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CORRIGENDA

Page 25 Paragraph 7 (last paragraph first column)
should read "Trellis pattern of drainage
(Figure 5.2¢) is quite well developed
along the spinal ridge and results from
trunk streams following the strike of
rock strata with low resistance to
weathering".

Page 26 First paragraph should read "The upper
1imit to class 4 has been set at 20
degrees which has been raised from 18%
degrees (the present limit of legally
permitted cultivation), to 20 degrees
to conform more with the natural slope
range, which lies more easily at 20
degrees (Leamy and Panton 1966)".

Page 26 Terrain Class 1, delete comma between
mangrove and swamps.

Page 33 Paragraph 10 line 8 for alluvial read
illuvial
Page 36 2.9 Organic Soils should read 6.2.9

Organic Soils.
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PART 1

CLIMATE

CHAPTER 1

1.3 1o uct

1.1.1 BSources of data.

Very little rainfall data existed in the
undeveloped region within the Project Area. The
developed regions, mainly to the west of the
Project boundaries, were well covered by an ex-
tensive rainfall network maintained by the
Drainage and Irrigation Department (DID). To
provide additional information on the rainfall
within the Project Area, rain-gauges were instal-
led and operated by the Proje;f at nineteen loca-
tions, Complete meterological data were available
from fully equipped meterological stations at
Mersing, Singapore and Kluang. The latter station
covered only the period 1929-1941. The location
of all stations is shown on Figure 1.1.

1.1.2 Overall climatiec type.

Like most of West Malaysia, Johor experiences
a typical Rainy Tropical or Tropical Wet climate
giving rise to a climax vegetation of Tropical
Wet Rain forest. There are no clearly definable
seasons, it being warm or hot throughout the year,
depending upon one's subjective estimation.
Additionally, although the area is subject to a
monsoon regime of winds, there is no distinct dry
season.

In the Tropical Wet climate zone weather is
mainly a diurnal phenomenon., Within a 24 hour
period/the variation in many of the elemente (e.g.
temperature, humidity) which collectively contri-
bute to the general weather pattern, is greater
than the variation between mean daily or mean
monthly values., In addition to describing and
comparing mean values, this report also discusses
the diurnal variations of certain elements.

1.2 Rainfall

1.2.1 Types and distribution.

The most frequent type of rain in Johor is
a convectional type, which is induced during the
afternoon period b{ surface heating accompanied
by lack of wind., The heavier and more prolonged
falls commonly originate from orographic and
boundary rain systems. Orographic rain falls
when a moist air mass is intercepted by a coast
or mountain barrier, and it is the principal form
of rain along the east coast d the NE monsoon,
Boundary rain, (which can be likened to the fron-
tal rain of temperate latitudes), results in rain-
fall at the line of convergence of two moist air
masses and is most common during the inter-monsoon
transitional periods. It gives rise to some of
the more prolonged downpours.

In Johor wet mpells generally appear to be
associated with the inter-monsoon transitional
periods rather than with the actual monsoons
themselves. Drier periods are most frequent when

two monsoons are at their height (generally
dur mid-Jan to mid-March and during June
to July.) Apart from the east coast area, the
most reliable rainfall occurs during the transi-
tional periods, (generally mid-March to nd—lq
and October to November), and it is mainly of the
convectiomal t afternoon thunderstorms of
local distridb . In Johor the SW monsoon is
goorh developed, (it in fact appears as a 5 to

E wind over most of the area), zuﬂy due to

the shadow effect caused by 8 ra. The slightly
higher rainfall along the west coast during this
SW monsocon season is largely due to convectional
storms moving in from the 3 te of Malacca

-1

d the night - the "Sumatras", as they are
ca1168. " {In oft-ahore arees sonvestionat ¥ein
falls mostly at night.)

1.2.2 Mean annual rainfall.

The maps of mean annual rainfall (Figs. 1.1
and 1,2) have been compiled based on the period
1950-1968, The long term validity of the average
rainfall over this period has been examined by
comparison of the mean for this period with the
long term mean for 18 stations with records of
from 27 to 52 years. It was concluded that over
the State of Johor, the average in this period
was acogita.b close to the longer term average.
Hence this 1950-1968 period was used in prepara-
tion of the mean annual isohyetal map. Project
rainfall stations, operated during 1970, have
also been incorporated by utilising comparisons
of 1970 DID rainfalls with the mean annual rain-
falls at all stations.

The map shows a gradation of mean rainfall
from over 140 inches around Endau, Lombong, and
;ouibly part of the east coast of Tanjong

enggerang, to below 80 inches around Segamat and
Gemas (Figs. 1.1 and 1.2).

The decrease in annual rainfall from the
south to the north west of the State is quite
marked. The topographic effects of G. Blumut,

G, Panti and G. Pulai, in the central and south
west areas, appear to be much stronger than those
of Mount Besar and Mount Ophir in the north. The
highest totals over the. southern lowlands are
found some distance inland from the coast, as
would be expected in areas of predominantly con-
vectional rain (the sea breezes deter storm deve-
lopment by day along the comst). The Segamat
area is consistently drier throughout the year,
with only slight peaks in the mean monthly rain-
falls du the transitional periods. Segamat
is shelte from the NE winde and receives
1little rain from the weak SW monsoon.

1.2.3 Mean monthly distribution of rainfall.

Six stations (described in Section 1.2.4)
have been selected and their mean monthly rain-
falles shown in bar chart form (Pig. 1.1). These
bar charte give a clear and concise indication
of the monthly distribution of the mean annual
rainfall around the Project Area.

1.2.4 PFurther analysis of the rainfall at eix
stations in or near the. Project Area.

The following stations, (listed generally
in the north to south direction), were selected

because they had at least 20 years of daily
records with no obvious anomalies:-
Locations State Ref, No.
28th M1, Kluang/Mersing Johor 117
Road
Kluang Estate Johor 124
Chemara Research Station Johor 56
Filter House, Eota Tinggi Johor 7
Nam Heng Bstate Johor 34
Telok Sengat Ratate Johor 101

The data extracted are summarised in dia-
grammatic form (Pigs. 1.3 and 1.4).

1.2.4.1 Monthly rainfall wvariability.

At all six stations January has the most
variable monthly rainfall although it is in the



Values of bet-
inches have been recorded during

middle of the NE monsocon period.
ween zergha?gi42 oy
n v Tad)e
zgiﬁt?go (valugs equalled or exceeded 1 year in 4
years) and the lower quartile Svaluea equalled or
not exceeded 1 year in 4 years) is 11, 8, 8, 10,
13, 9 inches respectively for stations with median
rainfalls of 12, 7, 8, 11, 8, and 10 inches.

In direct contrast to January is June, in the
middle of the SW monsoon period. June has an
average rainfall which is slightly more than half
of January's, yet during this month there has
never been less than 2 inches or more than 15
inches recorded at any station. The June range
between the upper and lower quartiles is 4, 3, 2,
2, 3, 2 inches respectively.

Although extended periods of heavy rain or
droughts are characteristics to be associated
with January, June can only be regarded as either
slightly wetter or drier than usual, and on at
least a few days showers are almost a certainty.
(Annual variation of rainfall is proportionally
much less than the monthly variation., At Kota
Tinggi, the highest recorded annual rainfall
during 28 years was 150 inches, and the lowest
was 80 inches).

1.2,4.2 Rainfall intensity,

The maximum 24 hour calendar day rainfall
for each month over the period of record is shown
on Figure 1.3, At each of the 8ix stations in
every month of the year there was at least one
day when the rainfall exceeded one inch,

The medion maximum 24 hour calendar day
rainfall varies only 8lightly between the
stations e.g. 5.7 inches (Johor 117) to 3,2
inches (Johor 56), but the monthly values show
marked differences. Days of exceptionally high
rainfall of 8 inches or more have been recorded
onli in the period November to February. The
highest ealendar day value recorded was 14.3
inches in December at Nam He Estate. The
highest rainfall recorded in 2 days and 4 days
for the six stations is tabulated above the
calendar day rainfall intensity diagrams.

High rainfalls in many instances are the
result of a single storm within one day and
lasting perhaps 2 or 3 hours 0 less. Por short
periods during these storms the maximum intensity
can exceed 3 inches per hour.

period September 1968 to
average length of the rain
period per rain day to be 2,2 ana .6 hours res-
ectively. The average intensity was 0,24 and

.25 inches per hour, Selected maximum intensity
data, including those extracted from DID automatic
reinfall recorder charts for the December 1969
storm period, are shown on Figure 1.5, These are
shown superimposed over the previous (1958) DID
envelope curve for Johor.

March 1970 showed the

1.2.4.3 Mean monthly number of rain days.

These are tabulated above the mean monthly
rainfall values (Fig. 1.1). Examination of these
Shows remarkably little variation in the number
of rain days between the drier and wetter months.
Rainfall in the wettest months is mainly contri-
buted by a few days of exceptionally heavy rain-
Divieion of
of rainy
average daily intensity in
December to be nearly one inch whilst in June -
August it is only about 0.5 inches,

1.2.4.4 Mean monthly diurnal variation in
rainfall,

The mean values of rainfall registered by

The range between the upper

the Casella Autographic Rain Gauge at K1 for
each hour of the day over the period 1936, 1937=
41, were extracted and are presented on Figure

From this it can be seen that rainfall :
throughout the year is generally confined to the
afternoon period - two thirds of the yearly rain-
fall occurs between noon and 6 p.m. This is most
marked during the months of transition between
the monsoons, March to May, and September to
November. During the main NE monsoon period
December to February rainfall is more frequent in
the afternoon; however, significant amounts are
registered throughout the night and in the early
morning, The same is generally true of the mnint
SW monsoon period; although July shows the leas
afternoon rain of any month (43 percent of rain
falling between noon and 6 p.m,)

1,3 Winds

The southern part of West Malaysia lies in
the doldrums belt. This is essentially an area of -
convergence, with a great deal of upward movemen
of air resulting in an abundance of cloud and
precipitation. Destruction of crops inland by
wind is not extensive, but local damage, particu=
larly to tree crops, commonly occurs. (m the
east coast where the winds are stronger, the
hazard is greater.
for seven out of the twelve months in the year
definite monsoon winds prevail., These are stron-
Eeat on the windward coast and their strength

écreases inland to the leeward coast. During

the NE monsoon period the winds are generally
the strongest.

A monthly enalysis of winds at Kluang and
Sing;gore (a combination of data from Kallang
and Mount Faber)is shown on Pigure 1.7.

The wind regime varies (much like rainfall)
in that the monsoon periods may begin over a
range of two months, The NE monsoon may start in
late November, December or even January. The
average annual wind patterns at Harainf. Elu
and Singapore (Kallang) are shown on Pigure 1.8
These diagrams show that a N to NE wind prevails
at Kluang and Singapore generally from December
to March. This is the NE monsoon, which is at
its strongest in January and February when winds
in excess of 8 mph blow on average for one third
of the time or more. It is in the month of
January that guste of wind in excess of 40 mﬁh
(usually stom squalls preceding and duri ﬂ.
rain) are most 1ikely on the east coast n
érn parts of the Project Area., From mid March
into is a gariod of transition with winds

ing May and until September the
wind is from the south at Kluang an 7
at Singapore. This is the local manifestation :
the SV monsoon. Calme are much more frequent &
Kluang during the SW monsoon than d the NE

revailing
the S - SB

monsoon., = Also, gusts of wind (Fig. 1.9) in
excess of 40 mph (which have no:igeen recorded
during Jan

uary in 81 re), are in fact most
frequent at Kluang ig‘ﬁi’;. at the height of the

Near the west coast violent squalls,
(the Sumatras), ocour particularly during the
night and are not uncommon between May and 41
November, the end of September and un
early December is another period of transition
with winds from a1y directions and calms of
8imilar frequency as during the SW monsoon (30 1
40 iarcant of time at Kluang and 10 - 20 peroen
of ¥time in Singapore),

Completely calm periods are rare at Mersing
(3.5 percent of tuo)plooatod on the coast, whereé
onshore breezes occur during the day and offshore
breezes occur during the night. ¢ are also
infrequent (17.2 percent of time
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FIGURE 1.I

MEAN ANNUAL RAINFALL
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FIGURE 1.3

RAINFALL  VARIABILITY . Calendar day totals
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FIGURE |.4

RAINFALL VARIABILITY Monthly and Annual Totals
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FIGURE 1I-3

ACTUAL RAINFALL INTENSITY/ DURATION RELATIONSHIP
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AVERAGE MONTHLY DIURNAL

VARIATIONS IN RAINFALL- Kluang




stations which are not far from the coast
which is well inland, has frequent calms (30.3
percent of time).

Winds in the Project Area can be estimated
by comparison of values at Mersing, Kluang or
Singapore after consideration of factors such as
neamess to the east coast, distance inland, or
proximity to the south coast. (Table 1.1)

Kluang,

rature, relative humidity and wind speed. The
effective temperature is the equivalent tempera-
ture of still saturated air which will produce
the same physical sensation in lightly clad
human beings.

At Mersing, on the sea coast, and at inland
nuang.otln mean 3nnua1 effective temperatures
are 4.2°C and 3.0°C respectively lower than for

TABLE 1.1  MEAN WIND SPEEDS AT MERSING KLUANG AND SINGAPCRE
Wind speed Months
Station  [nite N ST Y J 4 8: 0, ¥ D ,smual
Mersing metrea/sec 4.2 3,6 2.5 1.8 1.8 2,0 2.2 2.2 2.2 2.0 2.0 3.0 2.5
(Lowland miles/day 224 195 132 99 98 108 116 120 120 107 110 162 133
Soaet™l imots R T ol Ay T A Sy Loy e s B 6
Euang nmetres/sec 2.2 2.5 1.7 1.1 1.2 1.2 1.3 1.3 1.2 1.1 1.2 1,6 1,5
(Fi11  miles/day 121 132 91 59 63 63 69 70 65 60 63 89 79
Sniona) lmots Re B3 &y 5 S, 35 B4 5o P 3 9 4 4
Singapore metres/sec 1.4 1.3 0.9 0.7 0.6 0.9 0.9 1.0 0.9 0.7 0.7 1.0 0.9
(Kallang) miles/day i D AP <. g, | S T O ¢ G S S Sl AN 49
(Lowland Inots 4 4 2 2 2 2 2 3 2 2 2 3 2
coastal
site)
!.4 Temperature and Relative Hupidity. Singapore.
TABLE 1.2 EFFECTIVE TEMPERATURE (degrees Celsius)
1.4.1 Temperature.
The variation in mean temperature from Statdon s < ok B A clqd 0 A8 0-F DiNesh
month to month and between locations in SE Johor
is very small. On Figure 1.10 the range of mean Kluang 17 17 19 21 21 21 21 20 20 20 20 18 19.6
honthly temperature for Mersing, Kluang and Mersing 14 16 19 21 21 20 19 19 18 19 19 16 18.4

Singapore is el:m--lrr:l.° The B; est mean monthly
temperature is 27.4°C 881 o8t Singapore in June,
and the lowest is 24,6°C (76°F) at Kluang in
January, There is however a considerable change
in temperature over a 24 hour period, The
average temperature for each hour of the day is
glotted for Kluang, in the centre diagram of
igure 1,10, The extreme recorded temperature
?:i:les are also shown. For the th:; :otoi-:zo-
24 stations, Singapore, Kluang s ’
the highest recorded temperature was 96°F at
xlmsoin March 1940, and the lowest temperature
was 64°F recorded at both Kl and Mersing in
Janu 1935. The auxiliary meteorological sta-
tion at Kota Tinggi has however recorded 97°F.
An increase in the diurnal temperature range of
two or three degrees could be expected if exten-
8ive areas of forest are replaced by annual
crops or grass.

1.4.2 Relative humidity.

The mean relative humidity at Kluang is 86
percent, There is a slight change from month to
month, (depending on the rainfall), with
Feb having usually the lowest value of 83
percent and November the highest with 89 percent.
As with temperature there is a very considerable
diurnal range, (Fig. 1.10). Maximum humidity is
reached around 6 a.m., when the temperature often
drops to below the dew point. This brings about
deposition of dew and fog. The lowest relative
humidity recorded at Kluang, in the period 1936 -
41, was 54 percent in February 1940. In this

eriod less than 2 inches of rain had fallen in
days. The average dew point at Kluang is 72°F.

1.4.3 Effective temperature.

The Effective Temperature is an index of
human comfort. It is calculated from air tempe-

-3

Singapore 20 21 23 24 24 24 23 22 23 23 23 22 22.6

1.5 Sunshine and Radiation

1.5.1 Sunshine.

In SE Johor, away from the windward coastes
it is rare for the sky to be completely free of
cloud. The period of least cloud cover aunng
the day is approximately from 9 to 11 a.m., when
bright sunshine is recorded, on average, for TO
percent of the time. At 4 p.m. there is bright
sunshine for only 30 percent of the time, The
average groontugt of sunshine for each hour’of
the d plotted on Figure 1.10, which also
shows the average sunshine hours for each month
at Kluang. Sunshine hours for Houin?. Kluang
and Singapore are given in Table 1.3 for compa=-
ﬂ.m‘

February to April have the most sunshine and
November to January the least. Mersing on the
coast (200 yde. fram the beach) has significantly
more sun than either nuﬁ (many miles inland),
or Kallang (800 yds. inland).

1.5.2 Radiation

Radiation values for Kluang as estimated
from bright sunshine hours using standard Me
Cullochs tables, are shown in Table 1.4

However Wycherley (1970) who has been carry-
ing out radiation measurements at a number of
stations in West Malaysia finds that the above
figures seem to be between 10 and 20 percent too
high. Table 1.5 shows direct radiation measure-
ments obtained at Swee Lam Estate Kulai, in 1969.




Station J b 4 M A M J J i 8 0 N D Mean

Kluang 4.65 7.14 5.68 5.57 6.14 5.48 5.55 5.67 5.24 4.33 4.07 4.63 5.35
Mersing  5.84 7.04 7.25 7.45 7.00 .46 6.91 5.91 6.12 6.36 5.13 4.18 6.30
Singapore 5.60 6.30 6.08 5.70 5.70 5.56 .28 5.38 5.48 5.44 4.56 4.58 5.56

TABLE 1.4 V. I I

Unite J F M A M J J A 3 0 N D Year

cals/em2/day 411 528 475 460 461 425 431 452 452 417 394 402 443

TABLE 1.5 RADIA SWEE = 196

Magnitude J F M A M J J A 3 0 N D Year Unite

Highest 478 478 494 626 462 412 445 430 478 478 429 445 626 cals/cm2/day
Loweat 182 215 182 150 166 150 150 84 133 182 133 133 84 cals/cm2/day

Nesn 20 3T 355 318 339 296 297 218 315 318 303 266 315  cals/cm2/day
ents
1.6 Evapomation The DID commenced evaporation measurem il
Nieuwolt (1965) reviewed the existing data 1’; ng”ﬁo‘%ﬁla i':::rtg“,g:_:gﬁﬂ;gt:dnm
on evaporation obtained from various pans, evapo- 2 y f WE ) Class A raised pans.
yimeters and reservoirs. He tested th. correla- g“zﬁagfz;hzg ?:am::coggannt na:mg shows a
tion between pan evaporation and varigus climatic - be attributed
factors and produced monthly evaporation maps of opleer of anomalies, which serpaoey riods,
Walaya, Prom these maps pan eye ration (which ?_g%“h‘”:"“ad:"m hég.rﬁar:f“?to four
is expected to be 10-20 percent gher than the bt oho toTmSs can pro P the pan them
Potential poration Eo) igs estimated as shown in heignt. Considerable loss Zron :
in Table 1.6

oceurs, particularly when these storms are asso-
TABLE 1.6

Station J

J A S A N D Year
Mersing 4.8 5.7 5.8 5.8 5.6 5.4 5.4 5.6 5.1 4.8 4.2 4.2 62.4

Kluang 4.4 5.6 5.0 5.0 4,8 5,0 5,2 5.4 4.6 4.4 4.2 4.2 57.8
Singapore 5.5 6.2 6.0 6.0 6.0 6.0 6.1

6.0 5.8 5.5 5.2 5.1 69.4
Wycherley (1969) caloulated Potential clated with high wind gusts. Consequently on
Evaporation &S according to the Penman équation, some days utﬁi@ ;-gfnrm the evaporation
which is ﬁnernlly accepted as offering the best "recorded" 1g inordinately h.ish. Evaporation
means of integrating the various meteorological Tigures from the Kluang pan have been used
gbg;rv:t%m. These estimates are shown in on days which recorded no rainfall, On d.{:m
able 1, as

with rainfall of 0.1 inch evaporation h
me 1‘? 2 B \ H

Station J b M A M Year

8 5.7 80.6
5.9 6.2 6.0 -2y 8y A % 7.5
6 5.6

74.9

1 7.1 7.8 7.2 6.9 6.3 6,7 6.5 6.6 6.9 5.
Kluang 5.6 6.8 6.6 6,2 6.3 5.6
- S 7

6.9 6.4 6.3 5.9

& figures ghow that assumed to be 0.15 inches and to decrease
the Penman valyeg for opox;hn;“ L oo 1%::;;3 to 0.0 mohu(oﬁnum with rainfall
of 3, e (a ed '
Nieuwolt, Bince 196g Wycherley has been n sy € Hutchinson and Papy - « The 5 year
out direct Beasurements of golar radi mean figureg aord‘:rfg?a“:ro :ggﬁ in Table 1.8.
Malaysia, Results so fap
Buggest that the e

Until more radiation figures are available
t sunshine hours, (which is used Potential Evaporation

Bo (Table 9) for Kluang hes
an oula been taken ag the the Perman estimate
ments are lacking). ,33?;,,".3.": mﬂd,xbﬁ“ﬁ.’;‘ (reduced by 10 ety il the splash oorrected
eetimate under Malayesun condi tiong, USVB 888 A pan figures.



FIGURE |7

AVERAGE MONTHLY SURFACE WIND SPEED &8 DIRECTION
Kluang & Singapore
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FIGURE |.8

AVERAGE ANNUAL SURFACE WIND SPEEDS AND DIRECTIONS
(Kluang, Singapore and Mersing)
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WIND GUSTS - monthly distribution

Kluang

mean annual number of gusts,
at 30 m.pn or more=27-|

ot 40 m.p.h. or more= 22

Singapore

mean ennual number of gusts,
at 30 m.p.h. or more =400

at 40 m.p.h. or nore= 46

Mersing

meon gnnual number of gusts,

at 30 mp h or more =521
at 40 m.p.h. or more = B°5
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FIGURE 1.10

TEMPERATURES, RELATIVE HUMIDITY & SUNSHINE HOURS

Temperatures Project Area (Range for Mersing, Kluang , Singapore )
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TABLE 1.8  MEAN PAN EVAPORATION - KLUANG

J F M A M J J A

S 0 N D

Year

5.1 5.4 5.6 4.5 4.4 4.5 4.5 4.7 4.7 4.2 4.1 4.2

55.9 inches

TABLE 1.9

J b M A M d J A

5.0 5.8 5.8 5.0 5.0 4.7 5.0 5.1

8 0 N D
5.0 4.6 4.4 4.6

Year
60 inches

1.7 ZIhunder and Lightning

At Kluang thunder is recorded on average,
202 days of the year. In the months March to
May and October/November thunder is heard on
more than half of the days. Figure 1.6 shows
that these are the months when rainfall is con-
fined almost entirely to the afternoon period.
Lightning discharge is normally to earth rather
than between clouds and during some thunderstorms
it 18 quite severe. Iightn risk, compared to
other parts of the world, must be considered high.

1.8 Fog

Fog was recorded in the early morning at
Kluang on en average of 94 days in the year,
April being the month which had by far the
greatest incidence (24 days).

1.9 Earthouakes

No major earthquakes have been recorded in
Johor State although the area is geoﬂ'nphicnuy
close to Indonesia which has recorded earthquakes.
There was a newspaper report (Straits Times 6/2/T1)
of tremors in Johor Baharu and it was reported
that these were felt in some of the high rise flate
in the central town area. Certainly these tremors
were not severe. Johor State is generally accepted
a8 being in an earthquake free zone.

1.10 General Weather Forecasting.

Watts (1965) concluded that, even with a
highly integrated system of weather reporting
stations, rainfall was usually so localised that
forecasting must always be unsatisfactory during
& great part of the year. This conclusion was
borne out by an examination of rainfall at two
Stations 50 miles apart (Johor 117 and 34). Con-
currence of rain days and dry days was not signi-
ficantly different from a random distribution for
most months of the year; only in January to March
"t"’ t?‘“ any oom;ntion between these two
stations,

Particular attention should be paid to the
possibilities of a flood forecasting and warning
system. This could be developed to provide
accurate early warnings of flood danger and pro-
bable flood levels espec in the lower
reaches of the S. Johore. ( orting Volume 3
Water Resources and Dove].oxnenzg.
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GEOLOGY AND MINERALISATION
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PART II
GEQLOGY AND MINERAL RESOUROES

INTRODUCTION

The assessment of the mineral resources of
the Project Area consisted of an investigation
of the available geological maps and reports and
of minor field work in selected areas. For a
better understanding of certain problems, some
mining areas outside the Project Area were
studied as well. In addition to the Economic
Geology, this report contains the background
data for the %moring Geology, Soil Survey
and Hydrological studies,

The area is covered by parte of ten topo-
graphic one inch to one mile map sheets. The
sheet lay-out and the status of geological map-—
ping are shown in PFigure 2.1, The results of
previous geological studies are recorded in
memoirs of the Gcolofical Survey Department
accompanied by detailed maps, in unpublished
reports on reconnaissances, and in a number of
other short publications. Some small parts of
the Project Area had not been studied previously.

Geological maps of the Project Area were
compiled from the published and umpublished
data provided by the Geological Survey Depart-
ment. Some additional information from various
soils mape (Department of Agriculture) toge-
ther with results of photogeological work
carried out in the course of the sent study
are incorporated in Figures 10 and 11 in the
Atlas.



CHAPTER 2

REGIONAL , GEOLOGY

2.1 Iithological Units

trat of the Project Area is
amagih.:eg ﬁ %ﬁﬁa . The oldest rocks out-
cropping are the slightly metamorphosed argil-
laceous and arenaceous sediments of the Tanjong
Penggerang Region and the Dohol, Linggui an
Segﬁi Formations of the Johor Tengah Region.

The metasediments of the Penggerang Region
are considered to be Carboniferous to Triassie in
age (Grubb, 1968).

Possil dating places the Dohol Formation as
Middle Permian. ngne Formation is

assigned to the Upper Permian (Rajah, 1969).

2.1.1 The Dohol Formation.

The Dohol Formation consists of indurated
shales and mudstones, spotted shales, slates,
phyllites, quartz-mica schists together with
black micaceous siltstones, fine to coarse-
grained sandstones and grits with occasional
conglomerates. Sporadic beds of lavas and tuffs
are found at various levels in the Formation,

The Dohol Formation includes the Sumalayang
Limestone Member, which is a thick-bedded massive
light grey limestone, At the base the limestone
is very dark,due to the presence of finely dis-
seminated carbonaceous and argillaceous material,
Iimited exposures suggest a thickness of approxi-

The Sumalayang Limestone was
the subject of a detailed investigation in view
of its economic potential. This was described in
as te report "aAn Investigation of the Gun
8 ayang Limestone" submitted in Se ember 197!
and is reproduced at Appendix D to t report.

2.1.2 The Iinggiu Formation

The I.mgiu Formation overlies the Dohol

Formation consists mainly of arenaceous rocks
variously classified as 3\:&.1-{2 arenite, quartsz
wacke, lithic arenite and 1ithnie wacke,
Polymict conglomerates occur locally. Amongst
the components of the conglomerates, phyllite,
sandstone, quartzite, vein quartz, schist and
several volcanic rock types were observed,

Throughout the Formation lava flows and
tuffs of rhyolitic composition are intercalated
with the sediments. The I, iu Formation is
probably more than 2,000 fee thick.

2.1.3 The Sedili Volcanic Formation,

This Formation consists
to dacitic extrusives with a
tion of welded tuff, The
be at least 2,500 feet thick, occurs

and east of the Johor Tengah region
south and north-west ot-;gu Tanjo

ng
region and is thought to pass laterall
Iinggui Pormation, 4

2.1.4 The Tenang Fommation.

The Tenang Formation is
and Upper Triassic age. The Formation general
consists of conglomerates, sandstones, shales and
interbedded tuffs, In the Project Area, however
only the volcanic facies is represented, :

2.1.5 The Panti Sandetone Formation.

The Panti Sandstone Formation (Tebak Sand-
stone of Rajah, 1969) consists mainly of t:lmdE
stones with occasional bands of shales, mudstone
and siltstones. Its colour is variable and may
be white, grey, green, yellow, red or brown.

robably of Middle

-7 -

ongl tes are found at various horizons and
gn au:u?.aees at the base of the Formation. .
Thin coal seams occur locally. Graded and cro:‘l_
bedding are common and lutite clasts are espec "
1y characteristic of this Formation. The Por:nm
tlon is regarded as Lower Cretaceous in sge,m

is estimated to be not more than 1,000 feet
thickness,

forms
Characteristically the Panti Formation
mesas, but it is also found in the low ground
water of the fault controlled valley of the
Sungei Pengeli.

2.1.6 The lLayang layang Formation.

The L Layang Formation was divided by
Rajah (196;{%% the argillaceous Badak Shale
Member and the overlying Pengeli Sand Membu-{)
The Badak Shales consist of grey, brown and
shales. The Pengeli Sands are essentially un=
consolidated white, cream or e grey quart;?_;nt
felspathic sands with minor clay horizons.
remains suggest a Pliocene to Pleistocene age.

2,1.7 The Granitic Rocks

The Granitic Rocks underlie a large propor=
tion of the area. Sm:al dirf::ent rocl;;z.w”
are recorded, viz. biotite granite, gran

and'granodiarite. Boundaries between
f:e different rock types have not been mapped.

Results of rubidium-strontium age determina-
indicate Upper Permian ages.

Field relationships in the Gunong Chemendong
area indicate a Tertiary age for some small intru

sions of microgranite, quartz porphyry and
adamellite,

tions

2.1.8 Superficial Deposits.

Superficial deposits include the Recent
river, swamps and beach deﬁosita of clays,

andlgrs.vel together with the various types of
soil,

In humid tropical climates chemical wea.t:ﬂ"‘
ing greatly afrecga the bedrock and may exten
from the surface to considerable depths., It ok
causes a marked reduction in strength of the ro
and the formation of residual soils.

Puring the Pleistocene epoch the sea level
was lowered and valleys were eroded to well belo¥
present sea level. As the ice melted the sea
flooded onto the land surface; parts of the
Johor coastline reflect this drowning which
formed the deeply indented estuaries of the Se
Johore, S. Lebam and S, Panti, Therefore, a
considerable thickness of soft silts and clays
can be expected in these estuaries as they
probably occupy the sites of Pleistoceme valleys
which were subsequently infilled

On the exist maps Recent, Sub-Recent and
Older Alluviim Gepottrapens been distinguished.
Several correlations appear problematical in th

absence of a uniform classification.

The Recent deposits have particular economi®
8ignificance in that they contain the alluvial
tin deposits and in the case of beach deposits,
valuable sands,

2.2 Struoture

The Palaeozic rocks of the Dohol, Lm“irﬁ
Sedili Pormations were strongly folded in :u{: of
8lightly preceding the emplacement of the
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the granitic rocks, The folds are often tight,
steeply inclined and regularly isoclinal.

The dominant strike of the fold belt is NW -
SE, but the Dohol Formation has a general NE
strike, indicating an earlier folding episode.
The folding was accompanied locally by strong
faulting.

In the Tanjong Pengge Region the folia-
tion in the granites is seen to be conformable
with the strike trend in the surrounding Metasedi-
mentary rocks.

The complex of the Dohol, and Sedili
Formations together with the granites is in
places discordantly overlain by the horizontal
to gently dipping strata of the Lower Cretaceous
Panti Formation. The beds strike generally about
N-S and the low dips are normally to the east.

The Middle to Upper Triassic Tenang Formation
rests discordantly on granite. The absence of
contact metamorphic phenomena in the rocks of
this Formation shows that it is younger than the
granites,

2.3 Metamorphism

The rocks of the Dohol, Lin
Formations were metamorphosed er conditions
pertaining to the greenschist facies. However,
the occurrence of staurolite and kyanite in the
Tanjong Penggerang Region suggests that lo
the conditions of regional metamorphism reache
into the amphibolite facies. The regional meta-
morphism of these Formations probably relates to
a general increase in temperature gradient
dependant on the wide spread emplacement of the
Upper Permian granitic rocks. Around the granite
magsife narrow aureoles of contact metamorphism
are occasionally found in the sedimentary rocks.

2.4 Geological Higtory

The Project Area is situated in a region
which was characterised by a ¥eriod of crustal
buckling and the deposition of series of argil-
laceous and arenaceous sediments during the
Middle and Late Palaeozoic.

The sedimentation was accompanied during
certain stages by extrusion of rhyolitic to
daotic lavas and tuffs. These rocks form
components of the Dohol, L ui and Sedili
Formations. Interruption in the sedimentation
and periods of intermittent erosion are evident
from the unconformities between these Formations.
Laterally, conditions in the sedimentary basin
must have varied considerably as is shown by the
way in which the sedimentary Linggui Formation
g:“e:ilatemlly into the volcanic Sedili

mmation,

The history subsequent to the deposition of
the Upper Palaeozoic rocks is one of tectonism
and plutonism., A large batholith was gradually
emplaced by successive intrusions of various
types of granitic rock, The beginning of folding
Erobn.bly coincided with the etration of the

atholith into the basal portion of the geoayn-
cline. During this stage the rocks were regional-
ly metamorphosed within the nchist facies,
although locally the amphi te facies may have
been reached, The occurrence of thermal aureoles
n the regional meteamorphic
mineral assemblage may indicate local intrusion
of granite into a relatively gortion of the
crust. The tin mineralisation is thought
to be related to Upper Permian granites.

Brosion of the granite and metasediments
receded the depouitiqn of the Middle and Upper
riassic Tenang Formation which consists normally

of conglomerates, sandstones, shales and tuffe.

In the Project Area this Formation is mainly

and Sedili

represented by volcanic rocks.

The younger history of the area is preserved
only the rocks of the Panti and Layang Layang
Formation with their sandstones and shales.
Indications of a Tertiary phase of magmatic acti-
vity are found in the Gunong Chemendong Area
where some smaller bodies of microgranite, quartz
porphyry and adamellite occur.

The Pengeli Sands of the Layang Layang
Formetions grade into the more recent alluvial
deposits of river and beach sands and gravels.
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CHAPTER 3
ECONOMIC GEQLOGY

3.1 Introduction

Mineralisation known to occur in the
Project Area includes tin, bauxite, iron, gold,
copper, lead, zine, rare-earths, molybdenum,
titanium and tungsten. Economic rocks and
erosion products include limestone, clay, sand
and various road-building materials. Tin, iron
and bauxite have been worked at various times
and at present several tin and bauxite mines are
in operation.

The tin mineralisation is primarily related
to the late Palaeozoic granitic rocks.
Cassiterite occurs in quartz veins and as
stringers and disseminations in several of the
granites and their country rock, The economic
occurrences, however, are found in the alluvial
deposits of the rivers which have eroded the
parent rocks,

The presently operational bauxite workings
are all in the Tanjong Penggerang Region. The
bauxite deposits represent the decomposition
products of several types of the older rocks.

3.2 Mining and Prospecting

The various areas that had been
and mined prior to t he commencement o
present study were compiled from data provided by
the Mines Department and the Geolog Survey on
maps at one inch to one mile scale generalised
reductions of which appear as Figures 10 and 11
in The Atlas, Individual bmhoﬂrand prospecting
pit sites were plotted. Relatively high mineral
values observed were plotted on transparent over-
lays to the geological ::2. to show the relation
between mineralisation the distribution of
geological units.

Since data about the total volume of ground
worked are virtually absent it has not been pos-
sible to estimate the potential and reserves of
the present mines and prospects. The contribution
of this study to the project is therefore mainly
a collation of exist ata and the indication
of areas of further interest.

3.3 Metallic Minerals
3’3.1 Tm.

There are nine tin fields in or near the
Project Area, Total cassiterite production was
30,011 piculs for the year in 1969, from 34
ginos with a labour force of about 1,500 (Table

-1). The tin fields of the Johor Tengah Region
are as follows (the number of operating mines in
3. Tempenis (2)

ospected
the

é9’70 is 21?9:1 in brackets):-
§. Tengkil (includes lower . I 1) {1? 8.
bak (3), S. Panti (5); With S. Penaga (1) and

the mines on the S, Merbau and 8, Susor Rotan

(tributaries of the S. Dohol) (3) being just
:utuide the Project Area. Ile ijmg enggerang
here are m fields on S. Jeluyut Simpang (2),

Upper S. Seluyut (2) and S. Rengit (3).

The cassiterite is produced by the hydrauli-
cing, gravel pump and p.fm method. In the case
of Pelepah EKanan Mine, the cassiterite bearing
ground is excavated with face shovels prior to
Sluicing; cassiterite is extracted by tabling
and etic separation of other heavy mineral
constituents.

In the survey of tin prospecting records
reports have bom.yaminedp:: 8;/21 of the areas
allocated for prospecting from 1923 to 1969

inclusive. Table 2.2 shows the number of pros-
pecting permits issued in each area by years and
also the issue of mining licences, The methods

of collating all the data have been mentioned
previously, and the tabulated data are shown in
Appendix A. Appendix B shows production of
individual mines and the average labour force
for the last four years.

Pigures 12 and 13 in the Atlas show high
values of cassiterite outside the areas of
present mining land. This information is taken
from two sources:=-

a) Prospecting reports of private pros-
pectors, where values greater than 0.25
katis per cubic yard (kpey) were con=-
gidered significant.

b) Prospecting results obtained by the
Geological Survey, where two different
standards have been used in describing
values of cassiterite. Values of cas-
giterite greater than 0.15 kpey or
greater than five percent cassiterite
in samples of heavy mineral concentrates
weighing more than one gram, were consi-
dered significant. The two Geological
Survey standards are not directly compa-
rable. Results can only be quoted in
kpey if a standard dulang was used to
obtain the heavy mineral concentrates
(i.e., & known volume of sediment was
treated), The figures quoted as percen=
tages were obtained before the 8 tandard
dulang came into use, and therefore the
volume of original sediment treated is
not known.

The ooccurrence of high cassiterite values in
the active sediment is no indication of able
values at depth or vice versa. However the com-
plete or virtual absence of cassiterite in active
sediments means that there is little chance of
finding payable amounts at lower levels in the
alluvium. It is normal practice to examine the
surface material first and the results obtained
can be used to set priorities for further explo-
ration (i.e. - those areas showing the highest
values should be examined first, etc.).

i s 12 and 13 (Atlas) show that many of
the high values of cassiterite occur near existing
mining fields. In most cases they occur in the
alluvium upstream from the producing area. No
doubt those areas which are able will be taken
into the existing mining as work proceeds.

The collation of data by this study has
shown other areas where high values of cassiterite
occur, or where the geological enviromment for
the formation of wvaluable deposits is particularly
favourable, These are situated mainly in the
Johor Tengah Region.

The upper S. Linac!u(')south of Gunong Blumut
(Fifurea in brackets refer to localities marked
on Figa. 12 and 13 in the Atlas) shows five high
values of cassiterite determined by the Geological
Survey and two by private prospectors (pp. 5 6).
The high values are upstream from an area of
gwamp alluvium and it is probable that there is
very little cassiterite downstream from there.
The area is virtually unprospected and the source
of this mineralisation is obscure. It is not
derived from the nearest known contact zone which
is some three miles to the north. The S. I.ugﬁt
in this area lies in an easterly tren faul
controlled valley and it is possible that the
mineralisation is related to this structure, Al-
ternatively the cassiterite may be derived from
the outer mineralised zone of the granite or from
a small undiscovered roof pendant.

- 10 =



TABLE 2,2

MINERAL PRODUCTION 1965-1969

1965 1966 1967 1968 1969
OUTPUT  STAFF QUTPUT STAFF OQUTPUT STAFF OQUTPUT STAFF OUTPUT 3‘!1”4
TIN (PIKULS) 25,026 941 37,958 1,274 85,965 1,339 39,400 1,237 30,011 =
IRON (TONS) 12,278 44 35,569 - 56,038 - 103,269 92 - =
BAUXITE (TONS) 843,172 392 976,016 424 885,389 337 28,968 354 1,056,068 -_-__
TOTAL NUMBER 46 é
OF RETURNS 42 36 59 50 64 46 60 43
NOTE: (1) Stafe figures do not give the complete picture
many annual returns gfve production only not sf‘.aﬁ'
but they do indicate the magnitude,
(11) see Appendix B for details of returns by mines.
(1ii1) oOne Picul = 100 Katis = 133.33 1ba, = 60.48 Kilos.
JOHOR TENGAH TANJONG PENGGERANG
YEAR PROSPECTING MINING PROSPECTING MINING
PERMITS LICENCES PERMITS LICENCES
1923 4 1 1
1928 1 .
1929 6 : ]
1930 2 2 6 2
1933 1 - 2 3
e : 1 -
1936 4 - } 3
1937 1 &
1938 2 -
1939 1 - 7 -
1940 2 - 4 -
1941 1 -
1945 1 -
1948 2 1
1949 5 1
1950 1 - 1 1
1951 2 o . be
1952 5 -
1953 1 s 5 e
1954 4 &
7 : | : :
1957 1 . 4 1
1958 12 12 -
1959 - 3 9 2
1960 19 4 33 pri
1961 33 2 22 1
1. : : :
1 3 2
1964 15 8 ; -2-
1966 28 = 64 7
1967 27 - 74 i
1969 5 - 4 1
TOTALS 233 33 418 33
COMBINED
TOTALS PROSPECTING PERMITS : 651,

MINING LICENORS :

66

- 1] =
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The upper tributaries of the S. Chenaa(z)
show three high values determined by the Geolo-
glcal Survey. No contact zones are known in the
vieinity., The tributaries drain into & large
area of swamp alluvium around Euala Pengeli
Chenas. Further prospecting is recommended
particularlg in the northern part of the swamp
alluvium, urrents through swamps are sluggish
and tlerefore have a poor carrying capacity.
For this reason it is not usual to find heavy
minerals (like cassiterite) which have been
taken in by the headwaters of drainage system,
downstream from an area of swamp.

The headwaters of the S. Pengeli{” show
one high tin value south of Bt. Batu Tongkit.
This may be related to the same mineralisation
as that mentioned above. In addition five high
values of tin were found by & private prospector
(pp. 103/61) on the S. Pengeli approximately one
and half miles upstream from Kuala Chenas. These
latter values seem to be partly in Recent allu=-
vium and partly in ground underlain by the Layang
Layang Formation., It is possible however that:
the boreholes were wrongly plotted in the pros-
pecting report and that all the holes are actual-
ly in alluvium. The boundary of the alluvium in
this area is accurately known from soll survey
traverses carried out by government soil
scientists.

Twenty five high values of casgiterite were
found in pp. 66/61 on the S. Seboll4), According
to the geofogioal map most of the tributaries of
this river drain the Panti Sandstone Formation
which contains no primary cassiterite minerali-
sation., It is unlikely that the cassiterite has
come from the nearest granite shown in the map,
which is some four miles to the northwest. The
boundaries on the geological map are extremely
tentative in this srea.ofue to poor exposure. It
is more likely that the cassiterite results from
& mineralised contact zone which is exposed to
erosion and not covered by Panti Sandstone as
shown. This theory is supported by evidence from
a tin mine further north. The tributaries trans-
porting cassiterite in this case have come from
the same general area and again do not, according
to the geological map, drain any granite or
contact zone areas. It is probable therefore,
that the boundary of the Panti Sandstone Forma-
tion in this vicinity is further north than is
shown on the orfioin.{ one inch geological map.

High values in alluvium adjacent to the S.
Sayong g? 70/61) 1.5 miles upstream from Kuala
Linggiul>) may be related to the same mineralised
zone as the above occurrence and are worthy of
further investigation.

Two high cassiterite values have been found
in trib? es of the S, Tebak north of Kuala
Linggiu(6), It is 1likely that these are spurious;
there are no contact zones in the area drained by
these tributaries and the granite is thought by
Rajah (1969) to be at a considersble depth in
this vieinity., Results are pending on pp. 1/69,
which ig also in this area.

In the easterly flowing tribujaries of the
S, Iinggiu north of Kuala Tempenistwtlish cas-
siterite values have not been recorded to date.

In this area metasediments occur overlying
granite. The westerly flowing tributaries are
more promising and show two high values in streams
vhich are fairly near a contact zone. This area
of the Linggiu could also be important because it
drains a known tin bearing area, and has a tri-
butary the 9, Sentroh which drains a contact zone
mr)u northwest (largely outside the Project

The 8, J is worth investigation, the
tract of alluvium is extensive and prospecting to
date has been very sporadic and was carried out

long ago. A report on PL 29/28 mentions promising

values of cassiterite in deep alluvium in one area
(this could be similar to deep alluvium found in
Linggui Tin Field), and recommends further pros-—
pecting. The main river is situated in a fault-
controlled valley with Panti Sandstone to the west.
The latter probably covers a contact zone. Tri-
butaries from the west (S, Jengli Kanan, 5. Jengeli
Eiri) rise in the same general area as a minera-
lized area mentioned above. In addition it ise
considered that the 8. Sentroh originally formed
the headwaters of the 3. Jengeli. River capture
by a western tributary of the S. Linggui has
taken place. As the 5. Sentroh is eroding a con-
tact zone to the north, any cassiterite minerali-
sation eroded fram that area would have originally
been deposited in the 5. Jengeli. It is consi-
dered unlikely that any valuable alluvial deposits
will have resulted from the eastern tributaries
of the 8. Jengeli, since, judging from the geolo-
cal map, any contact zones in this area will be
eeply buried.

The alluvium of the S. Sedili (outside the
Project Area) appears to be worth further investi-
gation. Many of the headwaters are erod con~-
tact zones. The Ulu 8, Sedili, south of Bt.
Pachat is particularly Lngortant, as it drains
the same contact zone as that which forms the
source of the 3., Tempenis tin field.

Prospect is warranted in the S5. Madek
(outside il.:a Area)., Tin mining was carried
on here in the past and high values have been
recorded by the Geological Survey.

In the Tanjong Penggerang Region, tin mines
operate along the 5. Seluyut and the 5. Rengit.
In addition high cassiterite values have been
recorded by private pmngsotors 1.? four areas
between S, Metangor and S. Sebinal15). They
appear to be related to a contact (possibly
faulted), between granite and volcanies., A fifth
area of high values is south of land for which
mining permission has been npp}iog. in the head-
waters of the S, Sedili Kechil(16). This area
is adjacent to a granite/metasediment contact.

The Tanjong Penggerang Region has never been
a large tin producer, but there is considerable
evidence that cassiterite progocting could
reveal profitable deposits. € areas mentioned
above are worthy of detailed prospecting. The
close association of known tin deposits with con-
tacts between granites and meta-sediments is most
striking. Tracts of alluvium laid down by
rivers these contact zones are extensive
and should be investigated. Those draining the
possi faulted contact zone between the belt of
metasediments and the granite are likely to be the
most important (see also section on gold deposits).

It is not possible to define any areas of

cial interest for cassiterite in the west of
the Johor Tengah Region. Only one significant
cagsiterite value was found. This occurs on the
boundary of the Project Area, near MP 82 on the
road northeast from Kluang. Ch (1970) regards
the nite which covers most of the area as being
similar to the tin bearing granites found
Rajah (1969) to the east. lack of cassiterite
in the present drainage system, may be related to
deep erosion of the te in Pre-Cretaceous
times. There is evidence that the area was
covered h{ the Cretaceous Panti Sandstone, and if
the granite in the area was originally intruded
at a relatively high level, the outer mineralized
zone would have been stripped off and the valuable
minerals lost before Panti Sandstone times. It
may not be coincidental therefore, that in other
areas like Gunong Panti, where the Panti Sandstone
overlies granite, no alluvial deposits with high
values of tin have been found.

3.%.2 Aluminium.
Bauxite mining is confined entirely to the
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o Pen rang Region, and, until recently,
tgetgzngaﬂ%h orggmt area, Work commenced in the
mid-thirties, and carried on through the Japanese
occupation to the present day. Though there have
been & number of small mining companies involved s
from time to time, production and shipping are
now in the hands of two companies, South East
Asia Bauxites Ltd., and Ramunia Bauxite Itd. (or
it s associate company Century Mining Sdn, Bhd.).

Grubb (1968) produced a regional geological
map of the main bauxite area (one inch sheet No.
135) and carried out a detailed investigation of
the bauxite occurrences, their mode of formation,
methods of mining, future prospects, etc. The
deposits were classified as residual or alluvial.
The former is the most important in terms of the
tonnage available for exploitation.

The residual deposits occur as cappings on
low lying hills between 50 and 200 feet. They
result from the leaching by groundwater of iron,
silica etc., from parent rocks which contain a
significant amount of aluminium. Alluvial
bauxite deposits result from the erosion and
transportation and redeposition of residual
material, Alluvial bauxites occur as thin sheets

on the lower slopes of hills and the surrounding
low swampy areas,

The process of producing residual deposits
by the leaching of certain constituents from the
underlying parent material is a common henomenon
in tropical climates with heavy rainf ; the
g:naral term for this process is laterisation.

e product of this tropical weathering may be
bauxitic laterite (consisting predominantly of
alumina) or ferruginous laterite (mainly iron
oxides) or any mixture of these two. The silica
content varies according to the composition of
the parent material and the degree of leaching,
Accumulation of residual bauxites is controlled
by a number of interrelated factors. The most
important of these are:=

a) Nature of the parent rock, in particular
its abrasion, pH, composition, texture,
granularity, joining and degree of
fracturing. ese factors control the
rate of leaching,

Total rainfall and its seasonal distri-
bution.

Fluctuations in the position of the
water table, and the nature of the
topography.

Temperature, which gwma the formation
of humus, At high emperature, humus is
dutmged faster than it accumulates.
Large humus accumulations often restrict
groundwater circulation and decrease pH.
25 of meteoric waters. It is noteworthy
at higher grade bauxite tends to be
found on lalang-covered hills, rather
than those covered by rimry or seconda-
he pg is lower,

b)

c)

d)

e)

ry Jungle, where t

i !mm.hn“’tu“%m has shown that, for
egion, the most signifi-

cant facte rohg?l to ba.ugto'turutiqn :rt:-ﬁ
a) Beonomic deposits of mixable

e mate-
rial are frequently associat with
extremely fine grained extrusive rocks,
espeoi rhyolite.

b) Bauxite developed from basalt or basic
sal rocks is us high in
8ilica and extremely high iron,

¢) Bauxite derived from schist or shale i
generally high in iron and 8ilica. ?

d) Bauxite originat
hntbr:l:l mokl’?mbral;c::n

much silica to be o

of economic interest,

e) Bauxite is seldom found in deposits rich
in kaolin, and, when found, usually has
a high silica content.

f) Deposits of residual bauxite are found
mainly as cappings on hills below 200
feet in elevation.

g) Economic deposits of alluvial bauxite
have been found to occur mainly along
the coastal plain.

The past and present mining and prospecting
areas are shown in Pigure 13 in the Atlas. Total
production is currently running at appro:_:imately
one million tons per annum., Century Mining
Sendirian Berhad, (an associate company of Ramunia
Bauxite), has commenced development work in three
new areas north of Sungei Papan(17), A fourth
area in this vicinity will also be worked by
Century Mining. Production from the new deposits
was expected to begin in September 1970, and will
probably rise to 10,000 tons per week. It is
expected that known reserves wiil 1:;;-;:- for i
approximately five years, though smaller ar
pprpoasiblgr'y be fom{d adjacent to the main deposits
ﬂ work may continue for longer than this period.
Recent production for Ramunia Bauxite is:-— Jan-Nay

1965 1966 1967 1968 1969 LI
Tons - 190,957 88,886 276,737 387,257 412,680 121,881

South Bast Asia Bauxites Ltd., ourrently hold
8ix mining permits in the South of Tanjong 476
Penggerang covering some 3,570 acres (M.L's 480,475
477,478, 479 and MC 467). Their production has
fluctuated in recent years as can be seen from s
figures given below:- Jan
190

1963 1966 1967 1960 1969 T
Tons - 488,287 667,863 505,906 391,789 643,388 356

No definitive figures for reserves are available
but it seems likely from the prospecting reports "
that production could be maintained at the presen
level for at least ten years.

