A pit profile
oxamined in the centre of the arca most certainly on the vesicular
lavas of the Slump Formation shows the definite characteristics
of an Orthioc Acrisol of the Tedong Sories of the Lividoi Family.
As before a brown to dark brown well structured soil occurs
throughout the stoney profile and thore is a very noticeable ~lay
shift,

The only noticeable difference is the slightly higher acid
values of pH for most of the profile and the lower results of the
exchangeable cations bringing tho base saturation to under 50% for
most of the profile, However, the main root growth occurs in the
upper horizons where the base saturation and organic nutrition is
higher and the presence of rock matorial is lower. The concern
for judicious land clearing is paramount therefore on the north-
castern arca of this Assemblage. The Assemblage is found in two
portions, the larger (906) acres being in the northwest and the
emaller (582) in the southeast. '
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Asscmblage v (Sce Profile T)

This is the smallest assemblage delineated in the area
surveyed, being made up of gently rolling land with sandstone as
the diagnostic parent material., This again is one of the
components of the Slump Formation complex. A profile described
on this sandstone shows all the aspects of one of the commonest
hill soils of Sabah - the Orthic Acrisols of the Tanjong Lipat
Family and Series. Being deeply woathered thore is & pronounced
clay shift in the lowest horizons from a loamy sand to fine sandy
loam to a clay loam at depth. The low base saturation figure
refloocts the poor quantities of exchangeable cations throughout
the profile. The soil is moderately acid and typically, whatever
nutrients, both organic and inorganic, are confined to a narrow
gurface horizon, Care thus must be taken in the olearance of
this small arca of 119 acres.

Agsemblage VI (See Profiles 8 &9)

The soils of this assemblage are expressed on gently rolling
to flat land made up of high non-active alluvium. The featuroc ie
cssentially a torrace lying between the mainland hills and ridge
flanks and the coastal plain behind the mangrove gwamps. There
{6 no break in slope which ocan definitely be outlined and both in
the field and on the aerial photographs, the boundary can only be
given by a distant change in the vegetation, Pneumatophore roots
becomo common on the lower alluvium of the following Assemblage VII
and the canopy "greyer" and more closely knit.

The soils on these non-flooding high ground have been
subjected to processes of weathering in which a dofinite clay shift
can bo scen in the profile, Textures of the brown to strong brown
soils range with depth from fine sandy loam to silty clay loam,

The exchangeable cation content of the Orthic Acrisol of the Paliu
Family is extremely low with Magnesium, and to a lesser extont
Calcium, present beyond O or trace levels in most of the profile.
The advanced state of weathering is also indicated in the

numerous small black manganeso conorotions found in lower horizons.
The Orthic Luvisol of the Numatoi Family has a higher base
gaturation although it is the high presence of Calcium and other
cations washed out from the vesicles (amygdales) of the adjacent
lava near Lormalong that accounts for this general enrichment.

9 iee
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The area of this agsemblage which is split into two
portions, one in the north and one flanking the Slump Formation
hills in the south, totals 1834 acres.

Assemblage VII (See Profiles 10, 11 & 12)

The soils of this assemblage are developed on the plain
botwoen the above assemblages and the mangrove swamps and on the
floodplain of the Sungei Tingkayu. There is a permanently high
water teble during average climatic conditions. This is reflected
in gley mottling occuring throughout the profile. Clay movement
ig impeded though there is a general increase in finencss of
toxture with dopth, The structure of the peds tends to be
weakly developed and an abundance of iron staining and manganese
conoretion formation is noted. The low lying plain merges
insignificantly into the inland agsemblages and consoquently river
valleys running through the latter have the gleyed characteristics
of the former. Such pits profiles examined on a valley floor
ig made up of loam to fine sandy loam to clay loam from an
alluvium still bearing the enrichment of Calcium and Magnesium
cations from the parent materials of the above assemblages.

The bage saturation is brought above 50# and higher, as the pH
becomes more neutral in the Eutric Gleysol of the Kinarasaban
Family and the Eutric Fluvisol of the Sumilad Family and Series
respectively.

At a further distance from the derivation of the alluvium,
tho cation availability becomos less. In two pit profiles, one
of which is appended in this report, it is again only the
magnesium and to a losser oxtont the caleium that are present
whilst the pH drops to moderately acid., Gypsum was found at a
dopth of 45 = 70 em in & gocond pit which brought up the cation
level of calcium to 30,68 me %. The crystalline caleium
sulphate occupied 1,35 of the bulk mass of a sample from thie
horizon., A general test of the acidity and sulphur content
revealed that the soil was on the verge of being classified
as "acid sulphatc". The soluble sulphato oxpressed as a
percentage sulphur in the gypsum horizon was 0,132 whilst the
pH is 0,01N KC1 was 3.6. The values (which are not complete
enough to include in this report) indicate that the upper
plant growth horisons are normal with acid pH's.

1&...



-10-

The acreage of this assemblage which is largely on the
periphery of the areca surveyed is 1927 acres.

AGRICULTURAL RECOMMENDATIONS AND CONCLUSIONS

Assemblage I:

The soils of this assemblage (2732 acres) are not
congidered generally suitable for agriculture because of the
general steepness of the terrain, Trial areas are recommended
for judiecial planting cocoa on the lower slopes. Similarly,
but not gencrally, some areas within this assomblage may be
useful for under brushing, pasture cstablishment and cattle
grazing.,

Assomblage II:

The recommendations for the above stand although trial
of cocoa would probably be more useful,

Assemblage III:

The soils of this assemblage (1648 acres) are
congidored suitable for oil palm = although the low status of
Na and K will call for a fairly heavy general fertilization
programmes. The near neutral pH's may well be combatted by the
higher clay content and thence higher moisture retention
capacity than on the soils where intommal drainage is exocessive
(1.0, the noar neutral Mostyn soils). Trial plots of cocoa
may well be established on freely drained sites with partioular
emphasis on goneral fertiliser application,

Aspemblage IV:

The soils of this assemblage (1488 acres) are considered
idoal for cocoa plantation as has been experienced on similar
basaltic soils in the Tawau Residency. It is felt that an
early ocstablishment of fertilizer and shade arrvangement triale
would add to the knowledge and success of cocoa in Sabah,
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Assemblage V:

The soils of this small assemblage (119 acres) have
been proved to be suitable for 0il palm in areas of higher
annual rainfall., Judicious timing of planting would probably
help in the ultimate success of oil palm on these soils in
this area.

Assemblage VIt

The soils of this assemblage (1834 acres) are
considered suitable for oil palm plantations so long as
adequate drainage is provided in colluvial hollows, A
supplemented programme of general fertilizer pimilar to that
on Assemblage III is recommended.

Agsemblage VII:

The soils of this assemblage (1927 acres) are
considored only to be suitable for oil palm plantation with
adequate drainage. Because of the tondency for acid sulphate
conditions to occur near the mangrove regular flushing bty a finer
pattern of drainage would be necessary.

Conglugion:

It ie suggested that a medium sized estate oould well
be plannod on the area gsurveyed with a joint development of cocoa
and oil palm, Out of nearly 10,000 acros surveyed the following
acreage of soils arc nearly pertinent.

Soil not considered suitable for plantation = 2915 acs (Assemblage
I & II1)
Soil oconsidered suitable for plantation of = 3601 acs (Assemblages
oil palm 111, V & VI)
Soil oonsidered suitable for plantation of = 1488 aco (Assomblage
cocoa Iv)
Soil oonsidered suitable for plantation of = 1927 ace =
oil palm with adequate drainage ———
Total = 9931 ace

— i ———
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land under road at present

(7 miles @ av. 50 feet wide) 67 acs

9997 acs

———

Grand total

(David W. McCredie)
Ahli Sains Tanah

WM/ im
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PROFILE 4
Location

S1te: Macrorellef
Microrel lef
Slope
Elavation
Drainage
Parent Natertal
‘h‘?!tlﬂﬂﬂw use
Soii Dratnage

Worizon  Depth
e (id
ho(x) 30
A(0.7,5) 03

it (1.518) W7

3¢ (15.38) 715

C (%) 156

Orthic Luvisol « Tingkayw Feally

Section at top of road stone quarry at top of hi1) near Rentis 124
fﬂ"'}‘ refs ) (Mepping Unit | )

Quarry 1.00
W-2

1590 foot ws.l,
Free

Chloritised serpenteni te
Quarry
Vell dralned

Description

Derk brown (7.5 YR 3/2) hualc loom; friable; soderately developed sadiue crusb siructurs;
wany sharp fragments of rotten ultrabasic rocks; porous; reols wany weedy and flbrows;
boundary abrupt and Yrregular to:

Dark yellowish brown to yellowish brown (10 YR 4/45/4) oravelly clay lows; with
rotten frageents of ul trabasic satertal; frisble; soderate to wall developed medive

to cosrse granular slructure; porous; roots fev fibrous; nerging gradusl and smeoth te:
Colour as above vith sottles comson fine distinct 15T ol tve (5 Y 4/3) gravelly cly
losa/clay; moderate frisble; structure as sbove; poreus; few flbreus reats; merylng
gradual and smooth to:

Yellowish brown (10 YR 5/4) cossen fine distinct 122 olive (5 Y /8) settien; grwvelly
clay; sticky; soderately developed fine to coarse gramler te fine subsngular blocky
structure; sbundant rotting ultrabasic materlal; ne roots; serging Irvegul o and

vavy to:

Bed rock of chlorotised vlirabasic serpentinite
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ROFILE 2
|.ﬁ".,..t1 e f 11

S¥te: Macroreltef
Microral Yef
f\l-:‘b".
tievation
Or 2inane

Tt Matertad

dugatatien/Land use

Y lpatnane
thirtay Ooptin

e {1a)

Amﬂ-ﬁ—

Gethic Acrlsol = Chroatc Luvicol tending tovards the Nalawall Fanily

211 at Chain 3 on Subrentls {120°) fros Chaln 10 on Rentls 1

(vrid ref, ) (Happing Untt !

Sewr fool of 1" clene
100
i feat uosdd,

Free
Ul {ranacic rock colluviue

Sreben Priuary Forest
txcossively wall drained

Description

Very dushy red (2.5 Y2 214 hualc icem;

,Il_,,h;.lm.u: Lerong; PG‘"t‘E, 2any ‘gu-i;f Al “'Ll
“weag rod (2.5 YR 32 Yoae; friable; structure as shove; porous;

)

-

fr1000; well developed fine to aedium trush

fheoue poots: nerylng gradual and smooth te)

fsky red {25 R 3/2) clay touss frictle fo tira; well developsd wedlus
Aructure; porous; very few Tlurous; aorging

gutamular Llocky

Doty rad (35 YR 32 oy \oan/clay; frianle to firm;
el ar to sadiue sabargulae vlocky JAructure; porous;

wivy and Yngiotined tod

to

couss morgiay gracdtual and Yadictinct to:
few orge woody and

coarse

vavy and Indistinct to:
well developed coarse
very fow fibrous; serging

Cartetated horizen predasinuncly fark reddich browa (2,5 YR 3/8) with wany rottles

coarse dhstiact 0.4 yellowish briwn (10 YR 5.0 mhsture
rotlen racks; Tirey “ausive; porous; very fow small, scattersd,

hpoun rotitng rocks; m roots,

— ———— - —

of clay sot) nd fine sandy
frageents of yellovish

A+ ot g s S i 4 . S & = o A o T + Sl | 5 o8 e | A ] I T Wy “1
i Particle size Orge * Total Easily’ fExchangoable  Basel
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PROFILE 3
Lacation

Stte: Macrorelfef
Microrel lef
Slope
Eievatlon
Dralnage

Parent Naterial

Yagetation/Land use

Soil Dralnage

Hordzon  Depth
ce  (in)
b (825 01
" {25%13) .S
M (13-28) 51

0 (2a53) M2

(53s) A

=

Q%MM Al

Orthic Luvisol = Tingkayu Family

Pit at Chaln 3 Rentis 174

(orid ref, ) (Mapping Untt 41 )
Rolling raised coastal plain

K14 slope of ssall hill

<0

¥ feet as.l.

Free

Chioritissd serpentenite and slvap aaterial
Secondary forest

Moderately well drained

Description

Dark brown (10 YR 2/3) huatc Yoam; friabla; vell developed aedium crusb structure;
conststing aalnly of vors casts; porous; roote many fibrous; sbeupt and cleawr boundary:
drown to dark brown (10 YR 4/3) Tow; friablo; well developed cowse gramlar Yo
nediun subangular blazky structure; sorous; rocls mary fibrous and weody; werglm
gradual and smooth to:

Sark yellauteh (10 YP /4] loas; ‘riable; wall doveloped coarse granular to sedive
whamel wr blocky structure; porens; roots cossan fidrous; rerging geadual and snaoth to:
Yellawtsh brown (10 YR S/&) nany fine fatnt 2257 1ight yellovlsh brasn (25 Y 6/4)
motiles; clay loaw; flrs; poorly Jeveloped sedlum « roarse tubangular blocky structurs;
comnan rotten frageents of narent matertaly fay fibrous roots; mergling sbrupt and
smooth to.

Mive (5 Y 4/3) meny fine distine 30407 yellowish brown (10 YR 5/6) sottles;
gravelly clay; firm bul soft; nassive; few pores; no ronts:

. Particlesize  Org. , lotal, Easily | Cxthangesble [Base,
Oepth.: Lab, _distreibutton (%) € | 1 sol, | p catlEm |n§] | CLE.Cylsuta|
(cn) i los | ] 'Iti) (ﬁ{ P 'nzﬂ iCa W | K ! v (eec) (0 .