It is common for mining companies to work A
after the time they have estimated for the extracw
tion of proved reserves. Small areas which can o
worked cheaply are frequently found which were :1 -
included in the original estimates. How long thiS
is likely to extend the life of the mines is im
sible to estimate at present. It is also possible
that deposits which are at present of reject 5":0'
will prove to be workable in years to come, due

improvements in beneficiation and smelting proces-
ses.

The prospect of finding large areas capable
of pmducins similar amounts of bauxite to that
found in the Southern part of the Tanjong o0
Penggerang Region is considered negligible, sin
considerable prospecting has been carried out
with negative results.

The newest area of bauxite extraction("n-
north of S. Papan, is at present still problema-
tical, Three of ‘iho deposits occur over metase
diments but the exact nature of the parent
material is not known. According to the geolo~
gical map the fourth deposit is derived from

te. It is likely, that all other !.actor:

eing favourable for bauxitisation, the paren
material in these four areas is sufficiently
different from the main bulk of the granite or
metasediments to have permitted a high grade +8
bauxite deposit to be formed. The usual produc
of laterisation on these parent materials are
high in iron or silica,

With regard to the Johor Tengah Region, ial
although large areas of favourable nt ﬂ“;.,

geur, in partioular the Sedili Volcanics, Other
environmental fmoctors are too unfavourable t0
rmi;tu the formation of commercial bauxite
epo

ta. Rajah (1969), discussing Sheet No. 12’
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which covers a large part of the area, has
remarked that evidence of laterisation pro-
cesses 18 not common.

Workable deposits may occur in the area
southeast of Kota Tinggi, and north of the 5.
Santi estuary. Here volcanic rocks, similar
to those found further south, occur and, as far
as can be seen, other factors influencing bauxi-
tisation are not unfavourable. Bauxite was
worked from similar material near Kuala Kim Kim,
further west, across the Kuala Sungei Johore
where 14,325 tons were produced in 1938.

Other areas of Tanjong Pe rang are not
regarded as having much potentfﬁf Here granite
and metasediment parent materials are only likely
to give rise to small localised deposits of
marginal grade which are most likely to contain
objectionable amounts of iron and/or silica.

3.3.3 TIronm.

The areas that have been prospected for iron,
the location of expired and current mining permits
and producing mines are shown in Fi g 12 and 13
(Atlas), Iron mining in the Project Area probably
dates from the 1930's.

There are eight deposits in or near the
Project Area which have at various times been con-
sidered as potential mines. Despite considerable
Prospecting and reinvestigation of these by
numerous companies over many years very little
extraction has been done.

ele Ocain - Oyt {9)= This
d%o gs on a aoufg-aas%ern spur é Bunong
Muntahak, and the deposit occurs on two
small foothill ridges. It was first die-
covered by H, Maegawa in 1933 and in the
period up to 1941 was extensively prospec=
ted by the Ishihara Sangyo Kosi Company.

The geology and genesis of the deposit
have been discussed in detail by Bean (1969).
The hill in which the deposit occurs is
formed of a roof pendant of quartzite and
cale-silicate hornfels mrlyin% granite
porphyry. A lens shaped body of haematite-
magnetite forms the hill capping and has
prevented the erosion of the underlying
metamorphic rocks. The main body has a
maximum thickness of 250 feet consists
of grey to brown haematite in reddish-brown
limonitic clay; magnetite and martite are
also disseminated in the clay. The junction
with the underlying decomposed metamor phic
rocks is irregular and no contact of
deposit with granite porphyry has been
observed, The metamorphic rocks below the
ore body contain patches of magnetite and
cassiterite which are particularly abundant
in and near quartz veins which cut the
country rock, Detrital deposits consisting
of boulders of haematite and nﬁeﬁte, the
latter often altered to haematite and martite
g"m on the crest and flanks of the hill.
dulitarite is disseminated throughout the
eposit; it is mﬂl{ below 0.1 percent tin
:.'nd frequently above 1.0 percenmt. According
°° Bt:li.! m 2;:;1“1-11:. occurs .Ic di:::tc
ryst re is no chemical com -
tion with the iron minerals.

The deposit has been examined during the
present st Iy which mﬁomd Bean's conclu-
sion that Ros's (1941) theory that the deposit

8 due to the secondary enrichment of disse-
minated primary magnetite in the metamorphic
rocks is untemable., The Wilbourn (1936) and
Burton (1959) theory of injection of iron-rich
:Olut:l.m from a granitic parent magma seems

© be much more satisfactory.

Drilling, pitting and underground drif-

ting showed a considerable deposit of haema-
tite cassiterite ore. During the second
world war 300 pikuls of tin ore concentrates
were produced by open cast mining methods.
After the war the area was re-prospected but
no further extraction was done due to the
difficulty of separating cassiterite from
haematite, In 1957 ground sluicing on the
gite of the old mine was commenced and has
continued over since. Several reinvestiga-
tions by & number of companies failed to
find a complete solution to the problem of
geparating the two major constituents of the
depoait.

The mining rights for iron in the area
have been allowed to lapse, but tin is still
being worked. As far as is known only
12,500 tons of iron ore have been produced
since the mine opened, and this as a bypro-
duct of tin mining.

Currently the massive iron deposit is
being removed and stockpiled. The softer
parts of the deposits, the limonitic clay and
decomposed calcsilicate hornfels, are being
extracted with face shovels and slurried to
a cassiterite separation plant, The solid
material is crushed and the cassiterite is
concentrated on a jigging table and by two
stages of magnetic separation.

Roe (1941) reported that two million
tons of iron ore (minimum 55 percent Fe,
maximum 10 percent Siﬂ;). had beenaxmnd,
with larger reserves of a lower e ore,
Other workers have thought his figures were
optimistic., The deposit has rcoen:‘li been
investigated by German scientista
engineers on behalf of Metallgesellschaft.
The result of their investigations are not
known.

The mode of occurrence rules out any
extensions of the known deposit near the
surface. The topographic expression of the
deposit is sure to have stimulated the
gearch for similar deposits in the area,
presumably with little success.

Saan - 10%%50'8)(10),

This site 18 1. es south of Pele
and was found as a result of prospec-

Kanan
ting in 1933.

The ore is similar to the detrital ore
found at Pelepah Kanan. The larger boulders
consist of martitized magnetite while smal-
ler material is nln.'L{ martite and limonite.
It seems likely that the primary body con-
pisted mainly of magnetite, that it was
pimilar to that at Pelepah Kanan and has:
been completely eroded away. Iron deposits
in this area are mentioned in the Annual
Report of the Geological Survey for 1922,
The northern end of the r separating 8.
Seluang and 5. Sisek is said to consist of
ore, and boulders of haematite/magnetite
occur from here to Ulu Pelepah Kiri.

Cassiterite is found throughout the
deposit and surroun hornfels and clays;
the average analysis shows 0.1 percent tin.
This with 0.1 percent zhotphom and 0.1
percent arsenic makes the ore unsaleable
without beneficiation or blending. The area

is not currently held under any lease.
Two old permit s (M.L.'s 5064,
M.C.'s 863 858 respectively), have
expired. No work was done in 506A but

there are conflicting reports on ML 502. It

is understood that no work has been done but

z:odnoﬂon figures were 700 and 10,550 tons
1967 and 1 v



gusor Rotan 51"52'1! & 1&"20%“”: This
epos consists, at of Pelepah Kiri,
anﬂnly of detrital material. It has
similar contamination by tin and arsenic
(each approximately 0.17 percent), and is
not marketable in its present form. The iron
content, though variable, often exceeds 60
percent. Flinter (1963) considers that the
primary deposit was of replacement magnetite
in quartzite; +this makes it similar to the
primary mineralisation found at Pelepah
Kanan

Some 230 acres are currently held under
Hininf Certificates in two adjacent lots
(M.C.'s 603 and 634). Between 1963 and 1968
when mining ceased, 73,8%6 tons were produced
in M.C. 603, Bean's figure of 138,978 tons
for 1965 is probably erroneous and may refer
to other deposits in addition to Susor Rotan.
The Mines Department report that an applica-
tion has been made to mine cassiterite in MC
603. This will presumably consist, like
Pelepah Kanan, of separating cassiterite
from the residue of the iron mining opera-
tion or from the country rocks of the iron

deposit. No production has been recorded
against M.C, 634,
e Bukit Permat a (19

8 area comprises two epos
outside the Project Area., The true thickness
ie not known, but is a minimum of nine feet,
Exploration has shown the deposits to con-
sist entirely of detrital material, The
genetic relationships of the iron minerals
is not known, but analyses suggest that the
depo®it is a very high grade magnetite or

The iron content is around 68
percent for the two aamglea which have been
analysed, with silica at 1,3 percent, sul-
phur and phosphorus at 0.005 percent and an
abesence of tin. The grade of the deposits
suggests a mode of formation similar to that
of Susor Rotan or Pelepah Kanan, but here
the absence of objectionable materials could
render the ore workable, It is obvious
that the analytical results given above are
unlikely to be t{pical of the entire deposit,
but the fact that a primary deposit has not
been proved to be absent beneath or near the
detrital material makes the area worthy of
further investigation,

8 which are

The area is currently under M.C.'s 642
and 584 which total 250 acres. Prelimin
ogeerstinns for mining were begun in 1961,

The recorded production figures are:-

1967 1968 1969

MC 584 - Metal Mining 2800 tons 4995 tons -

Company

MC 642 ~ Sharikat 30181 tons 84086 tons -
Lombong

Sedili Sdn. Bhd,

The reasons for the

cessation of produc-
tion are not known.

It is not known whether

the ore is residual. The M.C.'s 584 and 642
expire in 1975 and 1995 respectively. They
employed 13 and 65 men at peak production.

Ocery _ %00'B): This depo-
:“ ust no om i eo:uea. The
h.rooooursal n lateritic cappings
(altered metasiltstones and phyllitezf ﬁ
small hills w protrude from awamps, The
deposit consists of limonite with an ex-
tremely variable iron content which at best
is only medium grade (39 - 56 percent Fe);
8ilica varies from 4.06 to 26,06 percent;

hosphorus is variable up to 0.48 percent,
Eithpalumina and titanium also high, (see
report A99).

The area is covered by two adjacent
current mining permits (M.C. 585, M.L. 486),
which total 486 acres.
in June 1981,

The licence expires

(13) & (14),

; 31'N - 104916'R
hese deposits like that af
ungel Haus, are almost certainly hill c:]:-
pings of residual material after metasedi-
ments, Ferruginous laterites and bauxites
are commonly found in this part of Johor GL
residual deposits on high ground, Though
has not been conclusively proved, it is it
highly unlikely that a primary iron de s“
exists, The area has been prospected e
(reports A.91 and A.102) and the deposit 3
at best only medium grade (50 - 56 Per"v‘el}‘
iron with 0.46 - 0.65 percent phosphorug e
(The two prospecting reports show con.s%h:
ble differences in their estimates of
volume of ore present).

< {e
It is probable that small residual ferrug {
nous laterite deposits, similar to those at Sungé

o
‘N - 102°521 g {12)= Haus, Bukit Twatow and Tanjong Penawar will b

found in areas underlain by mtasedimntsiﬁﬂ‘
it is unlikely that deposits of this type W aatis
be workable in the foreseeable future. Thehle
rial is chemically and physically too varia The
to be usable in modern iron making practiue-t
trend is increasingly towards using ores, ‘;gw ol
only of high purity, but also those which gl
little variability as possible. The propos cally
build an integrated iron and steel plant lomt
(1.e. in Singapore) will not necessarily af e
the situation. In the long run it would :]:.er
economical to import high quality ore, ra parfi P
than use small quantities of the local mate
no matter how cheap they are.

The cassiterite-bearing iron-ore dew:g’i:z
potentially very valuable as they have a h .
content. The deposits do however, seem to gtar-
rather small by present day iron ore mining the
dards. In order to remove the cassiterite, pt F15
ore would have to be crushed, and a finely pe
culate ore suitable for pelletising would modﬂﬂ
produced. This is in accordance with most :
iron and steel making processes. In a ﬁ-gﬂ ympﬂd
divided form the ore could be slurried an Pt
%o a port or railhead and this would reduce
portation costs. The cassiterite would bﬂth’
valuable by-product and may serve to make of
whole process more economic, The viabilitrr ~
these deposits depends on the development :na'ﬂ'”
method for separating cassiterite. Unfort Tepad
the team of German experts investigating Pethe
Kanan deposit left in April, shortly after ot
g-esant study began, and their findings aﬂto
own. The Susor Rotan deposit is similar tion8
Peﬁ;&h Kanan and therefore the same observa
apply.

The reasons for the closure of the Bt. "
Permatang deposits are not known. This de}:g:i
contains a h quality ore, and assuming P
little systemtioc exploration has been don:'shc'ﬂ‘
::r: to determine the nature of the deposi

one

3.3.4 Copper.

mala-
Showings of chalcopyrite, bornite and i
chite have been gbserve y'x; Rajah near the sunﬁ
Meranti roof pendant (outs{de he Project Wm“
g{h:ocur in quartz veins tlough'itg :glg
Lenggor Granite just southeas * ge0lo”

Harinau. Analysis of these minerals by s e

cal Survey has shown traces of gold. Gr:ﬂountl
1968) records the presence of very minor

L



of chalcopyrite in rhyolitic lavas near Tanjong
Pasang in the South of Tanjong Penggerang. This
occurrence is not likely to have any significance.

The first mentioned copper mineral showings
are worthy of further investigation possibly by
stream sediment geochemistry.

S8ignificant amounts of copper were found in
the analyses of the Bt. Twatow and Tanjong
Penawar iron deposits. It is not known whether
the mineralisation is related to granites (there
are none in the immediate vicinity), or whether
the copper was deposited along with some of the
argillaceous metasediments at the time of their
original deposition, The occurrence is worthy of
further examination.

3.3.5 Lead.

Galena has been noted in the heavy mineral
concentrates from the 5. Tengkil and from the
contact aureole of the Madek metasediments with
the Lenggor Granite. Chone (1970) found galena
disseminated in granite near the upper reaches
of the 3, Kahang, northwest of Bt. Bitu Tengkit.
The latter two areas should be investigated
using stream sediment geochemical methods,

3.3.6 Zine.

Sphalerite is associated with galena in the
Madek metasediments. Any investigation for lead
should also include zine.

3.3.7 Gold.

Traces of gold in river alluvium have been
found associated with three rivers in one area of
Tanjong Penggerang. The annual reports of the
Geological Survey for 1930 and 1935 mention occur—
rences of gold, with cassiterite and staurolite,
in the S, Lebam and S. Papan (near Kanga Paga.n}
respectively. The annual report for 1963 states
that gold was worked on S. Santi till 1942.

Prospecting was carried out in four areas of
S. Papan, Although mining permission was given
there is no record of go% production. The heavy
mineral assemblage is cassiterite, gold, zircon,
tourmaline, staurolite, ilmenite, alucite, anatase,
monazite, rutile and corrundum. Certain of these
minerals suggest that the river is draining an
area of metasediments which show a higher ira.de of
metamorphism than the ave . The possibility
of a higher grade metamorphiesm in this area due
to shearing along the contact of the granite with
the metasediments, has been referred to previous-
ly. It is likely that the gold, which originates
from the granite, is associated with this area of
more highly metamorphosed rocks. Figure shows
that very little official prospecting has been
done in this area, Further work is required.
Traces of gold were also mentioned in the annual
report for 1922, They occur in cassiterite
bearing gravels at Senopa Mine, Sungei Pelepah,
near a Linggiu. (Nothing further is known
about this occurrence

.

3.3.8 Rare-earths.

Monazite, xenotime and allanite occur in
detrital heavy mineral concentrates and are con-

stituent -
s tf amang (heavy mineral by-product from

Monazite is a complex phosphate of cerium.
ferous monazite (cheralite) also occurs but
neither are known in economic quantities.

Xenotime ('yttrium phosphate) is found in
g‘“? mineral concentrates, very commonly in the

« Tengkil area. It is not lmown whether commer-
cial quantities exist.

Allanite is an accessory mineral of certain
%:nitu. It contains some cerium lanthanum and
rium, It does not occur in workable quantities.

%.3.9 Molybdenum.

Traces of molybdenite were found in the cas-
giterite bearing alluvium worked by Linggiu Tin
Mines Ltd., in Ulu Tongkil, overlying a granite
bedrock. This mineral breaks down easily and
therefore will not have been transported far from
ite source. Purther investigation using geoche-
mical techniques would be worthwhile.

%.3.10 Titanium.

Minerals of this metal, leucoxene, rutile,
anatase and brookite are all fairly common in
amang. Ilmenite is the major component of most
+in mining heavy mineral waste. According to the
Mines Department no amang is marketed from tin
mines in the Project Area. There are, therefore,
presumably dumps of this material which could be
collected and possibly treated. High wvalues of
ilmenite were recorded in a stream northeast of
Sayong Village, but in the absence of tin these
will not be economically workable.

3.3.11 Tungsten,

The principal mineral, wolframite, has been
recorded from a number of localities, Ome occur-
rence with copper minerals near Bt. Harimau has
been mentioned previously, the second is in stream
gsediment concentrates in the vicinity of Bt.
Harimau.

Tungeten and tin are commonly associated in
mineral deposits, and a search for tungsten could
be made using stream sediment geochemistry.

3.4 Non-Metallic Minerals
%,4.1 Road Building Materials.

Granite is the most widely used road metal.
This is partly because of ites widespread occur-
rence, but also because it is the most durable
and has the best friction characteristics of all
the rocks known in the Project Area. Existing
quarries are run by the Public Works Department
and these together with quarries which are no
longer working are shown in Figure 14 of the Atlas.

Potentially any land underlain by granite
could gmido road building materials. In prac-
tice it is obviously cheaper to work where the
superficial material is thinnest and where the
surface of the granite is unweathered. It is also
undesirable to have to work below the general
ground level. Areas of high ground underlain by
granite, which should provide sources of road
metal are shown in Figure 14.

Other materials which could be used for road
metal are tuffs and sandstones. The areas under-
lain by these materials are shown in the gedlogi-
cal maps (Figures 10 & 11 of the Atlas). Second

class roads, plantation and estate roads have been
traditio made with compacted ferruginous
laterites. These are cheap to lay and require

"ﬂ 1ittle skilled maintenance. Most of the
hills underlain by the belt of metasediments
which extends northwest from Tanjong

(Tanjong Penggerang) have lateritic cap G
The extent or suitability of these laterites for
road building is not kmown. Chong (1970) has
recorded a laterite deposit in Johor Tengah, two
miles north of 3. Sayong village.

The baux’te mining in Tanjong Penggerang has
produced or revealed large amounts of reject
grade material which is not too dissimilar from
ferruginous laterites and could be used for the
building of minor roads., Utilisation of this
material also has the added advantage that it
would make possible the removal of unsightly
dumps, and could lead to the levelling and even-
t rehabilitation of an area which is likely
otherwise to become an unsightly barren waste.
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It should be noted that no field investiga=-
tions for road metals have been made. Therefore,
further evaluation must be made of the areas
indicated before quarry sites can be established,

3.4.2 Sand.

Almost the entire east coast of the Tanjong
Penggerang Region, apart from those parts where
solid rock forms the coastline, can be regarded
as a possible quartz sand producing area. The
superficiel deposits, (sometimes soil or peat
covered), consist of beach sand and extend up to
two and a half miles inland in the north, the
average width of sand probably being about three-
quarters of a mile. The deposits were formed
from a series of parallel strand lines along a
coastline of emergence. The maximum depth of
sand is not lmown, but it thickens from the older
rocks in the west towards the sea. Twenty feet
or more of sand was measured at one locality
about half a mile from the present shore-line,
Present day sands show an abundance of comminuted
shells, while the older (more westerly) deposits
are poor in shell fragments, Thig is undoubtedly
due, at least in part, to the leaching action of
acid groundwaters. In certain areas, (e.g.
Jason's Bay), the recent sand tends to be conta-
minated with silt sized particles of material
other than quartz, which have been carried to the
sea by the Sungei Sedili Besar and have drifted
southwards due to long-shore currents.,

Bay however, some highly sands
oceur and these represent older beach deposits
had deterious material
leached out. Sand is being worked sporadically
1.5 miles west of Sedili. There is no record of
this working.

quality siliea sands, such as those

High
used in the glass and chemical industries, show
Sporadic occurrence but have been extracted from

the area for at least twenty years, Thesge sands

have to be of such high purity that the should
be essentially monominerali H J

use but will be less than 0.05 percent fep 03,
0.2 percent 41203, 0.05 percent Mg0 and 0,01

cent alkalis. Grain sha is not an important
g::tor though high angularig; promotes melting,
Size rreanency distribution of grain size is cri-
tical and can between narrow limits,
Uniform grain size is important for ensuring
éven melting in the glass tank, If the propor-
tion of fines is too they are carrieq over
in flue gases and tend 0 fuse on the chequer-

On the other hand, sand which 1ig too coarse

often survives in the melt. There are a number
of standard specifications (three in the

U.8.A.
for grain size. The British Standard is fairly)
typiecal:-

Residue in 16 mesh - Nil

Residue in 26 megh - Not more than 2 cent
Residue in 36 mesh - Not more e hian

Residue in 100 mesh - Not more

than 10 percent
Residue in 120 mesh - Not more than 5 ;reent

Several traverses of the beach deposits
been carried out and sand samples takago in thgw.
course of the goil survey. A visit w

as also mad
to producing sand Pits during the geo &

logical study,

Augering at fairly closely 8paced intervals
along certain traverses, has indicateq that high
quality sands tend to ocecur in

tho
belukar or
€rass is found

overlain by e virtually on sand. Sandg

&
are heavily iron ang humus

t suitable for glass manufac-
:3:11:;? a&u:lﬂ nghs best sands tend to occur on
8light ridges ch are raised above the general
ground level,

Traverses in jungle areas have shown that
high quality sand ies very sporadic in area and
depth, there are frequent intercalations of clay,
and sands are heavily stained by iron or humus
acids. Of about 20 holes put down in such areas
only one contained sand of reasonable quality. ¥
This was less than three feet thick and was un;lce
lain by sand stained chocolate-brown. The dar]
staining is usually coincident with the w'at;r b
table; in some cases inecipient 'hard-pan The?.
lopment was observed at the same horizon.
above features are indicative of leaching, by of
humic acids, of material from the upper 19“1’1;01'
the sand and subsequent redeposition at the “n
table. The dark brown staining at this horizo
is due mainly to humic acids with iron c ompounds
Probably playing a minor role.

It is significant that the good quality 3
sands examined, and those which have been mine 'ty
all come from thinly vegetated areas. The quall
of sand in one of the pits currently worked 5
decreases rapidly away from the lalang cove{e
areas. Even in the latter areas, the E:'a.nd A: .
never very thick (maximum observed 4'6").
level which probably coincides with the water A
table the sand becomes stained and ucma1.1itabl§mm‘1
glass or chemical manufacture. It has been e
however that stained sand becomes marketable
it is lifted above the water table and left to
leach for two or three Yyears,

At present three pits are producing high
quality sand, with a further pit working inter-
mittently one and half miles west of Sedili. -
There are two sand pits, one of 177 acres sou
of Tanjong Punggai, and the other of 51 acres
weat of Sungei Se ang. Together they producehout
some 60 tons per day with a labour force of ahly
50. Stockpiles of 10,000 tons exist and mon:aia_
shipments average 1000 tona, A simple benef
tion, sieving and washing plant removes the
organic material and the coarger sand fraction
from a small proportion of the sand, This is
b and sold for the manufacture of sodium ing
silicate. A third deposit, of 180 acres is hewhich
worked by Sharikat Rasudin Sendirian Berhad,
commenced the removal of 5000 cubic yards of 8 but
in April 1970. Production rates are not lmown
are unlikely to exceed 50 tons per day.

Applications have been made to work ”ndx:?s-
four areas and there is an application for pe
slon to re-open a deposit, near §. Pawang Kec
south of Tanjong Penawar, where operations were
suspended due to financial difficulties.

1=
Supplies of sand for eneral purposes, bul
ding etc., are virtually mgzlimited in this ar:;;
For the reasons explained high quality sands
only likely to be workable in selected areas.
Jungle areas will not be productive for, AP
where sand quality is good, clearing the vege
tion will require heavy machinery and this wi ith
inevitably lead to contamination of the sand ¥
80il and organic matter. The possibility of
using sand of essentially glass making mig_
but of reject grade due %o colour gshould be
vestigated. Sands of thig type are quite “‘”ﬁ:
table to manufacturers of certain abrasives A s
silicon carbide, provided the refractory matersi,_
like alumina are low. Sand deposits should co
lue to provide a mmall source of revenue and {p=
employment in the area. The possibility of f
ding enough sand for a small indigenous glass
making industry is worth ary-
talled prospecting of the area would be necess
A local requirement for cheap glass c.r.u:ntaal.im!l'ﬂthe
will probably be an important factor in
omics of guch an industry,



No occurrence of heavy mineral sands asso-
ciated with beach deposits are known and the pos=-
sibilities of finding any economic deposits can
be discounted. Riverine deposits of these
materials have been discussed in an earlier sec-
tion of this report.

35.4.3 Clay.

Although clay deposits are widespread in the
Project Area, until recently none of sufficient
8ize or quality to be workable have been dis-
covered. However what may be a fairly large
deposit on the west bank of the Sungeil Papan near
the bauxite mine jetty has been examined. The
clay here extends from the water level in the
river to a height of at least ten feet. In hand
specimen it is of good quality, though the over-
all grade can only be assessed by chemical analy-
sis of samples collected from drill or auger
holes. An application has been made for permis-
sion to work this deposit over some 430 acres.

The origin of this clay is not known. Accor=-
ding to the geological maps it overlies granite
and therefore could have resulted from the
decomposition, in situ, of that material. At the
Jetty however the clay appears to be alluvial in
;rigin. Faint traces of stratification were
tg:nd. Bauxite deposits resulting from the wea-

ring of aluminous rocks (granites or argilla-
;;:ua metasediments in this area) occur nearby.
o low lying, frequently ewampy, margin of a
. rge estuary like the Sungei Papan is likely to
1:rnn acid environment owing to the presence of
b 8¢ amounts of decaying vegetation and resulting
ulniic acids. In this situation the deposition of
= uvial kaolin would be favoured rather tham
urite (Fordon and Tracey 1952).

Kaolin was found to a depth of 40 feet in a
;i-l&:}hr low lying area when the dockyard on
apg:;vz;ha:: w;snunder cons?ruct:l.on (Geolo-
ua eport 1935). A similar clay
is also found on the Johor side of the Straits.

The possibility of finding good quality clay
:%Ogg the low lying coastal and estuarine areas
il outh Tanjong Penggerang is good and these
ba.:’ should be prospected. EKaolinite has also

observed in the course of the study, in the
ho].ii Tempenis tin mine area. Here veinas of
g nite, resulting from the alteration of gra-

veins (Po!siblﬂ soon after intrusion of the
granite), ocour. Though the clay is very pure

quantity is too
extraction fmibla.“an to make commercial

3.4.4 Building stone.

Crushed granite and certain of the volcanic
:]':::tm be used as concrete aggregate. The
of the limitless variation in texture and colour
nk T granites, in particular such types as the
1o °§6kil granite porphyry, are ideally suita-
'I“In:?.t imensional or ornamental stones. Large
cowmnt 1:“ of granite are exported from many
why s" 8 in the world, and there seems no reason
b r:ni-finishad of finished stone should not be
3 ed from this part of Malaysia. In
voul dlm!‘e the demand for ornamental facing stone
seem to be very great.

3.4.5 Felspar,

Felspar is used in t

5 he manufacture of glase

r:‘;;:h pottery, floor and wall tiles, and for s

pare  cor) Cements etc, Abundant potash fels-

sind. !!onti&]p_loy orthogluo and microcline, o

1 many porphyritic granites; however

.:.:ﬁ'bﬂl.'t?l whether commercial extraction will

rocks “n::litb:.:‘; Ehe iron minerals which ‘:::!0
o

% ot o renova?.oumabh impurities

3.4,6 Limestone.

An occurrence of limestone two miles out-
side the Project Area has been described earlier
and was the subject of a special report where its
importance as a source of agricultural lime was
discussed. In view of the sible agricultural
importance of this ;3““ t should not be used
for road-metal (Ap ix D).

3.4.7 Mineral fuels.

Carbonaceous plant remains and very thin
stringers of coal have been observed in some of
the more argillaceous horizons of the Panti
Sandstone Formation. Deposits of this type are
common in continental sandstone deposits but
rarely occur in workable quantities.

There is 1little likelihood of finding any
deposits of hydrocarbons like oil and gas. It is
possible that oil formation and reservoir environ-
ments could have existed when the Permian marine
gediments, like the Dohol Formation, were accumu-
lating. However, the intense folding and faulting
to which these rocks have been subjected, plus
erosion and intrusion by granites, leaves no
chance of their containing commercial amounte of
petroleum deposits. The remaining rock formations
and structures in the area bear no similarity to
those found in major oilfields.

3.5 Conclusions on the Economic Potential

Two maps of each area have been pre .
One pair of maps displays the existing and
prospecting and indicates areas worthy of further
prospecting for metallic mineral deposite. The
third mep deals in a similar mamer with non-
metallic minerals (Pigures 12-14 of the Atlas).

In Figures 12 and 13 the limits of those
areas are shown for which prospecting g:mitn
have at some time been issued, These boundari
delineate the outer limits of prospected areas
and may be built up from several smaller prospec—
ted areas. Within the areas, zones where proa-
pecting drilling is known to have taken place are
mapped., Similarly, high value mineral ocecurren-
ces are indicated. Existing alienations under
mining certificates are also mapped indicating
whether they apply to bauxite, tin or iron,

It is considered that the divieion of the
Project Area into graded categories with regard
to mining potential would serve no useful purpose.
Large areas are virtually unexplored and attempts
to define mineral potential are therefore value-
less. Areas which are worthy of further investi-
gation, based on present information, have been
discussed previously and are summarized in the,
gseotions following. More detailed geological and
prospecting work will be required before a final
assessment can be made. such assessment would
require considerable expenditure in time and money,
and it is obviously unwise to allow mineral explo-
ration to obstruct the use of land for other pur-
poses, except in those areas (e.g. dam sites),
where irrevocable decisions regarding land utili-
sation have to be taken. Exploration by private
or govermment agencies can be allowed to proceed
at any time in the future without affecting the
then current use of land, It would devolve on
the agencies concermed to compensate land owners
for loss of revenue due to mining. This ¢ of
arrangement is operated quite successfully
most of the countries in the world.

Tanjong Penggerang.

It will be seen from the map of the Tanjong
Penggerang Region (Fig. 13) that prospecting has
been widespread and has covered much of the
potential areas of mineralization. Although some

cagsiterite values have been recorded, the
majority of the prospecting does not appear to

3.5.1
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tified any really significant areas for

ﬁ;gn;cfen“e past ivroapacting does not cover all
the areas which, on geological evidence, could

ve rise to mineral deposits and there is some
ustification, therefore, in recommending pros-
pecting in the remaining area. As indicated
before, the geological evidence is such that
cassiterite prospecting could reveal profitable
deposites in the area, particularly in alluvium
resulting from rivers which traverse the main

anite /metasediment contact zones. The map
ﬁig. 13) indicates the main alluvial areas which
should be subjected to detailed prospecting,
Certain high cassiterite values in the area
between Sungei Metangor and Sungei Jebina are
particularly important and are certainly worthy
of further investigation.

Two areas that on geological evidence could
contain bauxite deposits have been indicated;
however, both these are on land already aliena-
ted and developed as rubber or 0il palm estates,

It is considered unlikely that the lateritic
iron deposits at Bt. Twatow and Tanjong Penawar
will have any economic 8ignificance in the fore-
seeable future, The copper found in analyses of
these deposits is interesting and could be
followed up. The results may have resulted from

sample contamination and would therefore not be
significant,

As the residual amang from tin mining opera-
tions has not been marketed, dumps of this
material must exist in mining

areas, and these
are worthy of economic assessment,

%an Thahnon-nltm;o ?ine:m]. d;posits ;{ the
anjo! ngge eglon are shown in gure 14,
Areas for rmi:f-sm“aﬁ ation as sources of
granite and lateritic ro tal are shown.
Reject grade bauxite, from rast and present
mining operations, could be used a8 a building
material for minor roads and should be investi-

The occurrence of kaolin clay under low

grou.nd in the south is widespread, Prospec-
ting of such areas, particularly near the estua-
ries of the larger rivers is considered worthwhile.

3.5.2 Johor Tengah,

In the past, pmagcctmg for cassiterite hag
;uu oonoantr:.‘tediin the eastern halr of the area,
argely as extensions to proven tin fields.
Within this eastern half, the upper 8tretches of
U valley are considered to be worth
further Prospecting, Although prospecting permits
have been issued in the past for some parts of
this valley, the 8parse sampling and the geologi-
cal evidence would cate that further To8pec-
ting is g?:ind.nmab:ppor rea.:hu of gha 8.
ould also rospected as d
the areas near the 3, gy —

L] d »
alluvium of tﬂf ?.}.:goﬁ){g?? i

Zones where Prospecting is not recommended
either on geological evidence or topographic ocon-
have been indicated on the map
+ It 18 possible that some 8treams pag

area there 1g

a
% 881ble that these
te areag contain mineralizeq zZones wh
firtion s o ai during fie14 mappios,”"®
fieial map which

been
© number of stream sediment samples have
alz:gﬂﬂd for their heavy mineral and trace element
content. The heavy minerals are ﬂisappoinﬁﬁ.
showing one significantly high value of cu:h.
terite and one of ilmenite. The data n-o: o
trace element work have yet to be compile I}Iﬂ.
Geological Survey. The mineral potantiai. g
western Johor Tengah Region can only be am_milﬂ
by opening the area to prospectors. The gn
pects for alluvial cassiterite depoaita,r“m
present evidence, are very poor. Other : “““;
including the need to preserve a silt-fre
supply from the catchment area serving Kﬂ:gg.
would be important considerations which
preclude mining operationa,

in
It is concluded that the iron deposits :
the area have little potential due to theirtwﬂlut
size, relative inaccessibility and h.ighiﬁﬂom
of impurities. The tin/iron deposits w o
be viable if a method of removing the tin proe
found. The iron deposit at Bt. Permtandg-nﬁw
be checked for size and grade; present

tion suggests previous investigations have been
incomplete.

It is considered wnlikely that workable
bauxite deposits will occur in the area. - :
environment for their formation is not favourable

The potential of oth:r ba.-ie ﬁatﬂn:ccw
copper, molybdenum, tungsten, lead, ’ =
et ot t}{tamim;d oy P g exploration

be the
Reconnaigsance ge geochemistry will

most effective method in the first stages of any
further work.

The economic viability of amang dmpauﬂ‘:}::
and present tin mines in the area should heving
tigated. There ig no record of any amang

been marketed,

1)

Areas likely to contain outcropping ﬁ"’“
suitable for road construction are shown o
Figure 14. No large scale laterite deposits,

suitable for ge ary roads are known.



CHAPTER 4
RECOMMENDATIONS

and Clea e

At a meeting held on 29th December, 1970 in
the State Secretariat under the chairmanship of
the Commissioner of ILands and Mines, it was
agreed that Consultants would submit their pro-
posals for prospecting to the Geological Survey
for early consideration.

The proposals together with supporting
reports, maps and suggested time-table were for-
warded to the Director General of the Department
of Geological Survey on 9th January, 1971. These
were subsequently agreed by the Department and
forwarded to the Commissioner of Lands and Mines
Johor on 5th February, 1971, for what ever action
l:;e:er::ned desirable in respect of prospecting and

e.

Additional information concerning possible
Eh!s&ng of development was requested by the
ommissioner of Lands and Mines at the Draft
Project Report Review Group meeting on 15th
Pebruary 1971 and a copy of the time-table incor-
porating the information was forwarded on 21st
Pebruary 1971, This is reproduced as Appendix C
to this report.

4.1 gpect

I

- A detailed report of this additional study
ich is located outside the Project area is
attached at Appendix D and the following is a
Summary of the recommendations.

The main requirement was to prove, by core
:gﬂlinz and surface exploration the existence
mttmﬂtabls deposit. This was duly carried out
nillihe mineral reservees are estimated at 30
e on tons, It is possible that de¥ailed inves-

tions to the north-east and south of the

n area examined will reveal further exten-
8ions of the deposit. i

t1o It would appear appropriate that considera-
= D be given to the economics of exploiting the
Posit for the following purposes:

industrial Uses

Lime/soil stabilisation for road
construction.

Cement
Ornemental stone

Agricultural Uses

Ground lime with or without small
Quantities of added magnesium carbonate.

.tm?}lrther investigations into the use of lime-
shouid or soil stabilisation in road construction
ﬁibilith accorded priority, as there is a pos-
State Y that savings might be achieved on a
% 1m\|1do basis when compared with the tradi-
and method of using crushed granite for base
th.ﬂ“:'faoe formations, As for agricultural lime
peremn: 10uld be long term advantages to certain
the g% and annual crops as land is opened up
ot ate provided that other uses for the
one can be envisaged,

It 18 noted that Pan Malaysian Cement are
E‘,&ig‘:'d t0 have tested the economic viability of
s dopug:%t a8 a cement raw material but that it
1y eeting ul if any attempt was made to accurate-
Froves te tonnage available. In view of the
examineq 1 ¢ this possibility should be re-
tries s in association with locally based indus-

a8 long term prospect.

If industry express as interest then the

next step would be to examine the fround between
area A and B (Fig. 2 in Appendix D) to establish
methods of working, quarry face alignment,
drainage, access, depth of over-burden etc. The
latter, taking 80 feet the average degth, is
provisionally estimated at 3 million tons. When
re-e the depth of over-burden the use of
seismic reflection geophysical techniques is
advised as it would eliminate the necessity of
removing the vegetation from the area. Removal
would be required if development drilling tech-
niques were used, The whole operation should be
conducted under the joint direction of an
experienced quarry engineer and a geophysicist.

Pending further investigation and in order
to prevent sgeculat:lon. consideration might also
be given to the gazetting of the area as a
reserve.
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PART III

GEOMORPHOLOGY,

SOILS AND LAND EVALUATION
INIRODUCTION

1 THE STUDY APPROACH,

In accordance with the Terms of Reference
the following studies were carried out by the
soils team of this Project:

a) Terrain classification

b) Semi-detailed eoil survey

¢) Land evaluation

It had been intended under the Terms of
Reference that the existing Soil Suitability
Classification would be used for (c); however,
in agreement with the Soil Science Division of
the Department of Agriculture, this was eventual-
1y discarded and a more comprehensive system of
land evaluation established. This important
change of systems became necessary in view of the
orop diversification policy being implemented by

Government and which was specifically included in
the Terms of Reference.

The soil survey of the Tanjong Pe rang
Region was carried out by staff of this ect
vhile the Johor Tengah Region was surveyed gy the
So1il Science Division, Department of Agriculture.
Familiarisation observations in the last area have
been carried out by the Project in the course of
the study, This 8pot checking was necess to
facilitate the compilation of the Land Use Poten-
;1&1 Maps for this Region. The Soil Survey Report
soi' Johor Tengah has been compiled by the Soil
co énce Division, This report is included as

hapter 7 of this Supporting Volume.

The teminology and classification of soile
;nd terrain is that in use by the Soil Science
ivision. Soil correlations and discussions with
by Senior Soil Scientist of the Division were
eld at regular intervals to ensure that the
standards set out by the Soil Science Divieion
were strictly adhered to,

I During 1963 and 1964 a schematic reconnais—
mﬂe survey was carried out by the Soil Science
T 8ion (Null, Acton and Wong, 1965). Based on
: ormation collected by this survey, the Terms
o tRererence envisaged that the agricultural
::v:ntitl of the east coast peat swamps, was
: uirol.v limited, These, therefore, only
.’ﬁ red some confirmatory probing along their
b.t'a. However, due to the confusing views
een the characteristics of the peats along

daej.::st and east coast of West Malaysia, it was
the to increase the observation density in
Pe peat areas along the east coast of the

nggerang Region, Sampling of these peats for

chemical and me
pe o g chanical analysis have also been

The follow 8 discuss the metho-
:‘1"};&‘7 employed by the no:l.{haurny team to clas-
=gy map and evaluate the soils of the Project

2 SOIL SURVEY METHDS.

The 8011 survey of the Tanjong Penggerang
Region was carried out inm thr:.:j -35..-.

First, the aerial photographs covering the
fogton were stuaied; these Photographs, taken in
"ﬁh't:;“ at a scale of 1:25,000. In conjunction
ting 14 8 aerial photo-interpretation, the exis-
ot terature on the geology and a reconnaissance
lm:&“q (Null, Acton and Wong, 1965) were also
lysing in An aerial photo-interpretation map ana-
Dap wag o physical features was compiled. This
(rm“.)‘-‘l!d for the location of the traverse
network, the selection of sample areas,

the of field work and the more accurate
delineation of soil and terrain boundaries.

Due to the gmnuy secondary nature of the
forest cover in the Tanjong Penggerang Region, an
accurate and, for the soil survey, useful aerial
hoto-interpretation map could be produced.
her information on aerial photo-interpretation
is given in Appendix H.

The aerial photo-interpretation carried out
for the Johor Tengah Region only delineated
approxinltelytﬁ; :or;s t{pei; :Lntthe ?goa. as a

lilinl-‘l'; 8 o fores ventory upport
mu-e 5, Forestry and Conservation). N

Secondly, a short field reconnaissance and
familiarisation period followed, in which the
soils team acquainted itself with the West

ia soil classification (Leamy and Panton,
1966), This was followed by a detailed survey of
the Pasak/Siput Sample Area, which is located
northeast and southeast of Kota Tinggli (See
Figure 5.1). It was during the Survey of the
sample area that correlation and standardization
of methods between the members of the soil team
was ensured. All file description were carried
out by the combined team, this period
frequent discussions with the Soil Science
D:lvzaion were held in the field.

The total number of sites examined in the
Pasak/Siput Sample Area, amounted to 354 of which
32 were profile pits, which were sampled for
chemical and me cal amalysis., Another 75
observation sites were recorded in the Seluyut/
Asahi/Telok Sengat Area (see Pigure 5.1), situated
along the 3. Johore. This area which had been
alienated for plantation agriculture was not
included in the survey area. It was however
decided to regard the area as an extension to the
Pasak/Siput Sample Area. The Seluyut/Asahi/Telok
8 t Area 1s easily accessible, plan-
tation roads and has some interesting so and
terrain features.

Finally, utilising the Iknowledge gained from
the preliminary work described above, the routine
soil survey of the ijoni,hmem Region was
carried out. Data on soils, terrain, drainage,
vegetation and other information required for a
land evaluation were collected along rentis lines
cut along fixed bearings. These data were recor-
ded on specially designed odr .{mchod cards and
general information collecte ong the surveyed
rentis lines was recorded on Rentis Sheets.
The Rentis Layout is shown in Figure 15 of the

Atlas, The geological and topographic tremd of
the Tanj Penggerang Region is generally north-
west - southeast. Three base lines were accurate-

ly surveyed to form the spines for the rentis
system:

Baseline A,
on the EKota Tinggi -
32 miles long.

southeast from mile 37,
Road, to T. Penawar,

Baseline B, running southeast from a tri-
tion point south of Kg. Bahru (Sungei Papan
te, S Division), 3.5 miles long.

Baseline C, starting from the southern end
of Baseline B and running for 5.5 miles in a
southerly direction and ending at Bt. Gelugor.

The rentis lines were then cut on compass
bearings perpendicular to these base lines.

In dense jungle, rentis lines are essential,
both for ease of access and for the precise loca=-
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tion of observation sites (Steele, 1967). In the
extreme south of the Tanjong P rang Region
only a few rentid lines were cut because road
access was adequate and the
and cultivated lanmd did not require a similar
density of observation as the rest of the area,

The soil pattern in the Region is very com-
plex throughout (Figure 19 of Atlas). This had
already been envisaged during the compilation of
the aerial photo-interpretation map. Based on
this information the survey rentis lines were cut
at 1 mile intervals throughout the Region, with
the exception of the area south of the 5. Lebam,
where the rentis interval on Baseline ¢ has been
increased to 1.5 mile,
recommend that the rentis lines be at one mile
intervels in the areas with a complex soil pattern
and at wider intervals in the areas with a 8impler
80il pattern, as the opinion was held that suf-
ficient information wowld be available from the
1965 recomaissance soil map (Null, Acton and
Wong, 1965). During the work and subsequent
mapping the soils team came to the conclusion
that in certain complex areas, such ag north and

east of the 9, Lebam, a closer rentis line inter-
val would have been advantageous,

The main features of

fying soil series from auger inspections were

colour including mottling, texture, Cconsistency
and the presence or absence of laterite, quartz
8rit and weathered rock, Augering was Supple-
mented by observations of logging track

expo-
sures, the roots of fallen trees amj to aug,e
;::ﬁn the appearances of the soil surface,

7 Soil ptt: 150 cms (60
at representative siteg these pits were deg-
oribog and sampled acoo;'ding topdi ostic hori-

Auger b to a depth oraflzlo cms (47
the soil pit Provided

inches) deep were dug

e sei 2
Soil samples collected were analys ra i
ani and moisture pProperties,

Accord to accepted int %
dards a snﬁotmed R oy cional stan

8011 survey wit
application of aerial ph yithout the

oto~int retation shoulg
have an observation density of gpto 25 sites per
? uare km, 5100 or 25 to 75 per Bgquare mile
ink, 1963), 8 Jeet aerial photo-
Uherefore s s becn used B L
Yy o ] 8i
mile would be acceptable, L. ros g

The total number of recorded obse
Bites for the routine Burvey amountg t:'?%?nor
¢h 67 are profile pits;

t
also some bores were alnpledm he latter ang

8 of sunmmd renzi.:u’

lines a total of 1481 observation sites have bo&
recorded, which gives an average of 4.5 per ren
mile also excluding a large number of check bores.

3 MAP COMPILATION.

The Soils (Map No. 7 and 8) and Terrain #
Classification Eua.p No.S and 4) maps were °:= '3
piled at a scale of 1:25,000 and then rod;l_c)
the scale of 1:63,360 (one inch to one .éegiaa
vsing the West Malaysia Topographic Map i1
L7010 as base, In constructing the Soils e
Terrain Classification maps the rentis lines b
drawn on the 1:25,000 scale topographic mapl.“
observation site numbers with their appro opta.
80il series name plotted along them as interc
Soil and terrain class boundaries were then
interpolated between the rentis lines, Uhil:m
careful attention to stream courses 0
contourlines. In many instances the aerial
tographs proved to be very wseful in drawing
mapping unit boundaries,

The compilation and final drawing of the
Soils (Map Ng.S and 6) and Terrain Clauiﬁg:;i-:
(Map No.1 and 2) maps for the Johor Tensahi e o

8 been carried out by the Soil Science D
Department of Agriculture, EKuala Lumpur.

The soil series is used as the mapping unif,
with depth, textural and other phases appel; %o be
where appropriate, Mapping wnits too smal st
mapped individually have been mapped as ase
tions of soil sertes,

The Land Use Potential Maps (Map it | #44.7
11 and 12) of both Regions have been compi -t &
the Project from the Soils and Terrain Clas
fication maps at the same mapping scale.

Limitations on the accuracy of soil ’ﬁﬂ,’jﬁu
arise from four factors: the accuracy of SEm
map,. the location of rentis lines, the pos 1ines,
of changes in soil series along the rentis rentis
and the interpolation of boundaries between bt
lines, The total error from the first thl‘“ha
fors is thought to be less than 350 yards. £ up
the fourth factor inaccuracy in boundaries t:'e
to the distance of the rentis separation, on

le, may occur,

4 BSPECIAL SAMPLE AREAS,

s‘
Two sample areas, the S. Semberong and
Dengar Sample Areas were located in river valleys

h
Yo examine the degree of variability within suc
areas,

i
A third detaileqd survey area, the S. Pengel
Sample Area was located in an area that was -
mapped as consisting mainly of Harimau Serliﬂ..l
oon, Y the semi-detailed soil survey. T rf P
Sample area was studies to examine the varia
within thig mapping unit.

8
A detailed description of the three areas i
&iven in Appendix E of this Report.

5 METHODS OF SOIL ANALYSES,

21yses
All routine chemical and mechanical mth. :
tarried out by the Soil laboratory of
Department of Agriculture, Kuaie Lumpur and tH7
Bethods of analyses used are those currently
force by the Soil Laboratory,

1yses
The 5011 moisture trace element an
however have been oaw;-ri::dou:m in Hunting Technies!
Services Ltd. laboratories in Fngland. fron
The 8011 moisture sam 8 were collected
profile pitg representing glzlnber of the nld":‘
801l series. Soip cores were taken from each re
° hajor diagnostic o1l horizons, using 2 wm
Bampling device similar to the one d’“ﬂ“mad:l-
the USDA book 60 (1954), Duplicate,
turbed samples of the mogat BOEE N S i
oealed with polythene and then placed into
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tight aluminium containers. In the laboratory
the cores were saturated with water and subjected
to various pressures, initially in the porous
plate apparatus for the pressure range from zero
to one atmosphere and subsequently in the pres-
sure membrane apparatus for the pressure range
from one to fifteen atmospheres.

The soil moisture determinations and the
available water capacities of certain soils are

discussed more fully in Appendix B of this Report.

Samples for trace element analyses were
collected in special sample bags (Kraft paper
bm ) from soil pits representing major soil
B8 es,

The samples were analysed by the direct
current (DC) arec spectrographic methods and the
total quantity of each element present was expres-
sed in parts per million (ppm) of the air-dried
80il. The method used was essentially a semi-
quantitative one and the reliability of the
results is * 25 percent of the quoted figure.

The elements investigated were lead, tin,
gallium, bismuth, vanadium, molybdenum, copper,
zine, titanium, silver, nickel, zirconium, cobalt,
manganese and chromium.

The detection and estimation of an element
depends upon the 1imit of sensitivity of the
particular method used. The elements, bismuth
end silver were present in concentrations below
the minimum required for accurate measurements.

Purther discuseions concerning trace
elements are given in Chapter 6.3, Soils and
Appendix G, Trace Elements, of this Report.
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CHAPTER 5

GEQMORPHOLOGY

5.1 Iopography

The geol of the Tanjong Penﬁomg
Pcnin-uhsehsogm described in Chapter 2,
Granite is dominant over much of the area, with
voleanic rocks in the south and along the west
side. Sedimentary rocks form a spinal ridge down
the peninsula and outcrop along the east coast.
Terraces of older alluvium also ococur, but there
are no wide tracts of recent freshwater mineral
alluvium., Peat swamps are extensive behind the
beaches of the east coast and mangrove swamps
line the tidal channels in the south-west,

The dominant topographical feature of the
eninsula is the central spinal ridge running
¥ron about Mile 32 on the Sedili road south-
eastwards to Tanj Punggai (Terrain Classifica-
tion, Map No.3 mﬁ). This ridge has a distinct
single crest in the central area, with a peak of
611 feet MSL (above Mean Sea Level) at t
Tangga Tujoh. North-westwards from this point,
the ridge crest is lower, with peaks below 350
feet, and the ridge rroqucntl{ﬂmrrova to less
:lh::rih;u :‘ mile width. Further north-westwards

ge ced, with peaks at

Bukit Mati (415 feet) and Bukit Tambus
Tulang (629 feet), and also becomes split b
valleys of the 3, Mupor and s tributary of ghe
3. Seluyut, which are controlled by the regional
strike of the metasediments. The Sedili road
0rosses a gap in the ridge, beyond which it
broadens out into the Panti range of hillas,

South-east from Bukit Tujoh, the ridge
becomes doublecrested again (being split by the
strike valley of the S, Papan Kechil), and
decreases in elevation until it is lost as a
distinct relief fea - From here it is marked

by a string of widel spaced isolated hills
of 200 to 300 feet elevat on (Bukit Ulu Papan ,

Bt. Kangkar Papan, Bt, Lebam and Bt, Tuatau), ter-
nu.nath;g finally in the low headland of Tanjong

Thie ridge is formed metasedimen
believed to be of Permian ze. The lﬁi&nta are
mainly slightly metamorphosed shales, carbonaceous
shales and 8iltstones, with some interbedded sand-
stones especially in the north. Quartz veing are
:g:on an: 1: &mn rg?l"qunrts reefs" that cap

hills, such as a a -
vation south of Buki e Dt :é:s

be

St In hge aout?-eaat 8,

81lty shales, siltstones and fine o

predominate, with abundant quartz ﬂmi‘rd:t:::asm
conglomerates, and these lithological t Pes out-
erop in a second ridge along the ao.si coast
north to Tanjong Sedili Kechil. A geries of
parallel minor ridges form NUmerous promonto-
ries along this coast, be of greatest elevation
in the north (Bukit Gemoh Bukit

Over the rest of the Tanjong Penggerang
Peninsula, tl:n bedrock is igneous, consisting of

granites and volcanic rocks of varying composi-

ion. 1In this Region, igneous rocks form rolling
:eomin of generally less than 250 feet elm}:im,
but there is a tendency for the volcanics to :;I
isolated, steep sided conical hills in the south,
such as the 600-foot peaks of Bukit Belungkor,
Bt. Penggerang and Bt. Pelali. In places thetﬁ:-
nites also form rounded hills of medium eleva iah'
such as Bukit Benut Bast (410 feet) and Bukit :
Ha (451 feet), west and east of the spinal ridg
respectively.