L | Sand SandiS114:Cla | | | ble d1g s | gt

) 1 T 1 ! T ! 1
0-2.5 Co0A3 1 in!lx A bs Tagel 1 2 betl1.30,2]0.3] 2,1 (10

2517w 1112 %y ol 1 fas [‘lzm? 6.8 A [6.2] 7.8 oo
128 | 4 15 7 212k (000 0 %0 ,n.s’m' 0 0.2 el ol
283 | MG 7 [ D184z % {008 | 1 172 A3h2d 0 1041 1S 100
WBe |, M n;z&lulzr W2 1003 1 N3 izi.‘lrs. b 0.3l ®.2| 10|

\ I |
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PROFILE L
Location

S1te: Macrorellof
Kicrorel{ef
Slope
Elevation
Drainage
Parent Naterial
Yegetation/Land use
Soil Dralnage

Horizon  Qepth
(T (tn)
M (0.15) 0ef

AE (15.30) 612

Blp lw ') 12.

Attelage TV

Eutric Cembisol - Bosbalal Faaily & Series, 61

Pit at Chala 11, Rentis 6A

(gr1d ref, ') (Mapping Unit IV )
Rolling terrain of lava flow

Hgdny up a short slope

5

100 ft. as.l,

Free

Vesiculor Tave

Breken Prisary Forest
Excosstvely well dralned

Description

Very dark‘gnyhh brown (10 YR 3/2) husic leas; very fricble; well developed medius
to coarse crusb structure; sany pores; many Targe reunded surface separete stenes of

vesicular lava; roots ebundant woody and fibrous; sorging gradual and sscoth te:
Very dark greyish brown (10 YR 3/2) Toan; very frisble; well develeped fine te cosrse
grasular structure vith stenes surreunded by soil te give epparent of coarse subangulw

blocky structure; this horizon 1s interpersed with

stones of bowlders of vesleular lavig

poreus; roots very cosmon weody and fibreus; merging ssooth and gradual te:

This horizon 1s
(10 R 3/4) clay

predoainantly rock satrix vith skin of seils derk yellovish breve
Toar; friable vith retten rocks give appearance of peds, predesinantly

of rounded rotting beulders of vestcular Tava:

[

e

< thi & i Part:iclo slze  Org. , lotali Easily ! Exchangeable | Base |

p o, _distribution @ _c Wl osols | p ! cations (sogT) | C.E.Colsatn
(ca) | Moo [ C T F i @@ p Hzn Ca M| Kk M (megd) ! (37)

Sand Sand[$11¢{C1a
015 G601, 6 (14 |55 0 [3.9/0.46] 1 1.0 | 2.4 5.5[0,8 |0, ] 24.5 | %
1530 0215 |19 {28 |39 11004 1 6,9 | 8,0 3,4/1,0 0,1 14,3 | &7
0. 031 (2 {19 (4 Jo.sfo1| o s8] 3. 5.410,8 (0,7 14,5 | &
i I




PROFILE S

Location

S{te: Macrorelief
Microrellef
Slope
Elevation
Dratnage

Parent Material

Vaqaia{loﬂﬂ.am use

5011 Orafnage

A‘%@w&%

Oysteic Casbisel = Mostyn Fanily

Pit at Chain &, Rentls 22

(orid refe ) (Mapping Untt W )
Rolling terraln of 1ava flow

Small undulations

N

%0 feet 2.5.1,

Fres

Vesicular lava ,

Ladam clearance infested with Stas Weed
Excessively vell dralned

W

f I

Harfzon  Depth Description
ce (1n)
i (0eb) 0e2 Dark brown (1.5 TR 3/2) huatc loan; very friable; vell developed fine crush
structure; very porous; mary fragnents of rottling lava faw fibrous roots;
trresular and Vndletinet boundary:
B2l {%e18) &7 Jark raddish brawe (5 YR /48 clay 1oas frisble; structure #s above; few
fragments of ratting: merging gradual ond smooth to:
B0 (1891) 1.2 Jark yelTovish brown (10 YR 3/4) clay Yean; frisble; vell developed coarse
crueh structure; many fragnents of rotting porova; very few roots,
) . Partlcle slze  Org. . Total Easily ' Exchangeable jdase
Dopth Lnb."I distribution (1) € | 5 | sel, |t | catlons (neqd) IC.E.F_.;:atn|
{cn) : loe | ! I : D 1 (@D P Hzo l a fg( K i uannqa)_-.,n |
i . Sand SandS111iClay{ Il : i ; : } _J'
i : TR AT T Sy i
0e5 ,C2656! S 17 (37 | 38 |28 ;0.3 2 {65 ,18,2{3.10.,4/0,% 24,2 | @
TSR A BT | @ 0,9 0,2! 1 |54 91,8 0] t. 134 | “‘E
1559 | %8} 12 118 A |50 0.4 | 0,1 1 55[!.1|1.I t 0.1: 10,5 ! 39:
beptn || E ’ . i ! |
i : ’ ! | ‘ I ! | |
: ; i ! i % | | !