The granites are generally rather coarse-
grained, with a high quartz content, but nﬂhml
based on soil profile characteristics, range %
coarse-grained biotite granites to finer-graine
adamellites and granodiorites. The w:.lcemi.-::f
rocks are very variable, consisting mostly © 44
ashes and tuffs ranging from rhyolite and dac
to andesite in composition.

The older alluvium that is widespread in
South Johor (Burton, 1964) occurs in only 1 ting
areas in the peninsula, forming gently “nd"'l:ﬂ
low hills along the north side of the Lebam S0 i
near Kota Tinggi. South of Telok Sengat it +
a more rugged and dissected area of hills up o~
190 feet MSL. Composition is varied amd rlangm!t
from clays to beds of 1 quartz pebbles, but e
were derived by alluvial and colluvial proo:‘
from the surrounding granite hills, and qua St
gravel is abundant., Subrecent alluvium is coO %0
along many of the larger valleys, occurring up
elevations of about 50 feet, and consists of
strongly leached quartz sands.

The recent river and stream alluvium i8 ’i:f
larly variable in composition, its texture ‘:;E:r
ding on source of derivation and nature of
flow. Alluvium derived from granite is comm
sandy and that from shales is clayey, although
heavy clays are rare. Most of the valleys ‘"ﬁwd.
narrow and there are no wide areas of river e
Plain in the peninsula. Saline alluvium in bog
mangrove zones along rivers in the south-wes

¢
generally clay or silty clay with a high organd
content,

Along the east and south coasts there ‘5
éxtensive peat swamps, formed in wide 1agoon —
basins behind e 2
coastline followed the inlamd margin of the pund.
owamps, where old beach deposits have been fo’
an.ohta:nlds underlie most of these P‘afa:::u:s'
Xcep ong valleys, and outecrop in p
arcuate bmga thmﬁr;h the awampa? General ‘1;::
tion of the peat swamp is from 5 to 30 feet :
sea level, and the depth of peat ranges to Fansi
least 10 feet in places, with quite sharp t
tions from beach ridges to deep peats.

put
The east coast beaches are mainly sandy,
oo &rade and purity of the sands varies dopendi®é
apon proximity to river mouths and sources O ries
of puation. The beaches extend inland as & 80Tl
of parallel beach ridges and swales that diplacc’
beneath the peat, Raised beaches occur in P
and, some up to 30 feet above sea level.

>+2 Drainage

The spinal riq, forms
watershed of the pm th 8t
tions, near Bukit Tangga Tujoh and in the NOX®T..,
¥ Tambun Tulang, Between these two areas, .
S. Seluyut rises weil to the east of the ri:w
Bukit Wah Ha, and flows west. Its passage the
the ridge 1s deeply incised. Purther souths

the prinoi?‘l
along its highest 89¢
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5. Lebam and most of its fributaries cut right

diary streams
through the line of the sedimentary ridge, and

of the adjacen
the watershed lies within hal f-a-mile of the east,  the ridges.
coast south of Tanjong Lompat, Further south the have radial a

watershed swings sharply west again, and then south
to Bukit Pelali, ;

Sub=-

gently undul
dr:ina.ge pa

ite,
The northwest of the area is drained by tpi- N
butaries of the S. Sedili Besar, the S. Mupor and ﬂggﬁm“:h"e
S. Semalok. On the yest side, the S. Seluyut, s, ?Fi : 5.28) 1s
Temon and S. Layau Kiri are tributaries of the 5. gure 5.
Johor,

enc

flow down the dip or scarp slopes
t more resistant strata that fom
The iaol?ted, steepdwirﬂga?i:hzﬂla
rainage (Pigure 5.2d), bu

ating areas ggrvolcanic rocks have
tterns very similar to those on gra=-
parallel drainage (Figure 5.2e) is
ountered on older alluvium, parti-
is tilted, but a dendritic type
more general. Drainage pattern

In the east, the § Gembot, S, Behan ang can sometimes be used on the aerial photographs
S. Sedili Kechil ;

di
omerly reached the sea at pointg for
present coastline, 8lluvi

where their valleys now issue into peat swamps,

The coast has since advanced to its greasnt posi-

gaitrhut the three rivers are 8till deflected at
e

se all issue into the mouth of the 8. Johor,

1ev:}. tl’ll.ooding is
The mouths of a1l the rivers in the southwest Cultivated and
4re rdromed®, i.e, the relative sea level hag rate of run-off and
rigen and flooded their floodplains to form 1o channels,
estuaries, and the valley sides rige directly from 8nd flood wat
the river banks, qrtihrgn ‘the narrow belts of accumulation o
Ve subsequent formed to
line the channmp:ls. Conaequentelg 1:11;11':1P are ng 3.3
T oo Sty oty By 'y, 0
0 ze ou all proportion mature or sub-maty
to th; 8ize of their drainage basina, with gmw ﬂﬁ_opag
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aceounts for the deeply inciged vaf.lays of most logical erosic
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v:g.-tu footslopes on e1ther side that and causing incr
b 9P t0 35 feet high, *h slopes up to 45 Otherwise imma
d . where vme{ incision 1g severe 1ls, which are g
o harked with the suriy V" on the Merrain areas whe
Classification Mapg (Map No.3 gng 4); 1t 49 which genera)
particularly widespread in the ung the

terrain west of
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8 on the
tronger relief
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dulating
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alluvium, dye to the low
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of these deposits, Incision hag not :emu:uoh ;‘dt“:nm“
fhe viadtye oS e other S
8 are here deep ang 8teep independent Rock outorg
of the current cycle of erosi . b t
rdly S 80 most 88 tors or isolat

B Shelner
Drainage patterns in te - o vanl
teristically rectanguiar ( 520) gy b Smerally
rectangular in plan view, wi rather evenly.- tra.3 deep,
a:n.ead, si:ox't t;i.dbu:Et!trm Jo trunk _l i b
streams at roun ~angles. Sueh & draing
pattern is controlled by thne Jointing systen oo 4 nmai:p:
the granite, ang would ord strongly the "gte land
rectangular, but the short tributary 8treams in West Mala
develop rather arcuate courses ag erosion Proceeds eninsula, Along
In gently undulat areas f 2 T3, 00 and 200
tary rocks or netaudig.gta the ;nod - “:%::::- 3 of (Ereater
is sub-dendritic (Figure 5.25), but the 1tg:renoea bed Rop
from the granite patterns are not always we1] The elope
marked, and thig Teature is not al Sufficient. terrain class
1y reliable to be used for upm;:&': geology in Weat Malayg .
s R A AT :
o
— ol are rather 8imilar ¢q g.n.a_;m o
Trellis rattern of dpag e (F
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c6

debris w

In foreat te
river channs}s ﬂ::
carry most o
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Progress, upsetting the equil
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The upper limit to class 4 has been set at 20
degrees which has been raised from 18% the
limit of legally permitted cultivation, to 20
degrees to Ecnliom more with the natural alo?c
range, whic es more easi t 204d Le
and Panton 1966). A - g o

sent

The only modification is the
addition of the suffix "V", used in classes 2, 3
and 4 to indicate severity of valley incision;

such areas, valleys are incised to depths of the
order of 20 to 35 feet, and even sometimes 40 feet,

It must be stressed that the terrain class
mapping units are based on average hill slopes or
complex slopes, and disregard the steeper slopes
of convex hilltops. Occasionally in areas of
sedimentary rocks or laterite, the gentle upper
slopes were found during field traverse to be
; clently broad to delineate on the maps as a

ower terrain class unit than the hill sides, but
::nh instances are few, and were not encountered
granitic or volcanic areas where hill forms
w more strongly convex. One reverse case has
l‘e{nkm”'d in an area of o0ld alluvium south of
5 ok Sengat, where incised valleys are so nume-
ouu: that they dominate the area and little of the
b haimre :iilmslgpeéﬁmthix;s; incised valley sides
w en uppe
derive the tarsr:in class 4.8 pn o e b

the tit a?ould be noted that the suffix "C™ for
hm’;‘rs n classes has not been included on the
but lass Maps for practical reasons only,
as indicated earlier the terrain class mapping
are based on complex slopes.

Zerrain Clase 1

?‘ land is level or nearly level, 0 to 2
e 3;:; Such terrain is confined to r:l.m
» mangrove, swamps, peat swamps
beaches, .uo:f larger valleys there is
enerally a slight slope from the better
bamok ed levees along the river banks to the
%o swamps, while surfaces may be uneven due
hhﬂﬂookl formed by the acoumulation of
b g by termites and other agencies around
= e bases. Most sub-recent alluvium and
u:dch” are mapped in Class 1. Slopes ex-
mﬂil“ 2 degrees occur locally between
Son ridges and swales, and some raised
ches are mapped as Class 2,

Zerzain 01aes 2

Apart from some raised beaches and

sub-
:::':t alluvium, slopes of 2 to 6 degrees
s % ¥pical of the very low undulating ter-
Zoot of up to 100 feet and occasionally 150
“dh:ﬁlr. It occurs in both igneous and
pist M:tlﬂ areas as well as older alluvium,
1y » quite a wide distribution, principal-
s J°§d°ﬁ-ﬂs peat swamp areas and along the
a:.:d :10“ and 3, Lebam. Valleys are shallow
ino uthmdl th:iyngy be incised, depth of
'mon is rar sufficiently severe to
o t the suffix "v", Fi %a illus-
ha.‘:hl typical croess-section, Slopes of
vall an 2 degrees occur on hill tops and
8y bottoms, while the short, incised
ey sldes may be 20 to 30 degrees.

Class 3 ig rolling terrain and is the most

¥idespread of the nonalluvtal terrain classes.
3b illustrates the typical range of

in

8lopes, with 6 t
o 12 4 @ predominating
ey b on crests and y bottoms, Valleys
8ed in most areas and Class 3V is

Yidely mapped (Pigure %c). All main rock

® including older alluvi this
olass um occur in
2 r'“:“mg-’:-l crests lie between 100 and

Terrain Class 4
Hilly terrain with predominantly 12 to 20
degrees slopes is illustrated in Figure 5.3d.
It occurs in more discrete units than Class
3, being associated with isolated higher
hille or ridges of 150 to 300 feet and some~
times 350 feet elevation, Some lower hills
also have slopes in this class, these usual-
1y being rather steep-sided and flat-topped
hills with laterite cappings (Figure 5.3e).
Most Class 4 unite along and to the west of
the spinal ridge are mapped as Class 4V, but
in most instances in the east and south,
incision is not strong. Tors occur on some
igneous hill tops.

Te Cl

Steep land with 20 to 25 degrees slopes is
confined to the spimal ridge and some granite
hills around Bukit Wah Ha and Bukit Benut
Bast. South of the S. Lebam it occurs only
on the isolated conical volcanic hills and
Bukit Lebam. It occurs mainly between 100
and 400 feet elevation, either as discrete
units, with some peaks up to 500 feet M3L or
as the lower slopes of Clase 6. Rock types
range from metasediments to granite and vol-
canics, and tors and rock outcrops are common.
Hill tops and ridge crests are narrow. Class
5V is not mapped, since valley sides are
normally steep whether or not they are
inciged., Figure 5.3f illustrates a typical
cross-section through a granite area.

Terrain Class 6

Very steep terrain, 1llustrated in risu.ro
5.3g, includes all slopes in excess o 25
degrees. It is confined to the higher sec~
tions of the spinal ridge and the higher
volcanie hills in the south, with crests
from 300 feet MSL upwards, although slopes
in this class occur as low as 100 feet on
some of these hills. Hill crests are very
narrow and rock faces and tors are common.
Valleys are frequent and deep. Slopes in
both classes 5 and 6 are unstable and ero-
sion is rapid.

The cross-sections on Figure 5.3 are schema-
tic, and are not based on actual traverses. They
4{11ustrate representative 8lo forms of the
various terrain classes. In ure 5.%a and f,
both incised and non-incised valleys are 1illus~
trated in each cross-section, but this rarely
ocours in practice, the valleys being all of one
or the other form. The gsections show the approxi-
mate proportions of land within a given terrain
class having slopes in the range asgigned to that

class.

5.4 Ercsion

In a tropical environment weathering is rapid
and a deep mantle of weathered material is formed
at the surface., The removal of this mantle by
erosion is also rapid and on g teeper land it is
more progressive and may exceed weathering so that
poil profiles may be shallow. In the undulating
and rolling terrain of the peninsula the terrain
is mature and slopes are rounded, and rate of
erosion is reduced, Only when the cycle is ‘3'“'
in this case by a lowering of base level resulting
in valley incision, is the rate of erosion
increased again. us geological erosion is most
rapid in steep lands and valleys. An important
additional factor is accelerated erosion induced
by forest clearance; the forest affords protec-
tion against erosion but when cleared, the soil
gurface is more directly exposed to eroding agents
and normal geological erosion is accelerated, It
becomee imperative that protective measures
against erosion are taken to reduce loss of soil

- 26 =
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incision. Lip disappears. No colluvial remains,



by sheet erosion and the lose of land b gu].'l.
and landslides. A very important side Zr ectyiigs
the increase in flood hazard, due to rapid run-
off over a bare soil surface and the silting-up
and gscouring-out of stream beds, with the conse-
quent upsetting of stream flow regime and biolo-
gical environment. Protective measures taken are
principally the construction of terraces and the
g;actina of contour ploughing and planting, and
c].: rapid growth of a ground cover after forest
e arance, to protect the soil surface from rain
ormnﬁ and to reduce run-off. The construction
oo ividual platforms, such as in oil palm
mrges should be discouraged since this does not
i ciently reduce erosion hazards; although
- a financial point of view platforms are
eaper to establish than terraces.

Erosion in the area is primari an invisi-
giexprocess since it HKakes tge fomlgf graduali
Guﬁ;tion of the soil surface, and soil creep.
e ::g and major landslides are infrequent and
I-ammM-gremma of the rate of erosion is reduced.
v es do ocour in steep lands, and a major
1969 “ccurred on Bukit Belungkor in the December

glma. Small scale landslides are quite
!midea : ong the backs of terraces and along the

8 rgmiggdl.‘:eg ee iey]a). Numerou.g o ve
n in December 1969, mostly but

:ot all ﬁ cultivated land. It has been recorded
th."ringard“ 8 study that a rainfall intensity of
i t.heu 3 inches per hour can be expected to
i surface structure of exposed soils

ey are not adequately protected.

The rate of loss of soil by
rain-drop impact
- b;‘moﬁ can be appreciated from the tOrﬂ‘E:’
bt Eadiment-ladan water running down slopes
— 35 uring a heavy rainstorm (Supportin
port 3, Water Resources and Development), "'fth
pog umulation of soft silt and sand in hollows
Ao obstacles such as felled tree trunks.
T soil layers are removed from slopes and

event
ﬂoodﬁin:.e—dGPQSitad in stream chammels and

v
vard e:ﬂaey incision progresses upstream by head-

ion,
oms a nmgkpom"l’!oint of upstream erosion

are above which valley slopes
Poinltm&gf_::dh r. Erosion is rapid at the gick-
8een ¢ slips forming miniature cirques were

omonly, in both forest and cultivated land
Hiekpoi::ky falls are found at some nickpoints.
and 5 but:E are very common in terrain classes 4
the apinnaenermy have not yet reached much of
inciged g3 ridge. PBrosion is rapid along the
Upstreanm tﬁpu downstream from the nickpoint, but
the nickpost LoPeS are mature and stable. As
8lopes will b advances upstream, so these mature
®rosion; ¢, ecome incised and subject to increased
Of thig aqioro8t clearance will increase the rato
forng are yonce. Incised and non-incised vallwy
e in“tmtEd in nme 5040

A consiq
has beeq o derable proportion of the peninsula
Soms of t1o0d in the past for shifting cultivation.
Clearingg ,1:;‘“39 have regenerated forest, but
Near g, “op only a dense fern h are common.
Of At)ag) ghoNGar on rentis line AE28 (P 15
lover by 5onC Svidence that Marang achis are
1n thege o ngoq 0 4 inches (5 to 10 centimetres)
8lon, Gonn“m" indicative of past sheet ero-
tain, ginae —ative evidence is difficult to ob-
Bave's eoondars . Adjacent to the clearings also
laterite goiiy LrO¥th, mot primary forest.
eroston 3 lo%ever present clear evidence of
often geen :!' in the cleared areas the laterite
the 80il abe o0 form a pavement at the surface,
nt “,': it having been removed. A laterite
Oreat areas, eldom seen in relatively undisturbed

There ig
of ma)) also evidence of an earlier cycle
or ulwga.g‘l' erosion that have now om
own, Thig is difficult to observe in

the field but shows clearly on aerial photographs
in estates where vegetative cover is . On
the photographs it takes the form of rounded to
linear patches of dark grey tones adjacent to
very 1ight to white grey tonmes. Such a attern
has also been observed in Spain, where it was
found that the dark tones were formerly shallow
concave depressions and the light tones slightly
convex areas, representing an original land sur-
face. A phase of slope—smooth then followed,
the convex areas being eroded and the transported
material redeposited in the depressions. This
cycle finished when the final slope was smooth

(to the extent that differences in slope form
were difficult to detect in the field), but dif-
ferences in soil desth were considerable, and
could be mapped in detail from the photographs.

A gimilar tract was inspected in the project
area in Guntong Estate, where four auger holes
(sites €197 = C200) were made in ad jacent sites.
3ites €197 and €199 in light-tones, slightly con-
vex areas proved to have reddish, medium to heavy
textured AB or B horizons at the surface, the A
horizon being absent., Sites C198 and C200 in
dark-toned, slightly concave areas roved to have
4 to 7 inches (10 to 17 centimetres) of browner,
light-textured A horizon at the surface overlying
the redder AB and B horizons. All sites were on
middle to upper slopes, the light-toned patches
being very slight spurs with 12 to 14 degrees
slopes, the dark-toned patches being slight dep-
ressions between spurs with 7 to 11 degrees slopes.
In adjacent areas, the dark-toned form distinct
linear lines across the contour, i.e. shallow
valleys. It is not postulated that the mechanics
of the process are precisely gimilar to those in
9pain, and possibly erosion from the spurs is
more important than re-deposition in the depres-
be assumed that the process is
widespread over the peninsula and is probably 8till
active, especially following forest clearance; it
may account for marked variations in crop growth
and yield over very small areas.

5.5 Summary

A postulated geomo logical history is
presented in summary. It represents the history
as applied to the Tanjong Penggerang peninsula
only, and is not a cemgleta summary of all eventa
that occurred, but rather an attempt to relate
existing features of the terrain to geomorpholo-
gical events.

The Pleistocene period was a period of several
cycles of submergence and emergence of the land
gurface. Older alluvium was deposited in a wide
alluvial and 1littoral zone, to an elevation of at
least 230 feet MSL and probably er, and would
have covered most areas of the p a, with
the present high ground standing out as islands.

During the t-Pleistoaene emergence, some
$ilting of the older alluvium oc . The main
drainage system originated on the older alluvium
land surface, and this developed independently of
underl geological structures. Hence the 5.
Seluyu ses at Bukit Wah Ha and flows west,
formerly over an older alluvium cover, but as
this became removed, the river became 8u posed
transverse to the spinal ridge, cutting its way
down across the geo strike. Its tributa-
tries became orientated along the strike, to form
the series of strike valleys and ridges that are
found on the spinal ridge. It is postulated that
the 1rregu1.ri¥ios of the main watershed arose in
this way, i.e. the development of the d e
system on an older alluvial cover and the subse-
quent super-imposition on the unde struc-
ture, with some modifications due to tilting amnd
warping. At this stage of emergence, the sandy,
valley-side, sub-recent alluvium was deposited as
true river terraces, up to elevations of around
50 feet MSL, the mate al being largely derived

i



from older alluvium and most of the latter being
completely removed.

At the time of deposition of ‘sub-recent allu-
vium, the coastline in the east was well inland of
its present position, the sea covering the land
that is now under peat swamp. The ridges along
the ent coast were islands in this sea., With
ﬁ:ng::' emergence, the coastline advanced, the
beaches were left inland as raised beaches, and
peat formed in the rly-drained lagoonal basins
between the beach es, eventually covering most
of these as well. The courses of rivers in the
northeast are still controlled by these old beach-
lines. Emergence eventually attained approximate-
1y tho.xment levels, and a long cycle of erosion
produced the now mature topography of the rolling
and undnlati.:g terrain; this process is #till in
progresa in the steep lands.

Subsequently some adjustments to the base
level of erosion have taken place. Purther emer-
ilnae took place to initiate a phase of rejuvena-

ion of the terrain and valley incision commenced.
Incision at the river mouths, to depths of
the order of 30 feet (i.e. that of some raised
beaches). It is postulated that the base level
of erosion dropperto below its present level,

and that at leasat local, partial recovery took
place, resulting in the "drovn:l.ng" of the river
valleys in the south-west (e.g. the 5, Johore, S,
Lebam, Johore Straits). However once inecision

where vall
floors are flat and swampy, but maion will eon?

tinue until the valley sia
Ay e y sides are once again smooth,

breaks of slope. The effects of these

adjustments in level on the eastern side of the

ula are not clear. Valleys flowing into the
peat u-a. are generally not incised, and pre-
sumably the peat swamps themselves acted as a
buffer, absorbing the changes in level. Once the
coast had advanced to its present position, the
eastern half of the peninsula aﬂom to have had

:.:gu stable geomorphological story than the



CHAPTER 6

6.1 Soil Genesis
6.1.1 Introduction.

For the purposes of this study, the term
80l is as defined in Handbook {8 of the U.S.

lilgg?:)‘tlent of Agriculture (Soil Survey Staff,

Since soils are the equilibrium products
:11!;5 main factors of soig fomation? i.e.
mphye'tg.:tl organisms, parent material, topo-
e -, : and to some extent human influence,
e u“ be considered as it exists at present

it is thought to have existed in the past.

6.1.2 Climate.

fine giinta is the sum total of various factors
o efd » temperature, amount of sunshine
lmurema ity. These factors are separately
g at some height above the soil and vege-
& . S}t:ri’ace, and are not direct measurements
$ ﬂiunmtin e at the soil surface or within the soil.
e acgon should be made between overhead
Itlmldu - 80il climate. However the latter is
s asured and a close relationship between
4 and soil climate has to be assumed in
em‘-‘!:ig of soil genesis. In very general
2 i1s in the Project Area exist, and have
Wmdhigﬁ n a climatic environment characterised
thronghoumt - all fairly equally distributed
i g he year, uniformly high temperatures
;ﬁ umdity. There is no season in which
tp:mr o, consistently less than 2.4 inches
vithin ¥ h:?d the area may be regarded as falling
& contio 8 rainfall Group I, i.e. an area which
Van huously wet or at least moist (Mohr and
' !mknl u:. 1959). Thie means that there will be
o h:r rain above evaporation throughout
et domm"“’ The environment will be one of
oy movement of water within the soil
vith the e [T eV811ing high temperatures coupled
result maém?lh high soil moisture content
ool Reatrs onditions highly favourable for chemi-
ring of rock and soil parent material.

6.1.3 Parent Material.

8
muog:lopﬂnnt material is usually the weathered

T s0lid rock, either occurring more or
“‘th&;:itu above the unaltered rock or such
deposi ted :tterj.al which have been moved and
Vim op ooli vater and described as either allu-
Plutoni o &'an“Ii_' Within the Project Area occur

canie turtnt“ and, possibly, granodiorites,
coarser agg) (both fine grained rhyolites and
BOrphosed sh:ilmt“ and breccias), weakly meta-
Betamorphoged es and sandstones, more strongly
such o carbonaceous shales, and metamorphic
Ported mone s Schists and phyllites. Of the trans-
o “.:aml. colluvium occurs only in very
hi1) foot "1“5"&113 in gently sloping, concave
88 recent Moo 0N, Riverine alluvia ocour both
Toent tereeiofite in valley bottoms and as sub-
levelg, peice® Of pre-existing valleys and base-
000ur ag paeent Barine and estuarine alluvia
Hong eetuaries, with o1 orsbench deposits son
’ er eposits con~-
largely to the east and aouthogn coasts.

De
three .‘130:11;. of the older alluvium occur in
South gy, r°%8, South-east of Kota Tingai,
5. Rengyy, "oSt 0f Telok Sengat and north of the
::‘htr to;lt;m:];‘“‘r occurrence has been
11 ch“‘ncton“io:-sgﬁfhd on the basis of

Grani¢
Pengge ® occupies a large part of the Tanj
Fldge, vm;hM““hrlr west of the metasedimen
forme the central spine of the area.

Bast of the ridge granite is extensive only in
the northern third of the area. All outcrops
seen during the course of the soil survey of the
area indicate that the granite is a coarse grained
variety, with large crystals of both quartz and
feldspars. No medium or fine grained granites
have been noted, but they may well occur locally.
There is no direct evidence for the presence of
the more basic granodiorites and quartz diorite,
but soil characteristics suggest that these may
occur south of the S. Lebam.

The volcanic rocks are rather variable, both
in nature and mode of occurrence. In the area
north of the S. Lebam, the finer textured rhyo-
lites appear to predominate. osures of unwea-
thered rock are, however, few far between;
the nature of the underlying rock has been
inferred in most cases from soil characteristica.
Along the Kota Tinggi - Sedili road the volcanic
rocks are associated with the metasediments, but
further south appear to occur as windows in the
larger granite area. South of the S. Lebam, the
volcanic rocks occupy a more continuous area
appear rather variable in nature. Fine textured
rhyolites appear to occur rather more locally,
and the main volcanic rock is a coarser, more
sandy tuff. Coarse breccias and more basic ande~
gitic tuffs are also reported from this area
(Grubb, 1968).

The rocks of the central spine have been
called metasediments. The degree of metamorphiesm
is rather weak, the rocks retaining their origi-
nal sedimentary appearance. Both sandstones and
shales ococur, the latter predominating, Very few
sandstone exposures occur, but such as have been
geen indicate that the grain size is hi
variable, with the finer sandstones occ
more frequently than the coarser sediments, espe-
cially towards the northern part of the area.

The shales are mainly rather silty and dark
coloured with low iron contents. In exposures
they show a tendency to fracture into s 1y
defined blocks rather than flat plates.

The contact between these metasediments and
the main granite masses is sharp, with very little
evidence of thermal metemorphism, South of the
S, Papan, the contact area is marked by a few
relatively high, steep sided hille.
within the metasediments occur with considerable
frequency and are & feature of many soil profiles.

Metemorphic rocks (in this case mainly mica-
ceous schists and phyllites) have been noted only
drainage basin of the 3.
Quartzites, 11ites and rather weak
have been noted within the main metasedi-
ocourrences are small and very

hmt
schiste
ment area, but the
localised.

The other main zone of metasediments stretches
from Ten oni Sedili Kechil in the north to Tanjong
Punggal he south, These differ from the
sediments of the central ridge in being highly
ecarbonaceous and probably more strongly metamor-
phosed. Quartz veins occur in reat profusion and
are a v common constituent of the soil skeleton.
Only -ozﬁ of the S, Lebam do these sediments
have an obvious contact with igneous rocks,

From the view goint of soil genesis two fac~
tors appear to be of considerable importance.
Virtually all the rocks within the area are acid.
very local exceptions have been recorded.
is the occurrence of a small area of andesi-
tic tuff mentioned above; the other is a very
small area of calc silicate hornfels at Bukit
Kutong west of the S. Santi. The nature of this
rock was determined from thin sectioning carried
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the Geological Survey (Fatteh Chand priv.
:uu. 970)_/. Tgt second major factor appears
to be the texture of the rock. The first con-
trbls the broad chemical characteristics of soils
produced under the preveiling climatic conditions,
the second to a large d e has dictated the
physical properties of the soils.

The present climatic conditions of high
rainfall and high temperatures 1.,e, continuously
hot humid conditions with excess of rainfall over
evaporation are ideal for nzid chemical weathering
of rocks. Under these conditions, there is rapid
ketamorphism of the rock forming minerals by pro-
cesses of ration and oxidation. This Eroduoea
hydrated silicates of alumina, iron, residual
quartz and other resistant minerals, if the pro=-
cess proceeds to a lo conclusion. In the
case of basic rocks, the amount of iron and alu-
mina produced is high, but in the acid rocks, these
amounts are relatively small. However, the form
that the final weathering products take depends on
whether the solution of the rock takes lace at or
near a water-table. When this ococurs t products
of katemorphism gibbsite and limonite, can be
resilified to give lateritic earths. These earths
can become very hard on wetting and drying due to
movement and orystallisation of the iron oxides.
The ence of this hardened oxide is very com-
mon most soils within the ro ject area, so
that some process like this must have been in-
volved. However, there is considerable doubt as
to whether these so called laterites are the
E:ﬂmtl of the present cycle.

ir aluminium oxide concretions occur

and sh have given
to horizons at an e different to thﬁ of m‘
present topogra ow’ a, » most con~-
oretionary material shows distinct signs of

ion mummtohmhanl ed
» oved in the

past by the processes of i
weathering, Therefore, most oonsnr.:%:los oS

onary mate-
inert part of the Present

from a previous Pedologic

An interesting feature ig the relationshi
between the prevalence of oonnrntionaryt::tm:l
and rock type, Concretions are most comm:
associated with the finer %

extured
bemuxpmllonorthurlw s

The

rial may sim be an
soil ahloto:lzorivad

too
conditions,

t has been suggested texture of

that the coars
granite may slow % :

up the movement of th leachat

contact boiau:n :uiu.

um tes, resulting in the

tion of kaolin (Mohr and Van Baren,
Parent material ro k

1966), is likely to be :n e

det na ture

6.1.4 Topography.

The topographic f, ture
been dncribarin d.otu.; in gh::tﬁ.sm. o

ology. Because of the dominance of convex
g;lf-:ﬁgxofynmple slopes the drainage of nearly
all hill solls is sufficient to prevent any long
term saturation of the soils: aerobic conditions,
therefore, predominate. Only on flat, alluvial
materials are anaerobic conditions found. L‘xo:p—
tions to this occur on some gently sloping foot-
slope areas where fluctuating water-tables exist.

One important function of slope is its con=
irol of soil depth. Where slopes are ateep 1':5_1,
greater than 16 to 18 degrees, soils are gener
rather shallow. An equilibrium exists between 3
80il wastage from the surface and soil renewal a L
the bottom of the weathering profile, The steepe
the slope, the more delicate is this equilib?m-
On slopes of over 25 degrees, the products o
weathering are very quickly removed, especially
on shales where renewal appears to be rather slov.
This results in partially weathered rock occur-
ring at the surface. In the case of granitei 2
this i1s usually expressed by tor formation, = ;
large blocks and boulders exposed on the surface.
This also indicates a basic difference in the
way in which the rocks weather.

Figure 6.1 1llustrates the relationship
between parent rock, slope and soil series.

6.1.5 Time.

Soils are often described as immature, mature
or senile, This is an indication of the BﬂiG; -
which the pedologic process has reached, and ’,-
reflection of the period during which the proce
8es have been allowed to operate umi:.s1:u.r'11'0'11-h.:t
Much of the area has a mature topography so for
the soil forming processes have been opﬂ‘ﬂ-ti";

8 considerable period of time. This is not t;th‘
case where slopes are steep and disturbance oth‘
Process is frequent. Under such conditions,
time during which pedologic formation has b”“m
operative is short. Recent alluvial deposits of
80 examples in which soil formation has b”:th
very short duration, and does not keep pace W in
renewal of fresh material during floods. Time

the pedological sense is relative rather than
absolute,

6.1.6 Vegetation.

Under conditions of high rainfall, humidity
and temperature, the natumiﬁclimr "89"““31“
tropical rain forest. This produces a partic
environment which has been maintained in all this
Probability for a very long period of time “‘in..
grea. The dense vegetative cover helps to o
tain a very equable soil climate and affords on
high degree of protection from the normal eros
factors. The forest cover, therefore, exerts

¢onsiderable influence on the existing °q:i,.;1°u8
Furthermore, the

ium, and removal of 1t does conmstitute
change in thig equilibrium. 2
movement of soluble bases, downward movement O
¥ater and supply of organic matter in the soil

factors of thie equilibrium which are 1ar8
controlled by the surface vegetation,

ne important result of the continuous 0cOW™
rence of a forest cover is that, while helping 0
81 overall equilibrium, tree fall dg.:'oo‘
Sesult in periodic distrubance 6f the upper asi=
Or 80 of the moil file. This may have od
derable effect on e nature of the horisons U8
the claseification and grouping of soils.

52 Soll Qlmsettication

6.2.1 Introduction, '

. he
The main characteristios of the soils are b
sesult of the factors desoribed in the 1’0"3",.%
Bection viz, high intensity of weathering ope
in conditions of excess of rainfall over
fvaporation for a considerable period of time.
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The net ult is highly weathered, highly micro-pedological studies are necessary to resolve
cached soils, Eramina ; he problem.

‘ tion of the available the p
s ::J.!amlyao?mula that all sedentary Another major classification problem has been

ionary
low base saturation percentages the role and importance of the concret
Eﬁ%ﬁ,’%‘f‘,’fﬁg cation exchange capacities laterite which occurs so widely in the area. In
Table 6.4 and 6.5).

sifications this material was consi-
::iiide:oc:!ﬁ”or considerable genetic significance
and used at high levels of classification to 2
designate such soils as lateritic soils. a\stln
tioned before, there are serious objections r:nnt
congidering the laterite to be a result orip -
NO. S0IL day conditions. It appears that all of this .
b e ATRALE RANGE terial within the area has been derived fmmtivi-
past period of pedological and geological ac

ok SATURATIC
GE PROFILE

- should, therefore, be considered as a
. - 2 i :z;i:%:nt, ino:'-t part of 'the present soil P;ﬂ?
3 JERANGAU 4 4-5 material.’ Apart from the evidence that much of
10 YONG PENG 3 2-5 it appears to have been considerably modi ;110!
aligned by normal erosion process, most pro of
s SARTRY 5 4~9 show that the upper and often lower boundaries
6 SERDANG 6 4-9 the laterite horizon do not coincide with ﬁ!uralm
pedogenic horizon boundaries. Laterite so
. oot > 31 included in the Oxisol Order of the ggggnzﬁich
- Approximation Soil Classification
2 b 2 e rggll;irea the presence of an oxic horizon which
3 POHOI 5 5-6 e
? DERLAN 5 3=7 1. Hydrate oxides of iron and alumina, often
9 MALACCA 4 3-6 amorphous, 1:1 lattice clay and highly
insoluble minerals,
Note:~ Lowest value recorded for any horizon 1 2. Less than 10 me/100g base saturation.
(lehest Talus recordsd for SAFeTaon 17 3. A cation exchange capacity (CEC) less than
Some traces of weatherable minerals have been 16 me/100g.
et ;3&&";’2.‘:;.{:{“3,, .od,:'ad:irf::dnh 4. No traces of primary alumino-silicate or
%ntm and natm{hia rocks. This has ferro-magnesian minerals.
also been noted in some anite

pymes te and volcanic 5. Only traces of water dispersible clay.
erived soils. R;Ei with a few important h frac-
exceptions, the mso are ;mtmm by fairly 6. go: 15 percent clay in the fine eart
compact blocky 8ub-soil horizons s

of only moderate
xqronty. Most show moderately to stro ¥y .T- No or very few clay skins and, at most, &
om:gtd clay sking on t%a ped faces. wever, gradual increase of clay with depth.
:g:’mw:;’;::;;:_,,“, =l reeple TGRS i plasticity, weak structure, high
soils contain concretion

ual, H&ll]
material at variable friability and porosity,
depths in the profile: this material

£
gene- Very few of the soils appear to meet most O
rally been called laterite in Malaysia and the the re gmenta of an Oxiso fe'but analyses arzl »
term will be used although a graat deal of con- not su?no:lanth complete to classify these B0
fusion is associated with 1t fhroughout the world, with confidence.

These various soil characteristics have been In fact most of the soils within the area
used in arriving at a ienctic classification, oPpear to 1ie uneasily between these two concepts.
Acsording to the classification of Panggy (1964),  The frequenmcy of ocourrence in which clays appear
all sedentary soils withip the area studied fa11 to be diffiocuit to disperse by normal means is
tolgosMo main Great Groups, the Red Yelloy pro: pausual for true Vertisols but the degree of clay
zolics and Laterite 8oils. The classification 8tability is too low for soila of the Oxisol 18
of West lnh{:im 80ils is under review at the Order. The lack of a good clay bulge in all soi
creasing use being made of the boaid mitigate againet inclusion in the Ultisol
limits and diagn ho d down 1in Onder, but the degree of olay skin development
gge:—m::t:ﬂwﬂsi;.m-d Otgiamd b;lgg. osf the So11 !prars too high gor Oxisols. Both CEC m‘.l. b"::

e s 8
vey Staff of the United States D, gh Sur-  saturation percentages are within the 1limi

nt of for the oxic horiz " on occurrence
Agriculture (1967)., The Red Yollow Podzolie of muscovite \‘:guldmt;ngu:nu;xclem most soils from
Group is incorporated into the UMltisol Order in the Oxisols, Tt may be that the present pedolo-
this classification. This Order requires the glcal cycle has been imposed on e parent mate
p;:unoo of an argillic horizon, Henoe there at least in part derived from a past cycle which
:h .uJ.d be a déorfnrlmo in clay content between was oxisolic in nature. Similar observations
h ﬁomitoa rizon and the overlying A horizon have been made ¢mcerning some soils derived from
of a as percent when the A horizon contains  argillacecus parent materials (Law Wei Min and
40 percent or more of clay, and this increase Leamy, 1966)
should be achieved within & vertic L b

al depth of
em. (12 inches), The rarticle gize - 4 aes °3f° In the light of the difficulties described
the 50ils show that this increags ia either 1ess above, no attempt has been made to classify the
than 8 percent or is reached only grad 2 Sedentary goils of the area in terms of the upper
From this view point the soils dy Lo fulfill the  Sategories of o

genetic classification, Classifi-
Téquirements of the Ultisol Order, However, 1t cation has been restricted to grouping soils into
is possible that the surface horizons are not associations, 86ries and phases following the
frue A horizons, Most show some transitionay B accepted definitions of these units laid down by
horizon characteristics so that a well defineq Leamy and Panton (1966) and Law Wei Min and
Ry ST o "the 41 Lrypnsy SAeAt Bt gcour, e vhote Seo0 )i, TITHIOT anendnente have been

ution of ¢ Where neces . comm.
clay fraction, siliea sesquiocxide ratios E;lnn' 1970), sary (Law Wei Min Priv
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ds
At this level, the classification depen
terial/
h on groupings accord to parent ma
m&eui%ilt Wel Min and Lomtnf%&). However,
parent material is an important factor in the soil
forming process, and the system is reasonable from
this point of view. Also, the main mapping unit
used is the soil series which is a grouping of
soils with similar profile characteristics deve-
loped in the same or similar parent materials.
Where direct evidence of the underlying rock is
lacking, parent rock has been inferred from pro-
file characteristics lmown to be associated with

uireme ding to
nts of an argillic horizon, accor

{;3 definition of an argillic horizon give:;i!.:ﬂon
the U,S.D.A. Tth Approximation Soil Classific
(1960).

series
e fine textural phase of the Rengam .
diﬁeg from the normal or modal profile inﬁon
taining significantly lese of the coarse so -
fraction. Content of grav:l %auniiigigufg:n -
e file. The clay conten
:ge ﬁn profile, especially in the B ho:i;::;
while the content of coarse sand decrease

rock type A to B horizon (Figure 6.3). Soil colours
o area g NLY Sroup ot e doile ::: ,1:_10_1;1. to the Rengam Series described above.
- RR SV $0.IBLe §.2 Delov. Horizonation is more obvious than in the normal
TABIE 6.2
ZASIC SOIL GROUPING
o AL ORGANIC
I l I | anic clay
m:lsm Metamorphio Argillaceous Arenaceous Older  Sub-recent Rega:nt Marine 3 mip
t
S Harimau Ho d local Kranji Pea
Jerangau Prang Durian erdang 1yroo looal
Rengam $ang Marang Kedah Tampoi Lunas Riverine Rudua
hltrhu " alluvium
Kulal Seremban Apek Rusila
Yong Kuala Brang
Peng

Masai Pohoi

EKemuning

Bungor

Tavy

Malacca.

6.2.2 Soils on Igneous Rocks.

The main series within the igneous group of
rocks 1s the Rengam Series, This series has been
divided into three phases normal, fine and coarse.
The normal Rengam Series is a soil developed from
coarse grained granite, characterised by a
content of coarse sand and gravel especially
the lower subsoil ( 6.2). Colour varies
from brownish yellow (10YR6/8
immediately below the organic Ah horizon to red-

(7.5TR6/8) or yellowish red (5TR5/8)
in the subsoil. The particle size analyeis dia-
6.6) indicates that the coarser than
mm fraction (nomally quartz grit) increases
rather abruptly in the B horizon. In many cases
this increase occurs over only a few inches and
indicate some past colluviation of the parent
material, The ufpu- horiz to a depth of about
35 to 40 cm (14 to 16 inches) are friable and
moderately well structured, the peds being aub-
angular in outline and medium in 8ize., 1In the
Ah horizon, structure is occasionally strong,
et et L 201, SR8 o Sl

T con and faunal activity h « Below
about 40 em (16 inches), the soil hooon:shpro-
goululy more compact and structure coarser.

casionally, the increase in compaction is

abrupt, and rooting is obviously restricted, 1In
these lower horizons porosity decreases rapidly
and aeration below about 60 om (24 inches) may be
only moderate, kins are mod erately well
developed in this soil, covering meat of the ped
faces in the B horiz and ocourring on a few
faces even in the horizon immediately below the
surface Ah horizon. the ural
increase from A to B horizons appears reasonab
marked, but this is not borne ogg by the pu-tigo

increase to be only
Since the surface horizons contain
over 40 percent clay, this is far short of the

series with a more compact and more stronslingul“
structured B horizon., The geds are coarse e
blocky, occasionally prismatic, clay ekins iy s
well developed on all ped faces and porosi g.“”n
low in the B horison{af? The relationship o
the two phases, normal and fine, is not oerthu;
In a few cases, the occurrence of the fine p but
may relate to locally finer textured granite,
most cases the occurrence of coarse grave 60
ﬂtnitic material below the normal 150 cm. (
ches) profile depth would indicate that ﬂ;;
parent material is, in fact, the same in bo S
cases. The fine phase normally occupies th’,_“
gentle topographic positions within the Erﬂnh’rd
areas and may represent a more severely weat
and better developed soil than the mormal.
dovenor Possibility is that the fine phase L
developed on sites which have received coll
material. In many cases the fine phase occg“
towards the edge of the major valleys. What
the actual mechanics of the or in, it seems
reasonable to assume that the fine phase repre
sents the present most mature and lsast
profile on granite parent material.

16
On hilly topography where slopes exceed
to 18 degrees, the collge phase occurs. Thnt;::l
is gravelly thro ut, the fraction greater =
mn. exceeding ercent of the total soil o
the lower horizons lfl'i-sur- 6.4), Profile deve
ment is less advanced than in the case of the +
other two phases, and is mnu:u.i shallower bu .
80il colours are similar to the Rengam s'ﬁ'“izo
Heavily weathered granite rock occurs within Serase
:0 152 cm (48 t: Soloinchu) of thni -ur{;::- i
ure 1s weakly developed as are clay ® . i
801l provides a plant rooting depth of only 50 OB
(20 inches) or less, since the sub-soil is com=
pact. A few instances of coarse Rengam .ou.snoh
oo on gentle slopes have been noted. 9
occurrences are very few and very localised, &0
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it has been assumed that they are the prod
uct

1:«111 accelerated erosion due to pno?oulziv:-{

o:." In this survey, and arbitrary depth of 50
; been used to distinguish the coarse sandy
ouﬁm‘ from the normal profile: if gravel
) within this depth, then the soll is recog-

a8 belonging to the coarse sandy clay phase.

The Rengam Series thus represents rang
;:-&: of different stages of mgturity. :nd 1::;1.Er
. the importance of the factors of time and

pography within a uniform parent material.

The volcanic rockes of the area produce so
ils
23&2:1 ng Peng and Kulai Serdes. ghe charac-
secise oth chemical and physical of thease
Sered t:r‘t;.ry similar and they will be consi-
is mmgo er. The main differentiating feature
et Soils of the Kulai Series are paler
our than those of the Yong Peng Seriles,
mﬂﬁm} yellow (10YR7/6) to pale yellow
yellowish smne(‘{ggg;g&g/g?riu ioila e g
0
reddish yellon (7.5TR6/8-5YR6/6).' rong brown and

The textural
s range is sandy clay to cl
ha %g: c:mo sand fractiog?' Nogth of ge s.
th coy extures predominate with low contents
: “n;.rae and fine sand. South of the S.
a iﬂ.y clay textures are much more common,
a1 rences are reflections of the varia-
The uinP;-rﬁnt rock within the volcanic group.
vyt eature of both soils is their firm to
s B compaction and strong coarse structure
“Mtun: in the B horizon. Coarse prismatic
s 1aJ:'e common, with development of dis-
ey oumt u;l eracking when an exposed face
vater and’ at orosity is very low and movement of
restrd otod r through the peds is probably very
s It has been noted tha£ rooting in
tural pm“o‘:r-iizona is restricted along the struc-
pots, i on th 1ittle penetration of the soil
B2t m‘oﬂ; of laterite usually occurs at depth
8 dodiea (less then 120 cm or 4 feet), and
ting mrg!“ is seen to be parallel to the exis-
8 genety slope. It does not appear to mark
ﬂmlommt y ligm.ficant boundary. Clay skin
“ﬂlomn is strong, the skins be well
for 1o0e0 OB all ped faces and ocourr within a
Ay 3 o of the surface, A feature of the par-
Series 14 ynalyeis of the Yong Peng end Kulal
Meree at the clay soen:ngo be difficult to
ap : g;o:ml dispersion methods. This is
%:ﬂihdu n Ao he occasional high silt values
bly due 4 analytical results which are pro-
:'silt 8ize clay particles.
" thu’m. - u;mtion of the effect of heavy rain
tration Yete + 1%t appears that the surface infil-
— of Yong P and Kulail soils is low,
Pocially m.ﬂPid and considerable run-off, es—
Sttendant oy : cultivated conditions, with an
b0 that tne :.001? erosion. Another result will
through ha : unt of water passing into and

total pre umot:%i::{ be a small percentage of the

: At
hag pog. XtW8l phase within th Peng Series
the “::':.gm' This is a m;-ioﬁn:nfn which
than for. 4y 04 nd gravel fractions are higher
this appecny LOTRAl phase, North of Kota Tinggl
Sanic pgoy “:0 be due to the fact that the vol-
ned, .mtgriaimur overlain by a coarse
beon sub, y metamorphosed sandstone which
::li remnanty duently removed by erosion, the
Be Troseny v oo, AT00 Tevmiel Sere boulders
:gm. Iarte L tohee. It 18 thought that
mthu as been concentrated in a layer
Cesseg, noooh, Profile by normal slow erosion
Teases wity o LY the coarse pand fraction
Rt rock g gf i 88 the sent weathered
B::Lr approached., rg‘ethcr main area
WUt andhooiroe phase ocours south of the S.
re the coarse fraction may be due

These

to either dilution from associated granite or a
degree of reecrystallisation of quartz in the
glasey volcanics as a result of injection by gra-
nite. Apart from the higher content of the
coarse fraction, the soils are esssnti.:l.l{ the
seme as for the normal phase, On two hill tops
south of the S. Santi, the shallow phases of both
the Eulai and Yong Peng Series have been mapped.
In these weathered rock occurs within 50 em (20
inches) of the surface due to high erosion.

Associated with soils of the Yong Peng and
Eulal Series are soils which contain large
amounts of concretionary jaterite within 60 cm
(24 inches) of the surface. These have been in=-
cluded in the Masal Series. It should b:ngomtod
out that in the classification of Leamy
Panton (1966), this series is defined as being
derived from granodiorite and quartz diorite, In
this survey, the definition of the series has
been extended to include all igneous derived soils
containing laterite within the 60 cm (24 inches)
depth limit,

The series consists of 40 to 50 em (16 to 20
inches) of laterite free sandy clay overlying a
close packed zone of laterite which is of rather
uniform gravel size in the surface rapidly
increasing in diameter to boulder size with depth.
Reddish yellow (5YR6/6-6/ 8) clay occurs as an
infilling within the laterite zone. It is
that some of this clay may be alluvial in the
upper part of the zone. the depth
of the layer is unknown, augering and digging in
such material being impossible. However, in many
cages the thickness is 1ikely to be of the order
of several feet. Minimum thickness recorded was
60 om (24 inches). The laterite free soil ie
moderately well structured strong brown (7.5TR
5/6) sandy or silty clay to clay of friable to
firm consistence, with moderately well developed
clay skins in the lower part. Porosity is
moderate to high. A feature of this soil is the
presence of stones and boulders of laterite on
the soil surface. In most cases the Masai Series
ocoupy hill top positions.

Derived from rather more basic grancdiorites
and quartz diorites are soils of the Jerangau
Series. Within the survey area no direct confir-
mation of the parent yock was possible, and the
series has been named golely on the soil profile
characteristics. Apart from one small area in
the north of the area gouth of the S. , the
Je u Series occurs south of the 3. Leham.
t occurs in close association with soils of
the Rengam Series over much of the area, and it
has not proved possible to separate the two at the
soale of survey. Around the edges of the main

te mass, it has been possible to map the
geries as a separate wit. The reason for this
rather specific location is unknown. It may be
due to a gradusl increase in the base status of
the rock towards the periphery or due to some
secondary enrichment of the rock on contact with
the metasediments.

The soil is a very deep uniform strong brown
(7.5TR5/6) to reddish yellow (5YR6/6) u.ndi olay
or clay with a much lower coarse sand and higher
clay content than soils of the Rengam Series. The
main cal characteristic is the very friable
consistence which extends to considerable depth
(often over 120 cm or 4 feet), Structure is weak,
fine sub ar blocky and porosity is very high.
This soil obviously provides an excellent medium
for plant roots, and pits showed a greater number
and proliferation of roots than for any other
series. Ch{ pkins are at best onH weakly deve-
loped. On T eld evidence, this soil shows much
more obvious oxisolic characteristics than do the
other 1rom derived soils. Soils of the Masal
Series described above occur in association with
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JCﬂ.:fau Series soils and usually occupy hill top
positions as they do when associated with Yong
Peng Series soils.

6.2.3 Soils on me tamorphic rocks,

Three series have been described on meta-
morphic rocks in the area. Two of these, the
Batang Merbau and Seremban Series are closely
related. Both are derived from micaceous schists
with some phyllite and vein quartz admixture.
Bat Merbau Series consists of brownish yellow
(10;;5/6) to yellowish brown (10YR5/6) friable A
horizons of fine sandy clay loam and fine sandy
clay over 4 reddish yellow (7.5YR6/6) or strong
brown (7.5YR5/6) fine sandy clay and clay sub-soil.
Sub-s0il horizons are friable to fim with a fairly
high degree of porosity, and structure is moderate
medium blocky. Vein quartz often occurs
towards the bottom of the profile, which is mica-
ceous throughout especially in the lower sections.

Soils of the Seremban Series differ from those

of the Batang Merbau Series in containing lateritic

The depth to this laterd te
generally occurs within 60

of the surface,

face horizons are very similar to those of the
Batang Merbau Series Soils. The Seremban Series
usually occupy rather higher positions than do
8oils of the Batang Merbau Series, but the rela-
tionship is not very etrongly held.