ROFILE 6
Location

$itet Macrorellef
Microralief
Slope
Elevation
Dralnage
Parent Natorial
Voqatttlon/Lmd use
Soi1 Oralnage

Hortzon  Depth

es  (in)

s (0-2.5) 01

£ (2.510) -4
1 (10-8) W9
B2t (23.33) 13

BCr  (33.51) 132
(C) (S1e) Do

Asparilose N

Orthic Acrisel = Lividol Faally and Tedong Series

P14 ot Chain 3, Rentls 1"

(gr1d refe ) (Maphing Unit W )
Rolling terrain of lava flow

lgar foot of short slope

&

75 ft. as.le

Free

Vesicular lava

Sscondary forest

Excessivaly vell drained

Description

Dark greyish (10 YR 3/3) bustc loan; very frigble; well developed fine to vedium
crusb structure; porous; wany woody and fibrous roots werging smooth and abrupt to:

Dark brown (10 YR 3/3) loam; siightly firw; well developed fine to sediue subangul o

blocky and breaking to fine crusb structure; saty pores; fou veathering stones of
vestcul ar lava; many wody and fibrous roots; merging clear and smooth to:

Brown to dark brown (10 YR 3/3) clay loan; friable; well dovoloped fine subangu! o
blocky breaking fnto fine crusb structure; wany pores; fou veathering stones;
worging clear and snooth to:

Brown to dark brown (10 YR 4/3) clay Toas; friable; vell developed fine subangular
blocky and breaking to fine crusb structure; porous; few woody and fibrous roots;
aerging smooth and gradual to:

Brown to dark brown (10 YR 4/3) clay loos; well developed fine subangul or breaking

to fine crusb structure; porous with big boul ders of vestalar Tave; very fov fibrous roots;

As above but becoming wore stony at base

' " Particle size  Orge Totall Eastly T Exchangesble | le
| : 1 m ¢ 0| osole | 0% cations (e C.E.Ce !'ﬂn‘
D»thi I'.:. dhllrlhu Yon A0 @ - “zo A7 il (uqiﬂ{,f) |
ol ' | : | L
- | i Sand Sand S1t Clay| i : li | l
1 i | |
0-2.5 icsm 1 !128 N |N {56 0,07 & 6.5 18. 9.50.5 .t!: 1!1):‘ \05: ,|
2510 | 094 6 top 126 |39 |14 0.8 0 |56 2.7%.20.2 - ‘10.'0 -
10-23 0] 5 |2 2% |46 |13 o M| 1 5110, 35| ¢ L ".3 ‘ |
‘ .33 1l oa (15 |14 | B4 061|008 5 521 0. !.i‘;. ot | 2&:! .
a5 1 2] 3 |13 18 & 10,5008 1 |58 0. 1:| ‘ 0.11 g ‘ - |
ste | 1313 (1318 {0 (0400 1 |83 022t A N8 )2 |

} A




PROFILE 7
Location

Site: Macrorellef
Mcrorel tef
Slope
Elevation
Dralnage

Parent Haterial

Vegetation/Land use

Soil Dralnage

Horizon  Depth

e (1)
N (0e5)  0e2
¢ (519 2%

M (1963) e

B2t (83+) B

A’%M‘ E

Orthic Acrisol of the Tanjong Lipat Fanily and Serles

Pie at Chain 14,5, Rentis 11
orid ref K

S.oi roll frg :tanap'laan[ 20ping Unit V )
ﬂgar top of short slope

S

0 fl. asdde

Free

Sandstone

Broken Prisary Forest

Well dralned

Description

Browa (7.5 YR 4/2) husic sandy loaw; very friable; poorly developed fine crumb

structure; porous; abrupt saooth mercing to:

Reddish yellow (7.5 YR 6/6) loasy sand; very friadle;
fine subangular blocky structura; porovs; fev woody and fibrous roots;
and gradual to:

wo?q brown (7.5 YR 5/6) few coarse distinct 2,77 browntsh yellow (10 YR 6!3
sottles; sandy oax; friable and damp; soderate developed nediva subam'l:t 'ukf
strocture; porous; fov voody and {ibrous roots; nersing gradual and seoot ;. A
Tellowich red (5 YR 5/6) fou redlue distinct 357 brownish yollaw (10 YR €/6) wottion;
clay Toan; moderate firs; vell developed mediie subnlujulr blocky structure; porous

roots, few fibrous;

poorly developed nediva to
worging smooth

" i Jase
s = Particle size  Orgs . latal Easily T Exchangeable | gt
Depth . Labe._ distetbutton () € | i | sole ot catiel ledll, '?;ﬁ"f;,?,‘,}‘"‘
(ca) | Yo, ! ‘ : o l 4 B ure l ai L | as | '._J'_
; © $and Sand $11t1C1ay, bep— 1 f

i ' T O TR el i ' ' !

st Coo0v | 14 18 L i1y fasiom| 8 (61 00 0.5/0.2 051-_ ‘:-:1’2 i
i RN R AR I AT A SRR S PR a5l !
1683 | oahwsa‘ﬁtzn[o.zln.az 1ohal ] 01880 gl |
2o | 02iM l&slm‘za,s,ziu,-\a 1 e tioft # L0
. | . .
! i : | ; ’ i ' | ‘ E
¥ I \ : E ' ! " ) ! ’ ! AL




PROFILE 3

Location

Site: Kacrorellef
Mcrorelfef
Slope
Elevation
Oralnage

Parent Material

Vegatation/Land use

Soil Dralnage

Horizon  Depth

ca (\n)
Mo(%8) 0.3
£ (8.39) 315

31 (j%.58) 15423

B824C (56-84) 2833

BC (fhe) 33

Ansanloge 10

Orthlc Acrisol = Pallu Fanily, Lucla Sertes

Pil at Chaln 10, Rentis 174
(ortd ref. ) (Napping Untt VI )
S1ightly dissected terrace

LI (] L

8l

9 feet l.s.‘l
Free

Terraced alluviue
Secondary regrowth
Vell dralned

Description

Jark yellowish brown (10 WR /) hualc sandy Toaa; friabl e poorly developed
4ine 1o medius crush structure; porous; roots, many woody and fibrous; serging
gradual and ssooth to:

3rown to dark brown (7.5 YR 4/4) sandy Toas; fetable; poorly developed fine to
sedium crumb structure; porous; roots, many woody and fibrous nerging gradusl
and srooth to:

Brown to dark brown (7.5 YR 4/4) loan; friable; structure as above; porous;
routs few fibrous; merging gracual and swooth to:

Sirong brown (1,5 YR §/6) with rany fine to sedius black manganese concretions,
clay loams slightly firm uel) developed sodive to coarse subangular blocky
structure; porous; roots, very fev fibrous; werging gradual and saooth to:
Strong brown (7.5 YR 5/8) coamon fine distinct DX yollovish red (5 YR &/6)
nottles; silty clay Toan; slightly fiem aoderately developed coarse subangul ar
blecky structure with few fine to sediun black manganese concretions; no rootse

' (xchangeable

Particle size  Org, . lotal: Easily

dase

s . e
Depth  Labs__distributton (B) _ C | sols | o Ea_*“_"'li‘-@_—‘f“'g;;?.‘,;"f
PR e e R i B LR RE R e e

i i Sand Sand($11tiClay, . ' A et + —"l
: R PO P R T ' '

Dud ';:zaaa'nz g 118 | 9l Bt O | %2 X |°""'i°51 3 li‘.: '2: ,
a0 | A9iIl @) 116|160 005 | 1|8 % i3 gd o pke |8 |
seph | SHi10 (45 (18 1 200 jo3) 3 S3:0 %3t 10 boous | 4
e | 52 6 |4 (1|30t 02} O 8.2 ¢ 10.31 bkt fiae

AWV AR | '

k i : | I{ { ; ! s l : i S




PROFILE 9

Lecation

Site: Kacroreltef
Mcrorel fof
Slope
Elevation
Oralnage

Parant Matertal

Vegetation/Land use

So11 Orafnage

Horizon  Depth

ca (in)

A (0a5)  De2

A (530,5) 212

Bt (2,5.41) 1218

Vs

Orthic Luvisol = Numatol Faaily

(grid ref. ) (Mapptng Untt vI )
£dge of Tava flowterrace site

Gn small hillock

{11

35 feet a,s.l1.