The third member of the metamorphic derived
80ils, the Prang Series, is associated with a
small, very localised occurrence of calc silicate
hornfels north and west of the 5, Santi, The
?rotila is a very uniform, friable, yellowish red

5YR5/6-5/8) fine sandy clay, the depth depending
on slope. Where 8lope is in excess of 18 degrees,
the weathered fine textured rock occurs within
120 em (48 inches) and the profile becomes firm
at this depth. No profile pit was examined in
this soil, but the structure is thought to be mo-

derately well developed. This soil be rather
oxisolic in nature, e v

6.2,4 Soils on argillaceous rocks.

The varied nature or the argillaceous roclks

of the area ig reflected in the 1 number of
series that have been identified, gme of these

series have parent materiale which are of compo-
8ite origin, usually mixtures of sandstone an
shale where the original rocks are interbedded.,

On the central metasedimentary ridge two
8éries have been mapped separately and in associa-
tion, the Kemuning and Durian Series. The former
occupies the steeper, higher areas of the ridge,

tter the lower, less steep positions, The

Series is a froyiah brown (10YR5/2) to

light greyish brown (10YR6/2) clay of firm con-
sistence with g moderately developed coarse atruc-

which is seen to be prismatic in long-exposed
8ections. The dark coloured, weakly metamorphosed
shale ent material occurs within 90 cms l(?6
inches) and approaches very close to the surface
when alopes exceed 25 degrees. Thia 80il 18 one
of the younger in terms of Pedological age,

Soils of the Durian Series Occupy less gtee
gg:itions than do soils of the mm‘py eries. ¥

is yellow (101R7/6) clay, moderately
well structured overly. a very firm yellow clay

with a st ¥ develo coarse prismati
angular u% utmtux): gu.-s g
compact on

(Pigure ). The very
horizon is usually reached thin
40 cm (16 inches) stitutes o . imin about

the few roots in the
horizon being confined to the fine oracks between
the individuas) peds. Porosity within the peds is
very low and movement of water and air ig likely

to be very restricted; clay skins are well
dmlopo? in the B horizon. ILaterite occg&b“
within the profile and the depth appears %
function of slope; on steeper slopes, i.e, :wp'l
in excess of about 14 degrees, the lataritzzo e
occurs at depths of between 50 and 100 em e
40 inches). This is the normal or modal “(40'
When the laterite band occurs below 100 m‘
inches) the soil is considered a deep phgsas
laterite band is rather variable in thic '
and is often rather close packed.

In the east of the area, Durian Sarialczzﬂﬁ
occur in association with soils of the Hal:mup“
Series. This latter series very comon.}.ytms it
hill top positions and the occurrence oal
is often marked by a sharp increase in :g:ﬂ“d
(BEyles, 1967). Malacca is a series chara' A
by a considerable thickness of very co?rnor o4
rite occurring within 60 cm (24 inches oy
surface and often outcropping at the Mitt!l"d
self. The soil surface is generally 1 b
with stones and boulders of lateritic :8 o
The overlying laterite free soil is a rovni” TR
yellow (10&%/6-6/8) to reddish yellottr ﬁ'.:l s
6/6-6/8) fine sandy clay, of friable do. oo
sistence and moderately well develope "1:: be
In most cases, the Malacca Series appaaﬂt“it“
the rather eroded remnants of a fossil é:rial 18
80il. The parent rock of most Malacca
likely to be shale.

the

A second lateritic series occurs :.{'tgg-ont
group of soils derived from argillaceo Soil vith
materials. This is the Tavy Series, ﬂt 45
a laterite-free surface horizon of 30 gonaiﬂ'“
(12 to 18 inches). The laterite hyeierial.
generally of gravel and stone size ma 5 of the
rounded and close packed., The thiclmﬂie“ is
layer is usually 60 cm (24 inches) or i1 mate-
occasionally underlain by mottled ﬂub;; e 1ov
rial. presence of mottled m“rthan has been
laterite zone is much less frequent ia. The
reported for other areas of West Mal&?umsfg-
laterite-free zone is yellowish broanm‘ sandy
5/8) to atrong brown (7.5YR5/6-5/8) with mode-
clay loam or fine sandy clay, friable . e
rate, medium sub-angular blocky stmgtw. :an'-
soll is more compact below the later. the laterite:
Clay skins occur in the lower part glfw Tateritic
free zone and in the upper part of
horizon.

omplex

The Tavy Series occurs in a “tgacof the
series of associationa with other ’.thp south
argillaceous parent rock group. In ooiated ¥ith
eastern part of the area, Tavy is ass the T8V
the Malacca Series. In this ’““tio? of
Series soils occur immediately downsl Phore, the
Malacca Series capping the hill tope. geried
rather thin laterite band of the Ts"{ n product
appears to be the result of the e alarts
of the more massive laterite of the by the
Series which has been nov;g dg"’;‘ j:,gop.s uonﬂ::‘
normal process of slow colluvia 1 Lgro
have been noted where the. laterite band e Duriss
in depth further downslope in soils o
Series,

L]
ocourren’
A second, and most common mode of of
is on hill tops associated with oth”t:"g: w‘“ﬁ
Sedimentary origin. This is similar to th s
Jence desoribed for the Malacca Series and FIf,,
ly represents either the eroded remnan ure at the
sxtensive laterite or the gradual exposurs &,
surface of laterite by erosion mdhi:d torm of
overlying laterite-free soil. A t bart of the
ocourrence is found in the northern Durian and
8rea in association with soils of the genersl”
Series. In this area slopes ite bend
1y in excess of 20 degrees. A late e the
ocours ubiquitous thﬁzhmt P
main series have this within 100 OF e in D
inches) of the surface., Local di-ff"'“n in
degree of erosion on these slopes T the surfas®’
varying depths of the laterite below
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Where the laterite is consistently within 60 om Clay skins are weakly to moderately well developed.
(24 inches) of the surface, Tavy Series soils have Ir most profiles there is a high content of weathersi

been recognised. It is a feature of this area vein quartz which decreases with depth. This vein
that the surface of the laterite is rather level’ quartz appears to have been concentrated in bands
and is orientated parallel to the land surface. by past colluviation. Porosity in this zone of coe-
Colluviation appears to be ar to have been impor- paction is very low and rooting is very seriously
tant, reatricted.

The outer zone of the central metagedimentary Soils of the Apek Series are similar in colow,
ridge appears to be composed of inter-bedded shales with a higher proportion in the light grey colour.
and unSstones. Direct evidence of this was seen Very fine sandy clay and clay textures predominate,
only in a few rather widely scattered exposures, and the soils are compact from immediately below
and rather heavy reliance has been placed on the the surface Ah horizon. No pit was described for
80il characteristics. These rocks are associated this series, but auger inspection indicates that
with the characteristic steep aslopes in the the structure is 1ikely to be weak and coarse.
extreme northern part of the metasediment area, The prevalence of surface poaching of this soil
but are more gntly sloping in the southern sec- by wild game is an indication of low surface in-
tion and contrast with the more steeply sloping filtration, and run off is likely to be very high
shales, r and Pohoi Series soils are asso- Partially weathered carbonaceous shale is usually

&t]..:t‘td;hbth“. %nterbo;l.ded shales and sandstones encountered within 80 om (32 inches).

er being of v

e e ' romy vntt s, e i, o e
the rather low, gentle topography along the western 0¢CuUrs, developed in parent “terialhi goil is 8
edge of the Sedili peat swamp. Here they occur in & mixture of quartzite and shals. This with con-
Bungor M 2Ball discrete units with soils of the YOLLowish brown (10YRS/4-5/6) sandy clay ub-g0il.
Bungor, Malacca and Tavy associations. The rela- Sjerable admixture of vein e mltmt: those
tionship between Malacca and Tavy lateritic soils  The physical properties are oLy Bmmar ase in
and other sedimentary soils has been discussed of the Series, with an abruptch :f' This
above, No clear relationship has been noted between SORSistence below about 45 cm (18 inche is possib-
the Pohoi and Bungor Series. The difference may be $OmPact sub-soil restricts rooting, mth:

in minor changes in the parent material or in the 1y only rather Slowly permeable. mndad
Proportion of the sandstone and shale components,  Series, this soil is TREher sanily eroded,

The Pohoi Series is a yellowish brown (10YR5/4) 6.2,5 Soils on arenaceous rocks.
to light yellowish brown (10YR6/4) sandy or fine dmix
sandy clay with a very un:l{.fom érgﬁle.y The soil Sandstone, with 1ittle or no shale ;. M;;‘f"
is friable to about 80 cm (32 inches), becoming nas been definitely identified only in e
firmer with depth. Colour is very uniform, a slight 9¥®¢Ply sloping hills in the north of © ; ery lov
reddening becoming apparent in the deep sub-goil of Another major occurrence, associated wit o of the
Sone Profiles. Weak to moderate sub-angular blocky 8&ently sloping hills along the western "'ﬁ; cha-
Structure of fine to medium size occurs throughout M21n peat area, has been inferred from ':,n been
the profile. Laterite and small pieces of gholo = racteristios. Serdang and Kedah Series rent
Tna fop ihe deep subsoil beyond 100 em (40 inches). TOCOBNised a8 being dorived frer sesdetons he top
In a few bores laterite occurred within this depth, Daterial, The Kedah Series occurs only 1?: north
but too infrequently to justify delineating a 9 o fev very steeply sloping hills in the ther
moderately deep phase, which ig probably the result ©f the area, This soil is regarded as a 3 pment.
of the rather gently sloping topography associated immature soll in terms of 5“"“1 Aoal dm“ gobﬂﬂ
¥ith the Pohoi Series. Clay skins are only weakly 7% 18 a yellowish brown (10YR5/6) to st top
developed in this soil. (7.5YR5/8) sandy clay rather friable in the ar-

but more compact in the sub-soil. Pisces of P

Soils of the Bungor Series are more compact in tially weathered sandst and vein quartz ogour
the B horizon than are those of the Pohoi Series, in the sub-soil h:J.owaag:t 60 cm (24 inches).
The former has a sandy clay loam to sandy clay or

Structure is weakly developed throughout the pro=
clay texture (Figure 6. - Consistence beco slkins.
firm below about 40 om (16 inches), with mge:::ely i vith 1i4tde or iy e friable
Yo strong developed coarse sub-angular blocky and Solls of the Serdang Series are deep,

prismatic structures. Clay skins are moderat to sandy clay loams (Pigure 6.7 ), yellowish brown
ltronglf develo in the B horizon, The bro:ij.yah (10m5/5-5/3) in the surface horizon and “‘5!'35 g
10YR 6/6) to yellowish brown (10YR 5/6) brown (7.5YR5/6-5/8) to reddish yellow (7. eak 10
golour is uniform throughout the profile. Laterite 6/8) in the lower horizoms. Structure is :w.
is present only at depth in the normael phase, but moderate medium sub-angular blocky with re out
ge areas of Bungor Series soils in which laterite ¥eakly developed clay skins. Porosity

- 4
ocours within 100 cm (40 inches) of the sure the profile is high, A finer textured phase O i
gccur in the northern part of the area, ?he::‘.hau fine sandy clay texture has been differentiated
been mapped as g moderately deep phase . This occurs on very low, gentle topogra

phy -
this kins eloped and
Two non lateritic series are derived from the “mﬁ;:'i,“.g,;“., ‘{,‘,‘,J’::{:I..i:: the profile
hi carbonaceous metasediments of the eastern characteristics are v similar, This finer 1
ridge. These are the Marang and Apek Sei-:.u. They  phase may ropresent !u",z“ highly ¢mlnl’g sod
ver large areas; ture topography.

but the mutimhigag:::ozz gho;o sgiu is not :;:;oe:‘:.nﬂc:e::l';?lsatn zot.?fgmz?’ a odcr:;_'u

Yy far the more wide- d been rec
spread of the two. It i a g2y (10TR 5/1) to o % O T e e suod-

e sandy clay erite occ
1{:: in the surface horizon increasing to fine sandy :}2’;{,’?85 ::dhsum. ﬂ]:':tsurﬁca. x"‘
e {h?‘:::; A i it R - beton il s from this, the profile chasacterietios are the
32 ? (14 inr:.?:l' Th“e"uppar 30 g:"“:‘hoi-::)'::“t same as for the normal phase.
80 is very able, almost loose in
a4 weak or mod erate'nodiun to fine au;m.h:m §:2.6 Soils on older slluviw, ts are
Structure. Aggregate stability of the surface Developed in the older alluvial deposi
horizons appear to be unusually low am the erodabi- 80118 of the Harimau and Tempoi Series. Deep
ity of this series is very high. Below 35 cm (14 Sections in the old élluvium reveal that the
inches) the consistence becomes fimm to very firm; deposit is bedded, with an r section whi
weak codrse angular blocky structures predominate, & s to be largely of tic aorivat“'f”n!'
vhille the lower depceits contain material O
38 w
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very weak sort is apparent within the normal
80il inspection depth in soils of the Harimau
Series and is parallelled in the Rengam Series by
& weak sorting due to colluvial processes, On

the higher positions, the old land surface on
which the deposits were laid down is visible
within the profile, but such occurrences are rare.
Rounded gravel and stones are generally absent in
the profile except in the Telok Sengat area. The
most commonly oceurring difference between the
two series is in colour. Most Rengam profiles
show a reddening in colour towards the base while
this is abuntnin Harimau profiles,

Soils of the Harimau Seriea are brownish
;ellmr (10YR6/6-6/8) to yellowish brown (10YR5/4-
/6) sandy or coarse sandy clays (Figure 6,8 ),
Structure is moderate medium subangular blocky in
the top 40 om (16 inches), coarser with
dept or 8o is fri-

firmm with depth. 1In a small area
immediately north of the 3, Lebam, sub-soils are
very fimm, Porosity is medium in Harimau soils.
lay ekins are moderately well developed in the B
horizon covering the faces of most peds.,

The soils of the Tampoi Series
in the lower materials
they have approached the surface on valley

They, therefore,
than the soils of the
They are much redder in colour
8u Series soils, being reddish
gillw (?.5!1%6/6-6/8) to yellowish red (5YR5/6~
/8) and strongly mottled or variegated in the
8ub-g0il, Texture is eandy clay in the upper part
of the profile ana clay below. Consistence is
firm in the upper 40 em (16 inches) apart from the
Ah horizon which is friable, becoming very firm in
the sub-soil, Structures are moderate medium sub-
angular blocky and clay skins are moderately well
developed, Porosity is generally very low.

6.2.7 Soils on sub-recent alluvium,

Sub-recent alluvia ocour as low terraces
associated with present and past drainage systems,
80ils series have been delineated in these
doposits, The major series is the Holyrood Series,

& very well drained rather coarse textured soil
with 1ittle or no profile development. The soils
are generally pale brown (10YR6/3) to very pale
brown (10738/3? sandy loams or sandy clay loams
with a coarse sand content, and are ve
friable throughout the profile, Structure is
weakly developed and porosity is very high. 1In
rare instances, particularly where the
are associated with

ar to be humus podzols of the -
water podzol type. They are of insufficient area
to constitute a separate mnpging unit, and have
been included with soils of Series
With which they are closely associa ed, alt

they belong to quite different genetic groups,

n the lower lying parts of the 8ub=-recent
alluvium occurs the Lunas Series, is very
8imilar to the Holyrood Series except for the

higher water-table associated with its low lying
topographic position. Very weak mott] occurs
where the water-table is subject to flue tion,
6.2.8 Soils on recent alluvium.

Recent riverine deposits occur only in the

narrow valley bottoms of the drainage systems.
Thle'raoila ofytheae valley bottoms have been .
divided into two groups largely on the basis o
their drainage characteristics. One group, the
Riverine Alluvium, includes all recent riverine
deposits which are imperfectly drained or be;::de&
This group of soils is subject to regular 15’1ti -
of short duration, such that anaerobic conditio
occur intermittently :Lg th:i pro_f;le;‘ugg:rgog;
strong mottl or variegation is p

profile. Ccrjiggant reducing conditions occuz ggl.\’
deeper in the profile, at depths of at leas 5
om fgo inches), These soils are still rocei; gt
additional deposits of material during parioia
flood and, as a result, profile development iB
minimal. Textures vary according to the deriva-
tion of the alluvium, from sandy loam to clav&l”
By far the commonest textural class is sandy
loam. Clay textures are confined to vall;ﬁe
where drainage is derived from areas of s “&
Sandy loam textures ooccur on levees assooiap
With larger rivers like the S. Seluyut, S-ﬁ:ﬁa
and 3, Chemaran. The soils are generally e
except where heavy clays occur., In the 13;11
case, the consistence is firm or, occasio s
very firm,

Valley areas subject to frequent and Pl‘;‘:
longed flooding or in which the water-—ta‘bi.s i
consistently near the surface contain soi :n“m_
the Local Alluvium group. In these soils e
bic conditions predominate below the surfacm
centimetres, and pale grey colours are c:mnw.m
Mottling usually occurs in the upper 25 p 2
(10-12 inches), but the matrix colour is P -
grey. Textures areé generally heavier than -
the Riverine Alluvium soils, and clays are
mon.

These two recent riverine soils ha“':ib”n In
mapped both Separately and as an association. 18l
the latter case, there is a definite to diagran.
relationship between them as shown in the

6.2.9 Organic Soils

ic
Organic soils contain high amounts of or%;l;
matter derived from the surface e ter oavare
accumulation of organic matter occurs un je.cal
anaerobic conditions in which (11 g gt
activity is very low. Humification and m s1oWlys
sation of the organic matter proceeds “g’ is
80 that the deposition of vegetation deb esulting
much faster than its humification with % orest the
accumulation of the former, Under rli’i omd
supply of vegetation remains is very h G!;n pro=
accumulation is rapid. The main factor it
ducing anaerobic conditions is slow “"*th“, sur-
stagnant water of low oxyfan content on
face. In back conditions along g £34
the amount of organic matter present “nIatiou of
variable. In such conditions the acoum the
organic matter ocours at the same time ;; ood watel
deposition of fine minoral matter mnmrnl and
resulting in a homogeneous mixture of at tor con-
organic matter. Soils with an organic m on igni-
of up to 25 percent measured by 1":;, 1088 OO
tion are known as organic clays: when the 80
ignition is between 25 and 65 percent, together
are mucks. These two groups are mapped v
as one wnit, the o UL! and Mucks . of the
are very prevalent in the middle sections
valleys draining into the peat areas.

Peat is defined as an organic soil m"{y
more than 65 percent organic matter meas peat
loss on ignition,  Within She . i, g DY
8oils fall into two very groups, surface &nd
vhich the water-table is at or on the ding
accumulation of organi TO00e

¢ remains is p
ﬂ{’-ﬂl{a and those in which aerobic conditions -
exist the
the latter case

or part of the peat profile.
wmmmtim is "r{,::‘,:ni
8ince 1t is in equilibrium with R ery 1o
tion processes. However, the

I
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Soils

Organic ,

“

pH values of the aerobic peat results in a very
low microbial activity, and humification and
mineralisation is, consequently, very slow.
Certainly the very low cation axohﬁe capacity
values recorded for peat horizons ch are pre-
dominantly aerobic would indicate that the degree
of humification is very low, although the phy=-
sical properties are better than in the anmerobic
organic soils. Maximum depths of peat are in
exceas of 10 feet, and the transition from shallow
to deep peat (less than 100 cm or 40 inches) is
very rapid, The areas of peat less than 100 em
(40 inches) deep are too small to be delineated
at the scale of mapping. The main area of peat
in which aerobic conditions occur in the upper
part of the organic profile lies between the S.
Bahan and the northern boundary of the project
area, The depth of aerobic conditions is 1imited
by the permanent water-table, which usually
ocours between 20 and 60 om (8 to 24 inches) from
the surface.

The actively accumulating peats existing
under anaerobic conditions show very little humi-
fication. This is partly due to the slower
action of anaerobic organisms, and partly to the
very low nutrient supply in the peats. The water
in which the peat is accumulating is derived from
rainwater and from drainage off the acid,
nutrient depleted soils of the surrounding hills.
Nutrient supply is, therefore very low, restric-
ting the microbial population. Further, the
underlying mineral matter of much of the peat is
sand of marine derivation which can add very
little to the nutrient supply. This may be an
:zurtant difference between peats of t West

East coast: the peats of the former overlie
marine clays of very much higher base status,

which may enco e a greater degree of alteration
of the organ:l.cu::ftlr.

In short, the peats of the area are extremely
acid (pH less than 3.5), poorly or very poorly
humified, very low in avallable nutrients and have
very low bulk densitios, No bulk density measure-
ments have been made, but based on experience
values are likely to be less than 0.2 g/ce.

Some organic soils, e:seaiany the Mucks,
shovw a tendency to form ha » noOn-porous granules
of up to 1.5 cm in diameter at the surface on
drying out under direct sunlight or light shade,
Once dry, the granules absorb water either vory
slowly or not at all, the effect being to con-
vert this surface layer into a fine gravel, If
this process is allowed to proceed to depth, the
nlrus; serious limitations to agricultural use
will be intensified,

6.2.10 Soils on marine alluvium.

Marine alluvia ocour as both recent and gup-
recent material. The former is represented by
strips of mangrove along tidal rivers and streams
flow into the broad estuary of the 8. Johore,
Very little mangrove occurs along the east and
south coasts from very small areas towards
the mouths of S, Sedili Kechil and §, Punggai .
Soils of the mangrove areas are included in the
Eranji Series. These are dark coloured sligh
organic clays and sandy clays on the surface,
overlying grey structureless clays containing
partially decomposed mangrove remains., The sub-
8oils often smell of hydrogen sulphide, The
8011 surface is often very uneven due to the
activities of the mudlobster, which bring u
sub-surface material onto the surface, us
| 8bove high tide level. Soils of the Kranji Suries

are strongly saline in the lower estuarine posi-
tions, becoming weakly saline towards the 12:11:-

Water-tdble

Riverine alluvium

oils

o

Local Alluvium l&l' ¢

e
Salinity increases

ater-ta

of saline tidal intrusion.
with depth from the surface,

On sub-recent beach materials along the east
and south coasts are soils of the Rudua and Rusila
Series. Owing to the rapid succession of beach
ridges and intervening lower lying swales, it is

te
not alw possible to map the series as separa
units. such cases an association has been Y
recognised. In general, however, the drier be

ridges dominate behind the present beach passing
mg‘g lower lying areas of marine sands towards
the peat margins. Soils of the Rudua Series are
found on the drier ridges. This is a deep, .tr:o—
tureless sand in which the water-table occurs a
depth, Immediately behind the present beach there
is very little profile development, but further
inland the soils are iron-humus podzols of the
ground-wgter podzol type. In a few locations
alightlyihigher and older beach ridges are s}-‘rw&'
ly podzolised with about 60 cm (24 inches) ok a
white highly quartzose sand overlying a black,
cemented humus or iron-humus B horizon.

Sub-recent marine sands with a high water- =
table fall in the Rueila Series. These are v
ish brown (10YR5/2) to grey (5Y 5/1)l wet, 8 s
tureless sands with, usually a thin (over 15 ‘4
organic surface horizon., Further inland, th‘:h.
solle pass quickly into the organic soils of
peat swamps. The profile is usually a uniform
grey colour with 1ittle or no profile d“’l"f;m
ment, but where the water-table fluctuates, et
stalning occurs and these may represent incipi
groundwater podzols.

6.3 Chemical Properties

Average and quartile values of ohmio&lm
analyses for the main soil series are siﬂnth.,‘
Figure 6.9 to 6.15. It should be pointed o5
all Harimau Series values are from soils 831";. e
ting either oil palms or rubber and have h
tilisers added over a period of years.

A feature of the project area is the very
uniform pH values bothplrithin and between ;G;'i“
(Table 6.3). A high percentage of values :h =
mona varall within the limits 4.4 to 5.0 with
mean value 4.6 to 4,8. Thus, all soils wi oteris-
the area are highly acid. Two further chara

tics show a very high degree of uniformity. Thes®

TABLE 6.3  AVERAGE pH VALUES
NO. EXPEOTED

OF PROFILES  SERIES AVERAGE RANGE
25 RENG AM 4.8 4.4-5.1
5 JERANGAU 4.7 4.4-5.0
10 YONG PENG 4.7 4.6-4.9
8 HARIMAU 4.7 4.4-4.9
6 SERDANG 4.8 4.7=5.0
6 MARANG 4.8 4.7-4.9
6 BUNGOR 4.6 4.3-4.9
3 POHOT 4.6 4.4-4.8
5 DURT AN 4.8 4.5-5.1
9 MALACCA 4.9 4.7-5.1

B
Note: Lowest value recorded for any horison g 4
Highest " y Nt 3 5
&re cation exchange capacity (C.B.C.)and base

saturation percentage. est C.E.C. ues
alvays ooour in thes i horizon, indicating the
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importance or
[m o organic matter in raising C.E.C.

TABLE 6.4

in me

00 grams of soil
No. SOIL
OF SAMPLES  SERIES AVERAGE RANGE
24 RENGAM 13.8 30.29 - 3.95
2 JERANGAU 16.88 23.10 = 10.70
8 YONG PENG 13.09 17.12 - 7.08
8 HARIMAU 11.57 15.47 - B8.39
4 SERDANG 6.91 9.05 = 4.T7
5 MARANG 15.10 27.82 - 10.21
5 BUNGOR 13.50 17.28 - 8,23
3 POHOT 14.27 16.30 - 11.19
4 DURIAN 15.%4 17.45 - 9.05
N MALACCA 10.51 22,22 - 8,07
Fote: %r:gn oreanic matter comtent of 16

Sub-80il values are ve

ry similar for all series
%:::ine that the type of clay is the same for
o thn;.i and the low values (an average of
Jaes 0 me/100g of soil) indicate that a
m{gwtim of the clay fraction must be
appear 0, (Table 6,5), These considerations
Toastnd indicate that the soils are very highly
m_ehh“l::illugm weathered. However, serious
the sot1s vhil remain in the classification of
ed mvcnt:hn::gm of b ”}-t‘:.d b’h:l >
be, oonsidered dhgm:ag ki 1o

Mg ll:h;q:! HC1 soluble values for P. K. Ca amd

Or very low. There i h of a
;:3 ¥ithin series as there is between them.
80ils m‘:i.mnlm( 6.9 ) are higher in
TOOKS thap g 00 Sedimentary and metamorphic
The “ﬂl! are in the igneous derives soils.
aTL o T b Lo
- -

o 22(?3 24 inches) dspth, Vaiues for e 30

Sreat to 24 inches) depth are nearly al-
{ncheg) ‘."Thﬂlll for the 0 to 30 cm (0 to 12
J % ‘ﬁ X .lnngo values for Rengam,
legg 1 ..;100‘. eries are very low, being
TARzp 6.5 AvEs

i,

;a’

-5

£

OTT. HoR)

¥ e
@ PROPILEG EXPECT
‘“'*2-;-.__ SERIES AVERAGE RANGE
y - . 5.82 3,73 - 9.5
a m m 3.50 5-38 - 12051
v HARTMAY 7.21 4.86 = 9.49
6 SERD NG 4.97 3.90 = 6.75
6 MARANG 6.61 5.65 = 8.67
3 Bmaon 6.56  4.58 - 8.56
5 PomOL 6.72 5.60 = 7.82
g ol R 6.41 5.60 = 7.28
N‘ 7.74 5.27 = 11.61
%8t val
e B pels o o e Lo

Total phorus values are higher in the O
to 12inches) depth than in the 30 to 60 cms (12
to 24 inches) depth, the highest average values
occurring in the Jerangau Series (200 p.p.m. and
155 p.p.m. respectively for the O to 30 cm and 30
to 60 cm depths). In all other seriea, the
average values are less than 125 p.p.m. There is
no significant difference between the igneous and
sedimentary derived soils in terms of their total
phosphorus content., It is obvious that the con-
tent of total phosphorus for all soils is low or
very low (Figure 6.10).

As would be expected, total calcium is uni-
formly very low in all series., The values for
all series lie within the range 0.8 to 1.5 me/100g
with little difference between the O to 30 em (O
t0 12 inches) and 30 to 60 cm (12 to 24 inches
depths (Figure 6.11).

There is rather more variability in the die-
tribution of total magnesium values between series.
The lowest values occur in the Rengam, Jerangau
and Serd Series and the highest values in the
Bungor, Pohoi and Durian Series. The range of
values within series is also considerable. How-
ever, all m:\gc values are still low or very
low tP:Lgun 6.12),

Levels of exchangeable cations are very low
for all series, with a narrow range of values
between series, The range within a series is
greater than the range between series. Lowest
values are recorded for ex eable magnesium,
the average values for all series be less
than 0.1 me/100g. for the upper O to cem (0 to
12 incheas) depth. A feature of all soils ie the
nrg low values recorded in the 30 to 80 om (12
t0 24 inches) depth; gzero values commonly ocour
in all series (Figure 6.13).

Exchangeable potassium levels are d.lihﬂ..L
very low, values be 0.1 me/1 or less in
ry ’ ing .nﬂllu

peries except Marang, r ca Series,
The t average of 0.16 me/1 is in the O
to 30 oms (0 to 12 inches) depth the Bungor

Series. The difference apparent in the total
tassium values of the igneous and sedimentary
X:rind soils is much less obvious in terms of
exchangeable potassium (Figure 6.14).
Levels of exchangeable calcium are v low
in all soil series, and there is consider
uniformity between series. The most common ave-
value is 0,16 me/100g and the minimum 0.10
n,‘lOﬁg for all series considered (Figure 6,15).
The oultivated soils of the Harimau Series show
aisniﬁo:::ly higher vg:o nt’;r both‘;xmﬂ-uo
calcium magnesium any other series,
indicat pome increase in the soil levels from
the fertiliser trnt?ont-. ihmh:;na not appear
to be build up of potassium, ever, this
may mi“zato that the of potassium in the
fertiliser applications cient.

from the actual levels of plant nutri-

enta ent in the soil, the ratio one to
another is important in nt and animal nutri-
tion. Some ratios are shown in Table 6.6.
indicate considerable variation between series.
Caleium/! siumn ratios are low exc in soils
of the Serdang and Pohoi Series. It thought
that a ratio of between 3 and 10 is suitable for
most annual crops (Joffe, 1949). A low calcium/

ium ratio is desirable for oil palm and
::ﬁ: particularly the latter. The potassium/
magnesium ratio is very variable, est
on the whole on soils derived from s entary
parent materials, In the case of the Serdang to
a lesser d Pohol Series, the ratio is pro-
bably too for optimum nutrient balance. The
potassium/calcium ratio is legs than 1 for
geries except the 0 to 30 em (0 to 12 inches
depth in the Series, where it is 1.14.
Por many crops, this is too low.

-”-



me /100 grams (6N. HCI Soluble)

Total
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CHEMICAL ANALYSIS

for selected soil series
LEGEND
Maximum value
Upper quartile et s
Median
Lower quartile 30-60cms E or m
Minimum value
@
RANGE OF TOTAL POTASSIUM (K) S
o
RENGAM ).:mnukm: HARIMAU | SERDANG| MARANG BUNGOR ' ’ DURIAN | MALACCA
24 profiles | 3 profiles | 9 profiles 7 profiles | 6 profiles | 6 profiles 6 profiles l I 5 profiles | 9 profiles
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e A J 1o
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—
L]
L]
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POHOI
| 3 profiles
)

Note: % ) Insufficient data for
columnar diagrams .
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CHEMICAL ANALYSIS FIGURE 6:10
for selected soil series

RANGE OF TOTAL PHOSPHORUS (P2 Os )
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RENGAM ? - \'OMPENdHARIMlU SERDANG | MARANG | BUNGOR DURIAN
25profiles| ¢ 9 profiles | 7 profiles| 6 profiles| 6 profiles| & profiles 5 profiles ——
200 5
.
-1
=2
@
150 G -
- 4
z
< ] & % LS
s .
00 3 = I
T ERL
= .
2 = o =
so ° &S hid
3|| |E I ] %
e
WERANGAU) POHOI |MALACCA
" | 3profiles 3profil 9 profiles
*) #* )
0
Range of total Phosphorus in p.p.m
High 1500-2500
Moderate 1000 -1500
Low 500-1000
Very Lo 800
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RANGE OF TOTAL CALCIUM (Ca)
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(6 N.HCI soluble)

Total Mg me/I100 grams

CHEMICAL ANALYSIS

for selected soil series

RANGE OF TOTAL MAGNESIUM (Mg)

FIGURE 6.12
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CHEMICAL ANALYSIS FIGURE 6.I13
for selected soil series

RANGE OF EXCHANGEABLE MAGNESIUM (Mg)
08
RENGAM .zanmu#mmd namimau| seroand maranc | suncor powol | oumian jatacca
23profiles| 3 profiles |  profiles | 7 profiles | € profiles | 6 profiles | 6 profiles | 3 profiles | 5 protiles| 9 profiles
%) %)
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ote: %) Insutficient data for construction of columnar diagrams

FIGURE 6.14

RANGE OF EXCHANGEABLE POTASSIUM (K)
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h unit (Ng and
ery els of macro-nutrients in all tion as ssible occurs within eac

soils %:@h:aﬂigﬁ%? area are paralleled by lolrg’ 2 ‘-'-Bélﬁ'aduiggﬂ,'-’”wﬁ?*; Guha, 1968).

contents of some important miaronutrients, especial- The available water holding capacity of the
&) oopper, manganese and cobalt. The last does not various 801l series shows considerable variability,
‘3;’.:33;’,1":“‘:31”’:;&{i‘;‘npjﬁasgg‘;;‘;; buﬁmiza_m- and this ocould be an important factor in deter-

P .

nese levels appear to be seriously low and response "mtﬁ:;::;mrmﬂ:: ;‘}’;ﬂ‘fﬁ:tﬁﬁgﬁm

to this element could be expected on all soils, the Bungor and Durian Seri”'ml;:“;::m:; ;hg ::u-u

TABLE 6.6 S‘."ri:,°§u,-“-‘§n§§"§3.f-§§§’§:mmh water ho

capacity, . The variation is less in the upg:‘oﬁ

| i ol AR RO
(.)-»38!= -60 0-30K=;g-60 o;3§=c§o-60 ‘(’E::%; fﬁgi{,peﬁﬁ ;, 0il Moisture Determinations.

RENGAM 1.85 22 1,00  8.00 0.54 0.36

JERANGAU 2.17 %" (117 [ 4*  ols4 o0.18

YONG PENG 4.00 3,67 2,00 2,00 0.50 0 36

SERDANG 20.00 30" 12.00 12* 0.60 0.3

MARANG 1.78 3,75 .22 1.25 0.69 0.50

BINGOR 2,00 11.00 2,29 9.00 1.14 o0.82

POHOI  16.00 30" 8.00 10* o0.50 0.33

DURIAN 3.67 3.67 3.33 3.00 0.91 o0.82

MALACCA 2,00 2.75 1.57 1.75 0.79 0.64

HARIMAU 1.91  6.67 0.43 2,00 0.23 0.30

MACRO _NUTR ENT R
SELECTED PROFILF

+ approximate

Copper and cobalt levela are also very low, copper
being particularly low in 80ils of the Rengam

Series, Zinc levels are probably adequate in moat
of the sedimentary derived 80ils, but may be mar-

al in soils of the Rengam and Serdang Series
Table 6.7). :

TABLE 6.7

DURLAN ;49 23 200 ¢5
SERDANG «5 23 75 5
BINGOR <2 15 100 <5
MALACCA 5 43 150 5

Nutrient availability (Table 6.8) 1s a fune-
TABLE 6,8 DA; SELECTET

PROPILES
(in 1bs per acre/6 inch
depth of goil)

SOIL SERIES Ca Mg g

RENGAM 52 17 55
YONG PENG 64 10 63
SERDANG 40 2.5 47
BUNGOR 56 K- 18
DURIAN 44 + 78
HARIMAU 176 56 78

tion of both the amount of nutrients sent

and
the availability of moisture to provide a nutrient
solution,

In general, the variability in available
nutrients between the various soil series is suf-

ficient to justify the ta:.lonnilor fertiliser
applications to a particular so ’

sequent advantage of designing management unitg
toqﬁ.t the soil pattern, so that as little varia-



Exchangeable Co me/I00 grams
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0.4

0.2
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CHEMICAL ~ ANALYSIS

for ;selecf_ed soil series

High Moderate Low Very Low
Ca 10-20 5-10 2-5 =2
Mg 4.8 1-5-4 0:5-1-5 <05
K 0-7-1.2 0°4-0-T 0:'2-0:4 =0-2
( After New Zealand Soil Bureou)
RANGE OF EXCHANGEABLE CALCIUM (Ca)
06
RENGam [erancaulvone SERDANG [MARANG |BUNGOR | POHOI |DURIAN |[MALACCA
25 protiles |3 profiles Sprofiles | i profiles | 6 profiles| 6 profiles| 3profiles |5profiles |9 profiles
%) *)
]
L
-
i o L
i q E
= a
E .' £t
N ;. :
ol
= HARIMAU
7 profiles
NP
Note: % ) insutficiens data for construction of
columnar  diagroms.




SR U OF AL
(After Salter and Williams, 1967 IV)

SOLL SIB  ymun " flun amaey s omasr > e sabi
11 RENGAM 1,70 1.50-1.80 1,60 1.35-1.75 1,50 1,30=1.70 4.8
3  RENGAM 1.40 1,15-1.60 1.10  1,05-1,20 1.00 1.10-1,00 3.5
(coarse)
10 RENGAM (fine) 1.75 1,60-1.85 1.75  1.65-1.80 1,75 1.65-1.85 5.2
9  YONG PRIG 1.90 1.7 «=2.25 1.85 1.60-2,20 1,65 1.20-2,10 5.4
8  HARIMAU 1.80 1.65-2.15 1.60 1.35-2.15 1.60 1.25-2.00 5.0
6  SERDANG 1.70 1.50-2.15 1.70  1.50-2.10  1.65 1.20-2.15 5.05
6  BUNGOR 2.05 1.65-2.40 2,00 1.70-2.35 1.95 1.70-2.35 6,00
5  DURIAN 2.25 2,15-2,35 2,25 2.20-2,.40 2,20 2.10-2.35 6.70




The following chapter is a re
-print of the report
bg;tha Soile Science Division of the Dapa.rtnenpg
gﬂmdaulb:g:e. ihcmo figures have been ommitted
only use they are duplicated elsewhe
the report or the Atlas. . B i

7.1 Introduction

The Johor Tengah Region is one of the areas
::z-:;ted for further and more comprehensive in-
l&ic!ﬁtim because of the high potential for
v ural development. The selection was based
Soi1 sf-‘mtion gathered during the Reconnaissance
1968) ur;‘;y of West Halayaian?lav & Selvadurai,
oyl L thcis programme was completed by mid-1967
i brogd - n the whole country had been mapped on
lent uthcale. with the general soil pattern on
F 4 ltwerage 8lopes of less than twenty
omr o ﬂel ermined; while land with average slopes
by an twenty degrees was mapped as steep-

plex and considered unsuitable for normal

agrie
raﬂg;ﬂ:x:r?nd to be left under a permanent

The broad scale of ex
amination in the recon-
5‘:%:212? 801l survey does not allow for the
of good Planning for the development of areas
b epoi:ential for agricultire. The Jengka
oXaminations no LCD area in which more detailed
Te8ouroes ﬁ of the soils, terrain and forest
for the 4 d been carried out, and a Master Plan
HONRING ;’*gloment of the area produced (TAMS-
fengah and9 7). A similar study for the Johor
= Tanjong Penggerang was proposed.
) Seémi-detailed soil survey of the Johor
of szig‘nmt.'“ in progress when a Consortium
™Vices Limi g, headed by Hunting Technical
the feagibiyy ed was commissioned to carry out
801) gupve %y study for both the regions. The
8lon of thz ;arrlod out by the Soils Science Divi-
¥alaygig un“PﬂrtIIlent of Agriculture, West
:t the Lang u.§°§:t‘°h° basis for the preparation
or the Johor e m;::iog?p of the Master Plan

The Jon

reg or Tengah Region was surveyed on a

“"““’“?gczh:c:iﬁbyauf:l%ﬁttu 4 ggs) 1

Leany ability classification

(1966, 41, 22ton (1966) and modified by Wong

Hated op o) 5eq vor Portion of the region con-

¥ide range of 8 I soils, which are suitable for a
erope including oil palm and rubber.

getaned s0il survey consisted of
ot 8se I was started in May 1967, but

funds and the frequent demands
t: 3!’:{ out -ttuvcya of other

e country, progress was

- G .‘:;mr’tad- Phase II was started in
11 Couplet oq the soil survey of the whole region
I ¥ere gupve Y February 1970. Phase I and Phase
Sui8ion aigeq s OY 8taff of the Soil Science
oy Duit gtay]onubPOrting staff of the Soil
Tegion, il Soientist oorrkr;:todtg; ighij‘:.in Ell::

The semi
::: Phaseg,

7.‘ S | Iﬂegtion )

The g
Bopty ohor 7, o
I TR T B Jaoe devosn e
vio'2 Kluang. 24 1030 547, The area is bounded
Sout) , the 1 gom-Layang Layang road in the
?m% ::: vatergh, frﬂdmxo‘th!m. T“ in the
a
'i‘. :f"n&mm“‘l village in the sast; and
Phagy Vided ingot, 024 in the north. The on
¢ 11 n.p": areas designated Phase I :f
Sonye ively as these areas were surveyed
nagy :“llon tz’:“’ '5 alth for cartographic
° OVerlap the t':lg.:. ets ! and 2) were

The Johor Tengah Region is covered by parts
of the New Series Topographical Map Sheets 117,
118, 124, 125, 126, 129, 130 and 131, on a scale
of one inch to one mile printed by the Directo-
rate of National Mapping, Malaysia. Only the
forested areas within the region were surveyed
and these consisted of the Kluang, Rengam and
Panti Forest Reserves, the Endau-Kota Tinggi Wild
Life Reserve and State land. The soilas in the
cultivated areas were not examined. The area
surveyed covers 324,550 acres.

T.1.2 Method of survey.

Jeepable roads and tracks were used both for
access as well as for field examinations. Soils
were examined at a quarter of a mile intervals
unless noticeable changes in the soils warranted
a closer examination.

In the inaccessible forested land where the

sl e less than 209, rentis2
se pggm;gs a.rin%;n The’ rentis ne‘é:é"z’-k"#i-‘l"“‘
e

planned basing on soil pattern reported by
Null et al (1965). As the soil pattern was rela-
tively simple, rentis2 were spaced at one mile
intervaels. In the Endau-Kota Tinggi Wild Life
Reserve the rentis2 were not strictly at one mile
intervals. This deviation from the normal rentis
spacing was possible largely due to the presence
of a well distributed network of jeepable tracks,
allowing for the same intensity of examinations
to be affected even where the rentis2 were spaced
at more than one mile apart. Closer examinations
were required in areas where the soil pattern was
more complicated, Rentis2 were cut by 5- or 6-men
teams at the rate of roximately one mile a day
by a team. The rentis2 were chained using a 66
feet long link chain and marked by short numbered
pegs at one chain intervals.

The rentis2 were Elamad to cut across the
predominant strike of the geological formations,
which was roughly in a north-south direction.
Rentis2 were mainly in an east-west direction,
except for doubling back, avoiding the steepland
areas or for access routes (Fig. 7.1).

Soil pits were dug at a quarter of a mile
intervals along the rentis2 for full soil profile
descriptions and for collecting soil samples for
analyses. Closer examinations along the rentis
were made wherever necessary (e.g. when changes
in the soils were noted) uiﬁ a 2-inch screw
auger during the early part the survey and, a
4-inch Jarrett auger when this was introduced
later.

Field sheets used were 1:25,000 and 1:63,360
New Series topographical maps obtained from the
Directorate of National lhzg:.ng. ia., A1l
field data collected were n plotted on these
maps. Initial compilation of the terrain and
1021 mape were made on the 1:63,360 maps, Final
maps were drawn using the base map on stable
transparent film on a scale of one inch to one
mile supplied by the Directorate of National
Hl.ppiﬂg.

For the terrain classification, slope mea-
gurements obtained using an Abney level in the
field traverses were than plotted on the topo-
graphical maps and on the 1:25,000 aerial photo-
glpha taken in 1966. Using thie information,

e terrain classes were then demarcated on the
topographical maps, alded by interpretation of
aerial photographs,

Soil samples were collected according to the

-df -
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horizons down the profiles, These were then air-
dried and the following analyses carried out:-

a) Mechanical analyses for particle size
distribution ! "

b) pH in water and EC1

¢) Carbon and Nitrogen content and the C
ratio ml:lf.n.l.lza:t:ed8 ™

d) 'Basily soluble' Potassium and Phosphorus
e) Cation Exchangeable Capacity

f) Exchangeable Sod
el il odium, Potassium, Calcium

g) "Total" Fe,0., P
i Te0s: P, K, Ca, Mg by 6N HC1

A summ
given 1o ip;:id;; ghe methods of analyses is

713 its of mapping.

The main objecti
ord ve of this survey is to des-
ani’hﬁﬁa"'ﬂ“ and to determine the pattern of
for amwﬂl and the suitability of these soils
S} paoc ural development. The basic unit of
Series D eﬁ used in this survey is the Joil
mm; s ned as a grouping of soils of similar
aent, 4 racteristics viz:- in horizon arrange-

= gr'ee of development of the profile,
o m;m:xtura. derivation from the same or simi-
tom ntm-g““ﬂal' under the same or similar
1955: Soil gnd moisture regimes (Leamy & Panton,

nut"“ti‘lﬂey Staff, 1951). Where the main
Yariationg “:s are essentially similar and the

°8 of the of minor importance but distinct,
Tather thap 801l series have been established
Vhere pogs ibgepuating these soils as soil series.
to agriuultur:' and because of the significance

e of the practices in this country, depth
lisheq sini) 8011 series have also been estab-
1951, ar to those in Soil Survey Staff,

In gon
011 gepian. 288, 1t 15 not possibl th
%Ll nagggqagqper, 07 this scals of stue'v:;.maghe i
188001 atgon L 00, 18 used, and the name of the
lmdmn s :gl;iatn of the member series, with
ted t0 tyo gored first. Association is

1 Rore "‘“1;';0:111;-::3” vhich can be separated

Other uny
ts of

v Thes convenience have also been
Wity vhepe. °TC €asily recognisable landscape
a) the

sho:-:oé'i' Vary in characteristics over

essenti Stances but have been subjected

pN““&EZ tgi one dominant pedogenic

uviua, ege, verine Alluvium, Local

or ) the pot.htiu'
low g for normal agriculture is
s 8. Steepland, Disturbed Land etc.

h%ﬂ ion,

The £y
areriay u“ﬁ:hu 8oil formation are the parent
'&phﬁ it 44 !itgdtho 8011 is formed, on the topo-
Over o Yeathoring ' under the climate it is formed
of th‘ "m of ; lod:lfied by the vegatltion.

8¢ s01] ¢ + The influence of any one
the :lu} the r.g::::“ factors may be dominating
@ tpe é.u 8 state :‘;ting together have creat
Stapy offu“‘“ hhm.’@ulibrim. chlﬂ;
ﬁuhu “:.nn, he achieved by nature w

is
'. . t hm r
™~ t::h‘g the faatoum..x ~
Outlined below,

4

t in conver-
ture and other
ting in the sur-

T7.2.1 Parent materials.

The main bulk of the region consists of acid
igneous rocks mainly of granitic composition,
The rest of the region is made up of sandstones,
shales and conglomerates in the north and meta-
sediments in the Panti Forest Reserve in the vici-
nity of Kota Tinggi. The 5. Johore in the south
drains an area of older alluvium (Burton, 1964).
Another area of older alluvial deposits is loca-
ted in the north. Volcanic deposits of rhyo-
dacitic composition are found overlying other
rocks in the north-east. The river basins are
filled with recent deposits along the floodplaine
and subrecent deposits on low lying terraces
towards the fringes of the floodplains,

The wide range of rock formations and sedi-
ments have given rise to a wide range of parent
materials. Apart from the recent riverine allu-
vium, the parent material consists of the weathered
mantle mrlym% the geological formations (Law and
Leamy, 1966). Igneous rocks generally have a very
thick mantle overlying the solid rocks, while the
rest of the geological formations have a thinner
mantle. On steeper slopes, the mantle becomes
even thinner. The Riverine Alluvium is still
accumulating because of the intense activity of
the drainage systems.

The physical composition of the parent rocks
has a dominating influence on the physical charac-
teristice of the soils formed. The coarse-grained
granites give rise to coarse sandy clay loam to
coarse sandy clay textured soils. Generally, in
granite derived soils, the clay ocontent increases
with a decrease in the sand grains, but there is
an increase in quartz grains of gravel size down
the profile, Silt content is very low in these
soils. Sandstones and conglomerates produce sandy
to gravelly textured soils. Shales produce clay
textured soils with a higher silt content than
those formed from granites and sandestones. The
acid volcanic rocks are rather fin ained and
the soils formed are clayey. The older alluvium
produces coarse sandy clay loam to sandy clay
textured soils, although finer textured solls are
also found. The Riverine Alluvium varies greatly
in texture being sandy on the levees and more
clayey in the backwater areas, and the soils
formed vary accordingly in texture.

The general chemical properties of the soils
formed, however have tended to approach a low
common range because of the intense weathe
and extreme leaching. The majority of the seden-
tary soils are well leached nutrients and
hence low in exchangeable cations and base satu-
ration. The recent alluvial soils, because of
the frequent additions from ﬂouda& contain wea-
therable minerals, accounting for their slightly
higher base exchange and base saturations.

7.2.2 Topography.

Th iography of the region can be divided
into ru:rp%;:ad units based on the land form viz:-

a) The floodplains

b) The undulating land

e¢) The rolling to hilly land

d) The steepland complex.

Bach of the units l.:IL:wo containa 'i’-:?."aﬁr a

range. Single slopes are very

:;;toﬁ place as the landform surface consists of
a combinations of short slopes facing different
directions. As such, the dominant average values
of the slopes are used, in the terrain claseifi-
cation outlined by Leamy and Panton (1966) (Table

7‘1).



TABLE 7.1  SLOPES AND TERRAIN CLASSES
Angle of n Cla
slope slopes omplex slopes

0 - 2° 1level or nearly Level or nearly
level, 11 level, C

2 - 6° Gently sloping, A, Undulating, C,

6 - 12° Strongly Sloping, Rolling, Cy

12 - 20° Moderately steeply Hilly, Cy
sloping, A4

20 = 25% Steeply sloping,A; Steep, Cg

More than Very steeply

Very steep, 05
250 sloping, Ag

Abney level readings taken during field
traverses were used to produce the terrain clas-
sification map (Map 1 and 2 and Pig, 17 in the
Atlas). The soile are limited to a certain range
in terrain and the relationship between soils,
terrain and landform is as follows:-

a) Ihe floodplains

The larger rivers in the region are
vor{ 8luggish and meander through the area., The
tributaries draining into these main channels
from the higher and steeper areas are Juvenile
and downcutting is still evident. These subsi-
diary channels carry sediments into the ma jor
streams and rivers. Coarser sediments are
deposited on the levees and in the upper reaches
of the rivers, while finer sediments are depo-
sited in the backwater areas or carried further
downstream. Riverine Alluvium Association and
Local Alluvium consisting of variable soils are
found on the floodplains. Organic soils are found
in the depressional areas in the floodplains.

Soil development is minimal because of the fre-
quent additione from floods. The terrain is gene-
rally nearly level with depressions.

b) The undulgting land

The undulating land consists of stable
surfaces which are in equilibrium with the envi-
ronmental agencies. There is little evidence of
erosion or deposition. The terrain is nerall
undulating, and the landform consists a?lolr nil
rounded hills with gentle 8lopes and rather wide
valley floors drained by sluggish streams, Inclu-
ded in this wnit are the subrecent and older allu~-
vial terraces. This unit forms the major portion
of the area surveyed. Soil development in the
terraces is more advanced than in the floodplains,
while soil development on the r of

emaining areas
the undulating terrain has attained full maturity
in profile development,

©) Ihe rolling to hilly land
Dissection is more severe in this unit
and erosion is still an active force, The 8lopes
are steeper and shorter compared to those on
undulating terrain, nrying from 6 to 20 degrees.
The rolling terrain consists of well round
hills with narrower vall than those found in

the undulat terrain, Steeper slopes rise
sharply from this rolling surface to form the
isolated steep hills.