Fr

Co;;wta] paterial frem edge of lava flow
Belukar with Slam Weed

dell dralned

Description

wel] developed fine =
nerging clear and secoth to:
1 developed sedive to coarse
worging gradual and

Brown to dark brown (10 YR 4/3) husic 1oas; fr::h;‘e.
coarse crusb structure; porous; aany ﬂbruiu: r) '..1
Yellcuish brown (10 YR 5/4) loan; frhﬂ.ﬂb:::; e
subangul ar blocky structure; porous; fow

b wedive to
;:m::i::'bro-n (10 YR 5/4) loaw; friable; messive; poarly developed

t

coarse subangul ar blocky structure; porous; fow fibrous rools;
" dase
: A P‘t““ "2. 0"‘9' ' Tﬂtﬂli Eail’ I s‘h.m.:‘. :C.E.c.l“tﬂl
Depth Labs _distrioutton (1) € | i | sol. | pit - catlons K. el (segd)! () |
(ea) | oo € =7 UL L AL L ) ! _J
: Sand Sand|S11t/Cla i ml

i | i i 0

0.5 €2653 | 11 ?w | D26 |36!0.33] 2 [1.5 [26.9(26 0'12 2121 1%:: 8|
530 5k 14 L a1 08001 t 6 "’1'; :': 0.2 8| 92
Nedt | 85) 10 1!t |S2]0.6]0.08) 1 (6.0 NS422]0.210. | i
el ar
Sy fite | ! b o e

s



A&‘ . E

PROFILE 10 fuiric Sleysol = Xeosarsban Fanlly
Locatlon Bit st Shale 11, Rentis M
(or1d rofs - ) (Kapptng Untt vy )
- Site: Macroreliof Stellon valley

Merorel lef On levee noar @ trean

Slope Flat

Elevation 00 feet n,3,),

Dralnage Inpeded
Parent Naterial AMuvice
Vegetation/Land use Broken prisary forest
So1l Dralnage Paerly dra'ned
forizon  Depth Description

[ (1n)

A (o) O Dark brewn (10 YR 3/3) huatc Tosn; feiatle; woll developed fine subangular Blocky,
bresking 1nte fine crush structure; porous; sany woody and fibrous roste; serjing
abeupt and vavy le;

M (W15) i Darke yellowteh brova (10 YR 4/3) cossen sediun to comrse dlstinet 10120 pinkish
grey (1,5 TR 2/2) and wany fine sedium dlstinet De2” sirony brown (1,5 YR §/5)
sottles; fine sandy Toaw; frisle and danp; sod, veakly developed sedlue te cowrse
swbangular Blocky structure; porous; fow woody and fibeous reats; serglrg gramsl
and d1ffuse to:

Mg (15.36) 614 drown 1o dack brown (1.5 YR 4/4) few fine to wediun fstinct 35T plokish grey
(7.5 YR 6/2) and fou fine dist, 7% strong brown (7.5 YR 5/8) mottien; fine sandy
Toam; friadle; (molet) soderately developed nedium to coarse subamular bloacky
structure; nany pores; fov woody and fibrous roots; sergleg oradual and seseth ti

en (ete) V2 Brown te dark brown (10 YR 4/3) fev fine polat 232 yellovish browa (10 YR ¥8)
woliles; clay Toan; danp and fire; woderately developed sediva to coarse ssenul o
blocky structure; many Jores; sany soft dark brown concretions; very fow fitrows
rools; serging secoth and gradual ter

fgen (sad) B2 Light browntsh grey (10 YR 6/2) saty fine to medive dist, 2T dark yellovish browt
(15 YR 4/8) solfles; ¢lay Yoansclay; firw and danp « weakly developed coarse
subangul ar blocky structure; vany saft dark brown concrelioms; mamy pores; ™o roals,

. Particle slze  Orgs  Total Easil C ihangest o

Jepth. Lab, _dislrtbution () € | | ; ul.,i T sy pot ?C.I.C.;::;:;
(ce) | o, ! L il llﬂi 4 '.1' 18;%;!,4-('@'.3:
i SendSediStItClay) i (£ 00 S iR |
R R RN S I R IS R R
15 © st 3 ey sl o b | v e P inslen] e e e
e D IR B bl sl i B £ fo,2 {8] o8] ok taa | %

e B L AR R R Y RO D EN % 18T
LR LS (490187 10,2 0,04 | 1 RA i'.a QHONOF I 9
o S A ; ; Fr ot |
B | ! 8 N R




ROFILE 11
Locatian

Stter Macrorellof
Hicrorel lof
Slope

Parent Natortal

Yogetatton/Land use

o1l Dralnage

Korizen  Depth

ta (1n)