The hilly land enerally
forms the foothills to the :ountninonlsﬂngu.
with the characteristic short slopes and stee
eided gullies, Mature groﬁlu are found on Eo
rolling terrain, while truncation of the upper
gortions of the profiles are common on the gnl;r
.:;nnl

The solum is generally less deep on the
hilly terrain.

d4) The steepland complex

The slopes are generally more than 20
degrees, The steepland areas of the Gunong Blumut
and elsewhere had not been examined in a:grfrnt
detail because of the low potential for
ture, Jteep terrain occupies the greater portion
of the complex while the very steep terrain occurs
only on the higher mountains. Because of the
steep slopes, soil erosion is severe especiall{l
so on the coarse textured, loose to friable soils
of the granite and sandstone masses. Soil dg
lopment is interrupted by n-egumt removals 2
the upper portions of the profiles even under
cover of the permanent forests.

The terrain classes mapped in the Johor
Tengah Region are summarised in Table 7.2

TABLE 7.2 REAGES OF TERRAIN CLASS
Angle of Terrain Class Acreage P::::n-
Slope
0 -2° Level or nearly 49,8%  15.4
level

2 -6° Undulating 77,150 23.8

6 - 12° Rolling 106,735 32.9

12 = 20° mNy 34,790 10.7

20 - 25°  Steep 48,195 14.8

Over 25° Very steep 7,850 2.4
Total: 324,550 100.0

T7.2.3 Climate.

The annual mean temperatures in the reglon ..
is generally below 80°F, with Kluang hmﬁgg”o
being the lowest known value on land belo;oﬂ
feet above sea level in the country, and

Tinggl having 80,0°F (Dale, 1962). X

The greater portion of the region falls
the Southwest rainfall region, with the a.:'eﬂ 2
around Kota Tinggi falling within the Es:“rlinrm_
fall region (Dale, 1959). In the Southw S atives
fall region, the rainfall distribution ut:m -
ly even. The mean monthly totals vary ‘f”allins
to 10 inches with the bulk of the rain =
during the monsoon periodes (i.e. NE Monsoo i
November to March, and SW Monsoon from m{nthﬂ of
September), alth the intermonsoonal llt prett
April and October/November are the wtt;:l’ The

are experienced in February and uahod

mean annual rainfall is around 90 to 1201‘“ pr it
in the area surveyed. Kluang fomms the g A
drier 'belt exten for 175 miles north .
wards' into central a where the svcx‘lsi 959)'
annual total is less than 90 inches (Dale,

In the Bast rainfall reglon, the rainfell
distribution is less even, The bulk of the wet-
fall is again during the monsoon months, the
test months being December/January while
drier months vary from April to June/July.

o1

spells, during which less than O. o0~
incies of rain falls per day for a mumber of ©
secutive days, of more than 21 days l'-"’t grequent
Dry spells of a week's duration are Iﬂm are
in Pebruary in Kluang., The monsoon mon o8008
more liable to spelles than the in“:ﬂ gpell®
periods. In the rainfall regionm, (nzo 1960):
are frequent during February to April ’

the
The high temperatures and rainfall on

mature rﬂu hrn resulted in well tﬂ' rive-
and w leached soils. Even the jwnnﬂm
rine alluvial soils are affected. These AV ..
lhmitllp in the low n:ln.;n o.fbth: :::’,;:non ™
capacity, base ex as

cent in these soils. The high rainfall and




70

304

- SR

PARTICLE SIZE DISTRIBUTION

RENGAM SERIES
(I5 Profiles)

FIGURE 7.2

SEFHE e T

HIGHEST VALUE

UPPER QUARTILE

MEDIAN
LOWER QUARTILE

LOWEST vALUE

DEPTH IN INCHES

12 -24" | 24- 36" 36-48"

CLAY

SILT

FINE SAND

COARSE SAND

GRAVEL 8 STONES



great intensity of the rainfall over relatively
short periods of time cause severe soil erosion.
This is especially so in soils with sandy tex-
tures, poor structures and loose consistency.
Sheet erosion is especially severe on the granite
and sandstone derived soils, and less on the
shale derived soils.

T.2.4 Vegetation.

The 1967 Schematic Forest Type Map produced
by the Forest Department showed the area surveyed
dominated by the Lowland Dipterocarp Forests
covering the undulating, rolling and the hilly
land of the foothills up to an average elevation
of approximately 1,000 feet above sea level, The
Hill Dipterocarp Forests occur in the inland hills
and mountains between 1,000 to 2,500 feet above
sea level, areas mapged as the steepland in this
survey. At higher elevations are the Upper Hill
Dipterocarp Forests, extending up to 3.880 feet;
the Montane Oak Forests from 3,500 to 5,000 feet;
and the Montane Ericaceous Forests above 5,000
feet. The Seraya Ridge Forests and Edaphic Ridge
Forests are dominant on the steep sided ridges.

The Lowland Dipteroc Foreats contain a
vast array of species, but is dominated by the
Red Meranti-Keruing Forest Types characterized by
the presence of the Red Meranti group of Shorea

of which ¢ s»H&mﬁm- ;.-.me;
and L&% eruing group o

D_ﬁg;g%mghspeeiea are common. The distribution
o @ heavy hardwood is less uniform and includes
e a

Mo oToar Tetat onsppaceilipticn and 8. Maxevelllsna
] ear relatio p can be obtaine

etween the
soils and forest types of the Lowland Dipterocarp
Foresta as the distribution is so widespread.

In low-lying areas and the river valleys
frequented by inundations, fresh water alluvial
svamp forests occur together with the riverine
forests along the rivers. The soils is these
areas are the Riverine Alluvium Association and
Local Alluvium,

7.2,5 Time.

Soil profile development if allowed to con-
tinue undisturbed will proceed from the immature
to mature and then on to the senile stage. The
period of time in the pedological sense is rela-
tive and not absolute. The age of the parent rock
do not seem to have that great a bearing on the
age of the soil formed as less mature profiles are
formed on the same parent rock on the steeper
slopes because of soil erceion. Hence the geomor-
phology and the ages of the geomorphic surfaces
will determine the age of the soil, Geomorphic
surfaces subjected to a similar degree of dissec-
tion are assumed to be contemporaneous. The major
portion of the Johor Tengah Region is stable nng
mature, and the soil profiles formed are mature,
However, on steeper slopes, the wastage process
is dominant and the soil forming processes have

been interrupted, resulting in less mature profiles,

The recent uvium in the river valleys receives
additions from frequent floods and time is too
short to have allowed any significant development
of any particular features to have taken place,

7.3 Soils.

7.3.1 Introduction.

A soll is formed as the result of the action
and interaction of any one or a combination of the
five soil forming factors. The soil exists in a
state of equilibrium and any cheange in the equili-~
brium will result in a change to restore a new
equilibrium. Soil survey attempts to map the
solls as they exist at present, by des bing the
characteristics in the field.

The basic unit of mapping is the Soil Series
which is also the basic unit of soil classifica-
tion at the lowest category in West Malaysia

(Leamy and Panton, 1966; Leamy, 1966, Law 1970).
Joil classification in West Malaysia is under
review at present, and attempts have been made to
adopt the diagnostic horizon limits set down in
the 7th Approximation and Supplement (Soil Survey
Staff, 1960 and 1968)., No attempt is made in
this report to classify the soils mapped in the
Johor Tengah Region into higher categories of
classification.

The terme 'sedentary soils' and 'alluvial
soils' refer to the development of the soils on
parent materials formed in situ on the underlying
parent rocks or on materials transported by
rivers and deposited elsewhere respectively.
These terms are widely used and understood in the
country. Although lending a certain bias to
geology in this manner of grouping, the role of
parent material/rock has always been considered
one of the more important soil forming factors.
Subdivisions are based on the type of parent
material /rock on which the soils are formed.

T.3.2 BSedentary soils on igneous rocks.

T.3.2.1 Rengam series and phases.

Soils of the Rengam Series are most wide-
spreaéd, occupy approximately 38.4 percent °§n
the area surveyed. These soils are developed
granites which varying in physical and (?)
mineralogical composition. The physical compo-
sition of the granites exert a dominating in-
fluence on the physical characteristics of the p
soils formed. The overall diagnostic features 0
the soils of the Rengam Series are however, ':;;
prisingly uniform., Soils which deviate from the
central concept of the Rengam Series in mhmol
or two characteristics have been mapped as I;t
of the Rengam Series. The deviations are n of
sufficiently great to warrant the sett up t
new soil series at present, but are significan
to the cultivation of the agricultural crops il
grown in this country. In addition to the no
Rengam Series two phases have been set up:-

"‘ Rengam Series coarse sandy clay phase
b) Rengam Series fine sandy clay phase

Rengam Series

than
This is a deep to very deep soil (more

40 inches) deve:l.oz;d on coarse grained St&"‘.‘i;;:..
found limited to the rolling terrain in rain
I area, but is found to occur on hilling te

in the Phase II area as well.

The thin surface horizon (Ah, note 2"{":“ ;
nomenclature as in Leamy and Panton, 1966 1.e.
Aej, AB, BC & CM) is characterized by dark o sandy
yellowish brown coarse sandy loam and %
clay loam textures. The consistence is veloped
friable to very friable, with moderately d
fine subangular blocky and crumb structures. 3

The subsurface horisonsl(ui: ‘Bg’od 'N. )
are genera coarse sandy clay loam
sandy elulgxturu, characterized by high °gh'?.
sand and even gravels especially at dertl.li,‘h n
textures become heavier with depth, and o
field estimations indicated a fairly clear [0,
horizon sequence, more often than not the 18y
nical analyses showed that the increase 1.!1t
fram the A to B horizons is not that abrup
(Pigure 7,2).

The consistence is friable at the top WO
olightly ciapested St 4 pias polow shate DO
8 com at depths below .
structures are weakly to moderately develoP
medium and fine subangular blocky, be The
coarser and less well developed at depth. 17

* Ah, Aej, Ab, BO, OM - horizon nomenclature 8
in Leamy and Panton, 1966.

T ——
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colours vary from brownish yellow to yellowish
brown Ewm 6/8 to 10YR 5/6-8), turning to strong
brown (7.5YR 5/6) or reddish ;al.‘l.ow (7.5YR 6/6) *
and often yellowish red (5YR 5/8) at depths. Iso-
lated cases have been recorded where the strong
brown colours are found at shallower depth than
normal, normally in profiles on steeper slopes.
Clayskins are moderately well developed covering
most of the ped surfaces especially in the B hori-
zons; and weakly developed covering some of the
peds only, in horizons above and below,

Laterite concretions are not altogehter

absent, ocourringhon.ly as a loosely packed
thin band at depths.

Rengam -)1' 2. L

This phase is also developed on coarse
grained granites, but predominantly on hilly ter-
rain or on the steeper slopes of rolling terrain
class, and almost invariably at elevations of above
250 feet above sea level. This phase is separated
out from the normal Rengam Series because of the
presence of quartz grains of gravel size occurring
in abundance within 36 inches depth (Fig. 7.3).
The arbitrary depth of 20 inches (50 em) has been
used, i.e. if gravels are encountered at 20 inches
from the surface and increasing in abundance below
that depth, the profile is mapped as the coarse

e.

This is a deep soil, with a thin surface
layer of dark brownish yellow coarse sandy clay
loam, friable to very friable with moderately
dmiopnd fine and medium subangular blocky and
crumb structures.

The subsoil (AB, E's) horizons consist of
two contrasting layers (Fig. 7.3). The uppe r
layer consists of a brownish yellow coarse sandy
clay loam to coarse sandy clay, with friable con-
slstence and moderately developed fine and med ium
subangular blocky structures, The lower layer on
the other hand, consist of coarse sandy clay to
gravelly clay with firm consistence, The struc-
tures are also less well developed and coarser
than in the upper layer. The colour invariably
becomes stronger, ranging fron brownish yellow
to s brown to even light red or reddish
yellow with depth,

The upper limit of the coarse textured hori=-
zon' is variable, but is almost always found
within 36 inches depth. The lower limit, however,
extends to beyond 4 feet,

T'E 3and Clay phs

el 1 e 11 & Al -, £ =1=45
This is a deep soil found on undulating and
rolling terrain class, towards the southern and

eastern portions of the Panti Forest Res v
the vicinity of Kota Tinggi. e 4

The fine s clay phase has been se arated
out fram the no and coarse Rengam y on
the rola:gegduﬂ%;r r;:io of fine sand to
coarse s on @ absence of grav
stones down the profile. ot on

The topsoil (Ah) is a friable fine sand el
loam to sandy clay with dark yellowish brom’no}.:zr
and moderately well developed crumb and granular
structures. This is underlain by a yellowish brown
to strong brown fine sandy clay with moderate
developed fine and medium sub r blocky struc-
tures, Consistence is friable in the u per por-
tions, but becomes gradually fim with gtp‘th.
Ocassionally a rather thin and loosely consolida-
ted band of nodular and fragmental laterites may
be found at depths of 38 to 45 inches from the
surface. Clayskins are rather better developed in
the B's compared to the other two phases,

It is also observed that the Ae/Bt horizon
sequence is rather less developed than in the nor-
mal Rengam soils. The ratio of fine sand to

gandy Y ph

coarse sand in the subsoil horizons in this phase
is found to be 1.5 or less (Table 7.3), whereas
in the normal Rengam Series the ratio is always
greater than two.

TABLE 7.3 EART ZE DISTRIBUTI
iﬂapresenﬁ'ﬂve Frofﬁe?

. 811t Fine Sand Coarse
Depth (in.) Clay 1 e p
0 =2 47 5 17 31
2 = 16 52 4 19 25
16 - 52 57 2 19 22
C P e

The chemical properties of the Rengam Series
coarge sandy clay phase are summarized in ?1gsi
7.4 and 7.5 respectively. The samples were ooii'
lected from forested areas and according to 80 "
horizons. However, in the compilation, the usll
lysis result were worked out for depths of 0=b,
6-12, 12-24 and 24-36 inches depths by the :
weighted means method, The median and the uppe 3
and lower quartile values together with the rang
recorded are shown.

h
The Rengam Series soils are acid soils, wit
H (10 g. :J;gl in 25 ml. distilled water) ranging
getvaen 4.1 to 5,1 generally showing a slishtb 2
increase with depth. The organic matter, ctgage
and nitrogen contents are highest in the sur
layer (m and decrease very sharply in lower
horizons., All these values are very low.

The "easily soluble" potassium and thgg:’
rus values are variable, but are very low. ‘9%
surface layers in most cases contain the high %
values, due no doubt to the forest litter, 1'.:.\1
values in lower horizons fall sharply. "’dn o
values for potassium and phosphorus in the Reng
Series and coarse phase are below 30 ppm.

The exchangeable calcium, magnesium, potas=
sium and sodimsare all very low. The surfng
layer (Ah) again is found to contain a highe
amount of exchangeable cations.

Cation Exchange Capacity (CEC) values are
again highest in the surface layer (Ah) dmnl;no—
doubt in part to the higher organic matter 0./
tent. The subsoil values are all below 101?;;1t1n
100g. soil indicating the dominance of kao
clay. The base saturation percentage are "gu.-
very low, although the in values are o
vhat wider than those of the CEC values. tz:stion
ther with the low pH, the CEC and base “1
uh indicate highly weathered and highly le
soils.

Not enough samples were collected for the
same mlyu:e%o be done for the Rengam Series
fine sendy clay phase., The values for a ".}”ﬁon
sentative profile are given in Appendix I, phase?
indicate similar ranges as in the other two
of the Rengam Series.

derangau Series.
oil,

This is a moderat deep to very deep &
of 1imited extent in tgyaru surveyed, ‘:L;oﬂ‘
on undulating and rolling terrain. ﬂ"",n found
West Malaysia, the Jerangau Series has been ‘o
to have developed on parentmaterials d'ﬂ-imtll
biotite-hornblende granites and/or gran 1967)+
(Panton, 1958; Dumanski & Ooi, 1966; Law, 1951}
The parent material is very thick and no p:{,
Tocks have been located here, The diagnostcd ..
characteristics resemble the Jerangau 4
the parent rock can only be inferred.

finer
Gene the soil has a heavier and
texture, ﬂh; stronger colours and more

-45 -



e

strongly developed and finer structures than tha
g.nﬂ;::msu Series, which has developed on mml‘t

The topsoil (Ah) which normally £
;::: 7 to g inches of the moil pmgu:ﬂatg:n-
e el:r friable dark brownish yellow clay loam

:’;ﬂtith moderately developed subangular
e o bch structures. This horizon is
't y a deep, uniform clay subsoil of
o d“rg:n colour (7.5YR 5/8) and possessing a
!tmt'u:u peg fine and medium subangular blocky
B siot or'th layskin development is moderate.
Shale o 503 profiles examined, the subsoil
of ke/3t inches or more, The development

ke Sequence is not easily seen.

erite band is
subso occassionally found in the
°°W§n§°$z:nz at depths of 40 igchss or deeper,
inches {51 g, oosely consolidated band of 12-14

enough : 2

a profiles have bee

°'t;]:°‘::im for the median a:dsgmag}.::if):u

® & noda) agito be determined, The analysis
Profile is given in the Appendix I.

The Masai
foep o, Series is a shall
ring at 4 ShaTacterized by a it
the .mm°vt§ of between 14 to 24 inches from
the survey .nlt}‘: parent rock has been found during
0 1ndioqte 4 ough laterized parent rock pieces
0 platy nat oo 0U8 OTigin rather than the layered
(1965) ‘hag 5538 OF sedimentary rooks. Null et al
ition entified rocks of 1leucogranodiorite
*olling "riunm° 801l located on undulating and
ocks “mu;msenerally as capping of the small
W s ed by Rengam Series in most cases.
IMlloeis broue’ s LAJeT. coneists of a friable dark
nof.d granulay a::ndy loam with moderately deve-
"' 1is g friabl crumb structures. The subsurface
Y With n brownish yellow to strong brown
:G‘i’lerately developed fine and
hrakimky structures and moderate-
od norﬂl:ia The laterite zone consists
¥ matris T and fragmental laterite
frave)) a depth of m. The band of laterite extends
¥ Sosie g:;d::gn Zlieeti overlying a
’ ow
Subangular blooky atructargg:four i

The Chen
Prog leal
T}:le 18 given i:ni;ggril:i:fla representative
. . a o

“dentary go11s on voleanic rocks.

Sol1g of
the v
latiy o0 @ wi, ong Peng Serie
haiing rnllin:, range of terrain h’:::.rma-
e AN shay Ty SaLy terrain with soil depth
Naiy)y opoPéd on turtrza steeper slopes. The soils
M t dacitiq 5 ceous parent materials
the Ph“ng, of th...n: rhyodacitic composition,
U aree®® I area byt oils are quite extensive in
t,::.“‘lh; alasa nongr::.z": limi':ed in the Phase
' o] haracteri

00n8{g4en 617 developed oom: ::guzgum{

'lpgn tanug
lally 4, th"gdh:;i'm clayskin development,
wrPaq o
bluek;"‘ Vith :.ll 911 is a friable brown sandy
Tuotypes KLY developed fine subangular
B'r;m“h thie horizon is fria-
Ry e o rm yo.}lowish brown to
Coarge gy ¥ clay" with well developed
Become ar blocky structures
“ “i:r G Prismatic. The colour may
to“ very ome profiles, and the firm
8t on. Clayskins are mode~
clA hn: r:.: closely
ma uall
nﬂe-:tlhu depth?ynna is u:t.ull &
+ Underlying is a ouplo{

strong brown "gritty" clay which is highly mot-
tled. Fragments of partially weathered tuffa-
ceous material are often found in this horizon,

7.3.4 Sedentary soils on sedimentary rocks.

Munchong Series.

Soils of the Munchong Series covers a small
area and are found mainly on undulating and rol-
ling terrain., These soils are mapped alone or in
association with the Serdang, Durian and Bungor
Series, because of interbedding in the shale
derived parent material with coarser sediments,
These soils are moderately deep to deep.

The surface horizon is a friable brownish
yellow clay loam with well developed crumb and
granular structures. Bemeath is a friable strong
brown fine sandy clay to clay with well developed
fine and medium subangular blocky structures.
Clayskins are well developed, and are found al-
most continuous over most peds. Underlying is
the moderately firm parent material horizon in
which pieces of shales are found.

Durian Series.

This series is developed on parent material
derived from argillaceous sedimentary rocks con-
sisting mainly of shales and siltstones. Uaually
shale and siltstones are found interbedded with
other sedimentary rocks which could give rise to
several other soils. This explains the associa-
tion of Durian Series with Bungor and Munchong
Series in the Phase I area. The Durian Series
occurs on undulating to hilly terrain classes,
and soil depth is moderately deep.

The surface horizon is a friable brown fine
gsandy clay with weakly developed fine subangular
blocky structures. The underlying subsurface
norizon (Ae/AB) is a friable to firm brownish
yellow clay, with moderately developed medium sub-

r blocky structures. The subsoil horizons
consist of brownish yellow to reddish yellow firm
clay, with well developed medium and coarse sub=—
angular blocky structures, with rather strongly
developed clayskins. A band of nodular and frag-
mental laterite and/or angular quartzite commonly
occurs at depth of between 30 to 40 inches,
Usually this band varies from 8 to 18 inches thick.
Immediately beneath the band is a firm, highly
variegated yellowish red to reddish yellow clay,
with weak or massive gtructures commonly referred
to as the non-hardened plinthite.

The m:Lflis indicates a well weathered and
leached soil (Appendix I).

Malacca Series.

Malacca Series is of limited extent and occurs
in association with the Durian Series, generally
oocupy:l.ug hill-top jitions, in undulat and
rolling terrain. moat characteristic feature
is the occurrence of & thick, compact laterite
horizon at a depth of between 10 to 20 inches from
the surface, Often, the purface is littered with
laterite boulders.

The topsoil normall

{ of 1-3 inches thick, is
comprised of friable dar

brownish yellow fine
weakly

clay loam to sandy clay loam, with
:,o nzdm ely developed fine subangular blocky
underlain by a strong brown

tructures., This 18
:andy clay to clay with moderately developed medi-
um 8u blocky structures and firm consis-
tence. Consistence increases in its degree of
¢irmness, with depth. The depth to which this
horizon extends varies from 10 to 20 inches, below
which is a thick band of closely packed nodular
and fragmental laterite set in clay matrix. The
oxact depth to which this laterite horizon extends
is not known, but it &s certainly of more than 3

Eloewhere in Malaya the laterite horizon



has been found to extend to a depth of 5 to 8
feet, overlying a firm, highly variegated clay.

In a small stretch close to S. Linggiu, the
Serdang Series is found associated with soils of
the r Series. Close association of these two
different soils probably result from the close
interbedding of shale and quartzite, from which
they are derived. Se 8oils are also found
associated with soils of the Munchong Series. In
general however, the extent over which Serdang
soils are found associated with other series is
rather small.

The surface soil is a friable, dark yellowish
brown loamy sand to sandy loam with weakly deve-

loped fine and medium subangular blocky structures,

This overlies a friable yellow to strong brown
sandy clay loam to sandy clay, possessing weakly
to moderately well developed fine and medium sub-
angular blo:{y structures. Beneath this, the soil
changes gradually to a moderately firm parent

material horizon in which small pleces of sandstone

and shale are found,
7.3.5 On metamorphic rocks.

Erang Serdes lateritic Phase.

This is a shallow to moderately deep soil
developed from schist parent material, The so0il
is of ted extent and is found on undulating
and rolling t .

The topsoil is a friable strong brown silty
clay with moderately developed fine su r
blocky structures. This is
friable soil of yellowish red 8ilty clay with
moderately developed fine and medium subangular
blocky structures. Usually in nommal
Series, the subsoil is of considerable thickness
Law, 1967) but in this lateritic
phase, its thickness is greatly reduced by an
ng band of closely packed nodular and
fragmental laterite set in elsg matrix, Us
this band occurs at 24 inches de
in a soil of moderate depth only.

B. Alluvial Soils.
7.3.6 On older alluvium

Harimau Serieg

The soils of the Harimau Series are moderately

deep to deep on undulating and rolling terrain,
being shallower on steeper slopes. The soils are
formed on materials transported and deposited
under littoral-estuarine fluvial conditions a4

the Pleistocene, during which time the sea level
was about 250 feet higher than the present level
(Burton, 1964). Deposition of subrecent and
reeent alluvia took place after that. It is im-
goru:;nt to note that soils of the Hariman Series
0

in this area are always located below the
250 feet contour.

Ample evidence have been recorded during the
course of the survey in the 3, S ong area in
particular, to show that the Harimau Series lies

80il profile are relatively shallow,
tion must have occurred prior to the
level during the Fleistocene,

Close to the Rengam Series areas however, it
is very unlikely that the Harimau Series is wﬂolly
of older alluvium origin. Part of it must have
been developed from resorted colluvial granitic

parent material which probal cur ne
e i : probably occur near the base

The topsoil consists of a friable dark
yellowish brown loamy sand to sandy loam, with
moderately developed fine subangular blocky struc-
tures, This is underlain by a friable yellowish

underlain by an equally

pth, thus resulting

brown to yellow sandy clay loam or sandy clay with
w:oakly toymdsrately developed medium subangular
blocky structures. At depths of 38 to 50 inches
there usually occurs a compact gravelly horizoen
whose thickness varies from a few inches to two
feet. Gravels within this horizon usually aho;
pronounced roundness and are mainly umpl:iuad 0
quartzite and mudstone (Null et al, 1965; gmhund
and Ooi, 1966). Granite gravels are also : '
but rather rarely. At several soil pits, trzal
gravelly horizon overlies shale parent mate oo
of different pedogenie origin., Very ut’ten,’ﬂe
boundary between these two different pedog g
horizons is demarcated by stonelines consisting
of iron stained shale fragments. The effective
depth of the Harimau Series therefore depﬂng'ﬂ_
very much on the thickness of the gravelly ho
zon and at what depth it occurs.

'3
In most profiles, there is some degree o
grain size vagiation of the sand fraction o’: :h'
subscil. In many, it is found that there o otile.
gradual coarsening of grain size down therpr iy
In others, such occurrence can be traced .&'m

a short distance down the profile, after grade.
there is an abrupt change towards the finer

to

Close resemblences of the Harimau Series 1o
that of the Rengam Series created a lot gftggﬁ
culty in mapping. The grain size distribu Te88
shows much more fine sand and coarse sand %100
clay than the Rengam Series, although “Pnl:;“
by field estimation in some profiles is o rptd
difficult. For practical purposes, the g“ﬂr
ocriteria have been found to be useful in e
guishing the Harimau soils from those of
Rengam:- X

a) Occurrence of gravels and coarse san

showing pronounced roundness.

b) Occurrence of underlying horizon of
different pedogenie horizon.

¢) Presence of stonelines, made up main
by iron-stained shale fragments.

Chemical Properties 108
These are acid soils, with pH (Hz0) :::ggn

between 4.1 and 5.1; the organic 'aﬂ::; Ah hori-

and nitrogen contents are highest in horizons .

zon and decrease very sharply in lower %o those

All these values are low and comparable

in the Rengam Series.

re
The "easily soluble" potassium values %0 .
very low and aigilu to those of the R“ﬂ:‘s"
¥hile the "easily soluble" phosphorus mesesy ..,
values are slightly higher in the subso
Harimau Series,

e
The oxchangeable calcium is higher in the
subsoils of the Harimau Series, while in the Renge®
g:ul however is noticeable %nl!:;hr: ted to
ries; the exchangeable potass limi ¥
lower ;alms, although the sodium is similar

The CEC is sl lower than the Rensfis .
We bawe sevargtion 18 .ml-r,:,l.%m

pH, CEC, base saturation, and uchanS’:m the
indicate weathered and leached soils; ring 18
effect of an extra cycle in the wntheom um
indicated by the lower magnesium and eries, 8
walues when compared with the Rengam one cycle
sedentary soil which has undergone only
of weathering.

Ulu Tirem Series. ano-
Apart from the Harimau Series, this A9 %7

ther soil developed on older anm‘-&’ th an

the Ulu Tiram Series are of moderate 5

are found on rolling terrain. The Prgn the uppe’

resemble those of the Harimau Series s

portions, but have much coarser subsoils. 5

friabl
The topsoil is characterized by & oped
brown zmdy loam, with moderately devel

altho
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FIGURE 7.4
CHEMICAL PROPERTIES

RENGAM SERIES
(15 Profiles)
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CHEMICAL PROPERTIES
RENGAM COARSE SANDY CLAY PHASE

(13 Profiles)

FIGURE 7.5
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aediom crumb structures. Underlying this is a
frisble yellow to olive yellow sandy clay loam,
vith moderately developed fine and medium sub-
angular blocky structures, This horizon seldom
¢xceeds the 20 inches (50 cm) depth limit, and is
:mlly found overlying a firm and gravelly hori-
t:::ijg.;: r&ich;u:ﬁi TE‘ gravals which form
on o 8 horizon are
rounded quartzite and mudstone, mine o

737 On subrecent alluvium.

Solyrood Series
The Holyrood Series is developed on
a low
lying terrace composed of coarse a:ady subrecent

Wurial deposits. The t
: . opo f the t
is nefrly level to gently glm o e terrace

The surface 1a
" yeér consists of a dark sh
r:“n fine %o sand, with weakly davelopesg.ﬁno
mb“‘"l", v locky structures, It overlies a light
has & ve e lgm sand to sandy loam subsoil which
«d lnos:u! eveloped coarse blocky structures,
"y i consistence. This horizon grades to a
depth. grey undifferentiated loose sand at

138 oo recent alluvium,

Krerine ) uviuy
-eu.n}i:";; 8 broad mapping unit to include all
&re impays on recent riverine alluvium which
poay. 10;“%3 drained, They are of variable
friab]e m'“ﬁm! pale yellow to grey in colour,
Thig 4g S50 bit weakly developed files,
floog !:0 8uch areas are sug.jeo to regular
o the £100q Occupying slightly higher positions
goitdns, the flood waters do not cover
Porma. ong. Mottling is a common feature
beloy 29 ey nent water table, which is generally
8 depth. The texture is very varia-
loam to sandy clay or clay.

Thes -
g Ghn:t::ih are very diverse in properties
io a elnnng"“' but are always found along
Priodic gng pil POSitions that are subject
i main)y .ﬁu“ﬁm prolonged floodings. They
2ears OF where t°n the lowest areas of the flood
tha ' the he vater table is consistently

Racteni pes (71808, 80 that the one main uni
Hatyg Stic is the poor to mmns
very poor drai
founq %88 80i1s, These aoilspar: often

% "
Sociateq ¥ith the Riverine Alluvium.

48800144,
}o ﬂmuﬁn:’-:g the Local Alluvium, in water-
0oum ated - 30;* orm.?ibottﬁ‘ °§ ed
ce
Yovever are v ved organic debris. o'rh:;e :.::u
DArrow and no attempt has been
) v ko El;;toi-gianio soils u-os
' and p ' aining more than 65
T “'hct?““ 65 to 35 percent of arganic
measured by loss on ignition.

lovy Bery
Hyes OF to.8 developed on recent riverine
h"!'h';. It 1g om“ along n.%or or semi-major
ﬂlm-,:“‘m" associated with Local and
t to ) occupying the better drained
and Ri mrh:llou..
verine uvium
to - ;1; hp“ub?ther limited occurrence, make
Dol to = € even at this level of survey
the 1o0%: thege soi oParate unit, Thus for mapping
I “ﬂlt: ang gy ‘:g:ro included together .ﬂﬂ
« Ty uu, along th:%llvim. These soils are

The » Iinggiu, S, Johor and
sy

10- - 11 is
0 san, & friable dark brown
ay 3 clay loem, wi eakly
blo and orumb ltgn:m-. dg:-

subsurface soil is a friable, light yellowish
brown to yellowish brown sandg to fine sandy eclay
loam with moderately developed subangular blocky
structurea. The soils are generally porous and
well drained.

7.3.9 On Colluvium.

Colluvium (Granite derived)

This soil is developed from colluvial mate-
rials derived from granite parent material or
even from soils derived from granite parent
material. Colluvial materials are usually
accumulated at the foot of slopes, brought about
by local wash or soil creep.

The topsoil is a very friable dark greyish
brown sandy clay loam with weakly developed fine
and medium subangular blocky structures. This

is underlain by an equally friable subsoil of
brownish yellow sandy clay loam to samdy clay
with weakly developed fine and medium subangular
blocky structures. The subsoil usually extends
down to depth of greater than 50 inches.

Chemical characteristics do not appear to
differ very much from that of normal Rengam. pH
is about 4.5; CEC varies from 11 at the surface
to 4.5 m.eq/100 gm. at depth. Percent base
saturation is about 5 at the surface a 3 at
depth.

3 e/sh deriv

The soil is developed on colluvial material
accumulated at the foothill zone, The composition
largely depends on the soils or the parent mate-
rials on which they are derived.

The surface soil is a friable brown fine
sandy loam with weakly developed fine su ar
blocky structures. This is underlain by a able
reddish yellow sandy clay loam to & clay with
weakly to moderately developed fine lgugulu
blocky structures.

7.3.10 Miscellaneous land units.

Disturbed land.

This unit includes soils which have been
mined or are still being mined. In the area sur-
veyed, ninmibaotivity is mainly gravel-pump
mining, and the area is usually characterized by
the presence of ponds and mine tailings. In the
course of mining, much of the coarse tailings have
been se ted from the finer silt and clay frac-
tions, thus do not rogrount the original make up
of the soils mined, Considering the damage done,
the potential of mining areas being used of agri-
culture is certainly questionable at present.

Areas of disturbed land are localized, being
1limited along the S, Tengkil and its tributaries,
§. Iinggiu and in the central of the Panti
Forest Reserve near EKota Tinggi.

7.3.11 Steepland.

This unit includes all land occurring above
the steepland boundary, the line separating land
with average slopes of lese than twenty degrees
(20 in.) from land with average slopes exceeding
20 inches. Steepland soils can thus be developed
on shales, sandstones/quartzites, and granites.
Although the Steepland areas are kmown to be of
guitable media for various crops. Soil erosion
can be very severe and rapid under the influence
of high and intensive rainfall, eepecially so
when such areas are newly cleared for planting or

ed. Such areas should be left T a per-
manent forest cover.

7.3.12 Soil distribution.

The soil pattern is rather simple where
solls are developed on igneous rocks and on older

o 8=



alluvium, The Rengam Series and phases cover
38.4 percent of the region, oooug ing the greater
portion of the area west of the 3. Linggiu, and
in the Southeast corner. The Harimau Series are
located mainly in the South and cover 12,3 percent
of the region.

The river valleys and flood plains are filled
b{lthe Riverine and Local Alluvium (8.1 percent),
while the Steepland which is not recommended for
agricultural development are centred around Gunong
B].Ul:‘l-}lt, Gunong Muntahak and Bukit Tajem (17.4 per-
cenv).

The remaining 23.8 percent of the region are
covered by soils developed on sedimentary and
volcanic rocks., The pattern is more complex

because of the complex nature of the parent rocks.

Table 7.4 shows the soil distribution and
Figure 18 in the Atlas distribution pattern.

TAELE 7.4 SOIL DISTRIBUTION
Percent
of
Symbol Mapping Unit Acreage total
RGM Rengam Series 106,650 32.9
RGM/e¢ Rengam Series coarse 12,815 3.9
sandy clay phase
RGM/f Rengam Series five sandy 5,275 1.6
clay phase
JRA Jerangau Series 535 .2
MSI Masai Series 1,065 3
TGP Yong Peng Series 11,690 3.6
Y6P/md Yong Peng Series 295 o
moderately deep
MU Munchong Series 50 <. 1
MUN/md Munchong Series moderately 500 .2
DRN Durian Series 3P 24,490 7.5
MCA Malacca Series 265 .1
BGR Bungor Series 4,165 1.3
SDG Serdang Series 8,205 2.5
SDG Serdang Series mode- 1,995 .6
rately deep
SDG/S  Serdang Series shallow 9,635 3.0
SDG/md- Serdang Series moderate- 320 o
BGR 1ly deep - Bungor Asso-
clation
SDG/md- Serdang Series moderate- 1,365 4
Hﬂéful 1y deep - Munchong Series
moderately deep Association
DRN-BGR~ Durian - Bungor - Munchong
MUN Association 4,480 1.4
PRG Prang Series lateritic 485 A
phase
EMU Harimau Series 37,160  11.4
HMU/md Harimau Series mode- 2,800 9
rately deep
UTM Ulu Tiram Series 508 5
HYD Holyrood Series 1,670 5
RVA - Riverine - Local 21,750 6.7
LAA Alluvium Association
LAA Local Alluvium 4,450 1.4
COL/G Colluvium (Granite 425 o
derived)
COL/S8 Colluvium (Sandstone- 830 3
shale derived)
DID  Disturbed Iand 3,200 "2
17.
are Steepland 56,335
Total: 324,550 100.0
—
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CHAPTER 8

LAND _EVALUATION

81 Introduction.

The Terms of Reference re i 1
& maximm diversified cro o b g B
ppin atte
el.i.natically adaptable r.er‘ol;:;es.'g ? e

There are various clas
sification systems b:
ﬁ:;:h‘ suitability or capability of {and "
10&":&mc::ﬂigﬁcated on the basis of their
properties. The s
toueidered in this study are 1isted belozgtm

8) VONG, I.P.T, Soil Scie
LF.7T. nce Division
:;seamh Branch, Division of Agriculture,
0, of Agric. and Co-operatives,
Soit gia, January, 1970. A Soil
ability Classification for Malaysia.

b) KLINGEBIEL, 4,4
s A.A., and MONTGOMERY, P.H.
o&ricultural Handbook 210, Soil’ ;
nservation Service U.S. Dept. of
I’md_cu.'l.tm:'e. September, 1961.
apability Classification.

(]
) ??-T,;; 1@1.4..7:.l » Soil Survey Division Report
. o d Development Department,

TY of National Development
Jangkok, April, 1963, :
Divam d Suitability Por Crop

rsification in Peninsular Thailand,

d
) i%g? D'i’ﬁﬁ SRILAK KASHEMSANTA AND
Clusiﬁi’m + So0il Survey and Land
w:{ﬁ{;gni)i;. Regort No.60 (1967)
In epartment., Soil Surve
Yerpretation Handbook For Northeast y

Thailang,
oy m“f:;:c IT Land Capability

®) Nat
Ecm":}cngwme Capability Section,
De ent,m E:ifiggzﬁm Minister's
Oapability Classifiontion in West

aysig,
(with a:m:;g:ﬁamtwy Handbook,

{Im?h Classipy ; =
is cation system q
™ mtmintm’n::g t0 cover Bast and West Nalayeia.
"(1) the eritplu adopted for this system are:
of s 8oi1 op U8ed for the assesement

ould be the
Y possessed by tl'l:::p:ﬁi?’

(2) the
Serious
be ness of a limitation should
ction of the severity with which

Crop
(3) the .Wth is inhibited; and

!rwt?;:b%%t? of a soil for crop
an be 01.11:: when a wider range of

f ;b:othr R tivated on it than on
ot ) ® prin

e eipl
e Lais 4240812004 ooopgs

. et
R 4t ypii® yuten §

followed, then the
o ng to the crop selec-

5, rently found on these
8 not consider in which way
2% Soues Umiting factors can be
caTumeen ot the 1inseiiyeiine he

ations affect
,q.h - 4% crop growth on a sustained ot

1a 204 Sy
liggyta gg .hu:;biuty Classification for

' %: 1bu tgmmh to land eva-

- Pability Classification

Montgomery (1961),

esse (1966) and also
kind of limitations

The system does not claim to be a soil suita-
bility classification for specific crops e.g. padi,
taploca, cocoa, sugar cane, oil palm, rubber etec,
Specific crops require specific interpretations
of the soil mapping and terrain class units.

The Land Capability Classification developed
by Klingebiel anr Montgomery (1961) groups “1{:
and terrain characteristics according to their
degree and seriousmess of limitations to obtain a
sustained crop production and also according to
their risks of soil damage if mismanaged. re
are eight capability classes and the risks of
s80il damage or limitation in use become progres-
sively greater from Class I to VIII., Each capa-
bility class can be divided into subclasses
according to the kind of limitations. Four gene-
ral limitations are recognized:

1) erosion 3) soil depth
2) wetness 4) climate
Others can be introduced if required.

Dent (1969), in his General Land Suitability
for Crop Diversification in Peninsular Thailand,
follows similar principles of groupiug soil unitse
into suitability groups as Wong (1970) and
Klingebiel and Montgomery (1961). Dent uses a 5-
class tem and includes wet rice cultivation in
Clase IV of his system., Subclasses to indicate
the kind of limitations are not used.

Gallup, Srilak Kashemsanta and Avudh Pimpand
(1967) in their Land Capability Classification
follow the same basic principles as Klingebiel
and Montgomery (1961), but a split is made between
u; crops and paddy. The st section is
divided into 8 classeas the second into 5 classes.
Subclasses to indicate the kind of limitations
are used for both sections of the classification

system.

The Land Capability Classification developed
by the Natural Resources Ua;ability section of the
Economic Planning Unit (1967) is & more comprehen-
give system and includes mining land as Class I;
only Class II and IIT are agricultural clasees,
Class IV and V are used for forest and reserves
respectively. Gemerally the same basic principles
are used for the Classes II to IV as the systems
described earlier.

8.3 TIhe South Past Johor Project System

In this project, consideration had to be
given to the suitability of soils for a diversi=-
fied cropping pattern, amual as well asperennial.
To allow for this a different and more comprehen-
give system than Wong's (1970) Soil Suitability
Classification for Malayeia had to be developed.
As has been pointed out earlier Wong's Classifi-
cation does not claim to be a soil suitability
classification for specific crops, since this
requires n:rooiﬁ.e interpretations of soll and
terrain ta.

This emphesis on specific crops determined
that none of the classification systems described
could be used and a more suitable system was
therefore devised for this project. It is based
on the optimum soils and terrain conditions under
which certain crops will give optimum growth and
maximum yields. ﬁoh crop will only thrive
within a certain range of physical and chemical
soil conditions. Some crops are more tolerant of
adverse conditions than others. If the capabili-
tiee of the soils for these crops are to be
established then the tolerance range for each
ecrop or group of crops must be lmown.
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To simplify the system, crops with similar
80il requirements have been grouped together and
groups with the same growing period have been
combined further to form main groups. Table 9
sets out the optimum criteria for each group of
crops. These criteria have been established in
close no-:_ioration with the Soil Science Division
of the Division of .lgriculture, Malayeia. It must
be emphasized that the criteria used are those for
80ils in a natural state, in other words no human
interference has taken place. The range of crops
listed in Table 8.1 has been selected primarily
on the basis of climatic suitability but conside-
ration was also given to economic importance. It
is not claimed that all the climatically adaptable
crops have been included in the table.

TAELE 8.1

Main Group Crope and
Crop Group
Coding

Criteria

GROUP A 11

Annual Rice
Crops

Slope: 0 t o 29

Drainage: Well; moderately
well; imperfectly well;
and poorly drained

Effective soil depth: Over
30 om (1 £t.)

So0il texture: heavier than
sandy clay loam.

Workability: No stones; and
submerged timbers in peat;

no other restrictions
apart from texture

Depth to acid sulphate
layer: Over 30 om (1ft.)
from soil surface.

Thickness of peat layer:
Less than 30 em (1 f£t)

Salinity: Less than

Main Group Crops and
Crop Group
Coding

Criteria

Pulses,
Maize,
Sorghum.

mmhos
em at 259C in top ?1 foot{ GROUP B 52

of soil.

21 Slope: O to 6°

dround nute Drainage: Very well, well,

;
R L

Effective soil depth:
over 30 em (1 ft)

Soil texture: excluding
sands and poorly struc-
tured heavy clays.

Workability: no stones; no

other restrictions apart
from texture,

Depth to acid sulphate
layer: over 60 om (2 ft)
Thickness of peat er:
Less than cm %?rfe,)
Over 120 cm (4 £t) for
most vegetables,
Salinity: Less 4
mmhos/cm at z? in top
60 cm (2 feet) of soil,

3 Slope: 0 to 6°

g:g:ooa. Drainage: Very well,
St moderately well and
Potatoes. WPOXTRON.
Effective soil depth:
over 60 em (2 fggh

'.ll,

Semi-
remnial
Trops

Grasses

-8 -

Soil texture: excluding
sands and poorly struc-
tured heavy claysa.

Workability: no stones;
no other restrictions,
apart from texture.

Depth to acid sulphate
la.gzr: over 90 cm (3 ft)

Thickness of geat layer:
Less than 30 om (1 ft)
only tapioca on more
than %0 cm (1 ft).

Salinity: Iess t 4
mhoas/vcm at 252(?13 top
90 em (3 ft) of soil.

Slope O to 6°

Drainage: Very well, well,
moderately well,
imperfect.

Effective soil dgﬂﬂ
over 30 cm (1 f%)

Soil tedture: excluding
loamy sand and lighter
textures and Pw‘ﬂi”‘
structured heavy ¢ .

Workability: no stones;
no other restrictions
apart from texture.

Depth to acid sulphate
1;71?.:': over 60 cm (2f%)

Thickness of peat layer:
Leas than an (17%)

Salinity: Less than 4
mhozcn at 250C in top
60 am (2 ft) of soil.

Slope: 0 to 12°
'ell. .d.“zi"
well and imperfect,
poor for some species.
Soil texture: generally
excluding sand and 1080
sand; a limited numder
of species can thrive
sand and loamy sand.

panpaiage

oLy, 2Ll
from texture.

s v oA

Thickness of peat l:i;f;f

vard
Graes; but pest with 8

of more "
33135“? 1 foot) is uwswd

table for grazing.
Salinity: Iﬂ"z;%?,_: top

50en (2 £0) o soik



fain Group Crops and

Crop Grou
Coding 4

Criteria

Main Group

Crops and
Crop Group
Coding

Criteria

Rop ¢

Sugar c;no,
Ramie,
Papaya.

T:
Pineapple,

Slope: 0 to 12°

Drainage: Well, moderately
well and imperfect.

Soil textures: excluding
loamy sand and lighter
textures.

Effective soil depth:
over 90 em (3 £%)

Workability: no stones.

Depth to acid sulphate
layer: Over 90 em (3 ft)
Thickness of peat layer:
Leas than 38 em (1 £t)
Salinity: Less than 2

mmhos/cm at 25°C in top
90 em (3 £t) of soil.

Slope: 0 to 12°

Drainage: Very well to
imperfect.

Soil texture: excluding
loamy sand and lighter
textures.

Effective soil depth:
Over 30 om (1 f£t)
Workability: no stones

Depth to acid sulphate
layer: Over 60 em (2 ft)

Thickness of peat layer:

no restrictions if
rained.

Salinity: Less than 2
mmhos/cm at 259C in top
60 em (2 f£t) of soil.

Slope: 0 to 12°

Drainage: Very well; well
and moderately well,

Soil texture: exclud
sandy loam and nghnt}fr
textures,

Effective soil depth:
over 120 cm (4 f£t)

Workability: no stones.
Depth to acid sulphat
layer: Over 150 czh?s.:l.'t)
Thickness of peat layer:
Less than 60 cm (2 ft)

Salinity: Less thean 2
mmhos/cm at 259C in top
150 em (5 £t) of soil.

Slope: 0 to 20°

Drainage: Well to mode-

rately well,
Soil texture: excluding
8 1
t::g“ :u and lighter
Effective soil
over 120 om (:”ftﬂ)“

Workability: st soils
are szornded.

Depth to acid sulphate
yer: over 150 3’?5 f£t).

a, Coconut

Thickness of peat layer:
Iess than 90 cm (3 ft)

Salinity: Lees than 2
mmhos/cm at 25°9C in top
150 em (5 ft} of soil.

Slope: 0 to 20°; (Bamboo
0 to 250),

b, Cinnamon Drainage: Very well to

c. Rubber
d. Brasil
nut

e. Tea

f. Cashewnut

g. Guava
h., Durian
k. Bamboo

113

Forest
under
controlled
exploita-
tion with
regenera-
tion,
bamboo
included.

12:

Porest and
other
regerves.

Notes to Table 9:

a) As
above crite

moderately well,

Soil texture: excluding
sandy loam and lighter
textures (except for
cashew nut which is
very low demanding)

Effective soil depth:
over 90 cm (3 ft)

Workability: stony soils
are excluded for most
crops of thie group.

Depth to acid sulphate
layer: over 150 cm (5 £t)

Thickness of peat layer:
Less than 90 cm (3 ft)

Salinity: Iess than 2
mmhos/cm at 25°C in top
150 em (5 ft)

Some crops such as coco-
nut in 8 group can
ptrive under higher
palinity conditions,

S1ope: 0 to 25°

Drainage: no restrictions
(bamboo very well to
imperfect).

Soil texture: no restric-
tions, although light
textured soil will
proof problematic for
certain forest tree
species.

Bffective soil depth:
over 60 em (2 ft)

Workability: not applica-
ble.

Depth acid sulphate layer:
over 150 em (5 £t). not
applicable for mangrove)

Thickness of peat layer:

ngo restrictions.
ambgo less than (3
ﬁ) -
Salinity: Less than 4
mmhos/cm at 259C in top
150 em (5 £t).

No restriction.

cultural research advances the
a may have to be revised.

b) Peat is organic matter with loss on
ignition of more than 65 percent.

¢) A soil with a pH of about 3.3 or less on

-52-



the air dry soil and a soluble sulphate content
in the air-dried soil exceeding 0.1 percent is
termed acid sulphate (Coulter, 1968).

d) It is strongly recomended that oil palms
and in general most tree crops, should not be
grown on peat which exceeds a depth of 3 feet.

Due to poor anchorage in such material over a
number of years trees gradually incline which will
result in declining yields (Coulter, 1967).

Contrary to the criteria established by the
Soll Science Division of the Division of Agricul-
ture, Malaysia the depth ranges for organic hori-
zon have been changed and brought in line with
the soil depth phases for upland soils: shallow -
2.5 to 50 em (10 to 20 inches) of organic matter
moderately deep - 50 to 100 em (20 to 40 inches)
of organic matter
deep - over 100 cm (40 inches) of organic matter.

This change is based on the fact that peat,
(organic horizons), however well humified and
underlain by a heavy soil, is a problem soil not
only from a drainage point of view but also with
regard to anchorage of deep rooting tree crops.
The parameters mentioned above are based on an
estimation of the remaining depth of organic
matter after d e. This to some extent will
be a continuing soil limitation. The depth of
peat before drainage is transient only. The
nature of therfoat will also be important., In
future classifications some distinction should be
made between humified
fied peats especially since the latter are
usually woody. The characteristics of the peats
in the ngact Area are further discussed in
Section 6.2,9, Organic Soils.

8.4 Land Use Potential Claseification

8.4.1 Introduction.

The tolerance ranges for the crops listed in
Table 9 form the basis for the Soil Series Suita-
bility for Crop Groups and this in +turn has been
used to produce the Use Potential Maps (Maps

peats and raw, poorly humi-

No. 95 , 10, 11 and 12 ),
To avoid accelerated erosion after forest
clearing,

shallow soils on s:l.ogen ateeper than 12
degrees have been excluded or esignated marginal
for agricultural development. It must be empha-
sized that in deciding the depth criteria for
terrain considerable weight has

been put on the depth of the uf]. after
terracing; this should not be less than 24 inches,
In general, before terracing soil depth should
not be less than 90 cm or 3 feet (Law Wei Min,
priv. Comm, 1971). Terracing of shallow soils on
ateep slopes will introduce serious erosion due
to back-cutting of the terraces. The protection
of soils on slopes steeper than 20 degrees has been
dsia:unod 1: Chapter 5 Geomorphology, Section

- ho. m.

8.4.2 BSoil series suitability for crop groups,

In the following ragraphs each soil serie
occuring in the Pro eorma is discussed, its %
important characteristics g:l.m and the selected
erop groups listed for each slope range, -
priate to each soil series. Marginally .:R:Tho
orops (in brackets) are shown as well as suitable
crops and certain exclusions are explained.

"Marginally suitable" implies certain obsta-
cles to success which require additional capital
input and or special rial efforts if tho

roj::ted’yiold: and pﬁr tabaity are to be main-
* 0 Berious soil limitations exist
land is classified as "suitable", s oo

A comparative rating for each cro group
based on performance on any ptr‘tioulnrplon series
would not be possible without extensive agronomic
trials. The order given is therefore numerical

and no indication of preference. Similar studies
would also be required for marginal crop groups
to decide how much additional input such as special
801l treatment, additional fertilisers etc. would
be required to produce a satisfactory yield and

to gain experience in the managerial efforts (ter-
racing, erosion control ete.).

Serie:

On dacite and rhyodacite. Yellowish
brown to reddish yellow; sandy clay loam to
clay; moderately to well developed fine and
medium su r blocky structures; firm to
very firm consistency; deep soil (Over 100
cm or 40 inchea).

This series is generally compacted and
coarse structured from a depth of 25 to 4;
em (10 to 18 inches), a lateritic layer ihui
present, only occurs below 100 cm (40 in .

Slope range Crop Group Seleotion
2 - 60 (4)9 5 (6): Ty 9 10
6 - 12° 5, (6), 7, 9, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

The compactness and generally heavy bex-
tures precludes Yhis soil from a wide rl:g;m
of crops, resulting in a crop group ”'}’r
which is practically the same as that fo
Yong Peng Series, moderately deep phase.

Tong Peng Series, coarse phase

The profile of this phase of th;_ T
Peng Series soils is similar to the Yo .
Series described above, the difference b f%
that quartz grit occurs within a dep
em (24 inches).

This soil has a similar agricultural
potential as the Yong Peng Series.

[H

The series description is the
for the Yong r.ng Series above, but due to 1,
o

occurrence lateritic stones sn?,o %
this phase is a nodaratolg deep soil
100 em or 20 to 40 inches).

This series is generall oa}p;ot:: :‘5“_
coarse structured from a depth of 25 O ehich
(10 to 18 inches), the 1at:§1:1dc’ ayer ¢ about
c occurs commences 088
60 cm (!4 inches) and varies in the thick™
from 5 to 30 em (2 to 12 inches).

Slope range
2 - 60 (4)- 5, (6}0 7. (9)" 10
6 = 12° 5, (6), 7, (9), 10
12 - 20° (10)
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

The oufmmul, shallowness ﬁﬂod‘m
heavy textures preclude this 8 -
a e range of crops, and it ual-l: 10
nal for groups 4, 6, 5 and, .mﬁ-:t'f-‘-"‘
especially from a managerial point ith
gt- shallowness urut:l m-pgzl“‘ 12
erracing, especi on 8lo
and 20 de, ort‘horororo group
excluded for this slope range.

Kulal Series

on tic tuffs or rhyolites.
yellowish

wa, strong brown at depthi 10



to sllty clay; subsoil firm t
N Igtinr Tlooky straciiee T orod, WA

o rwge  Crop Group Selection

::1:: (4), 5, (6), 7, (9), 10
g’ 5, (6), 7, (9), 10

-200 (10)
:a- 25° forest and bamboo, 11

r 25 forest reserve, 12

Ml&ﬂﬁiﬂ:&tof the natural vegetation is
" 5 o 18000mpa.ctnesa of the soil bet-
sl 1 0 on (20 and 40 inches), Hence
Y gl R garded as moderately deep, and
o s able for a narrow range of c’:rops
!;!uiiaglm’ sometimes, 10 are mar- a
d-%m the :;n%’%%i’:“ bl
n s ow, le
¢n (20 %nchos), therefore, g:’rotpsg

slope range.
“‘ﬂuppeda}'_:a:hgr Eulai coarse phase have
ke e cmtmehna Penggerang Region.
"Nimtely € coarse sand at a depth of
D 8electon 1:mt£24 inches), The crop
" dentioned above, . oo 'ne Kulai

O by
gmoﬂa ri::fﬂs;rhomblende granite and
W5 well daveong brown; fine sandy clay
“'Fﬂl ohl“k? ltrt:ﬁ::‘egm; ?n% Py
ve b A i
T 100 em or 40 incho:)%" e b
da g0 2 -
5‘120 L] 3' 4' 5. 6. 7' B| 9! 10
1.« 350 5 6, 1,8, 9, 10
0. 250 9, 10
Over 250 forest ang bamboo, 11

forest pes
: Phnio erve, 12
tong 1o :11; 8 801l with negligible 1imi
P selggt grovth, o 3
dom, nly slope limiting

on
{‘llo" 8 mt., !.u
0eg ¢, ondy *ellowish brown
tne ang poy} ¥eakly to nede:-:trlgdi:&-

Yirey
oy |oiriable Bedium subangyl ey blocky, #truc-

i d
% o gp 40";50;2.‘)':” deep soil (depth
2. 0
6
(2
5‘120 10?- 3 4, s, £6), 7. (8),%y;
12-.200 su (6). 7, (3)' 9, 10
20-250 9' 10
0"1'350 foreat and bamboo, 11

b {
%u?hum °Teet reserve, 12

£ tpgqtek to cal soil
Loy Boderate develo st Lons,
e e e i e

huhh Eranyg,

8h yellow to reddi
1" to rave 3.7 sh
ures; friable
i deep to ‘-:n deep

w8 -

£

soil (depth over 100 cm or 40 inches).

No impenetrable layers occur but a high
percentage (of the soil volume) of gravel
and grit restricts rooting to the first 50
em (20 inches) of the profile, therefore
available water would be relatively low.

Slope range Crop Group Selection
2- 6° (4), 5, 7, (9), 10
6 - 12° 5, 7, (9), 10
12 = 20" 10
20 - 25: forest and bamboo, 11
Over 25 forest reserve, 12

The coarse nature of this soil is the
reason for exclusion of all crop groups with
high soil requirements, with group 4 and 9
as marginal. Other limitations are en slope
only. Group 9 has been excluded for the
slope range 12 to 20 degrees as terracing
would create extra managerial difficulties
due to the occurrence of grit and gravel at
50 om (20 inches) depth.

On fine-grained granite. Yellowish
brown to strong brown, fine sandy clay to
clay; moderately developed fine and medium
subangular blocky structures; friable,
becoming firm and compacted with depth; deep
deep soil (depth over 100 cm or 40

inches).

No true impenetrable layers occur but
the compactness of the solil restricts rooting
of natural vegetation to the top 50 ocm (20
inches) of the profile.

Slope range
2 - 6° (2), (3), 4, 5, (6), 7, (8),
9, 10
=12 5, (6), 7, (8), 9, 10
12 - 20° 9, 10
20 - 25° _ +forest and bamboo, 11
over 25° forest reserve, 12

c ups 2, 3, 6 and 8 are marginal
due tom&g:&’:bﬁ piv-ioﬂ. soil oondﬁiou.
Further limitations are on slope.

On fine-grained te and granodiorite.
Effective soil depth 25 to 50 em (10 to

20 inches) due to the ocourrence of a late-
rite layer up to 90 cm (36 inches) deep.

This layer, however, is avelly and bouldery,
not massive, and is ponegl.blo by primary
roots. lLaterite stones and boulders commonly

cover the soil surface.

Slope range  Crop Group Selsckion

TR 4, 5, T, 10
6 =:i12% 10
12 - 20° (10)
20 - 25° forest, 11
over 25° forest reserve, 12

Iimitations .t: mp ulwion are effec~
goil de e. e ocourrance
g“nt:ﬁuo’:gonu Mpbouldcu restricts
soils cultivation. On slopes between 12 and
20 degrees terracing becomes impossible due
to soil depth, therefore group 0 is margi-
suitable.



Series

On basic schist or hornfels. Yellowish
red; friable silty clay to clay; well deve-
loped fine and medium subangular blocky struc-
tures with weak horizonation. ILaterite may
be present at depth, a deep soil (depth over
100 em or 40 inohen’).

Slope range Crop Group Selection
2 =-6° (2)y 35 4, 5, 6, 7, 8, 9, 10
6 - 12° 5, 6, 7, 8, 9, 10
12 - 20° 9, 10
20 - 25° forest, 11
over 25° forest reserve, 12

Limitations to crop selections is on
slope only.

Erang Series, lateritic phase

This soil is similar to the Prang Series
described above but a compacted, nodular la-
teritic band occurs at 60 om (24 inches)
depth, friable; a shallow soil (25 to 50 cm
or 10 to 20 inches deep).

Crop Group Selection

2 - 60 4, 5, 7. (9), 10
6 - 12° 5, 7, (9), 10

12 - 20° (10)

20 = 25° forest, 11

over 25° forest reserve, 12

The lateritic phase of this series has
been considerably downgraded, the laterite
band precluding it from many erops. Group
9 and 10 are marginally suitable for this
reason,

Seremban Series.

On glun.rts - mica schists intermixed
with phyllites and vein quartz,
found on undulating to hi:l.'Lg terrain,
Greyish brown to yellowish brown friable to
firm fine sandy ¢ loam overlying reddish
yellow to yellowish red firm fine sandy clay.
Structures are moderate medium subangular
blocky. Quartz gravels and angular pebbles
togo er with laterized ces of parent
ma’

erial commonly occur between 50 and 100
om (20 and 40 inches).

2 - 60 2. (3)' (4). 5, 7. 10
6 = 12° 5, 7, 10

12 - 20° 10

20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

A moderately deep soil, The laterised
ent material is not massive, but availa-
le moisture could be too low for certain
crops. Due to its shallowness, the groups 3
and 4 are marginally suitable, group 9
unsuitable since laterite often occurs above
50 em (20 inches) depth.

Batang Merbau Series.

On schistas., A friable yellowish brown,
8ilty clay loam overlying a fim clay loam
to silty clay with weak subangular blocky
structures; mica is often present in the

file. Normally a moderately deep soil
50 to 100 am or 20 to 40 inches),

- 55 =

Slope range Crop Group Selection
2 - 6° {2; (3), (4), 5, (6), T
8), 9, 10
6 - 12° 5, (6), 7, (8), 9, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

A s0il suitable for ; limited rgns; "
f crops, it is marginal for groups <, '
g and g due to unfavourable physical soil
conditions, such as a firm consistency and
heavy textures. Also structures are weak
which results in unstable soil aggregates.

Serdang Series.

On sandstones, quartzites or conglo=-
Santy Lok 50 SARAY STey loam ok sashy o\
-] oam to san clay
depending on parent material, Colours vary
between strong brown, yellowish brown °:m
brownish yellow; weak to moderate fine i
medium subangular blocky structures; pro
friable throughout. Depth over 100 cm
inches).

Slope range  Crop Group Selection

2 w.6° (2), 3, 4, 5, (6), T, (8)
g, 10

6 =12° 5, (6), 7, (8), 9, 10

12 - 20° 9, 10

20 - 25° forest and bamboo,11

over 25° forest reserve, 12

i1,
A deep, friable and commonly sandy 80
vith & low available water capacity for many
crops when the sand fraction is ow"ihi!
Groups 2, 6 and 8 are marginal due %o e
low water holding capacity. There ;ﬂ.
other physical limitations except slope.

Sexdang Series, sandy clay phase.

This soil is similar to the Serdang
Series described above, the fine sand'fm
tion however is much higher. Tex:nu‘rl'o cl'“”v_
between fine sandy clay loam to sandy

Slope range
2~ 6° @ % 55, 6,108 %Y
6w 12° 6 Ga T By 9510
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12 e
eries
hishegh:u ab;eoza:l:: gaplci Is‘nd is there”

fore suitable for a wide range of cropé.

Serdang Series, mederately deep phage:
The description is the same as for o
Serdang Series z:ovo. Soil depth é;.";o“"
50 and"100 cm (20 and 40 inches), due ‘o .
occurrence of partly weathered paren

rial. ;

Slope range Crop Group Selection
2 - 6° (2)i 59 4, 5 (6)' T i
6~ 12° 5, (6), 7, 10
12 - 20° forest and bamboo, 11
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12




Crop Group selection is limited b
of y depth
! a::i% ::l; :anahlf water capacity. Groups

ferdang Series, shallow phase.
The deseription is the same as for the

o 23&&;;.1]11:& 80il depth is lesa than

doerene  Crop Group Selection

2o Gt gyi46)
1::230 5, (6)
forest, 11
iz forest reserv
Over 25° §iai%

forest reserve, 12

Jdoil depth
" Pth is the overriding 1
tetor for crop group seleotion?g g

Ldah Sorjeq

tn
Sty w&smm conglomerate ridges.
 doderate o4y clay; strong brown; weak
W Latorige 8ht:t.u.t-ea. Laterite concretions
vhen interbedy ele pieces may be present
Mierig] mtg..:.l;alea occur in the parent
steeper than 20 deg;:.:?ly occurs on slopes
8soil

Thig
B0 12 torest o o2, 18 only suitable for

2 and other regerves.

(n shay }
Tellow @ and sandg mis)
}“‘l totgﬁ;:u““h bro::?e.ringr:am;y olay
Veloped ﬁn:my clay; moderately to well
;:.p :‘“"‘: conzfmi:;:im su ar blocky
0 [ . 4
{atheg) "*7Y doep (dep thlg Scina; c;r!;:bi.g ;

et unge o

2.¢0 (
e 120 fg)' 3- 4: 5 {5)' 7. 8, 9,
12« 500 % (6), 7, 8, 9, 10
2 . g0 9, 10
Orer 250 forest and bamboo, 11
hu&ﬁ“" y “:m;ut reserve, 12
cal are term inal
Yty - 8011 ﬂhl!ncterh:gu:.:&oh ..due
The gq 5
g.m:‘ E::t?ifiﬂ: ::‘ ‘:hil gﬁnu of the
one ag t for Bungo
% .:dmmndo:h“'- Laterite or laterised
40 1nuh }3“1‘ tween 50 and 100 em
G 50
1:‘1? ;2" 3 4, 5, (6), 7, (9), 10
- 20 » (6), 7, (9), 10
20‘250 '0
Ovgp 260 Torest ang bamboo, 11

b
e (000 Lty oo TPOTVE, 12

8
iy th:u' bﬂu;.::i“m: only due to depth of

MH Sapg as ¢ he erop
o R e et e

interbedded wi
1"""‘ to bmhﬁ
oam; weak to moderate
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subangular blocky structures; consistency
friable becoming firm with depth; shallow to
moderately deep soil. (Less than 100 cm or
w inches).

The parent material consisting of shale
and vein quartz is reached within 3 feet
depending on slope. On steep terrain this
soil is very shallow.

Slope range Crop Group Selection
2 = 60 (2), (3)' (4)3-5,T (9), 10
6~ 120 5, T, (9), 10
12 - 20° forest and bamboo, 11
20 = 25° forest reserve, 12
Over 25° forest reserve, 12

This soil is moderately deep on easy
terrain, but shallow to very shallow on
steeper terrain. Due to its variable depth
this series is suitable only for a narrow
range of crops.

Marang Series.

On shales, interbedded with sandy lenses
and vein quartz or siltstones. Gene
occupying upper slopes and associated with
Apek Series. Pale yellow to light grey,
friable fine sandy loam, overlying a yellow
firm and compacted fine sandy clay loam sub-
soil, which is mottled. The parent material
is light srey with reddish mottles and is

o

sticky. i1 depth is very variable and
ranges from shallow %o moderately deep and
deep.
Slope range Crop Group Selection

2= 8 (4), 5, T, 10

6~ 12° 5, T, 10

42 = 207 forest and bamboo, 11

20 - 25° forest and bamboo, 11

over 25° forest reserve, 12

This series is erally a shallow solil
with a compact and en coarse-textured sub-

soil suitable for only a narrow e of
crops. Group 4 is marginal due to the varia-

ble soil depth.

e .
The description is the same as for Marang
Series mentioned above; but the compacted sub-
soil occurs below 100 cm (40 inches).

Slope range
T & 2, 3, 4 50 6, Ty 9, 10
L 5, 6, To 9, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

This phase of the Marang Series is sui-
ough

table for a wide range of m?, alth
tructures are weak and therefore soil
g be unstable which could make

it oni‘; marginally suitable for the cultiva-

On carbonaceous shales and silt stones,
per slopes of

generally only oecurring on

hilly to steep terrain, Gn;Lh brown uni-
form clay loam to clay; firm in consistency
and moderate medium subangular blocky struc-
tures. Soil depth seldom exceeds 90 om (36

inches).



Crop Group Selection

TR LA SRR

"6 - 12° 5, Ty 10

12 - 20° forest and bamboo, 11
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

A moderately deep and heavy textured
soll, often stony, with a low available water
capacity, and hence unsuitable for many crops.
Ite often shallow nature on steeper slopes
restricts terracing; therefore group 10 has
been excluded from slopes between 13 and 20
degrees.

Durian Series.

On shale., Brownish yellow; silty clay
to clay; moderate to well developed coarse
angular blocky and prismatic structures;
firm and compact; nodernt%deg;oil. A
band of laterite 6 to 9 inches ck may oc-
cur at a depth of 50 and 100 cm (20 to 40
inches).

A moderately deep soil due to compact-
ness of the heavy clay horizon in the subsoil.

2- 6° (3), 4, 5, (6), 7, (9), 10
6 =~ 12° 5, (6), 7, (9), 10

12 - 20° 10

20 - 25° forest and bamboo, 11

Over 25° forest reserve, 12

The description is as for Durian Series,
but soil depth is over 100 om (40 inches).

This phase of the Durian Series Soils
has the same orop suitability as the profile
described above, This is due to the compact-
ness at shallow depth.

Munchong Series.

On shales or mildly metamorphosed shales,
Brownish yellow to strong brown or redder
(colour normally uniform to 120 om or 4 feet
depth); eilty clay loam to 8ilty clay;

erate to strong fine and medium :{oo
structures, with moderate clay skins; able
top but increasing in firmness with depth,

nu;u.l:?

2' 3' ‘u 5’ 6’ ?. a. 9. 10

6 - 12° 5,6, 7, 8, 9, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11

Over 25° forest reserve, 12

Physically this soil has no limit
and is suitable for a wide range of “:;:m
(Chandapillai and Teow, 1969), the only
limiting factor being slope.

Description as for Munch Series above
but 50 to 100 cm (20 to 40 inches) oy 00"
::tn:g:ahr laterite and fragmented parent

e P

Slope range
R 2, 3, 4,5, (6), 7, (9), 10
12 - 20° 10
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

-57 =

Limitations mainly on soil depth and
8lope. Group 9 is marginally suitable, but
is excluded from this soil on slopes between
12 and 20 degrees since terrace construction
is restricted due to soil depth.

Apek Series.

On eilty shales, Occurs on the lower
slopes, and is associated with the Marang
Series, Grey, loose, weakly crumbed fine
sandy to silty loam, over compacted light
grey and mottled fine sandy clay loam with
weak structures. Soil depth is normally
less than 90 em (36 inches).

Crop Group Selection
2- ¢° (4), 5, 7, 10
6 - 12° 5, 7, 10
12 - 20° (10)
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

Only suitable for a narrow range of
Oro&s due to its auntﬁwtmas and relatively
shallow rooting depth. Group 4 is mar
1y suitable,

Eohoi Series.

On carbonaceous shales. Brown or olive
brown clay loam to fine sandy clay, with
moderate medium blocky structures, becoming
goarser with depth; consistency is frishle .
but becomes firmer with depth, Laterite
shale fragments may be present (depth over
100 em or 40 inches).

Slope range  Crop Group Selection

2 - 6° 2,3 4,5/ 6, 7,8 9% 10
6 - 12° 5, 6, T, 8, 9, 10

12 - 20° 9, 10

20 - 25° forest and bamboo, 11

Over 25° forest reserve, 12

Physically a soil with few miutimjl-
suitable for a wide range of crops. Liml
tations mainly on slope.

Malacoa Series.
% hg: -lju%-. The topb25 to 32 : (10 to
es 8 a strong brown, ’

clay to clay with moderately developed mediss

sub 11&:7 structures, This ove ) a

at a depth of less than 50 cm (20 inches S
ck, massive, compacted laterite M;“

801l surface is characteristically cove

vith lateritic stones and bouldere.

Crop Group Selection
2- ¢° 5, (10)
6 - 12° forest, 11
12 - 20° foreat, 11
20 - 25° forest reserve, 12
Over 25° forest reserve, 12

udes
The shallow, compacted laterite precl
this #0il from moet crops. aroup 10 fi‘lil:f'
ginal due to depth of soil. S d =
also insufficient for terracing on steep
8lopes.

The

. (shales)
On aceous sediments :
:&?eo ;u(iZtthueh:i) 1'{,"3::1"
clay loam yellow or strong -
vith weak to moderate subangular blocky stre




+ This overlies a laterite band of less

- 60 em (24 inches) thick, consisting of
rounded nodules changing to angular and

mg:?anta. :nll:added ﬁ a yellowish

sandy y or s clay
#:‘11, vith moderate medium subantiular bloe-
Weisgated 8. The laterite band overlies a
parent material of massive clay.

Eg

Mﬂ Srop Group Selection
::':o 2, (3), (4), 5, 7, (9), 10
12 0 5 1, {9), 10

"% (10)

et forest and b

Over 250 amboo, 11

forest reserve, 12

A
hehu}"::u“ 8011 less than 50 em (20

ling » unsuitable for many high d -
.u_:r’"ﬁzll Crops and marginal ro?am’n;m
"rgina) vy erops. Groups 3, 4 and 9 are
10 tormed margs, i 0uP 9 has been excluded and

tlope .mm for the 12 to 20 degrees

Brlawy Sorgeq.

0 o
e Mder alluvium, Yellow to yellowish

j sandy o)

" 19“ to co
:::-'-‘l ::bumsm;%{ dwelopgn;i:mclq'

RSNIT 6009 to vory dnes o tures) frighle;

2. g0

2

6420 5'1{03- 4 5, (6), 7, (8),
;2-200 :' f;)’ 7, (8), 9, 10

0o 250 »

Ovep 250 forest and bamboo, 11

forest reserve, 12

The
adlay tﬁgioal ch:raoten SHL0b’ abe’ Ve

0
9¢ 0f the Rengam Jeries soils.

8 above
and 10g but the depth is -
th,":lgéo and 40 inthes), Ta
Wrtaygy. o thin og; er alluvium derived soil
L pigys: Vhich °¢£§n1§§ on older land
3 the gh{revelly or syoconsist of shale,

) hori
y Obetrug g r:::ium this niﬁi‘.z";".;..
2. ¢0
6
(2),
6« 120 10) 3 4 5, (6), 7, (9),
12 4 590 5, (6), 71, (9), 10

N, 250 {9). 10

:m“ and bamboo, 11
e reserve, 12

. Lecal Alluvium

Slope range  Crop Group Selection

0o- 2° 4, 5, 7, (10)
2 - 60 4, 5, T (10)
6 - 12° 5, 7, (10)
12 = 20° (10)

The coarse and compact nature of this
geries precludes it from a wide range of
crops. Group 10 is marginal. The depth and
texture of this soil is very variable, and
in some cases group 3 can be grown, whereas
in others, where the texture is coarse
throughout, even groups 4, 5 and 10 would be
unsuitable.

Zempoi Series

On older alluvium. This soil is asso-
ciated with the Harimau Series and occupies
the lower and more moist positions. It is
a red sandy clay to clay, with coarse blocky
structures and a firm consistency (depth
100 cm or 40 inches).

Slope range Crop Group Selection
0o- 2° 4, 5, (6), 7, (9), (10)
2 - 6° 4, 5, (6), 7, (9), (10)
6 - 120 5! (G)r 7. (9)0 10
12 = 20° (9), 10

A soil which has certain characteris-
tice similar to the Harimau Series, but its
texture is heavier and drainage poorer.

Gro 6and5wdsntinamwainal
for these reasons.

Holyrood Sexdes
On sub-recent alluvium. Very friable,
1lowish brown weakly developed sandy loam
sandy clay loam.

Crop Group Selection
0o« 2° (2), 3, 4, 5, (6), 7, (10)

g =76 (2), 3, 4, 5, (6), 7, (10)
TR | 5, (6), 7, (10)

The very sandy texture makes it, without
proper management, a poor medium for crop

fraﬂh. For this reason th-tg:upa 2, 6
0 are classed as marginal, peries is
however suitable for sugar cane.
Lunas Series.
On sub-recent alluvium.

associated with the
occurs in depressions

This soil is
Series and
ere the water table

» ale andy loam to
18 My Toie L rature,
Slope range
0= 2° (5); (4)’ 5y (7)
ta 6 (3), (4), 5, (T
P T 5, (7)

The very sandy texture ”d;nd “rcgnnm
makes this series a poor um P
, unless carefully managed.

On recent alluvium. A poorly drained
soil with variable textures, but commonly

S T e e Hie
Slope range Crop Group Selection
0-2

(1), 5



Only group 5, grass is suitable and then
only for certain species. Due to drainage
requirements and flooding hazards group 1, is
classed as marginal.

With soil improvements and flood protec-
tion the following crop groups could be suc-
cessfully grown on the following slope e
0-2 degrees : 1, 2, 3, 4, 5, 6, 1, 8, 9, 10,
provided the soll texture is not too coarse
for the required crop.

Biverine Alluvium

On recent alluvium, Texture is variable,
and the soil is well to moderately well
drained. Weak profile development occurs on
the better drained members. ILiable to occa-
sional flooding.

Slope range Crop Group Selection
0-2° W (2), 3, 4, 5, (6), 7,
9), 10
2 -6° (2), %5, 4,5, (6), 7, (8),
9, 10

On the 0 to 2 degrees slope range, rubber
which is included in group 10 ghould be re-
garded as marginally suitable due to its deep
rooting habit. COoconuts however are suitable
on that slope range. O0il palms which is
included in group 9 is termed marginal be-
cause of flooding risks,

With soil improvements, such as dr:
and flood-protection the crop group selection
could be as follows:

0 -2 1, 2, 3, 4, 5, (6), 17, (8),
9, 10
2 -6 2:3,‘!596n?|3t901°
Eranji Series

On marine alluvium, and located as nar-
row fringes along the coast and estuaries.
The profile conasists of a thin top of friable,
dark greyish brown organic clay with weak
structures, overlying a permanently waterlog-
ged greenish-grey sticky and structurelesa
clay, with sulphurous smell and plant remains
at depth. The salt content in this soil can
be high enough to preclude crop growth.

Without protection against marine intru-
sion this soil is unsuitable for cultural
development. It is marginally suitable for
controlled forest exploitation and suitable
as forest reserve.

Rudua Series

On old beach ridges, which run el
to the present beach. The top soil loose
sand stained with humus, overlying a light
gr:{ to white horizon and in turn over
a slightly compacted and cemented iron-humus
horizon. A soil very low in nutrients and
imposing special problems to crop growth.

Rusila Series

This series occurs in association with
the Rudua Series and occupies the lower
slopes and depressions of the old beach,

The dark grey topsoil of loose sand overlies
a light grey sand or loamy sand, in turn
overlying an iron-stained horizon generally
above the water-table, which commonly is
very high. Peat of varying depth occurs in
the loweat and waterlogged sites,

The Rudua and Rusila Series have very
low agricultural potential, due to sandy tex-

tures and very low available water capacities
in addition to the high water table and peaty

nature of the Rusila Series.

Slope range Crop Group Selection
0= a2 5, (7), 10a, 10£
g6 5, (7), 10a, 10f

Organic Clays and Mucke

Muck: These are organic soils with a loss
on ignition of between 35 and 65 percent,
These soils occur as transition zones bet-
ween peats and the surrounding mineral soils.
The depth of the organic soils overlying
material exceeds 15 cm (6 inches).

Organic Clay: Soils having an organic sur-
faga horizog exceeding 6 inches and with a
loss on ignition between 20 and 35 percent.
These soils are similar in appearance to
muck, and also overly mineral alluvial mate=-
rial.

Muck and Organic Clay Soils have been
mapped as an association. Depending whether
the underlying material is sand or clay the
crop group selection is the same as for
Local Alluvium.

Slope range  Crop Group Selection

0 -2° (1), 5
After drainage:

0=-2° 2, 3, 4, 5, 6, T, (8), 9 10
Peat

Peat consists largely of decomposed
plant material, with a loss on ignition of "
above 65 percent. The peat on the east ool:_
of the Penggerang area is very acid and gen
rally sand although areas with heavier tex
tures occur. There are three depth PJI:H?'““‘r

shallow (25 to 50 om or 10 to 20 inohouzoo
at), moderately deep (50 to 100 cm or

¥: 40 inches of peat) and deep (over 100 cm

or 40 inches of peat).

Peat, shallow phase.
Slope range Crop G: Selection

0=-2° forest reserve, 12
Peat, moderately deep phase.

Slope range  Crop Group Selection

0=2° forest reserve, 12
Peat, deep phase.

Slope range  Crop Group Selection

0 -2 forest reserve, 12

The agricultural potential is very 1o¥
due to sand, which underlies the peat g“"
a majority of the project area, also t .ry
humification is very poor and acidity ":h.
high. In comparison with the peats onf 2
West coast, the Bast coast peats are O
much poorer quality. (Chapter 6, 3011';'*
Section6.2.9). Whilst the peat on the 01'
coast of the Tanjong Penggerang 3081031“ 18
definitely unsuitable for tree crops, rop
nevertheless recommended that limited ¢
amd drainage trials be established t0 eX32,
mine whether this area can possibly be
for annual and semi-peremmnial crops.

8.4.3 Land use potential mapping.

The combined information provided th; als

Soils and Terrain Claes Maps has formed the
- 59 -




for the construction of the Land Use Potential

I, The accuracy of mapping is therefore langely
izpendent upon the accuracy of the Soils and

lrredn Class Maps. The Land Use Potential Maps

¥re compiled from the 1:63,%60 Soils and Terrain
®lass Maps end no reduction of the Land Use Poten—
Hal Mape has been carried out.

Tor ease of map reading Crop Groups have been
umbined to form six main units., These are:

(1) Suitable for annual and semi-peremmial
crops,

(2) Suitable for annual, semi-perennial
and perermial crops.

(3) Suitable for semi-perennial and pere-
mnial crops.

(4) Suitable for peremnial crops.

(5) Suitable for forest under controlled

exploitation with regeneration or for
reserves,

(6) Etsting developed land, including
disturbed mining land,

m&"" Six units are identified by different

wpring O the maps and can be regarded as sim

e Boge Dt 884 B{ definition Unit 6 is not a

ity poial wnit, Crop groups within these main

tole [;:" been identified by their crop group

ity 1,,:1*’ 3:1) and mapping unite within the main
lcate where crop group changes occur.

ent to which soil and terrain

0 tab)g g ToiL permit any of the crops mentioned
nd (g 81 to be grown 8 illustrated on the
Umlopeq ro0t4al maps. Which of them should be
Bte gog1 the rate of development and the ulti-
Wer g gnoy A0 Onte @ can only be decided
Rarket ,,:"l"i' of other constraints, such as
hm. Pects and the availability of technical
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IENGAH ARBA

At

230, B17, MO177, MC1T8, 35.
]

7/69,

n

29/67, 1/69.

1

78/63,

n

80/63, 18/63, 28/68, 22/60, 4/34, 32/68, 18/38,
mgt

n

'4/61, 135/61, 1/62, B1/62, 24/67, 31/61, 107/61,
135/61, 37/68, 109/68, 20/64, 139/61, B10, 39/68,
5/61, M59, a257,

w

151/61, 53/65, 28/65, 53/66, 168/67, 146/61, 138/60,
R/6, 22/60, 18/63, 90/63, 20/64, 91/63, 49/64,
V%, 118/66, 195/66, 88/67, 89/67, 106/67, 121/67,
61/61, 12/68, 13/68, 43/68, 72/68, 99/68, 100/68,
'01/68, 125/68, 147/68, 96/60, 97/60, T1/59, T3/60,

3, M2, A125, A113, 43/65.
R

Vel 25/61, 13/62, 3/62, 57/62, 32/66, T1/66, 231/66,
/%2, 8/62, 25/67, 11/68, 125/68, 110/68, 111/61,

"12/61, 170/63, A359, A142, A154.
8

/60, ws,

n

119/68, 23268, 7/39, 194/61.

"

19/63

» 96/67, 129/67, 136/67, 121/68, 145/68, 11/61,
: /62, 192/61, 104/66, 7/51, 66/62, 20/66, 104/66,
41766, 1762, 19/67, 99/67, 123/68, A165.

:::‘;:5' 8/57, 3/60, 49/67, 12/36, 69/59, 131/60,
1,

486, A94, A109,
B

|7!53| l‘g. “3’

A%66, A2, A12, A49, A53, AS54, AS5,
’ ‘.S" ‘55.

A66, AT1, ABY1, A22, A45, ATT.
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IENGAH AREA

Map blocks

Prospecting area no.
Geol, survey file no.
Mining cett. licence no.
Size of area (acres)
Number of boreholes
Average depth (F%)
Average value (EPCY)
Number of values .25 KPCY
Bedrock type

No pits or boreholes
Average depth

Grade of ore

'Ore' tonnage volume
Overburden depth

Other constituents
Mining application
Principal mineral
Remarks

AT
5/23
B251

MC172

67
72

1.05

AT
36/23
B251
MC166
43

BT
37/23
B251
MC167
48

38/23

B251

MC168
48

BT
21/68
E15

237
27
17

0.06

L[}

ET
17/66
B205

735
37
21

Nil

5/36
A445

1000
76

7/30
A437

45
20

IT

39/68
A459

180
4
22

0.23
22

i
45/68
4385

0.03 |

Schist

Map blocks

Prospecting area no.
Geol. survey file no.
Mining cert. licence no.
Size of area (acres)
Number of boreholea
Average depth (P%)
Average value (KPCY)
Number of values .25 KPCY
Bedrock type

No pite or boreholes
Average depth

Grade or ore

'Ore' tonnage volume
Overburden depth

Other constituents
Mining application
Principal mineral
Remarks

40/68
4380

306

ET
142/68
A380

210
19
21

Fil

Clay/Sand

KT
1/2/36
A444

2680
270

i1

LT
29/28
A406

1450
10

MT
50/61
A167
MCT15
725
58

28

MT
53/62
A179
MC767
750
25
16
0.076
5
Clay

B0/63
A237

554
64

15
0.065

WG

17/63
A218

750
51

16
0.087

wa
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22/60
A205

666
29

0.24
17

n
12/68
376

400
14




IENGAH AREA

wr T MI . MT MNP
MT Mr LI
e so::a 3/64 15/36  4/67 28/61 26/66 11/61 23/67 :/"‘; ’I; :
Prospecting area no. jes ppias A1 A34T  A168 A299 A307 A311 34
Geol, survey file no.
¥ining cert. licence no. wres 560 140 72 500 T30 295 300
Size of area (acres) 20 i 50 52 56 84 193 48 61
fumber of boreholes = 30 300 - 17 13 20 18 18
Average depth (F1) 24 16 §il Trace 28 9 N1 0.09 N1 0.04
verage value (KPCY 1
Fusber 18 Ve [
25 KPCY e} (]
Mm::,:ms s Kong W.Schist Clay »
Fo pits or boreholes
Average depth
frade of ore
'0re' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral Southern Estimate l.g-u,
Remarks area sel- 10.5 My 6.6N yds
ected for yds
mining.
—_— PT ¢ P
Nt e g 61
MT MT MT 67/64 115/68 131/
e mo 4/51 199/61 103/61 48/61  121/61 w‘; :,z A36T  MIT3
:;mm, area no, 231';3 - o 7. 314 B8 A5
+ Burvey file no. 750
cert. licence no. o 600 TS50 110 650 55 5‘:‘: 2
3ze op area (acres) 2000 724 e 43 1" 15 :: pe 23
aber of boreholes 69 9 21 1 26
6 N1 0.083
Iy 13 17 2 0.028 Nl
‘“’:: ::pr: :gr}m Nil Trace Nil ,o.oozs F : &
L[]
T of vajues .25 KPOY - Ve
Bedrock +ype Clay ¢
%o pits or boreholea
Average deptn
® of ore
"Ore tonnage volume
Overburden aeptn
Other constituents
application
Prineipay mineral P s
Remariy No
calculation
potential suspect
.-"""-—____
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IENGAH AREA

Map blocks PT PT PT PT PT PT QT Qr Qr Qr
Prospecting area no. 40/63 66/61 89/60 B1/63 37/64 15/65 97/59 43/66 46/66 128/66
Geol. survey file no. 4214  A140  A120 A234 A245 A270 A138  A308 A272 AR
Mining cert. licence no. MC698 gg MIO1516 MCT786 MC468 MC797
MC803
MC804
Size of area (acres) 750 650 750 750 750 450 350 480 400 0
Number of boreholes 40 40 18 T 139 61 30 ¥ “
Average depth (Ft) 15  33.9 26 18 15 23 19 29 19
Average value (KPCY) Nil 0.033 i1 0.116 0.3%03 0.32 0.1 0,24 M
Number of values .25 KPCY 25 14 58 37 13 30
Bedrock type Clay e e Kong Clay Kong Clay W
FNo pits or boreholes
Average depth
Grade of ore
'Ore' tomnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks
L —

Map blocks qQr QT QT Qr QT qQr QT qr qr ;:4
Prospecting area no. 37/6T 146/61 17/69 42/63 143/60 13/63 19/63 17/64 54/64 1 p 14
Geol. survey file no. A341  A182  M464  A222  A132  A221  A247  A224 A0 o
Mining cert, licence no. MCT729 MC680 %0
Size of area (acres) 220 542 350 400 750 284 750 480 350 o
Busber of boreholes 57 SEME. nRa ¥y s O-UNE S
Average depth (Ft) 13 20 21 21 19 16 17 58 AR A
Average value (KPCY) 0.005  0.118 0.26 0.8  0.36 0.19 0,016 0.09 028 Ao
Number of values .25 KPCY 19 84 12 32 5 1 3 gl
Bedrock type vo Clay Clay Clay vo @ White sand Clay w
No pite or boreholes
Average depth
Grade of ore
'Ore' tomnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks 4 6 l:li:i- mh:? Southern

uhotod ;:i.zlt:u

for mining. 4 BT




IENGAH ARBA

Yap blocks Qr QT QT QT QT Qr QT QT Qr RT
Prospecting area no. 16/66 146/66 150/68 216/68 218/68 3/41 18/60 T1/60 3/33 141/59
Geol, survey file no. A259 4287 A3T4 A388 A?T8 A38 A110 Al111 A155
Mining cert. licence no. MC655 MC 603
MO635
8ize of area (acres) 288 375 580 215 609 750
fumber of boreholes 23 87 16 64 24 170 67 17
Average depth (F¢) 9 21 17 14 37 15 25 23
Average value (KPCY) 0.015 0.24 0.14  0.27 0.477 Nil-Trace 0.23 0.086
hunber of values 52 2 23 7 10
Bedrock type Kong Kong Kong w6 We w6 WG Clay
So pite or boreholes 32
kverage depth 8
brade of 38.5%
ore Yo
'0re! tonnage volume
Wverburden depth
Other constituent Sn 0
<o 0.08%
Mning application
Frincipa) mineral Po
Below com-
mercial grade.
——
e ————
™) blooks RT RT RT RT  R? RT RT RT RT  R?
Prospecting area no. 41/63 12/65 8/62 45/64 18/66 60/65 1/66 59/68 57/68 36/68
+ Survey file no. A216  A249 A213  A230 B192 A290 A265 A3T5  A361  A358
cert. llcence.no. MOT19  MCT60 lﬁ'??g; MC700
ze or area (-e“s) 500 380 650 ng 200 600 151 T00 220 622
140
Tambor of borenoles 90 85 75 4 42 214 48 24 21 27
41
Iverage 4¢ 19 TR L R A
pth (Pt) 24 14 23 15,15 24 ’
Verage % 0.21 Wil Trace 0.03
Value (KPCY) 0,31 0.30 0.26 &g; 0.5 0,07 09 0.104
Nnber of values .25 KPOY 56 25 4 25, 32 2 e 1A 4
g Clay W  Clay Vhite clay V0 Keng W& . N0 i
:° PMte or boreholes
eTage depth
'ON. of ore
g tonnage vo
lume
Wtrhlhl.n depth
constituents
] application
Priney,
pal nine
\‘-"'-—-.____

s o



IENGAH AREA

Map blocks RT RT RT RT RT RT RT 8T T 7
Prospecting area no. 143/68 12/40 148/51 35/64 61/68 T3/66 T1/62 30/61 67/61 89/61
Geol. survey file no. A381 A3 ABO  A226 {;22 A289 A195 BS MTI AMT0
Mining cert. licence no. MCT18 MC662 MC614
Size of area (acres) 658 152 !?g 178 730 740  T50
Number of boreholes 31, 14, 69 137 14 32, 40 220 94 L5 I
Average depth (Ft) 19, 20, 19 12 19 12, 16 23 14 22 12
Average value (EPCY) 0.28, 0.34 0.055 0.05 0.13 0,08 0,116 0.12 mMl
0.22 0.18
Number of values .25 EKPCY 16, 11, - 2 2, 10 18 21 5
Bedrock type ¥ V. Komg WG Kong Clay &5 0018
No pits or boreholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks good
ues.

Map blocks ™ or ur o o D T ur NS
Prospecting area no. 90/61  91/61 195/61 125/61 137/60 142/60 32/61 36/61 121/61 141/6!
Geol, survey file no. M72  AM74  A166  A156 A130  A128  A187  A139  A145  AME
Mining cert. licence no.
Size of area (acres) 694 400 600 TS0 750 750 450 620 350 TN
Number of boreholes 50 3 9 22 56 39 o B
Average depth (Ft) 13 14 8 1 S 20 33
Average value (KPCY) 0,08  Ni1 fTrace Traces  Nil o.08 M
Number of values .25 KPCY 3 2 -
Bedrock type Clay G Schist Clay
No pits or boreholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks

—
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IENGAH AREA

¥ap blocks

wT
T vT VT wT
v vr Ve v 68  4/69 6/69
;:3 zss;:s 86/66  9/66 211/66 35/6; i:;:': ‘5i;“ A G
o A o as nere Az Ao wnie
Geol. survey file no. P 0 680 150
Mining cert, licence no. e 740 750 645 350 4:: . o pos 22
810 of area (acres) o “ 29 94 3: e 5 i % %
Haber of boreholes p 14 19 20 4 i P 008" biss
Iverage depth (Pt) s - Fil  0.26 0,0003 0.1 ” 9
Average value (EPCY) 25 s
Humber of values +25 EPCY 0‘:; Vo Kong [} Clay Kong
Bedrock type
Fo pits or boreholes
Average depth
Grade of ore
'Ore' tomnage volume
Overburden depth
Other constituentas
Maing application
Prinoipal mineral
Bemarky
Dp Dp
e D Dp
Wr wr we vr ':0 5/:‘, 32/61  1/67 158/67
¥p blocks i 29/62 23/64 1/64 T9/61 30/ A129 A187 A8 A329
Mospecting area no. 29/60 3,5‘ A231  A219 A153  A136
0l survey £116 no. A115 @5 450 %00 200
cert, licence no. %00 350 520 5‘52 & 127 19 :
%120 of area (acres) 550 " 18 107 3 - ool 2 19
Raber op boreholes :z s 19 13 18 ey - 0.145 0.06  0.03
i%erage deptn (py) 0.362 0,03 0.37 Fi1  0.04 Trace poe
nn “1“. (IPCT) Trace o 2 a2 v. ¥.Schist M '“
°f values .25 KPOY h cl.:r Kong Clay Iaterite WG V.Sch:
"iroot type
% pite or boreholes
h’"&l depth
Urade op ore
Oret tonnage volume
°"ﬂm~ucn depth
Other conatituents
Mintng Pplication
Frinotpey mineral
Romryy
\__




IENGAH ARBA

Map blocks

Prospecting area no.
Geol, survey file no.
Mining cert. licence no.

Size of area (acres)
Number of boreholes
Average depth (Ft)

Average value (KPCY)

Number of values .25 KPCY

Bedrock type
No pits or boreholes

Average depth
Grade of ore

'Ore' tonnage volume

Overburden depth

Other constituents
Mining application
Principal material
Remarks

Dp
164/68
A369

80
24
35

0.06

Dp X7
173/66 6/55
A312 AT9
280 820
60 23
14 28
0.06 §i1

Clay

IT

37/55
ABT
MC615

250

X7
74/60
A135

MCB21
Mcs22

335
29

38
37

0.308
0.204

1
W6

wT WT
183/55 78/57
AB6 A94
Clay
16 21
15 20
60%
F9203
1.5 M tons
2 yas
Fe

RT

114/61
A162

- 68 =
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A'P

61/65, 46/60, 60/60, T2/60, 136/60, 102/66, 5/61,
126/66, 140/66, 172/66, 3/67, ?/67, 118/61, 156/67,
103/56.

AP

10/59, 207/60, 5/63, 59/65, 22/67, 24/61, 61/69,
67/68, 10/29, 60/65, 45/66, A174, A201, A362.

B'P

193/66, 39/67, 159/68, 59/58.

B

61/58, 60/58, 62/58, 66/58, 160/61, 161/61, 131/66,
187/66, 239/66, 41/67, 18/67, 61/61, 95/67, 148/67,
55/68, T3/68, 119/68, 99/59, A1T3.

Cap

116/60, 193/61.

cP

20/66, 3/34, 3/39, 40/55, 35/55, 48/65.
op

T2/62, 235/66, 18/39, 403/49, 1/51, 3/51, 1/52, /51,
53, 5/52, 2/53, 7/53, 43/62, 68/62, A214, A23, AS3,

A52, ase, A60, A61, A64, A65, AT3, A6B, A116.
BP

122/66, 145/66, 208/66, 113/67, 132/67, 133/67, 34/68,

/68, 74/68, 86/68, 200/66, A296.
| 43

6/66, 66/67, 183/61, 10/62, 33/62, 10/6T.
@p

214/67, 10/56, 4/57, A92.
P

1;;:?' 139/67,. 6/39, 13/39, 3/49, 8/54, /54, 41/60,

ki 87/60, 76/63, A21, A22, A45, AT6, ATT, A121,

b1
55/66,
98/68,
/62,
»
21}64'
208/6g,
43
21/6s, 217/68, 226/68, 29/54, 201/66, 3/68, 56/66,

247/65’ AT8, A298,
Lp

124/68, 122/68, 149/68, 42/61, 98/59. 21/40,

57/66, 206/66, 60/67, 195/67, 178/61, 152/68,

5
5;::' 405/68, 109/60, 115/60, 119/60, 75/60, 18/62,

=iy =

125/66, 127/66, 204/66, 206/66. 217/66, 85/67,

2
/67, 34/61, s6/67, 405/68, 2/52, 3/52, 4/45, 29/54

7/63, 66/64, 51/66, T8/66, 25/67, 98/67, 141/67, 22/68,
38/68, 215/68, 218/68, 33/61, 126/61, 186/61, 201/61,
202/61, 112/67, A209, A256, A378.

EP

159/67, 10/68, 167/68, 194/68.

(0):4

3/63, 21/67, 5/29, 3/30, 1/35, 2/33, 82/62, 44/63, T1/66,
c11, A428, ML358, ML319, MI381, ML322, ML323, ML324.

PP

197/66, 189/68, 194/68, 157/68, 117/61, 138/617, 21/67,
140/67, 58/68, 2/33, 70/59, 86/60, 93/60, 60/63, 20/63,
73/63, 229/66, 234/66, A113.

QP
6/67, 17/61, 33/61, 68/67, 166/67, 225/66, A310.

sP
154/67, 59/60, 6/60, 30/62, 120/66.

TP
171/66, 109/67, 160/67, 33/68, 35/68, 40/68, 120/68,
20/60, 40/60, 139/60.

P
45/68, 20/68, 8/30, A384, A438.

v

67
139/60, 2/61, 212/66, 9/67, 63/67, 151/61, 163/61, 165/61,
A150, 56/68, 146/68, 163/68, 209/68, 14/66, 125/62, A260.

W

161/68, /52, 91/62, 117/62, 132/62, 7/30, 6/49, 9/53,
12/58, 62/60, 51/61, 1/63, A6T, A6, AST, A66.

Y

28/67, 32/67, 60/68, 62/68, 233/68, 80/62, 48/64, 13/58,
A320, A376.

z

AT2,
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Map blocks A'P A'P A'P A'P  A'P A'P A'P A'P A'P AP
Prospecting area no. 33/65 9/65 20/66 T1/59 55/62 11/58  5/65  6/63 104/56 92/
Geol. survey file no. A206  A263  A2TH A148 A183  A359  A201 A202 A93  AM07
Mining cert. licence no. 423 798 327 i
Size of area (acres) 750 747 620 950 740 250 750 750 200
Number of boreholes 88 55 34 84 31 40 82 ‘
Average depth (F4) 14 23 22 21 28 31 3
Average value (KPCY) 0.23 Fil  0.14 0.405 N1 Ni1 Trace
Number of values .25 KPCY 38 - 9 55 - Fil il |
Bedrock type WG o WG VG WG  Clay ¢ |
No pits or boreholes 83 107 |
Average depth 15 15
Grade or ore 658
'Ore' tonnage volume
Overburden depth "
Other constituents Lt
an=0. 01"
Mining application
Principal mineral Fe Fe N
Remarks H tin Low grade Low grade
values per- Fe Fe
mit area deposit  deposit
extended. e
______..-'
Map blocks AP AP AP AP AP AP B'P BP BP B;
Prospecting area no. /61 36/61 361 5/63 5/3 11/30 19/62 64/58 /60 P/
Geol. survey file no. A330  A353  A356  A212 A435  A432 ates  At04  Ata4 A%
Mining cert. licence no. 125
Size of area (acres) 300 332 367 650 115 750 735 "
Number of boreholes 25 30 25 7 116 176 6 p
Average depth (Ft) 36 217 28 30 1 8 ol
Average value (KPCY) 0.03 0.003 0.01 0.04 Nil
Number of values .25 Kpey - - a 13 W
Bedrock type Clay Clay WG WS
No pite or boreholes 41
Average depth 41
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral Fe Fe
Remarks No analyses ;
__-——'/ |

- T0 =

SR S
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¥ap blocks c2P cP DP DP P DP DP EP EP B
Prospecting area no. 61/60 3/39 5/60 26/67 2/29 121/62 81/66 100/66 179/66 23/67
Geol, survey file no. D159  A450  A129  A327 A4 A196  A277  A279 A302 A314
Mining cert. licence no.
3ize of area (acres) 350 485 340 1000 750 700 750 750 750
Hunber of boreholes 29 41 39 65 27 55 - 21 23
Average depth (Ft) 14  36.8 42 21 19 17 16 19 13
Average value (KPCY) Trace Fi1 0,01 0,03 Nl & Nl &
Trace Trace
Munber of values .25 EPCY i1
Bedrock type WG Kong WG wo L[]
¥o pits or boreholes 182
Average depth 70
Grade of ore §0K Tono
'Ore! tomnage volume ; ’“B
TR
Overburden depth
Other constituents
¥ining application
Principal mineral Pe
fenarks Dauvi Iron Mine
workable deposit
of low grade material

¥ap blocks P EP &P g EP P P P L .
Frospecting area no. 110/67 192/66 174/66 199/66 203/66 214/66 29/65  2/68 182/68 2/38
:“’1' survey file no. AS3S . AS00  A313 AIT3 A1 Ajo4 230 A3T0  MS56 M55
Sm‘ cert, licence no.
120 of area (acres) 640 750 748 750 610 750 300 1"t 550
Taber of boreholes 117 24 42 17 34 16 22 74 53 69
Average depth (Ft) 2% 18 16 1% 14 16 30 15 37 35
ITerage value (kpov) ¥1 &  0.05 0.05 Traces 0.069 Nil & Bl 0.32:.,0.24. Treees

Trac
Munber of values .25 KPOY : 3 19 12
edrock type Red Block Weathered Later- wg Ve o ¥e Komg VO

a

:: Pits or boreholes
®rage depth

1 ? o’ ore

Ore! tomage volume

O!u-m.n depth

:"’" constituente
ining application

Prinoipay
mine
R % ral

Clay Sand Schist

e —

-M =
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Map blocks HP HP HP HP HP HP HP HP HP g
Prospecting area no. 17/55 32/55  5/56 28/40 T1/60 177/61 34/62 105/62 142/62 63/63
Geol. survey file no. A69 AB4 ABY A35 A116  A1B0  A169  A181  A336 A2
Mining cert. licence no. ML466
Size of area (acres) 230 1250 899 500 200 750 63 650
Nunber of boreholes 40 21 29 112 36 27 38 8 1
Average depth (Ft) 1 19 18 23 16 14 14 16 W
Average value (EPCY) 0.5 Trace 0.03 0.02 0.18  0.01 Nl 0.05
Number of values .25 KPCY 18 1 1 4 '
Bedrock type G Clay P&s NG Clay wa st
ore
No pits or boreholes 26
Average depth 61
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Prineipal mineral Fe
Remarks High sn
value re-
corded in
Aarea. =
______.—l'
Map blocks HP HP P ™ 1™ TP P I» Ir n;c
Prospecting area no. 24/65 17/66 41/66 132/66 98/66 175/66 152/67 T5/68 54/69 "“’“
Geol. survey file mo. A266  A267 D242 A340 K281 A322 333 Ass1 M6 M
Mining cert. licence no. MC824 Mc826 Mc292
Mce25 MC827
MC828
Mc829
Size of area (acres) 480 642 150 370 750 720 680 692 25, &'g
Fumber of boreholes 34 53 21 32 92 23 13 35 25; 22 "
Average depth (Ft) 16 15 8 14 12 16 = 19 13 “i :2
Average vAlue (KPCY) 0.004 0.21 0,08 0.23 0.27 Traces 0.38 0.175 ooig
0.15
Number of values .25 KPCY 16 2 7 54 12 2
Bedrock type Yellow-grey Clay ¢ Kong Clay wG WG  Kong w
No pits or boreholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituentas
Mining application
Principal mineral
Remarks contains
e o aeleoted 0.17 Kpoy

6467 pikuls.