L (0e2.5) 0a1

(56,5 M2

(58,5 o] Fs I

fut=is Fluvise) « Surtlad Funily and Serfec SO

Pit st Chain 43, Rentis M
vil

0'1‘::0“ valley ﬂum"‘ e )

F12t about 30 faet from suall streas

m

D feet ws,l,

Inpeded

Alluvion

Prisary Forest

Poorly dralned

Description

Brown (10 YR 5/2) coamon cowrse %o very coarse distinct 72907 tron ehaining dark
reddish brown (2.5 YR 3/4); s115htly huele sandy loas; frisble and dasp; wask wedlus
1o coarse subangul e blocky s tructure; porous; common woody and fibrous resls)
serging smooth and abrupt to:

Dark yollowish brown (10 YR 4/3) wany fine to sediva distinet 15208 grey (Y0 YR 61)
and cowvon wedium distinct 10127 strong hrown (1.5 TR 5/6) sotlles; fime sandy loan
friable and doap; soderately developed coarse subangul o blocky structure; porsvs;
few voody and fibrows roots; ner3ing sacoth and gradusl te:

Light brownich grey (10 YR 6/2) coawen fine distinet 577 yallovish brown (10 YR 5/8)
and 2any aediue to coarse disthnct vashed down satertsl dovn feee sbove De257 browe
to dark brown (12 YR 4/3) wotiles; sandy Toaw; frisble and damp; mederately
devalopad fine to cowrse subwgular bocky structure; porous; mamy fioe seft dark
heaun concratines: m rools;

L2kt brownish arey (10 Y2 62) sany coarse to very comse dlstinet D2t strong
brown (1.5 YR 5/6) mottles; sandy clay Yomm; friable wnd damp: woderately wesk
developed medlue to coarse subangul Mocky structure; many soft block saterial
porous; no rools

Particle size fxchangesdle |

ia“.

: Orge - Total Easily : i C.8.C," sata
; c i | ..t. | ’! % . o..l s
Depth . Lab__distribution #9) X [ @] P wp [GiRE, ,.‘(....m
(o) | oo EE - i ot 1} |
. Sand Sand SH1HC e pod] e o
' : ! a Aot ; 50,2 [2.1 {187 18
sromel 4zl n il 1o Re MR 1B
RS2y D 8RBT g ERRERESR A I L I
] H ' ‘ .1 .a‘ ! ' ‘o.‘ .
1o 8 BN !ss;m%‘; 003 | 4 2 1.8 Lo i B
B | '
! H I
PN ST ' '

e




Brown (10 1R 4/4) Yous; feluble; posely duvelsped fime by seiten crusd
Porwus; rools wany wody and fihrous reols; bowndary abeupl 3ad secgth gt
18h Seson (10 16 &/4) 410t loawy ‘a0l roderately dvelsped coarse crumh
100 subamul o Lloc'y struches; porous; reots wamy shidy and fibeoss; sorglny
o gaooth tg; :

YN orey 10 oray (10 T2 8/2) concen F1on 1o wediin Dtinel 12yl lunteh besee
Mn $/6) woftles; ¢i11 h"; fristeg structure o OV J3rows) reets cawenn wdy
nd Nitvour; fow fine 's pediue biock

o retions sergim gratesl o sneeth ts
Yollowleh brown (1) v Y6 eantey 10a15" fing 1o sedlsr fistinet 1150 browrtsh groy
(10 YR 8/2) ond aury 152 0% 11 Hathoet strom beown (1,598 VB wttlen; silly oty
1oa%; rise e eeil fovelased sedton 49 comrsy suitogel e Moty sieicters; porsws;
Pty fov easdy 90d 1 pnue wer,ing gradual and smee oy ;

CIght grey (12 YR 6Y) synesn Va7 sadion d1ittaet sravateh s lee (0 M 11
roliles; cluyg fles;

¢ w0 develone s sedten 13 conrse st Hlacky stes. lore of 1M
fow fatm rey :1'] ™ ';"1:.-

sl 1My sonaug; few seftus te towres Yot comretiom;
v filfaus rocty; feroing gradval and seeeth fe:
PR s

Light srey (10 Y2 2/1) upe

a8 en2

tay, firn and dov%, rative: taniratiors ae sbove; very ‘oe wes) e reats,

7 taarte Zistinet Paid? tesented yalles (W W0 20 mﬂm_
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