/

gl | A




IEMIGERANG REGION

P JP
JP JP
P w =*» 9 4/39
1P IP I® 13/40 142/62  2/65 23/65 123/66 5{39 o
e 13/29 118/68  47/67 204 4250  A256  A293
Prospecting area no. A386 A357 A454 A g
Geol. survey file no. ML416 o &
Mning cert. licence no. 2 750 620 T00 7?: s
610 ™ 56 7
81ze of area (acres) = 50 25 70 :; % P 18 ; ;;
Wusber of boreholes = pod 13 17 B o
Aiverage depth (Pt) 1 0.08 Traces Traces " -
Average value (KPCY) & Yo
haber of values - Bandye WG
Bedrock type !GW Clay
fo pits or boreholes
Average depth
Grade of ore
'Ore' tommage volume
Overburden depth
Other constituents
¥ining application
Frincipal mineral
Remarks
1P Lp
e e eamany ) A S a,n,’; 3/63 244/66 245/66 z f?
¥ap blooks Jr 4161 38/63  44/68 32/67 g Py 13 o4 L
Prospecting area no. 7‘: ;: A41  A199  A352 A0 =
Gool. survey fi1e no, 300 55 750
YMning cert, licence no. e 150 243 400 5:: 5 :12 ;:
::l of area (acres) 23 14 51 :; 1 40 64 kS 0.03
ber of boreholes 19 23 16 pis iy N1 =
Average deptn (pt) 0.04 0.408 0.13 O o
Average value (kvoy) g '8 11 12 Shale Clay  Clay
of values . v WG laterite
Bedrook type
% pits or borenoles
Average dopty
¢ of ore
"Ore! tonnage volume
Oerburden deptn
Other constituents
application
ipal minera)
Rozaryy
e ——
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Map blocks P MP P MP oP op PP PP PP
Prospecting area no. 230/68 165/68 219/68  3/70 245/66 244/66 225/66 65/67 127/67 199/68
Geol. survey file no. A392  A363  A379  A466  Ci4 C13  A310  A328 A2 A6k
Mining cert, licence no. MC845 L
Size of area (acres) 360 722 600 680 340 750 727 460 350 4
Number of boreholes 34 90 30 66 21
Average depth (Pt) 31 20 19 24 15
Average value (KPCY) 0.03 0,03 §i1 gﬂ“
Fumber of values ,25 KPCY 14
Bedrock type Clay Clay Kong E‘ﬂ’;'
No pits or borsholes 23 66 1M
Average depth 9
Grade or ore 49.4 55.05 53.86
Al303 1.1203 Alx03
'Ore' tonnage volume 463K243 142,535
Overburden depth
Other constituents 3102-8% 5102-4.70%
Fep038% Fep03~12.14%
Mining application
Principal mineral A Al
Remarks Ramunia Bauxite Ramunia
Bauxite et
—r"
a5 Blocks § SREQpiets g @il S5 e Pt z;:t!
Prospecting area no. 2/67 131/67 65/68 36/69 143/67 1/57  2/57 43/60 55/67 o
Geol. survey file no. A346  A33T  A362 A6 A8 A102  A114 31T
Mining cert. licence no. MC628  MC629 540
Size of area (acres) 700 650 750 720 150 200 3000 70 7y
Fumber of boreholes 15 54 85 62 67 ol 11
Average depth (Ft) 14 17 24 32 i o
Average value (KPCY) N1 Ni1 N1 R G
Fumber of values .25 KPCY §il
Bedrock type Clay Sand + Clay Sand + W.Shale
Clay Clay
No pite or boreholes E 4 6 7
Average depth A1203-30%
Grade of ore 55 53
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application -
Principal mineral A1l Fe Fo Al - 80
Re Bauxite
marks Pm n!::i:' th"nc.—

-nil‘/

-4 =
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Map blocks Ly TP g P uP P uP P P P
Prospecting area no. 36/67 36/65 4/60 TI/59 2/63 20/61 22/68 25/68 15/68 151/60
Geol, survey file no. A319 A1  A106  A125 A198  A149  A387  A390  A383 A126
Mning cert. licence no. MC624
Size of area (acres) 700 980 750 2447 60 390 278 600 800
Hunber of boreholes 23 16 65 42 172
kverage depth (Ft) 18 34 15 33 29 3
Average value (EPCY) Fil N¥i1  0.06 0.06 0.04  0.01
Munber of values .25 EPCY Fi1 1 1
Bedrock type 1itic Clay Clay Kong Kong
Volcanic
Fo pits or boreholes 221 50 58
kverage depth 12
irade of ore 55.34% 53%
A1203 A1203
‘Dr.‘ to
nnage volume mf’ m.,
Overburden depth
Other constituents hzg"oz:g:
Maing application
Prinoipal mineral Po A At At
Remarke Mined & Ramunis
workout
——
‘*—-——_
¥ap blocks P v v v v v v
P P up
Proapecting area no, s3/25 21/29 23/48 47/59 88/59  3/60 28/60 49/60  3/61 :, :
cert. licence no. MO163 MI480 MI248 MO591 M0609
Sz of area (acres) 500 200 499 750 1970 32 1429 500 750 1200
ez of boreholes 50 34 72 15 we
onge depth (Pt) " 5 B L A .
*rage value (KPCY) 0.26  0.49 1 0.3
haber op values ,25 KPCY 10 40 ::
type Olay we
:‘ Pita or boreholes 254 :; 7: »
it ey J s4f 5%
® of ore 56-25% - A At
A105 1205 Af05 A0y
1
Ore? tm volume %m w
Mverburaen
depth
Fo2 8102-13%
constituents 8102-7.45 5:; Pe203-70%
'U.uu_,,‘ appl
Prinotpay mm i@ AL+ oot 1k .:1
Ronariy Bauxite
ore
grade
‘."""-—___
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Map blocks v v v v v v v v Rivoie
Prospecting area no. 29/62  39/62 131/62 11/63 3/64  32/65 14/66 30/66 82/66 20/61
Geol. survey file no. M76  A158 K204  A211 A223  A345  A260  A283  A2T4 ADY
Mining cert. licence no, MC635
Size of area (acres) 80 80 260 118 100 196 40 500 210 0
Number of boreholes 12 32 16 33 104 ® .9
Average depth (Pt) 19 15 29 19 12 Pl
Average value (KPCY) Nil 0.37 0.126  0.104 0.12 Trace 0.2
Kunber of values .25 KPCY V. Tufe 11 2 1 17, 5 will
Bedrock type Limoni- WG Kong ooy
tiged
shale
No pits or boreholes 34 26
Average depth 7 9
Grade of ore 54% 54%
L1203 41203
'Ore' tonnage volume J_%_'m
Overburden depth
Other constituents G+009%
Fep035%
Mining application
Principal mineral A1 At
R
emarks Ramunia 3:;;. %m
anh{.‘g“. o —
Bt 4
Map blocks v v v v v v v # ; 5311”“
Prospecting area no. 54/67 20/68 244/68 34/69 34/65 28/67 145/67 49/61 157/:1
Geol. survey file no. A305 A384 A462 A394 A326 A%49 A355 A297 M AT
Mining cert. licence no. 38
Size of area (acres) 132 323 67, 235 0 270 106 600 240 5
Mumber of horesholes 46 48, 53 25 17 81 35 %
Average depth (Pt) 36 19, 19 13 33 22 37 s
Average value (KPCY) 0.06 0,2 0.25 Nil N4 - LEM
0.2 Trace
Kumber of values .25 KPCY 1 35 15 c1ay
Bedrock type Kong  Kong Clay Koug .
No pits or boreholes 8
Average depth 3
Grade of ore z?:os
'Ore' tonnage volume :
Overburden depth
Other constituents
Mining applicstion A
Principal mineral A1
Remarks No results
or analyses A o

-6 iw
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¥ap blocks x X X x x X x X X X
Prospecting area no. 5/49  12/49 13/58 86/59 93/59 63/61 95/61 1/62  60/62 133/c2
Geol, survey file no. A51 AS0  A96 A103  A161  A137  A165 A189  A203
Mining cert, licence no. ML511 K619 MC4T6
Sise of area (acres) 251 273 650 750 150 90 470 37
Huber of boreholes 32 18
kverage depth (Pt) 28 39
Average value (KPCY) N1 0,006
Fumber of values .25 KPCY
Bedrock type Clay Clay WG Bauxite
Alluvial
Fo pits or boreholes 5 82 82 13 99 25
tverage deptn . 5 “ 8 43 11
irade of ore 40%  57% Selected 55%  56% 58. 6%
A1305 A1203m area A1203  A1203 A120%
.Dl" t
omnage volume 188K tons 18K tons r— g 202fjonn 2Tfjen A
Iverburden depth
Other constituents §102-11%
Pop03~ 3%
Xining application
Prizoipal mineral A A1 Al AL &7 A1
No com= High
— mercial value eilica
-h—_
> blooks x Y Y ¥ o8 T T Y e
"o8pscting area no, 6/65  23/63 62/63 ©83/63 6/64 203/64 25/65 6/65  1/66 22/66
Be0l, survey £110 no, afos  A1GT - A200 D5t ABM  A63  ATA AMG A 275
s cert. licence no, ML478
of area (acres) 750 134 296 94 110 272 67 22 191
oo of boreholes 57 24 64 18 Lid
*Tage depth (r+) 37 22 8 47
"¢ valus (KpCY) 0.185 N1 0,03 0.004 o
Wmber values 25 rroy 15 16 9
% Tock type W6  Clay Clay W.Clay V.Clay Clay Schist
Pite or boreholes 107 m 32 53
:::‘“ depth 13 6:
. §.31% 5
8 o Lo g 1133; 11;3‘; ‘MgO) A120%
™ tomage volume st - S —-
orburden deptn
Other constituents §10p=13% §10p-14.2%
1.2%..135 '.203.‘"3?’
'N.ng application
Fringgpay RS % At A1 a1 A1
. Insufficient Ore & 8.B.AB.Ltd. 13? Ay 42
e unnarketable grade
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Map blocks

Prospecting area no.
Geol. survey file no.
Mining cert. licence no.
8ize or area (acres)
Bumber of boreholes
Average depth (Ft)
Average value (KPCY)
Humber of values ,25 KPOY
Bedrock type

No pits or boreholes
Average depth

Grade of ore

'Ore' tonnage volume
Overburden depth
Other constituents

Mining application
Principal mineral
Remarks

104/67
A338

270
49
15

0.22
14

23/48
A44
ML248

T2

32
0.51

Y b 4
47/64 2/63
B170 A198
630 2447
17, 15
15
0.237
13
55%
At203
8902- 9%
Po 05~ 9%
AL

12/58
A96

131

51
4.

38%
41203

810p- 36%
Foy05- 4%

Some high value




PART 1II

APPENDIX B

PRODUCTION OF INDIVIDUAL MINES AND AVERAGE LABOUR FORCE
1966 - 69



2 %o o 1965 1966 . 1967 1968 1969

. ame

Output Staff Output Staff Output Staff Output Staff Output Staff

148 Poh Nyen Tin Mine B60 32 67T 32 97T

152  Pelepah Kanan Mining Co. 3141 165 6741 - 6074 186 6421 182 6627

19 Joome Cheong Komgsi No.2 g0 27 560 26 474 29 540 21 508 Closed
161  Wai Fong Kongsi Mine No.2 1019 24 754 28 T01 26 403 =

166 %%l&'f;glﬂﬁing Tin Mg. Co. 893 35 708 -

167  Eng Ewai Tin Mine No.1 503 25 617 25 377 25 517 29 238 Closed
170 Sin Hoa Realty Co. Ltd,

Mine No.1 o U
185 Chee Nam Kongsi No.1 686 35 124 =
187 %?: Heng Loong Mine Co. 986 25 556 25 598 26 568 = 489
190 ngg:sxgh;one Kongsi No.2 979 21 804 25 578 29 525 11 249
191 Chong Khoon Lai Tin Mine 330 19 216 =
192 Pelepah Kanan Mining Ltd.
Fo.2 1134 =

' Joong Hing Loong Tin Mining 873 45 805 35 1448 43 1666
195  Yik Kee Tin Mine 562 17 445 =~
196  Bng Ewai Tin Mine No.2 583 28 541 28 405 28 @ a Ao
201 gl;{; Heng Loong Mining Co. 4.0 29 800 20 508 24 oo 386
202 Yap Chee Nan Kongsi No.2 18 8 346 33 6 -
2

03 ;;I.:?kil Mining Sydn. Ltd. 1638 45 1807 45 1297 45 1720 M 1273
206 ::?5“1 Mining Synd. I#d. .00 3 2442 32 1182 40 1568 %5 1273
208  Seng Mining Co. Mine No.1 406 24 665 24 ™ M N ¥ 58
220  Seng Mining Co. Mine No.2 1203 25 ™ 25 &6 25 149 VT UMW
224  Seng Mining Co. Mine No.3 917 24 368 24 865 24 1249 3 m
209 Wai Pong Kongsi Mine No.1 264 28 725 32 267 18 643 39
:23 Wai Fong Kongsi Mine No.3 627 30 1022 # 1504 30

30 Sin Hg.%.llw Co. Ltd. 338 & 511 25 62 =
235  Meng Wah T4n Mine 221 -
26 Pelepah Kiri Mining Co. 98 -
40 Bng Rwai Tin Mine No.3 490 34 657 34 524 24 u46 - ot
! Tengkil Mining Sdn. No.3 2373 28 1552 28 1681 37 139 30
%2 Yuen Wan ILoo 621 31 6 -

ng Tin Mine Ltd,

252 Foh Woh Tin Mine 256 29 861 30 T3 26 1T 26 “z 5
253 Chye Heng Loong Mine No.3 269 - s 15 466 18 087 30 losed
%5  Sin Kian Huat Mining Co. Ita, 434 22 1376 26 W ey p
7 Seng Mining Co. Mine No.4 592 24 1311 3t o B T 3; 9,:2

58 Ngee Seng Tin Mining Co. 373 26 388 24 492 24 N
%0  Ting Soon Tin Mine 570 28 628 28 s -
2

: m“,‘j‘jg"ﬂc Bheignd ek 12 21 600 26 653 29 a8 - 7 Closed

Py -



& e e 1965 1966 1967 1968 1969 o
. Output Staff Output Staff Output Staff Output Staff Output Staff
263 Berjaya Sharikat Lombong 258 -
270 Eng Ewai Tin Mine No.4 354 M 656 28 319 22 21 -
271 Johore Tin Mining Co. 3 25 395 39 R -
274 Hoe Peng Tin Mining Co. T =2 482 30 M2 - 516 22 34 Gleet
277 Tengkil Mining Sdn. No.4 289 21 1913 22 1657 33 1530 28 1089
284 gom.:! Loong Mining Co. Ltd. 620 32 693 - 706 29 Closed
288 Sharikat Lombong Bersatu o 207 -
290 TYik Kee Tin Mine No.3 51 -
291 VWong Teng Heng Tin Mine 502 -
292 Kim Say Tin Mining Co. Ltd. 416 138 904 36 1267 38 1002
297 Pow Seng Tin Mines e % 624 23 1060 23 497
298 Wai Pong Kongsi Mine No.4 177 =
300 Lombong Tin Mining Co, Ltd. 100 28 226 29 720 = 870
304 Seng Mining Co. No.5 99 22 879
305 ‘Thien Foong Mining Co, 142 28 61
306 TYuen Choy Tin Mine Co, 349 16 M -
307 Eng Ewai Tin Mine No.5 140 20 627 20 173 -
W Ay b 1 24 486 31 609 24 325 a
312 Hock Hin Tin Mining Co. Ltd, 108 20 286 20 552 20 268 o
313 Sin Yek Kee Tin Mine No.1 2935 17 47 20 831 26 614 .
314 Sin Yik Kee Tin Mine No.3 29 26 30 -
317 Tung Soon Mining Co. No.2 444 28 645 30 172
318 Heng Lee Sisek Tin Mine 16 17 181 - T4 31 747
320 Yee Foh Tin Mining Kongsi 475 29 208 =~
321 Yang Tinggi Mining Co. 23 181 -
324 Poh Nyen Tin Mine No.2 284 -
325 Poh Thian Mining Sdn. Bhd. 520 25 98 =
327 Johore Bahru Mining Sdn.Bhd, 507 37 1230 35 707
2
329 m Hing Ling Hak Kee Mg.Co. 6 22 250 -
332 Chye Seng Tin Mining Co. 276 28 453 42 340
333 Soon Brothers Tin Mining Co. 295 16 362 23 4 P
338  Johore Tin Mining Sdn. Bhd. 173 45 220 33 606 gt
340 Hup Seng Kung Mining Sdn.Bhd, 296 26 275
342 Ngee Seng Tin Mining Sdn.Bhd. 20 1097 28 932
343 M}%.:Mn‘ 8dn.Lta. 821 26 1517
350 Hup Seng Mining 48 -
353 Bi.n.n.:l:,llut Mining Co. 269 22 327 w,.d‘
356 Poh Nyen Mining Dev, Co, 208 32 381 i
357 e 8 Tin .
2 Simenndes -
360 1 Fo.2
?gt'gl:m Kongs % ¥ i 01088
362 Ka Chong Tn Mining San.Bhd. 652 c1000d
368 Wofong Minihg Sdn, Bhd, Fo.2 o
3571  Thian Pow Tin Mining 81




1965 1966 1967 1968 1969 Relinrhs

X Fo. Kame
I Output Staff Output Staff Output Staff Output Staff Output Staff
3T Seng Hin Tin Mine 27 -
502 Kota Tinggi
Sdn, Bnacs D06 700 - 10550 12 Tron

674  8in Xian Huat Mini
Co, Ltd, No.1 =

7 Ewai
% ;:&d Tin Mine

La“ Sharikat Metal Mining Co. 2800 - 4995 13 Iron
e oy Loubong Sed114 30181 63 84086 67 Iron
8 Tai Oon Kian Bauxite Mine 53304 - Bauxite
H Ramunia Bauxite Ltd. 190957 165 88886 129 276737 128 387257 128 412680 -  DBauxite
T 8.B.A. Bauxite Ltd. 488287 175 667863 201 505906 209 391789 226 643388 -~  Bauxite
Heah Po
; Penabor npeend BB Itde yieeg9 . q10138 B4 10246 - 6996 - Bauxite
s:; Sungei Rengit Mining 19531 11 20,256 10 Dauxite
Siow Wong Fatt Mine 12278 41 35569 - 22357 - 3638 - Iron
Closed
42 36

Total (Tin-Piculs) 25026 945 37958 1274 85965 1339 39400 1237 30011 =

Total (Iron-Tons) 12278 41 35569 56038 103269 92
Total (Bauxite-Tons) 843172 392 976016 424 885389 337 786042 354 1056068

Note: Bauxite and Iron quantities are in tons,
tin is in piculs.
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PART 1II

APPENDIX C

TIME TABLE FOR PROSPECTING AND CLEARANCE



Ret, Fature Iand  Desirable Priorities Desirable Priorities Bffect on
Location Use For Prospecting If Mined R
e land Use
1 8. SEBOL Agriculture Now
2 Section of 9.SAYONG & As soon as possible land mined over
some small tributaries Agriculture Now after r::u:l.t. of wi.uh:ror all
prospec practical
3 Part of S.CHENAS system Agriculture Within 3 years mm-
a e. Quali
‘ Upper reaches of 9.JENGELI Agriculture Within 5 years of water will 3
. affected with
Lower reaches of S.JENGELI Agriculture Now ible esca-
tion of treat-
ment costs.
6 Upper reaches of S.LINGGIU Catchment area Fow Should be mined Vi1l affect
& Reservoir out by 1977 quality of water
with possible
escalation of
treatment costs
Fa
Rats Future land  Desirable Priorities Desirable Priorities Bffect on
o Location Use For Prospecting If Mined Recommended
—— land Use
i 8. CHEMA
. NGAR and Catchment Area Should be mined
Upper S. LEBAM Reservoir & Now out by 1977 As for (6) above
Water Works
. Upper
reaches of 8. iculture & Should be mined land mined over
PAPAN & S. PAPAN KECHIL glibh alter- Now out by 1977 '111; for all
pative source practical pur-
o Wi md-mmzw
3 U reaches of 8 ::p:ou:“: & md“& vm.h
8 A ure
HBEI KECHIL possible alter- Within 3 years Small area - should ible esca-
native source be mined out by tion of treat-
for water 1975 ment costs.
supplies
4 Head
Small area - should land mined over
waters of 5. PANTI Agriculture Within 5 Years o out by wvill, for all
1977 practical pur-
become
sterile.
-""--n___




PART 1II

APPENDIX D

AN INVESTIGATION OF THE GUNONG SUMALAYANG LIMESTONE
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!, INTRODUCTION

Bth {?‘n@: was carried out in the period July second in command, The survey party comsisted of a
s 4o inves t 22nd, 1970. The aim ofthe project surveyor with two assistants. The dr crev was

tigate a known limestone occurence on made up of 1 clerk, 1 foreman driller 1 fitter, 3
drilling assistan he arilling

all-llpbs. gituated some 17 miles north- drillers and 6
st of Kota Tinggi (Fig.1), to establish whether companies' supervisora paid periodic visits :: §o

:,::"“"133-13 exploitable deposit occured in the gite, The general labour force consist
.l!u 10 to 14 men made up $ 1 cook, lim ::l . 1!1%0
limest for drill site and route preparation & o
e ort Walayoian Goalogioal Survoy otricers of | labourers. The latier vere SOLCITIEl Tng st k..
eir routine of supplies, test p » "
teonendc ﬂabuitresic’:&imﬁggﬁ'pﬂﬁ:ﬂf h::' O ontract team of 7 men was used in the early stages
B R SR, R o ot
SOI0d; Whe aren dn: $he: IAph:Su0 Juas: :: the commencement drilling. An extra crew of

was used in the I t few days, to

ance of a cheap source of carbonate 12 labourers
i and out rentis.

fuar the pH of certain soils, parti- carry supplies, erect camp
mi'cl{ 2::' under study in the South Bast Johor Ji

#tloation h:nd the implications for crop diver- 5, MBTHOD OF INVESTIGATION
e bl I W Lot fl 5 e e immediate aim of the investigation was to

and dise Th
he varioqy LJoUSSions with representatives of
rIme a detailed geological map and files of
Purely =y =t dopariments SHGETINR, g::mstom area to a scale of 1" = m'. with a
™ oot anaaiey She point of view of redueisg he e eimating the amount of limestone in the
imateria) ét’ the type of carbonate used is area, its structure and the amount of overburden
Yonate 15 ground 1im lahe cl(uapest source of car- present.
tarbonate), stone (essentially calcium woe a detailed phic of the
(lotun/pa g S Fo1ative merit of using dolomite :: g 7N - o 1,-{. "

T g P st i addition Cation. Therefore survey work was re-
the g he nutrient element magnesium, has been :ﬁi:mo%l iraversing of streams and old

ource of
tolontte oo L 20me controversy. Strie speaking ttern of acoura
sim Tt | 11 ratic of ekiatea S b “‘.::’13:‘{1‘.3 Sentis lines. The profile
Plang * more mn@n: , b thhm’" utezm’!.ui’s 1ikely  Tines along the rentises are acourate but we must
.28 & nut Nt tw]du it emphasize that the form lines between them are
9 0 e element 15’ the moss Siin undestire gonoralised, and must not be re as contour
2, In ¥ 42 the soll vith SiesseRL lines (ue'm. 2). An As glnlw Datum_of
B0 1o of BoTnr T r Ve MU acoept- 1000' was used in the survey approximately
msm:i:uawwﬂ' equal to 500" 0.D.
Rpprork Linestone is not a dolomite, ologist and the geological assistant
"'"{ h‘:m the West Malaysian Geological mng:d‘::ﬂ Tecorded the posit of all streams
Bounty op that the rock contains small and roads. All solid rock Morog were
T*tals of do), sium. Thin sections show smeli described (see Section 4.2) and the more critical
peroLee hag ghionite and chemical analysis of two  Guterops were plotted and levelled (see Pig. 2).
fury Ot Tespect MgO contents of 0.24 and 0.53 The geological staff was responsible for p’lﬂtt‘
““'ing the pre ively. Analysis of samples taken of results.
sent stuly give a better picture = b

ov
(Mblg 1, DAENesium content of the deposit The survey party imﬂ'x‘mm their intersection

for ageid Section 9 ). If the e
. rock is quarried and subsidiary rentis
Ell dotm lime, quality control . is with streams and roade.
g naquane ¢ the amount of magnesium vhic is The surface geological information ¥hS gp s
N oy 0 Boils, and make it possible to mented by 4 boreholes, 6 pite and 2 trenches.
Wintain 1 much is required from other sources od to the
Slogapt, he optimum nutrient level of this iy “n.c“%l“i::. ;.:: ‘g} Bstimates of
map and profiles . overburden were

2 conmy study of the area was made
S A o ey
H “c“o.,‘: ““"{ 2 S0 the Project decided to concentrate the drilling ort in the
hlm"t’“'tion ttee (No.5 July 1970) and the present west of the limestone sr.:i. where “MM. ions
tiong results from the follow up recommen= of limestone showed the 1 n-,m.’ rressy o work=-

® in that report ble deposit. The
s ¥ v which are thought to be by
W like to thank the Director of the othor”'“tnr“lm.m where no dr has been done.

W gpeel Survey for providing staff to help with
::: “""1;1:: this investigation, In particular 4. GEOLOGY
Loglea) 4 the services of Enche Hew Kiang Tho, .
the stuqy ssistant, whose work in all aspects of 4.1 General
SR B, W voud see 18 Yot o 1ofey By stiioete o aions 0 LIyt errey serty-
1a ’ and Minerals Sdn. . 6 officers ©
ch in 1966, B7 ing programme ﬁ the 1 inch

Bingg - force from Sedili Kechil, who re= 4 bl
T contiticae, T terrain and ing out the, cet No. 125, (Gunong Blumit). o his

; Lizome s memoir to this map sheet lﬁ=.(1969 unpublished),
: FORCE gives a descri ion of the tone which is sub-
stantiated by the present investigation. re-

was described in pter 2 and only

The 1nve
atigati ta' ional geo.
Mou.t. with the g:,‘{:;im S’w“" ::ﬁ'm :l ghn ﬂotss.]:og the 1imestone and the enclosing
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metasediments will be given in this report.

4.2 Geological Observations

Obse
o Mo ;':T;fon numbers refer to localities shown

1. Argillaceous meta
sediments in stream bed, brown
veathered, bedding strike and dip indeterminate.

Cliff of ac
¥ions B 1laceous metasediments, shaley mud-
Bo8r A poo0” alp 4STIRE. B, Top 909!, base

ﬂ;‘m argillaceous metasediments B/S 260°

d‘{;'%gh'?rsillaoeous metasediments B/S 350°

2‘

3
4,

5
Brownish weathered argillaceous metasediments

right bank of stream ne
t xt to la
top 9721 A.0.D. y; ] T e.turn deposit

¥
b{:zkd“:{:aﬂs{,“f%n“?m metasediments with
2011 B0 Cyobanos. "Shat TACRed 86 GRMEL weter

Brown w
383 wgl;l;;r.:{odoogl.mley mudstones in stream bed

igztom eliff 12' high in dry stream bed
Tine gra of main stream. Dark grey limestone
B uooi;m with some argillaceous part
i, i.:mfa"“. Top 1057"' base 1045' A.0.D.
This stone with chert bands and nod .
nutcrosoforu sm%l ntersa.ll and may b‘:l"
8 L]

faul
Lo yed (220°) B/5 260° a1p 2 Top 1095'

Smll outere
P in stream bed above dagk fine
ined limestone with fusilinids g?;'zsgs aip

ery
34°N, 1108' A.0.D.

Dark
grey a
1 rgillaceous nstasad ments with black
inestone lemses B/S 360 aip 5;01_ o o

Dark grey
vith bhektﬂ:i:?;:mm'mm shales and mudstones
8eries of waterfalls mwn; i:m: lennfu. Forms
1;;_,.&”’“‘7,1] imestone B/S 2600 dip 240 WW, Over-
may faultgdfom metasediments. Contact here
Sma,

],'1 :‘;‘:::zatof pale grey limestone in stream
:/s indete :.bc massive upper limestone.
1iff o S
2600 magrive medium grey limestone. B
Cllrrd:f 300 Ni. Top 1172° base 118" A.O{g.
%) 11751 panive grey linestone B/3 240° 3°W.
112 of massive

Top 1086+ Beng limestone B/S 2400 24°WW.

Mro 1 L ‘ IOGDQ
8t us outeropa of -
B domer Sukero g ith ate IR
21, Darg d1p 28%; 5200 36%W; 230 mgﬁ:
at g érey shaley mudstone with limesto i
lineggs ¥aterfall. B/S 2208 dip SEoM. ”
he boulders in stream nearby.

Dark
&rey shaley mudstone B/S 210° dip 359MW.

¥ag
thispnges™®Y limestono forms oliff, 16' visible
haleg 57- overlain by bedded limestone and

+ B/S 200° a1p 260M; 350° dip 35°B.

B
Wt%;:;.ifmn “ting and mmhing shows this
. Chosorat 'bfl ted (fault bearing 010° ?).
forng geo DXOWD shaley mudstone, weathered
R Vaterfall B/S 240 - 2450 dip 380M.
4) B/S 3300 aip 359WE.

6, Ra
ck indurat
lonses B/3 3500 :"‘; og\?ﬂomo with limestone

* As (26) B/3 2400 s540mW,

6.

T

a.

%]
o
-

28. Dark grey mudston
& e in stream bed. B/S indeter-

29, Tuff in stream bed.

30, large outcrop of medium to pale mage i
limestone B/g 0100 g4 owW? AL i
11231 4.0.D. p 30 Top 1179' Base

31, Small outorops of massi

. 11730 A.O.D.p‘ ve grey limestone. Top

32, Brown and grey mudstone forming waterfall S
2600 dip 3500W. W

%3, Brown mudstone B/S 3500 dip 60°W.

34, Outorops of massive grey limestone B/S ind
minate. Top 1191' base 1166' A.O.‘D./ o

35, Ilarge outcrop of masaive y limestone, with
chert modules. B/S 3600 dip 200V, 7
base 1168' ;.o.n./ f . . 1

36, Numerous outcrops of grey massive limestone
B/S indeterminate. Top 1138' base 1069' A.0.D.

37, As (36) Top of highest outerop 1092', b
lowest outcrop 13%' A.0.D. g o

38, rous outcrops of grey massive limeston
B/S difficult to determine. Figures of 2003
dip 26°WW and 190° dip 26°W were recorded.
Highest outcrop 881', lowest outcrop 859'.

39, Argillaceous metasediments, brown weathered in
stream bed. B/S 200% 36°W.

40, Same as (39) B/S indeterminate.

41. Grey fine grained limestone B/S indeterminate.

42, Dark 55:3 to black shaley mudstone B/S 010°
dip 50°W.

4.3

The rock succession is illustrated in the Key
to illustrations following page 20.

Rajah has described the Dohol Formation of which
the Sumalayang Limestone Member is a component part.
The formation is made up of a wide variety of rock

s in addition to limestone. However, in rnu‘l.
certainly in the area under discussions, it con-
(olay) sed iments.
e ( dogu of
e Te metamorphism (a eas er
e ected to heat and/or muur;l.
considerable

low
which rocks are sub
ures of the Dohol argillites at a

depth below the limestone are not common It is
Sopgidered, that locality 24 (see Pig. 2) is pro-
bably the lowest horizon ex sed, Here the sedimenta
show small seale block jointing and conaist of
deeply weathered chocolate coloured shaley mudstones:
the unweathered rock is probably dark grey. T
in the succession these rocks become pro;nuinly
harder, tougher, darker and more calcareous. The

in the bed Sungei Sedili (localities
near the base camp are of this type,
as are those fo the series of waterfalls
ther north, at localities 12, 13 and 14.
sist of grey to black indurated shaley muds
wyhich are often quite calcareous
bands and lenses of black limestone. e latter
are r.ﬂicu:l.u'ly in evidence in localities 12, 13
and 14.

+ in the succession still, in rocks only
uately seen in the boreholes, the amount of
ceous matter continues to decrease., The

Within the limestone succession itself the

e continuea. The colour gradually decreaseq
grey and almost white in places.
recrystallized and

ta t
r limestcnes are massive,
gﬁ:ﬂ in hand specimen. There are no shale
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mﬂg and conclusive dip and strike measurements
are diffiuclt to record, either from surface expo-
sures or from boreholu: v :

In general all the limestones are fine ined
vith rare beds of medium grain size. The cog::r
varies between black and almost white.

o thpmm the gradual transition seen at thebase
limestone, the upper boundary with the higher
mhm-lm of the Dohol Formation is quite distinct.
dmroch immed iately overlying the limestone are
ﬂ';nt in character to those seen below it., In
|mt they are usually pale y to golden brown
lm’ﬂhdi » highly weathered s mdetones., In one
ﬂmnghty the overlying rock is probably a sandstone,
futts no actual contact is visible. another
w.ﬂ’s thought to overlie the limestone., All the
uite Lngtudimmts seen are highly weathered and
he 001t In the vicinity of area A (see Pig.2)
umula.ot the limestone can be defined from :gﬂm
of ulu' to within 15 or 20 feet. The occurence
tod ‘trock overburden, as opposed to unconsoli-
4 O:dial coincides with the development of
mm% steep slope feature which trends north
lhlmtm then swings north-east near the large
e, 1'tm.‘ti:ax'op at locality 30. From here the
e Gt traceable running north-east still it
)+ in the flatter high ground to the north of
uﬂltamnf. latter is known to be underlain by
Py mguturopa at locality 16)., It is con-
fines the ¢ the slope feature mentioned above, de-
Op of the limestone with reasonable

Precis
trops ﬁ{wi’:r?n area where there are no rock out-

Most of the
ooy area underlain limestone is
m:m.bzrcmwul ovor‘bmﬂm.b’ﬁxis material
tion ilu-ga boulders of the Panti Sandstone
Yo r|r th more rarely boulders of the Sedili
ormation which overlie the Dohol For-

Bation,
yol1 ® 80ils in the area are dominan
forg ¥ UXOVD sandy clays derived from these boul-

Typical dark red limestone
goils were found
oy Fig 39 flatter high ground north of area B
5’,““"1 n;“-mh.: :ML:.": and also tn the high
o tlorey, Ln tosnght Soromei o TP

The limestone
area as a wh 1
alnn ve .t:mglu e oolo mcs 1?'41;
du e on the air tographs and may
11“-::::: tl:: drier soil conditions created by
Beath tho'we;nhn.'ha“ it occurs at some depth be-

& en.

Apart
tigurg 5 t“f:gn one major element, a fault shown in
ltnth.u, that north-west, the structure is es-
Yoary report. 'oich was described in our preli-
g {naioes:, 10 general the main area of lime-
Mtehyng J;:I‘d in £ 2 forms an asymmetrical
Mialy vopto o-ine, with its axis bearing approxi-
torn 1 u;nﬂrth-\nlt. The rocks forming £h0

'R {!tu:r the anticline dip at approximately
e 230°z, while those in the west show
Nal ghggrrss 20 ¥ (strike 010°). Detailed indi-
2e tions have been given in Section 4.2

s

The
Satery n.'.g“‘ fault mentioned above affects the
oot of the anticline, with the limestone
pie, 20rth, ,;:Wiﬂc a lateral displacement towards
*e (6 ang 5 fault has been observed in
It s utl"“‘lit! 23), where it is trending
locayygy s h hade and downthrow to the west.
izhmiu 3, the argillites which are in lateral
wr On with the limestones, are quite
Rerle the jraracter to those which
wl e o imestone/localities 6, 7 and B.H. 2.
ﬁ,l“‘ coloured (probably due to
ek Joum_;' }0! mudstones with small scale
+'the 0 (locality 24). They olosely re-
Borth, lh:g 8een in localities 2, 3 and 5 %o
are thought to be some 80 ft.

1/

£

£
g

below the limestone. The blackargillite and lime-
stone banded sequence seen in localities 21 and 22

is more typical of the succession below the limestone
and it is possible that a further small fault occurs
between here and locality 24.

The alignment of the fault shown in figure 2
is inferred, and is partly based on the ocourence
of a steep ground slope feature north-east
on profile IIC (Fig. 12). Because of ite possible
effect on the quantity of limestone nvuillggo we
have made mg estimates north-east of rentis 1is (see
Section 5.2).

Small faults have been observed at localities
9 and 15; 4t is not considered that these will
affect the economics of the deposit in this area.

The differential movement of the softer argil-
lites, which show a greater degree of fold
(steeper dips etc,) relative to the harder limestone,
was mentioned in our earlier report. Evidence of
interbed movement within the limestone sequence is
cgmt:m. p:ﬂinrsuiito p?rtingu ;rl; znohmiﬂd.
W gra ¢ partings (presuma ue the h
carbon content of the origimal ugnlito:? boium
fairly common.

That most of the accommodation movement resulting
from folding was taken up almf the more argillaceous
horizons, is shown by the greater amount of fracturing
found at these levels. Limestone fragments "wrapped"
in argillaceous material are common, and suggest
that this is due to movement of the limestone beds
lubricated by the argillaceous partings, fragments
of limestone being off and mixed with the
"lubricant", The greater degree of fracturing and
recementation of limestones near argillaceous partings
triking in B.H. 2. The higher more massive
limestones show less evidence of small soale frac-

and recementation, possibly due to the absence

uring
of shale partings.

4.5

Rajah mentioned the possibility that the Suma-
:I.a,ylng stone Member was a "reef knoll". This
cannot be confirmed

however, as throughout the
sucoession, the study mn.iod no trace of reef

building organisms, While the mode of formation of
the limestone is largely irrelevant to investi-
gation, it does affect he type and im of lime-
stone which occurs in the area, and it is erefore

interesting to speculate about the condition of
sedimentation. The rocks could provide material for
a very interesting academic s of conditions of
sedimentation if more exposures become available as
a result of quarrying.

The rock sequence reflects gradually changing
conditions of uzxi.-nution, from fairly deep water
in the case of the argillaceous sedime to shall-
ower water, partioularly for the upper limestones.
The or basin of deposition was probably land-
locked (back reef or lagoonal facies), against a
low 1y hinterland with sl h rivers iding
mainly ¢ sediment, The colour of shales
is almost certainly due, at least in part, to finely
divided carbonaceous matter, probably :u.ni plant
derived. tions of iron pyrites show a foetid
sea bottom with high reducing conditions and although
the macroscopic pyrite, seen in some of the darker
limestones, probal been "sweated"” out during
me mioro (framboidal) pyrite almost
certa oocurs in the gam:n:rgult:g;“ an:h}E-
stones. Sporadic brach
show no or broken m:-; g:. would suggest
1ittle or no current action at the time of deposition.
These conditions are quite unacceptable to any reef
building organisms.

ual £111 of the basin of depositionm,
with 3. increase of oxi;gonltod water ﬂml‘tg:nl
decreases in mud and pyrite, is quite striking trom
the change in the type of limestone as one ascends
the succession. The upper limesiones may have been
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%il:iol].l precinitated in fairly shallow water,
““ico account for their pale colour and
horunsly high purity. The coarser silty and sandy
“nmozan:.:rt};e Dohol Metasediments above the lime-
by ﬂg‘!ﬂitiogs f.:ontinue the trend towards shallow

The commonest fossils in the limestone are
{uﬂiﬁiig. They are sporadically distributed
mmm e darker limestones, but are more nume-
% Gt the blacker more argillaceous bands. It
ek, ::nown whether these bands, which would
i Y o reflect bottom conditions at their least
i rblta im:apreaent a fa ourable periodfor this
B‘eat:r m 'bei; gr wrtwtlégr gggy were killed off in

ue to the co! .
latter seems the more likely. PSRN AR

5. EBCONOMIC GEOLOGY

! Gemeral

that %ﬂhgag in the memoir to sheet No. 125 suggests
posaibily ng limestone had important economic
Wone Mtiﬂa. He mentions a cement or ornamental
Pecentl ustry, It is understood, that comparatively
E!clogiitthe deposit was investigated by a team of
theix fing from Pan Malaysian Cement. The results of
Pitting ings are not known, but no evidence of

urd tgr trenching was found anywhere in the area
vorkes the mresent etudy, It is concluded that they
dinge succle h,SUrface exposures, and that this evi-
qmntit:gguted an absence of limestone in sufficient

s to support a large cement industry.

There is evid

var ence around most outerops of the
mi"n‘é" :m“ti tions which have been carried out in
outornpg 2“' ck of such evidence around most of
flocaete in rea A and the small outerops in area B
ned y 16) suggests that they have not been exami-

prior to this investigation.

JohorT%;o'eport on economic geology of the South Fast
1hnston,j;gt area does not support the view that the
{mmntal)a any particular merits as a dimensional
8how quite stone, Certain of the lower horizons
vhite rattmctivu black limestones with contrast-
8tones on t“‘ilu and caleite veins. The upper lime-
BOTe unif he other hand are rather unstriking, being
Starteq gort, LD colour. Obviously if a quarry is
horizong :ﬁim“‘trm lime, then those limestone
Sonsidereq ch have a beautiful apperance, should be
stone M‘;‘ the raw material for an ornamental
*xperiene cularly in an area of the world which is
{y7eriencing somsthing of a building boon. However,
depog it not be feasible to consider opening the
purely as a source of dimensional stone.

5-2'

The £
ot pg profiles shown in figures 3 to 15 are along
m:::; lines, which have been accurately levelled
tiary ront at 100 feet intervals. Apart from subsi-
travepeq s 18 1ine IIE (Fig. 14), vhich was sited to
set at ap imestone outcrop, the other lines were
Vithoyt h“t”m“lr 400 feet intervals, and are
® tin.mu“m bias. It was not possible with-
o available to prepare a detailed contour
would have been the most ideal basis for
rvati, even within the limitations of
8 realisti made, it is considered possible %o
iailable istic estimate of the tonnage of limestone
caleulat il’"'t of the area, We have restricted
12 nopy geqr on8 0 that area which has been studied
Other gpontail by drilling. It would beidle to do
1“"""?001:131-.. about other areas at this stage.
fon the oo ore Not drilled near every profile, but

hole Very constant di; es recorded in bore-
Wtc;mm :310 strike and di irections recorded in
Mruogun) ¢ 18 reasonable to infer the limestone

in areas of no exposure.

The
tiong, coiaTEest erable factor in the calcula-
+ A4 an hpm one from an economic stand-

- 86

point, is the volume of unconsolidated overburden
present in the area. It was hoped that the thick-
ness of overburden could be assessed by pitting.
Experience in the Tanjong Penggerang Region has
shown overburden to 5 feet on tops of hills or
ridges, 3 to 4 feet on shoulders, with greater
amounts on lower slopes and in valleys. In
general the amount of overburden can be corre-
lated with the gradient of the topography. In
the Sumh{;ng area, however, these criteria do
do not apply. It is obvious that the significant
factor, is not the gradient of slope in small in-
dividual areas but the position of the limestone
on the mountain side as a whole. Being near the
base of the mountain, largo amounts of colluvium
oceur in certain areas. Borehole 4 shows 173 feet
of overburden. This is mhnbli exceptional and
maybe due to the fact that the hole is sited at
the foot of a prominent steeply sloping feature.
Elsewhere borsholes have shown thicknesses of 40,
50 and 60 feet of overburden., It is probably
fair to assume an average overburden thickness of
80 feet over the whole area. This can only be
determined accurately at the dcnlor-nt drilling
phase of the investigation. Qur calculations are
based on a thickness of 80 feet, except in areas,
where there is definite evidence to the contrary.

Based on knouledg: of the structure of the
limestone, which has been derived from outcrop and
borehole information, a series of profiles along
the surveyed rentis lines have been prepared (see

Figs. 3 to 15).

The limestone has been divided, on its ap-
pearance in the field, into an upper and lower
geries. The paler more mssive upper limestones
probably have a higher calcium car onate content
and have been observed in area A, the higher out-
crops in area B and the boreholes 3 and 4, (see

Fig. 2). The lower, dark, bedded limestone
pequence probably contains less caleium carbonate
but should be quite acce ble for agricultural
ses, The base of the Sumala limestone is
e 2 and was

shown at an inferred position in
set at 850 feet A.0.D. in Borehole

mentioned previously, the change
Dohol metasediments to limestone above is grada-

tional and therefore the mapped base of the lime-
gtone is rather arbitrary.

Our calculations of limestone tonnage are
restricted to the area southwest of profile IIA,

. As has been
eous

Figure 10. A more tentative estimate is given for
the ground between profiles IIA and IIB. The ecal-
culations do not include the lower bedded lime-
and because the top of the limestone is
inferred in most of the area the calculations have
based on an upper outerop 1limit set some
100 feet inside that shown in Figure 2.

The shaded area shown in individ filen
(with cross sectional tonnage indicated ﬁomt
which has been used in caleulations.

The tomnage of 1imestone assumes An AVerage
unit weight of limestone (normally accepted as
146 1ba per cubic foot), which is equal to 15.3
cubic feet per tons. For the purposes of the
present ealculations we have used a figure of 16
cubic feet per tom.

Each square inch on a profile (scale 1" =
200'), re qunta 40,000 square feet, which equals
40 cuiofutvhtnmlipliudlﬂunitys at

500 tons. The cross

16 cubic feet per ton equals 2,
sectional tonnage is shown on profiles Figures 3

to 15.

5.3 Caloulations

5.3.1 Limestone
The reserves of limestone available are given
by the formuls:=



'wt!s
2

where W is the tonnage, t is the cross sectional
tonmage and d is the average distance between
ad jacent profiles.

(1) Bstimated tonnage east of Rentis Profile IA
W = 20,625 x 1‘272

= 5,877,525 tons.
Estimated tonnage east of Rentis Profile IB
W = 13,125 x 400
2

(11)

= 2,625,000 tons.
Estimated tonnage west of Rentis Profile IC
W = 20,975 x 480
2

(141)

= 5,022,000 tons.
Estimated tonnage east of Rentis Profile IC
h = 20,925 x ﬁ

(iv)

= 4,135.&0 tona.
(v) Estimated tonnage weat of Rentis ID
V = 9,575 x 400
2

= 1,915,000 tons,
(vi) Estimated tonnage east of Rentis Profile ID

¥ =9,575 x 400
2

= 1,915,000 tons.
(vii) Bstimated tonnage west of Rentis Profile IE
W = 9,060 x 400
2

= 1,812,000 tona,

(viii) Estimated tonnage east of Rentis IE west
of Rentis IIA

W =1,710,750 tons.

Total estimated tomnage between Rentis Profiles IA
and ITA = 25,000,000 tons

Botweon Rentis 1ines IIA and IIB a further tonnage
of limestone can be ealculated, No holes were drilled
in this area, however, based on outcrop evidence, cross
sectional tonnages have been indicated on Profiles IIA

and ITB. From these figures the following calculation
can be made for this area:

W= '3|750 W '7‘500 x 350
= 5,468,750 tons

5.3.2 Unconsolidated overburden

As has been mentioned above, a detailed estimate
of the overburden in not possible from our investi-

tions. Methode of determining the amount of over-
en are discussed in Section 6 of this re o 1%
is fair to assume an average overburden thickness of

80 feet except in those areas where there is direct
evidence to the contrary. Overburden will be thickest
at the base of steep slopes and thinner on shoulders
of hn}s and ridges. The overburden shown on the pro-
files (Figs. 3 to 15) probably represents a fairly
accurate picture of the amount of overburden present,

We estimate from these profiles, that the ton-
nage of limestone calculated ubove, will be covered
by approximately 3,000,000 cubic yards of unconsoli-~
dated overburden.

Tl s

6. CONCLUSIONS AND RECOMMENDATIONS

The investigation has revealed the presence
of an estimated 25,000,000 tons of massive e
limestone in one part of the area investiga
with a further 5,500,000 tons occurring further
eagt. Extraction of this limestone will require
the removal of 3,000,000 cubic yards of over=
burden. It is important to remember that this
material will have to be moved over the lifetime
of the deposit and not before operations begin.
The tonnage of limestone under solid rock mm.;d
burden of Dohol sediments has not been estima
but indications are that the limestone continues
at depth below this material., The latter in;
creases rapidly in thickness in some mui ue
to the combined effect of steeply dipring lime-
stone and a rapid increase in ground slope.
However, the material is quite soft and should
be easily rippable if the limestone is required.

It is not feasible to estimate the tonnage
of limestone east of the major fault shown in -
Figure 2, however, the vegetation and seg "
structure s sts that the high ground 1:{.1‘0-
underlain by limestone. Time and financ it
strictions did not permit the drilling ogn.h
holes which would have been able to esta
whether the limestone occurs at a workable
thickness in this area. P?’:ﬂt :ﬂm:m?f
suggest that the outeoro n the
area D (Fig.2) are of tlI:: lower bedded liloggg'
and that the massive upger limestones uri:I.:I..t
on the high ground further to the north-ﬂ“i-
The atreams gavaraing this area were ir;uh
gated but no solid rock outcrops were vis
However, the vegetation in this area is B g
to that seen in areas known to be under
limestone.

£ the
We recommend further investigation o
ground between areas A and B (Fig.2), ;:o ;:;::-
lish methods of working, face alignmen P be
of overburden ete, Traditiomally furt&o o
vestigation would involve development trﬂl
Holes could be drilled at 100 feet cen r:lwﬂ"
the entire area to determine onrburdan"““ tue
accurately. This approach would necess
removal of the vegetation from the aro:;ﬂ.d o
detailed topographic survey could be © o e
at this time. An alternative method of Lo
overburden would be to use nuni:' e
flection noﬁaim techniques. The se
velocities of limestone and ovurbuxdonm o3
show a good contrast and make it ponid 3
determine the depth to solid rock ra 3¢ 40
ompJ.;l‘uthout removing the vegetation. .
desira to leave existing vegotstig the ares
drainage intact as long as possible if h
is to remain stable, with minimum 0}'0:1’ of the
possibility of landslip over the life Save $0
deposit. e geophysical results m:mm1= & o0
be checked by drilling and we ausg:; iri11. Ve
a erawler tractor mounted, air fl Fyrm
consider that the advice of an e:pam otk
engineer should be sought prior to .
of the deposit. We make the follo\ringﬂ. It
tions concerning this aspect of the \r“. ieoe
should be sible to establish a str strike
in area A (Pig,2). In most of the nrc;h. R
faces should be avoided if possible. <)
posit is traversed by a series of aod as 10n6
streams which should be left undis “:1
as possible and therefore dip faces ﬁ‘u
north-west may b; bctt::;
neceasary to clear a strip on ry
above any working faces; this will pr:'ig of
landslip into the quarry and contamina




the limestone. Stability of the slopes will be aided Borehole 2 -~

by the prevailing dip of the limestone which in most
areas 18 contrary to the hill slope.

It is poseible that detailed investigations to
the north-east will reveal further extensions of the
deposit., To the south of area A the limestone is
Fﬂb&bly bounded by a fault which is followed by the
ine of the S, Sedili. An investigation of this
fault could reveal limestone further south. Rajah
has recorded a small limestone outcrop on the south-
o side of the fault near the drainage divide bet-
;"n this river system and that of the S. Dohol.
fortunately, time did not permit investigation of
this occurrence in detail.

7. BOREHOLE RECORDS
Borehole 1 -~ Surface Level: - 986 Peet A.0.D.

Base of Uncon-
solidated Material:- 948 Feet A.0.D.

Borehole ends at: - 928 Feet A.0.D.

Bpth core Description Remarks
08
25% Coarse Yellow/Brown O0=38'6" over-
Sandstone burden and
stream debris
-0t 45%  Yellow clay with Top of 1lime-
Tuff and Sandstone stone 38'
J pebbles
-16 30% Broken core shale
o fragments
e 208  Broken core shale
& fragments
2 20% Broken core shale

fragments with
rounded sandstone

pebblea
.251
18% Broken core shale
S4ge nts
5% Broken core shale
an nte
30% Broken core shale
38 fragments
408  Broken ::u shale
fragmen

=igr
6" gox Dark grey, fine
~01gn grained limestones
1008  Dark limestone Dip 36°
with black argil-
5ign laceous partings
100% Similar limestone
with white calcite
Joints and stylolites

Depth Core
Recovery
0-2' o
-4 40%
-6 o
=T 100%
-9 o%
-13* 100%
-17! ok
=21 93%
-24 ' o
-28" 100%
30" o%
=351 100%
=34" 50%
-35'6"  60%
-40" o%
-45" 80%
-50" o
-52'6" 408
-57" o%
-60" 83%
~64' 96%
-65'3" 97%
0-70'3" 968

=501
# 100f  Limestone similar, Shale partines
broken and rece- dips 3
mented with caloite Shale partings ..,  gog
Pyrite in limestome are slicken-
-.52|1 on and shale sided
100% Limestone similar,
Core contains black Dip 20° -77'6" 1008
Gaig. mdlti.mr
partings.
58 caleite :olm‘.
1008 Black calc. mud- #
stone. Dark fine Dip 34
ined limestone
ome medi
limestone with = Dip 32° -80'10" 98%

calcite joints

Surface Level:
Base of Overburden: - 98% feet A.0.D.
Base of Limestone: - 868 feet A.0.D.
Borehole ends at: = B38 feet A.0.D.

1,043 feet A.0.D.

Description =  Remarks

Brown clay with sand-
stones, gritetone
pebbles

0-60' Super-
ficial deposits

Yellow/red clay
Yellow/red clay
Yellow/red clay

Yellow/red clay 2'
S¢4iff brown clay 2'

8tiff brown clay

Broken pebbles of
quartzite and vein
quartz

Stiff brown clay

Stiff brown clay.
Broken vein quartz.

Stiff brown clay

and gravel
Stiff brown clay

grey fine Rare fusuli-
m}.::d limestone nids and ori-
g‘ finer noid ossicles
darker t0 62%: 62'10"-63'2"
Calcite jointa.
Some en core of
fine dark grey lime-

fusulinide

stone.

Pine fine dark grey Core broken
balck limestone.

;:-rous caloite Pusulinids

£411ed Jum. common.
dark grey Limonitic &
ln.iﬂ'ﬂuo::. Rare calcite jointe

ings common.
Intp 3231?“ e

Broken core large cal- Numercus fusu-
?%gs)ﬁuod jointe 1inids.

dark limestone.
gg.cih veins to 78'2"
contorted black mudstone
at 73'6™, HNumerous Las
L}

limestons. 4* broken
L tones at 80°3%, Dip 33°

and jointe.



=95'10"

-100"10"

-109'10"

-118'4"

-120'

0-127'6"

=-137!

~146'g"

-149'6"
=159

-167"

-177"

-187"
-196'
-205"

98%

100%

95%

100%

100%

100%

95%
100%

100%
100%
100%

Description

Remarks

Mainly very dark grey Iarge cal-
fine grained limestone cite veins

Medium grey fine
grained limestone
with argillaceous
partings, becoming
finer dark limestone
with argillaceous
streaks and partings
common.

Dark grey fine i-
ned limestone black
argillaceous bands
(often slickensided)
common, 97'4" lime-
stone fragments in

argillaceous matrix

Very dark grey to
black limestone.
Contorted argilla-
ceous partings often
slickensided,
veins and joints

As above., Fusuli-
nide mainly in black
limestone and argil-
laceous bands

Dark fine grey lime-
stone,

Limestone similar,
broken & recemented.

Broken shale partings

caleite joints and
veins.

L one s

Calecite veins

& joints.
2" fusulinid
band 85°'

Fusulinid
bands at 89°'

Dips on arg&—
usceous 30%-
32

Dip 300
Secattered
Brachiopod
shells. Gas-
teropod at 99'
4", Fusulinids
ascattered

Fusulinids com-
mon to '05'4"0

Calcite Dip 33%t 104'10"

110'5" - Fusuli-
nid band.112'10"
= Fusulinid band
111'7" = Slicken-
side. 117'10" -
Sl&ckonsida Dip
34

Numerous slicken
sides Dip 320
Fusulinids rare,

Bip, 36

Scattered Fusu-
linids.

Med ium y fine lime-
stone argillaceous
streaks. 143'6"-12"

Pale greenish grey sili-
sceous mudatone.

Limeatone similar

Limestone similar be- Fusulinid bande
coming fine dark with 153'6", 154'7",
argillaceous bands & 155'8"

Fusul Dipe 28°

Similar. 162'2" Small
faults

Similar to 175' with 173'8" Gastero-

argillaceous bands h‘chiopou
becoming dominant Bgd
Calcite joints. i v,

Mainly s green &
black mou- and
shales, often mottled,
contorted or showing
slump structures.

Dip 34°

Borehole 3

Depth
0-10"
-12!

-18!
-42'6"
=33

-61'6"
~T116"
-76'3"
867"

-91 18"
~96'10"
-102°

=107'1"

=11212"
=117'2"

~122'2"

-126°
=131
=137

-143"
-148'
=153

=157*
~162'8"

0-167110"
-17}'
-178"

-18313n
=193

~198110"
-204*
~208'2"

- BSurface Level:

- 1,065 feet A.0.D.

Base of Overburden:{,023 feet A.0.D.

Ense f Masaive
imestone:

Borehole ends at: -

Core
50%
90%

o
10%
100%

100%
100%
100%

100%

100%
100%
100%

1007

100%
100%

100%

100%
100%

100%
100%

100%

100%
100%

100%
100%

100%
100%
100%

~ 846 feet A.0.D.
719 feet A.0.D.

Degcription  Bemarks

Stiff yellow brown

clay.

Grey to buff coarse
grained sandstone.

Clay and Sandstone.

Very pale grey fine
grained recrystallized

limestone.
" non n "N
" " " " " ol
" " n» m n n QOocasioml
calcite
B e Moot 2 e
" mon Lo, T
" "noon LT e
" "noon w o u w 102. 1ine-
gtone be-
coming
darker
108'=112"' limestone
darker
with fusulinids
Limestone becomes m’“’"l"
lighter to 113'7
Then pale grey
limestone. x Cal-
Pale grey limestone 2;{. voin
Grey limestone
Grey limestone pe
Grey limestone oitf."’”
Grey limestone
Grey limestone 1nids
Grey limestone AT
tored
Grey limestone Seb? inid®
ared
Similar 1imestons  S08%H{Ty,
broken
Grey limestone
Grey limestone 175%6"
Grey limestone parker 1:;"
lton‘l 1::“
Grey limestone be- 181'3"
coming pale grey
Very pale grey
limestone
" " w .
" " i
" " " "




Borehole 3 cont'd

Depth Core Description ~ Remarks
Recovery
=213'2"  100% Very pale grey
limestone
=21812n 100% " " noon
=22%312m 054 " " " on
219' dark grey to ? Plant remains
black limestone in shales.
shale part & Pyrite common
calcite joints Slickensides
and veins common. Grap-
hitic partings
=28'2"  100% Similar Dip 28°
=233'8" 1004 Similar more Brachiopod -
argillaceous 2556
=239 100% Similar calcite  238'6" Argil-
vein hcooua parting
dip 27
242" 100%  Similar
249%™ 100%  Similar
~254'6"  100% Similar
259'6"  100% Similar
“%4'6"  100%# Similar
=270 1004  Similar 269" - ? Dip 38°
2T5'6"  95%  Similar
<811 95%  Similar
~286! 1004 Similar
Brelods 4 - Surface levels - 1,152 feet A,0.D.
~ Bage of Overburden: - 980 feet A.0.D.
= End of borehole: - 762 feet A.0.D.
Danth Jore Description  Remarks
Ot 7212m
1726 20%  Overburden, clay Poor core re=-
& boulders of covery
sandstone. 15'-18'
coarse con-
o glomerate boulder
B0 95% Pale grey massive
recrystallised lime-
stone
IBM0" g0k w w w # Reduced to BX core
~181gn 100% " " " "
P 1008« s e » Gededte vesa B
W o W ey W
~200! 954 " " " L
=201 1gn 98% - - = 3
::?7: 0% Core bored away
¢ 86% Fine grey limestone
caleite joints and
2191 veins
@1 90% Pine greylimestone
2 %% % o« »
o 100% " " " Magsive calcite
veins
j’?' 100% " " " " Bisn
'3 1o & e " 237-242" slightly
darker with u=
256 linide
e (g " Fusulinids 248'3",
g}m. 252.
Individual "draws"
not seen by ogist
Core re e

by geo
logical assistants as

Description cont'd

similar, massive grey limestones.
Occasional darker bande, no shale
partings. Limestone becoming
darker to 390",

DRILLING AND EQUIPMENT USED

General
The drilling crew from Drilling and Minerals
ﬂ:{, Bhd. ;d Kuala Iam.l;r;-ivod at the access
er ro approx e miles from the f
drill site &t midday of July 23ud: ssiv
After arriv at the first site all work was
smoothly and efficiently carried out. The ojected
figure of 90 feet per e shift drilling 3" was
achieved on most days. Core recovery in the lime-
stone was excellent and fully up to expectations,

The drilling team working in three shifts,
consisted of 1 clerk, 1 foreman driller, 1 fitter,
3 drillers and 6 drilling assistants,

All holes were drilled vertically, total of
940 feet being drilled.

2. Drilling Equipment
One Boyles Brothers BBS10 drilling machine -
fitted with hydraulic swivel head and driven
by aPerkins FP3 diesel engine,
One Mono Water Supply Pump driven by a Lister
diesel engine.

One Bean Royal Control Pump with Deutz diesel
engine

B.
1.

20 feet of H casing for collaring.

100 feet of HX (1.d4.3.1/16") casing for hole
lining

250 fe
1

.

et of BX (1.d.2.15/32") casing for hole

400 feet of BW (0.d.2.1/18") drill rods.
One NWF 10 feet Double tube core barrel with
swivel head.

One NMIC 5 feet Triple tube core barrel.
One BMIC 5 feet Triple tube core barrel.
NX casing bits and shoes.

BX casing bits and shoes.

NMIC core bite (Step amd Flat face) - core
size 2,3/64".

NMILC Reamer Shells.

NII/Cm bits and Reamer Shells - core size
2.1/8",

BMLC Core bite and Reamer Shells - core size
1.25/64".

KW, BW Reducer/Adaptora.

NX, BX Casing Caps.

Rod Bells and Taps.

Water and Lifting Swivels.

Sheave Block.

1700 feet Plastic water supply hose.

2000 p.s.i. pressure hose.

Mud Tank.

Mud Mixer.

"Macobar' Bentonite drilling mud.

Jarring hammers.

Ground casing clamps.

Miscellaneous small hand tools.

Core boxes.



9. ANALYTICAL RESULTS

The chemical analysis of samples from two
cores was carried by the Geological Survey, Ipoh,
the results are reproduced here with acknowledge-
mant to the Director of the Geological Survey.

8 9 55.0 0.04
58 2 54.5 0.56
8 3 54.6 0.54
5 4 55.1 0.27
3.5 55.1 0.21
3 6 55.0 0.32
e i 53.4 0.92
S 8 53.4 0.92
8 9 49.1 3.14
510 52.9 0.74
811 53.8 0.05
812 54.3 0.27
813 52.5% 1.07
S 14 52.8 0.45
g 15 55.2 0.61
8 16 52.0 0.39
317 54.2 0.64
s 18 50.8 0.58
8 19 40,9 0.54
8 20 42.9 0.78
8 21 47.9 2.48
3 22 48.6 0.94
823 47.8 1.07
8 24 44.7 1.28
3 25 44.3% 0.77

-0 =



PART III

GEOMORPHOLOGY, SOILS & LAND EVALUATION

APPENDIX E

JOHOR TENGAH SPECIAL SAMPLE AREAS
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APPENDIX E

JOHOR

1. INTRODUCTION

River valley alluvium occu

3 pies rather large
;:Oui:f the Johor Tengah Region. Such alluvial
mt g a.r;musually verg variable in composition,
of this 8 Bi ost impossible to give much ication
% uheekT:r ability in a semi-detailed soil survey.
of Tive he degree of variability within an area
sl T viglley alluvium, two small areas were
Jmtwinn A detail, The first, situated at the
o, of the S, Semberong and S, Semberong Kiri,
“Iﬁ-do::;.ll to represent an area within which the
e ed study has indicated alluvia with a
i 1:&: of drainage characteristics. The second
. 'ﬂriara he valley of the 8. Dengar, about three-
Ytk gf a mile south of that river's confluence
ivtatics m.lnlf:hax;géicoverod an area which the semi-

el

terms of dramgge. el e R P

It must be pointed out, th
, that Pig. 1, 2 and

:Llﬂ;isi-\ppendix have been drawn atig.tala mpping
Mh{-g."' 1:25,000. This is due to the fact that
e ;1aca1e maps (e.g. 1:10,000) were available
ol eld work, The above maps muist therefore
ik gggrded as claiming an accuracy appropriate

125,000 after reduction from a larger scale.

% 8. SEMBERONG SAMPLE AREA

This sam
1] ple area covers some 2 square miles of
m“:,;”d Poothills (Figure 1. Some 11 miles of
at 10 ehue surveyed, auger inspections being made
nd intervals. total of 72 sites were
the ares ?n described. The survey revealed that
pe s complex pattern of levees and back-
Sembero BECiated with the 5, Semberong and S.
ulm“:.g iri, and with two tributaries. Riverine
these are Uoi8 aTe formed on the higher level 1evees;
elay to ¢ u“VY textured, varying from fine sandy
o wely amty clay and clay, Drainage is imperfectly
on the hy h-‘mﬂd. the better drained soils ocourring
soi, hest parts of the levees, In most cases
are rather compact, with a well dovalopﬂi

SAMPLE -

three groups of soile in bands parallel to the
The Riverine Alluvium and Local Alluvium are nm.
to those of the Semberong vnllag. described above.
The third group is the Organic Clay and Muck soils.
These are organic soils containing between 25 and 65
E:cent organic matter measured by loss on ignition.
conz n:'o unconsolidated soils with very high water
ents.

4, S. PENGELI SAMPLE AREA

In semi-detailed survey, the detailed vari-
ations ﬂ‘ﬂm a series which can be ma are
limited. These differences can be e t r;ﬂar
agricultural development, especially annual crop-
ping on a small-holder system is amn;g;d. To give
some indication of the variability wit a peries
unit as mapped during the semi-detailed survey, an
area of low gently undulating soils of the Harimau
Series was examined, This area of approximately 24
square miles is located at the confluence of the 8,
Pengeli and S. Sayong (Figure 3). The level of
detail was the same as for the other areas described
above i.e. aufor inspection at 10 chain intervals
along rentis {5 chains a . The revealed
that there are three distinot phases with the
Harimau Series in this area.

It appears that the older alluvium overlies
an older surface of shale derived material, the
junction be marked by a band of rather close
packed laterite. The underly. material is very
compact. Over a large part of examined
compact . ite band and shale material occur within
100 cm (40 inches) of the surface, These soils have
been called a moderately deep phase of the Harimau
Jeries, The deeper Harimau Series soils have been
divided into the normal series soil and a friable

e. The latter ¢ of the Harimau Series has
not been establish the Soil Science Divieion
of the Division of Agr ture, Kuala Lumpur and
should therefore be regarded as tentative. The

normal series has moderately structured, friable
g of 8 loam to sand clay

blocky structure which appears to have a low surface horizon(s) ciny
m"'- The imperfectly iminggeunbm have a texture, overlying at about 40 cm (16 inches)
The oe nt water-table at 60 om (24 inches) or greater. rather r and more coarsely structured
t1catq 1° 8bove this level are stro mottled in- clay sub-soil horizons. In the friable phase
The ':.ng consideratle fluctuation of the water-table. 801l 18 weakly structured and friable to at feast
e 1l drained soils on the highest part of the 80 om (32 inches). No reason for this difference
m&re fine sandy clays rather than silty clays is known, other than the fact th;:.ath texture is
't“wtyu:-;d They are more friable and more weakly more gene sandy clay loam than sandy clay,
with higher porosity than the finer when soils are more friable.
not subdivided

“lb.l\..

Vithin ¢
80 he backewamp areas behind the levees are
h&‘u"imth‘ Local ﬁlluvfum group and deep peat, the
{ourring towards the base of the low hills
the g, 392%-,-““ alluvium, Below the confluence of
Berong peo rOn6 and S. Semberong Kiri, the 8. Sem-
loca) kl:l:wno well defined levees, and soils of the
AL, iun extend as far as the river bank, The
o smpsum soils are finme textured gleys with an
begoss c® horizon of less than 15 cm (6 inches).
u"th eoh has a very high water content and very
hesion, indicating permanent saturation. No
nd compaction of the material has oocurred.
se member of this moil has tentatively
a1y i Soils of the Local Alluvium grade
cny(into the deep peat soils. These are at
ox 40 inches) deep, very 1y humified
woody, The water content is extremely

5.
8. DENGAR saMprE AREA

In the va
lley of the S, Dengar, an area of one
m‘%‘ was examined at th: same level of detail
+ The soil pattern is very simple, with

S92

Alluvial soils are ﬁn'ﬂll]
into phases, but sub-div ion has been done tenta-

tively in s detailed . Thus the coarse
and compacted 'Xhuu g b;t;- 11'%'1&::1:- should
- kg Riverine Alluvium/coarse

goil claseification.

“:udy. by Inrg’ ”u:l::th-nd ta ::f:l:.:f about
1 L] a
u.inam?.* The Riverine Alluvium/compacted

em (36
ﬁn-c(.nmamavm comistency a

dupthbotumiswsoﬂ 5 and 20 inches).

belonging to Iﬁlﬂ gsoils have been
um::"{in detail early this Report (Chapter
6, Soils).



FIGURE 2
SUNGEI DENGAR SAMPLE AREA

Scale: 1:25,000
Topographic Sheet No.l24b
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FIGURE 3
SUNGE! PENGELI SAMPLE AREA

Scale: 1:25,000

Topographic Sheet No-i125e¢ & 130a
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APPENDIX F

SOIL MOISTURE DETERMINATIONS

The amount of moisture which soils retain and
which is available for crop growth is related to
80il texture, structure, the nature and amount of
inorganic and organic colloidal material, the kind
and quantity of exchangeable cations and the size
and volume of the pores.

The plant must overcome certain forces in
order to take up water from the soil; this is
called soils moisture stress, which represents the
combined forces of matric tension and osmotic
tension. The latter is due to dissolved salts,
but in wet humid climates dissolved salts are
negligible therefore soil moisture stress is equal
to soil matric tension,

High soil temperatures can deplete soil mois-
ture reserves, and often do so on eultivated land
especially when the crop is still in its early
stages of growth and the soil surface is bare,
These high soill temperatures can be reduced by
mulching and green cropping.

The range of soil moisture which is important
to crop growth is the "available water content"
(also called available water capacity) or AWC,
This range can be determined by several methods,
In this study the following were employed:

a) laboratory determination using the porous plate
and pressure membrane apparatus,

b) Caleulations using Salter and Williams' method
of estimating the available water capacity in the
field (Salter and Williams, 1967).

The AWC is defined as the moisture held by the
80il between field capacity (FC) and permanent wil-
ting point (PWP).

The field capacity is the highest moisture con-
tent of the soil at which plants absord moisture ex-
cept transiently in the interval between saturation
and the drainage of surplus water out of the pore
zone and the wilting point is the lowest possible
moisture content for plant survival,

Under practical conditions the field capacity
of a soil is reached some two after the soil
has been completely saturated with water, either by
rainfall or irrigation, and downward flow of water
by gravitational pull has practically ceased.

In the laboratory the field capacity has been
simlated by using tension of 1/10 or one-third of
an atmosphere. (pF figures 2.0 and 2.5 respectively),
In this project for coarse textured soils 1?1.0 of
an atmosvhere and for medium and fine textured soils
the one-third of an atmosphere tension was used,
The wilting point for all textures was measured at
15 atmosphere tension, pF 4.2,

dTh. mi;;:r; cgntcn;“ o:trthc 80il is measured
on a dry we asis. t for many purposes it
is more useful to know the moisture contm by
volume of the soil; this can be calculated tsing
the bulk density (B.D) or apparent specific gravity.
The bulk density is a means of l:l:Ecrusiag the weight
of dry soil per unit volume and us includes the
apace occupied by soil solids and the pore space in
a ﬁ:ticular volume of soil, The bulk densities of
80 gtudied range from 1,00 to 1,60, the higher
figures being generally found in sands.

Not all the water held by a soil is equally
available for plantgrowth and in the lower ranges
the plant has to exert considerable force to obtain
moisture. When the permanent wilt point is re-
ached no water can be extracted. Between this mois-
ture content and field capacity the ease of extrac-
tion inocreases rapidly. The remaining water at that
wilting points varies in amount depending on soil

texture. In sandy soils the amount of water re-
maining at wilting point may be about 0.5 inch
per foot of soil, in loamy soils approximately
1.5 inch per foot and in clay soils about 2.5
inches per foot. (Tamhane, Motiramani, Bali and
Donahue, 1964). The moisture held at low ten-
sions also increases with texture, so that the
AWC varies less with texture than do the mois-
ture content, a point illustrated in Table 3.

Table 1 illustrates the moisture hold
characteristics of a number of selected profiles.
In the table the following calculations have
been used:

t

a) AWC by weight percentage = moisture held a

1/1 Obzr one-third of an atmosphere minus
moisture held at 15 atm.

AWC in volume percent = AWC in weight percent
times B.D.

AWC in inches per soil
AWC V.

b)

c)

horizon =
epth

100

Table 2 gives the average AWC in inches per
foot of m:iill..Jg It must be pointed out that the
average AWC has been calculated from the total

file. Therefore these figures are slightly
ower than the AWC in inches per horizon (column
13, Table 1).

The above tables indicate that the Rengam, {1-
Bungor and Holyrood series have the est ava
able water, followed by Yong Peng and - i
Series and Rengam Series, coarse sandy clay .'Pg:'
with the lowest figures. Surprisingly Holyro
Series has a similar AWC to the Rengam and o, 8
Series. The reason is that this pnrticu.‘l.ur'm
rood Series profile has higher than usual .
sand and clay figures. The texture of the i
analysed profiles is sandy clay loam. In oto te
words this Holyrood Series profile appears
heavier textured than its modal profile.

cap=
Table 3 illustrates wilting point, field
acity and available water capacity for a mﬂ’;{."‘
textural classes. The AWC figures in this
generally compare with those in Table 2.

)
Work done by Salter and Williams (1967,
has made it poo:{ble to estimate an apm‘i’:%m
to the available water cu.paoit{lon the hl:“:‘l

the 801l texture. The West Malaysian texturs.
classes have the silt fraction bmmdariestm 1966)-
9:002 and 0.02 millimetres (leamy and Pantony .,
Therefore the equation used to work out

inches per foot is:

T = 2,17 - 0.018a + 0.0072b.
In which Y = AWC (in/ft)
& = percent coarse sand
b = percent fine sand.

for

Table 4 illustrates the calculated ;:’:’t'mru'
available water expressed in inches per table should
most of the sampled soil series. This . .
be regarded as an approximation o ﬂiﬂgh. calou=
ficient work has been done to correlate values.
lated AWC values with the ac -”‘“‘n'd“.
There is however general agreement betwe
figures in Tables 4 and 2. P

Table 5 lists the percentage of -01;;‘“’1“‘ at
tained by a number of 70hotod soil mw.
pressures of 0, 1/10, 1/3, 1 and 15 a e

It is recommended that further studies
carried out in respect of the agriculturally

- O




: 4 3 4 ¥ rigl T8 9 100 A AR fdnatgs R 46 AT A8 19 20
Percentage moisture rentention B,D AWC AWC AWC Soil Separates On original
on dry weight basis at pressure: g/ee wt. wvol. in. Percentage on fine earth Sample percent
Soll Site Sample Depth 0  1/10 1/3 1 15 % % per GO ot Fime O e
Series No. No,  oms. atm. atm. atm. atm. atm. hori= .48 0,002 Sand Sand
TN than to 0,02 0.02
olm O.CQ to ‘o:
m. mm 0.2 mm
— .
TC  A152 40048 15-54 40,0 31,7 29.5 29.2 21.61.4 T.9 1.4 LIT T3 &N £ .
A0049 54-94 52.8 36.5 34.0 33.7 25.01.2 9.0 10.8 1.73 T 2 M 2 29 1 c
T BO29 BOO22 11-32  49.7 44.9 42.7 42.4  30.8 1.3 11.9 155 1.32 17 8. 1o M1 m1 ¢
BO023 32-67 53.5 44.9 42.6 42,3 3.7 1.2 109 13.1 1.79 23 57 10 N w1 Nil SL
B0024 67-96  55.7 46.5 43.6 43.2 32.81.2 10.8 13.0 1.48 25 - M B 0.6 1 sL
TG €103 00041 50-82  41.1 36.1 34.6 32,8 24,2 1.3 10.4 13.5 1.76 25 48 8 24 tod o1 SL
C0042 B2-115 26,0 18.4 17.3 16.4 13.21.6 4.1 6.6 0.85 67 6 6 26 40.8 27 ¢
T B3 D095  0-14 86,9 50.3 44e6 43.9 22,0 1.0 22.6 226 1.24 59 6 14 26 m1 m [
BOOS6 14~44  4T7.2 3.7 32.6 3.3 22.71.4 9.9 139 1.64 6 TRES i RO ERS ol
BO0I7  44-70  45.6 35.5 33.2 32,7 23.71.3 9.5 12.4 1.26 30 37 10 28 45 06 oL
BOO98  70-106 45.9 33.7 31.4 M2 23.01.4 9.4 13.2 1,87 30 ¥ T N 24 1.9 OL
B BM05 B0109  12-34 40,7 32.6 30,3 30,0 20,2 1.3 10,1 13.4 143 6 g NN et - W8
BO110  34-77 42.0 29.1 26,2 25.9 18.01.4 B.2 11.5 2.02 59 2 10 M 93 WMl c
BO111 77-120 38.5 22.3 20,8 20,5 15.21.3 5.6 7.3 1.18 63 g 10 NEFRY m3 0
W 282 30138 20-42  29.7 171 15.7 4.6 10.81.3 4.9 6.4 051 4 9 8 » B M1 80
BO139 42-80 29.2 16.4 15.5 14.8 9.1 1.3 6.4 8.3 1.24 M 25 5 4 4 w1 oL
W A291 40060 15-42  43.6 3.3 333 325 22,5 1.3 108 14,0 1,48 61 4 AY BN WE R
AOOG1  42-T5 44,7 37.2 36.1 4.3 24.1 1.3 12,0 15.6 2,08 65 RS e M1 C
A0062  75-101 37.9 27.3 27.0 26,1 19,2 1.3 1.8 10,1 1.02 67 CERE A 3 m e
B 0199 A3 15-48 3BT 28.1 25.9 25.6 1614 8.3 1.6 1.5 48 3 10 2 1.7 Mm%
R w45 sovss 16=49  35.9 27.8 26,2 24.3 17.01.4 9.2 12.9 1.67 48 3 13 4 M1 m1 S
BO149  49-100 36.4 28,2 27.1 26.4 17.7 1.4 9.5 13.3 267 &5 3 97 40 W1 m :
BOIS0 100-152 34,7 29.7 28.6 27.7 18.4 1.5 10.2 15.3 3.13 47 AR A Wil N1
» 0039 €0025 0-10 49.9 36.5 33.6 30.6 16,5 1.1 1741 18.8 0.73 45 7 M 1 1 M1 sc
00026  10-47 40,8 31.9 30.1 28,6 18,0 1.3 12,1 15.7 2.29 52 I 2 1 W m :c
00027  47-109 32,9 28,3 26.8 25,5 18.01.5 8.8 13.2 3.2 51 8 30 16 W1 WMl
M gy BOOTS 11-38 35,5 27.9 25.9 242 16,3 1.5 9.6 14.4 152 53 6 15 »n m1 ™Ml :
BOOT6  38-68 3.1 29.8 26,1 246 18,2 1.6 T.9 126 1,48 54 5 15 3N E :11 .
g BOOTT €8-438  31.9 27.6 26.1 24,7 18,5 1.6 T.6 122 3.36 57 € 15 25 ma
018 0002  6e21  40.5 324 30,2 28.3 148 1.4 15.4 216 127 45 4 2 D 2.4 ﬁ :
0003 21-36  31.0 25,7 24.3 22,2 15.7 1.6 8.6 13.8 0.81 49 2 20 ® 3-: o
0004 3667  31.0 26,3 25,1 23.6 18.31.5 6.8 102 1.24 49 3 14 ¥ 18, oo
m 00005 67-139 30.3 27.4 26.2 25.1 21,215 5.0 T.5 243 53 & w33 Wi TS
i W1  SCL
B4 B0S2 1758 28,9 18.1 147 1hed T8 1.5 10.3 155 249 26 4 ¥ 3!: ;L o
BOOS3 58121 22,9 14,8 12.6 11.5 6.4 1.6 B4 13.4 3.32 24 & ¥4 o
'\-—_—_‘_—_




Total Depth avWC Average Laboratory

Thickness '
of sampled of AWC (Inches) AWC textures o
Soil Series gite ?oriso sampled (Inches) r inch inches/ examined
Fo. Me:g profile for 0il foot of profile
sampled Depth soil
profile o
clay
Yong Peng a152 5.9 - 37.0 31.1 3.40 0.10 1.2 St:l:{n i
Yong Peng BO29 4.3 - 37.8 33.5 4.59 0.13 1.6 As above
Yong Peng 0103 19,7 - 45,3 25.6 2.61 0.10 1.2 gﬂ; loan t0
Rengan B337 0 - 41.7 4.7 6.01 0.14 1.7 Sy 1 s
Rengam B405 4.7 - 47.2 42,5 4,33 0.10 1.2 Clay
Rengam coarse to
sandy clay phase  B482 8.7-31.5  22.8 1.75 0.07 0.8 Sendy &
clay
Rengam A291 5.9 - 39.8 33.9 4.58 0.13 1.6 Clay e
Masai 4199 5.9 - 18,9 13.0 1.51 0.11 1.3 Sandy
Serdang, sandy
clay phase B545 6.3 =59.8 53,5 7.47 0.13 1.6 :::; s
Bungor co39 0 - 42.9 42.9 6.24 0.14 1.7 %o clay
Pohoi B211 4,3 =54.3 50.0 6.36 0.12 1.4 As lw:'m
Harimau co1e 2.4 - 54,7 52.4 5.45 0.10 1.2 ey -
Holyrood B114 6.7 - 47.6 40.9 5.81 0.14 1.7 e
e
TABLE 3
AND AVAILABLE ACITY
L_TEXTURES +
Wilting Point Field Capacity Available Water Capacity
rcent - Water
S011 texture s oot oF°T i R - rosel RV L
soil depth soil depth soil depth
(inches) (inches) (inches)
Medium sand 1.7 0.3 6.8 1.2 5.1 0.9
Fine sand 2.8 0.4 8.5 1.5 6.2 1.1
Sandy loam 3.4 0.6 11.3 2.0 7.9 1.4
Pine sandy loam 4.5 0.8 14.7 2.6 10.2 1.8
Loam 6.8 1.2 18.1 3.2 1.3 2.0
841t loam 7.9 1.4 19.8 3.5 11.9 2.1
Clay loam 10.2 1.8 21.5 3.8 1.3 2.0
Clay 14.7 2.6 22.6 4.0 7.9 s e

+ Source: Water. The Yearbook of Agriculture, 1955, page 120, U.S. Dept. of Agriculture
Note: It is obvious that since there is a variation in the amounts and kinds of sand,

silt

1naia

and clay within
o a variation in

an average value is given in this table.

one textural group (

such as within loam soils), there
e water constants;

however, for purposes of simplification

=95 -




available water in the various soil series not
only in the southern part of Weat ia but
also in the north where climatic conditions are

different,
TABLE 4
AVERAGE VALUES OF AVAIIAELE WATER CAPACI h )
(after Salter & Williams)
¥o. 0 - 12 inches 12 -24 inches 24 - 36 inches  Total
S01l Series profiles Average Range Average Range Average Range 0=36 Remarks
—— inches
Tong Peng 9  1.90  1.70-2.25 1.85  1.60-2.20 1.65 1.20-2.10  5.40
Jerangau 4 1.84  1.69-1,98 1,86  1.65-2.05 1,88 1,79-2,01 5.58
Rongan 1" 1,70  1.50-1.80 1.60  1.35-1.75 1.50 1.30=1.70  4.80
o y oley hese 3 1440 1.15-1.60 1.10  1,05-1.20 1,00 1.10-1.00  3.50
‘-’E‘aﬁ;“;h... 10 1,75 1.60-1.85 1,75  1.65-1.80 1.75 1.65-1.85  5.25
- i - - - - - shallow soil
4 1.60  1.06-1.9% o
mtﬂu.
Serdang 4 1.56  1.50=1.70 1.63  1.60-1.75 1,56 1.20-1,80  4.75
8
dlay Th2 tendy 2 1.95  1.70-2.15 1.80  1.50-2.10 1.87 1.60-2.15  5.60
Bungor 6 2,05  1.65-2,40 2,00  1,70-2,35 1.95 1.70-2.35  6.00
Yarang 5 2.18  2.04-2,30 2,09  1.,89-2.26 1,65 1.19-2.17  5.92
Durian 5 2.25  2.15-2.35 2.25  2,20-2.40 2,20 2.10-2.35  6.70
Pobioy 3 2,08 1.75-2.21 2,01  1.75-2.15 1.90 1.65-2.20 5.9
- - - soil
falacea 8  1.85  1.21-2.17 1.1%  0.61-2.00 shallox so
profiles.
oy 4 2.00 1.75-2.20 1.57  0.88-2,00 1.28 0.75-1.80  4.85
"“"]‘ 8 1.80  1.65-2.15 1.60  1.35-2.15 1.60 1.25-2,00 5.00
, 1.50 1.25"'.75 1.57 1050“1-75 1.‘2 1030‘1150 ‘049
——




TABLE 5

SOIL MOISTURE ANALYSES
]
s -yl - n§i‘{w IO TUUNT DR gu ©1F Mdgit Waais 2t Sestensen
cc.
A199 MASAI SERIES
A0037 15-48 1.413 38.7 28,13 25.9 25,6 17.6
A152  YONG PENG SERIES
A0048 15-54 1.429 40.0 31.7 29.5 29,2 21.6
40049 54-94 1.211 52.8 36.5 34.0 33.7 25.0
BO29 YONG PENG SERIES
B0022 11-32 1.301 49.7 44.9 42.7 42.4 30.8
B0023 32-67 1.244 53.5 44.9 42.6 42.3 3.7
B0024 67-96 1.220 55.7 46.5 43.6 43.2 32.0
B114 HOLYROOD SERIES
B0052 17-58 1.532 28,9 18.1 14.7 14.4 7.8
B0053 58-121 1.61 22.9 14.8 12.6 11.5 6.4
B337  RENGAM SERIES
B0095 0-14 1.034 86,9 50,3 44.6 43.9 22.0
B0096 14-44 1.356 47.2 34.7 32.6 32.3 22.7
B0O097 44=70 1.336 45.6 35.5 33,2 32,7 23.7
B0098 70-106 1.381 45.9 33,7 3.4 31,2 23.0
B405  RENGAM SERIES
BO109 12-34 1.343 40.7 32.6 30.3 30.0 20,2
BO110 3477 1.381 42,0 29.1 26.2 25.9 18.0
BO111 77-120 1.336 38.5 22,3 20.8 20.5 15.2
A291  RENGAM SERTES
AOO6OM 1542 1.25 43.6 34.3 33.3 52.5 22.5
61N 42-75 1.31 4.7 37.2 36.1 34.3 24.1
62  75-101 1.30 37.9 27.3 27.0 26.1 19.2
B211  POHOI SERIES
BOOTSM  11-38 1.47 35.5 27.9 25.9 24.2 16.3
T6M  38-68 1.55 34.1 29.8 26.1 24.6 18.2
™ 68-138 1.62 31.9 27.6 26.1 24.7 18.5
B4B2 RENGAM SERIES, coarse sandy clay phase
BO138 22-42 1.30 29.7 17,1 15.7 14.6 10.8
139 42-80 1.33 29.2 16.4 15.5 14.8 9.1
B545  SERDANG SERIES, sandy olay phase
BO148  16-49 1.36 35.9 27.8 26.2 24.3 17.0
149 49-100 1,35 36.4 28.2 27.1 26.4 17.7
150  100-152 1.50 34.7 29,7 28.6 27.7 18.4
CO18  HARIMAU SERIES
C0002M 621 1.35 40.5 32.4 30,2 28.3 14.8
M 21-36 1.59 31.0 25.7 24,3 22.2 157
M 36-67 1.48 31.0 26.3 25.1 23.6 18.3
SN 67-139 147 30.3 27.4 26.2 25.1 o
CO39  BUNGOR SERTES
CO025M  0=10 1.12 49.9 36.5 33.6 30.6 16.5
26M 10-47 1.32 40.8 %1.9 30.1 28,6 18.0
2TM  47-109  1.50 32,9 28,3 26.8 25.5 18.0
0103  YONG PBNG SERIES
0NN S 1.36 41.1 36.1 34.8 32.8 24.2
el L 26.0 18.4 17.3 16.4 13,8
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APPENDIX G
E _ELEMENTS

IRTRODUCTION

Most chemical elements have been shown to
be present in animal and plant tissues, and in
soils and rocks.

The term trace element was applied by
early workers to those chemical elements which
occur in small amounts relative to the amounts
of the main constituents of the material.
Among the many chemical elements detected in
biological ti , An tial physiological
role has been established for a minority.
These will be referred to as the micronutrient
elements.

The elements copper, cobalt, manganese,
iodine, zinc and selenium are considered es-
sential for the proper nutrition of the higher
forms of animal l1ife and copper nese,
zinc, boron and molybdemum for the 1ife of
higher plants.

Orig most trace elements were de-
rived from the igneous rocks fo the earth's
crust and during crystallisation of these rocks
they entered into the crystal phases formed by
the major constituents.

Chemical and physical weathering of the

rocks eventually occurred and soil and plants
established themselves.

Water movement through the soil tends to
remove trace elements into lower horizona or
into the drainage water.

Plants growing in the soil counteract
this downward movement by absorption of ele-
ments from the soil-water and transference
into the tissues. Iater the plant is re-
turned to the soil as debris, is broken down
by microbiological activity and the chemical
gelents are incorporated into the organic

rizon.

Plants and animals depend upon the soil
for the supply of all micronutrient elements.

1.

A t obtains all its nutrients from a
parti r 80il whereas animals, due to their
mobility, may derive their nutritive

uire-~
ments from a variety of plants r:g
different soils. Furthermore appreciable
amounts of some trace elements may be obtained
from drinking water.

Many nutritional disorders in plants and
animals result primarily from the inability of

the soil to supply their essential micronutrient
elements,

The processes of soil formation have a
great effect upon the distribution of trace
elements in the soil which, under appropriate
conditions, may be:

a) Leached down the profile if they are
present as soluble ions;

accumulated in the organic layer due

to plant uptake and subsequent decay;

moved in the course of podsolisation

together with iron and aluminium;

mobilised in the gley horizons of
poorly drained soils,

DISCUSSION OF ELEMENTS

hbl;li .:g'inr:; LY T::nbar g:t soil

samples collec L] Jong Penggerang
HRegion, the in concentrations en- y
countered for trace elements, their mean

b)
e)

a)

2,

value, the limiting concentration required for
detection and the normal range in soils.

A study of the data revealed that in general
the soils are rather poorly supplied with trace
elements and toxic concentrations of elements do
not occur although some molybdenum values are
much higher than normal. e most important
finding is that the copper content and in some
cases manganese is sufficiently low to bring
about nutritional disorders in plants.

2.1 Copper

Soile derived from acidic rocks, sandstones
and shales are normally low in copper and the
values obtained in this survey confirm these
observations.

Copper deficiency may be especially severe
on peat soils where, even if the total copper
content appears adequate, it is often unavailable
for plant growth.

All soils are low in copper (content less
than 5 ppm is deficient) but those derived from
shales have sl tlg mhor values., In Rengam
Series (3009? 98 the Serdang Series
(BO109~B0O111) the molybdenum content is higher
than normal., The low copper values in these
80ils may be aggravated g;y the comparatively h:ah
molybdenum contents since molybdenum is known %0
induce copper deficiency in ruminants.

2.2 Cobaly

Cobalt is an essential element for all ru=
minants but has not yet been gﬂ‘d necessary
for the growth of higher plants.

Soils with a total cobalt value less than
5 ppm are considered deficient. Cobalt values
are low throughout all soil types.

Cobalt deficiency occurs on the all soils
regardless of its parent material.

2.3 Manganese

se deficiencies occur on ve l:iﬂ

80ils low in total se contents. Totb
manganese is not a ﬁ indication of the
quantity available for plant growth but a m;g
limit has tentatively been placed at 20 ppm
general guidance for deficiency levels.

Leeper (1935) found that 10 ppm of easi
reducible e was the critical value &
Sherman et alis (1942) ed the limit at around

15 ppm of easily reducible manganese.

2.4 m

Zine deficiency is common on acid leached
soils and some or, soils. The iocular
method used is rather insensitive for zinc de=
termination and the values measurable are re-
ported as less than 50 ppm.

Alben and Boggs (1936) demonstrated uﬂ::

oils o 2 of total zinc ind
$ ticioney eynpions 10

crops.
2.5 Molybdenum
Strongly leached soils are usually lov in

molybdenum, Further more the molybdate anion
is & abasorbed soil colloids at a r’:
below 6. 1

(Jones, 1957) and oomql:nﬂ! ag
soils have hi;h total quantit
bdm.-;nt the amount available for plant
growth is often insufficient.




Molybdenum values are variable and it is
possible that molybdenum deficiencies may occur
on some soils. Some rather high values occur
and should be considered in relation to the low
copper content of the soils.

2.6 Qther Trace Elements,

Values are generally low to average. The
elements lead, nickel and chromium are agricul-
I:NJJ-J’ only of interest when the concentration

the soil is sufficiently high to produce toxic
:ﬂptoma in growing crops. Tin values are higher
han normal but this is to be expected since tin
bearing alluvial deposits occur at various points
vithin the Project area.

RANGE OF TRACE
Range in Limit of Normal Range
Element ppm. Mean Value Detection in soil ppm
ppm
Lead 5-130 21 2 2-200
Tin 5-160 34 5 5-10
Gallium 16-50 36 2 2-30
Bismuth 5 5 5 1
Vanad ium 30-300 94 2 20-500
Molybd enum 2-13 5 2 2-5
Copper 2-30 5 2 2-100
Zine 50-200 90 50 10=300
Titanium 1000~10,000 4,634 50 1000=10,000
Silver 0.2 0.2 2 1
Nickel 5=30 15 5 5-500
Cobalt 5-5 5 5 1-40
Manganese 13-50 24 5 200-3000
Chromium 8-130 41 2 5=1000
! Table of Trace E Cont
tor The following chemical symbols are used taken from Swaine (1955).
$ emnte) 5. Iron, vhich is regarded as s macromutrient
n Lead element, occurs in most soils in the range
10,000 = ,000 ppm. Other macronutrient
.g‘ Gallium elements such as po:;:i:n. al:i:l;n:m
Zn :::.dim omo;:ur:tg.n: ::o.:r in very impoverished
e mineral soils.
Cu Copper
’1 T4tanium
L Nickel
Co Cobalt
tn Manganese
Cr Chromium
Mo Molybdenum
Sn Tin

20
The sensitivity of each element is given
i represents the lowest concentration
3 etectable by the method used.
* Elements

present in concentrations less
than the sensitivity have been omitted.
8e include:

bismuth and silver.

1,
Values for the normal range in soil are



Pit.

Sample No. P> Sn  Ga v Mo Cu Zn ™ Fi. . Co  ..Mn. . Cr:
0439, SERDANG SERIBS P ke gy (S _ s
0109 10 20 20 40 5 5 05011542000 10 5 1670 1107
c0110 13 30 40 60 10 551504100 5-6000 ' 1% 5 60'ioe 20°
co111 13 20 40 60 8 16...-:300 - 4000 - 716 5 301 wopb
Co112 13 40 50 50 5 2 it 400:2 16000 «40-: =0 5 BOS awxoBOss
C422, RENGAM SERIES B
co11% 13 40 40 40 2 50 4000 5 5 20 20
co114 10 30 40 40 5 50 3000 5 5 13 20
co115 10 30 40 50 2 50 2000 2 5 16 20
A199, MASAI SERIBS e lATTOTHAT o :
A0036 13 16 40 5 2 50 4000 5 5 20 20
A0037 20— 40 50 5 2 50 4000 6 5 16, =
A0038 6" 307" 50 20 5 2 50 " 4000 6 5 =
40039 b . DRSS | mihdcd 3 2 50 3000 8 5 40
A0040 SR RGN TINS 5 2 50 5000 10 5 3
A217, MALACCA SERIES; deep a
A0041 5 A 200 2 200 . 8500 30 5 50 100
40042 50 '~ 40 40 200 2 10 100 8500 30 . 40 g’s
A00473 40 ;. 40 40 200 2 5 160 8500 30 5 40
B337, RENGAM SERIES
B0095 100706 50 3 2 50 (3000 6 5 » =
B0096 8 .13 10 50 2 50 2000 5 5 16 8
B0O97 i SRR 0 10 2 50 1600 5 5 16 8
B0098 5.1-40 30 30 0 2 50 1300 8 5 16
B405, RENGAM SERTES ' 6
BO108 0d3.01-d6: 40 1740 3 2 50,2000 5 5 . -
B0109 1€ % % 8 10 2 200 3000 10 2 ®
BO110 0 40 50 8 2 100 2000 13 ; 16 6
BO111 15\ 4. 20 50 - 60 8 2 100 3000 10 5 20
iy T sfnm} € e : = 10 40
1 : 2 a2 100 2
BO114 1g % Sty + I 2 i T 3 13 =
BO11 20°'-46 20 130 2 A2 100 5000 30 : ; 20 199
BO116 20 . 10 .20 400 2. 3 400 4000 30 5 16 85
BO117 16 10 20 130 2 2 50 4000 40 _ 5 13, 18
BO118 10 40 30 10 5 20 100 6000 0. & 20 20
e 18 A
5 2.2 2 100 ‘4000 * 10 5 i
- 40.. 00 40emarsh $ 100" 4000 10 oge) 20 .
0 40 50067 ,0t5 2 100 5000 10 5 AN
40 un §0xerie eb 2 50 6000 10 5 20 :
§ e 5'66': a0 5oo TenteS 20 -~ 200 20 B s0 130
Bo154 0 160 40 300 5 10 200 8500 30 B
BO125 50 130 40 200 2 16 100 8500 20 20 19
B0128 10 180 5 30 5 30 599 30 20 1%
BO128 el e ™ 40 so 30
130 2
BO129 $3. 80 .40 85 2 3 106 6000 3 40 g
BO130 16 16 40 100 5 5 100 8500 3 50
B481, SERDANG SERIES; fine sandy clay phas
BO13% 16 5 20 ?5'8’ ; 5 50 4000 10 13 tg
BO134 13 5 20 50 2 4 50 4000 20 10 85
BO135 20 5§ % 5 5 0 00 20.von 48
BO136 16 5 20 130 5 5 ;0 %qo ;8 5 13

- 1000 %
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APPENDIX H

ARIAL PHOTO-INTERPRETATION.

1. INTRODUCTION Terrain Unit B
Stereoscopic examination of aerial photo- Undulating torrain% with conical hill ::EM
graphs is a sbandard technique in most soil and and regular drainage patterns less cl;aﬁ -
use surveys. It can, if used with dis- pressed. This unit is assumed to be fo e
cretion, add considerable knowledge concerning sedimentary and metamorphosed parent rock.

the physical characteristics of a survey area

and accessibility: 4t can also provide the soil Terrain Unit C

survey teams with a tool with which the accuracy This unit is intermediate between A and B.
of the soil units can be considerably improved. During the preliminary interpretation it was

t could not be
Under dense jungle conditions the value of thought that undulating terrain tha aed
aerial photo-interpretation could be reduced by differentiated into units A or B would be clas
the %ungle cover, which tends to mask the as C,

smoother slope features (TAMI and Hunting Tech-

nical Services Ltd., 1967). With reference to Sub-divisions of Terrain Units A, B g
the Jengka Tr

e Survey it must however be A1 (B1, C1): the elevation of the sum-
emphasised that the value of the aerial photo- L L ot e L

s
graphs reduces considerably with the increase land t have average slopes of over |

of the survey density, Purther very important degreezp:ith ,m{:gof around 5 degrees.
factors related to the success of an aerial The valleys are incised with short steep

oto-interpretation are the experience and . Higher, isolated
ocal reference level of the interpreters. :%:E"pzr"{;{lgsag:gﬁ::tad Mgh(a or Af(x)
It lnu:t be emphasised here again that as appropriate (see below). pe ot
aerial photo-interpretation is only a tool used : he elevation o0
in s0il, land use and other surveys (Vink, L‘“‘*ﬁgs“u‘ﬁﬁgwﬁﬁi 133 :n; 200 feet. In this
1961), and is therefore never the end result land type the average slopes range betvul;
of such a survey; carefully planned field

6 and 15 degrees, with hill tops between

checks are always required. and 5 degrees. The incised valleys have

g ts stat;d “’“31‘,',,"“ thiag:aport (f.rt}HI' short steep slopes over 20 daaree:.th. el
ntroduction and pter 5 Geomorpholo, land : elevation o
the aerial photographs have been very use:gl tm:zg(?z;sczgan ?%8 feet. The avora%e 8
in that considerable time could be saved in slopes in this land type range from 4 :d
certain aspects of the survey, degreeas. The short 810589 of the inois
The aerial photo-interpretation map was valleys are less than 12 degrees. valley
drawn on a scale of 1:25,000 and no reduction Landtype A4 (B4, C4): Tnitially, the bro&dc”
vas carried out. These maps have not been re— areas, found principally in A1(B1 and r hille,
produced to be included in this report, but 1nndt§p. which cou_{g include the lowe P
"will be" handed to the Soil Science Division, couuviai slopes and some alluvium. jed t0
Div, of Agriculture for future reference, the first field period this "";" ::dglls and
include footslopes only, the low and-
2. col%t‘:sium Ssaied to ?ﬁ more easily in 1
type A3.
The following section discusses the legend
R R ooz Lo
corre w e aer photo-interpre- aight to ¢ -
tation units. It was felt that in nar:?’ g,n.rii’i‘;cﬁoﬁ%g '132.;3;3:1% be formed on ¥
adequate information to draw the 80il boundaries trusive igneous rocks.
was available on the 1:25,000 scale topographic i higher than 250
mps. In certain parts of the Tanjong Pengge- landtype H1: High cones, peaks
rang Region the photographs gave better support feet, steep topography. en 130
to mapping than the topographic maps; this Landtype H2: Lower cones, elevation betwe :
vas especially the case in the east of the and 250 feet: moderately steep topogre
peninsula, where in some parts of the peat s tion less tha?
Svamp area the topographic maps gave insuffi- Iand‘cyge H3: Very low cones, eleva
clent or incorrect information. 130 feet; gentle topography. with
ag,
The basic unit of the legend is the land Landtype H4: Very low undulating areas, T ..
type. land types with similag terrain gers res elevation less than 50 feet between
and suspected to be formed on the same parent and with negligible slope.
rock have been combined to terrain units; drain-
%8¢ patterns are also important features of the Zerrain Unit R

mentary
igh ridged, rugged teruinbgg.;ﬁ;,l to

terrain units. It was found however that the H
rocks. Drainage is generally su

differentiation between Terrain units A, B and c,
mentioned below, is indeterminate and types of

be variable.

slope would not vary greatly betwe sub-trellis, but c ts 18

units. s el landtype R1: The elevation of the ’“"‘:,1.. steoper
generally above 300 feet, 1P eper than !

3. THE LEGERD (Rmﬂ.ﬁ) than 12 8, but mostly 8 dens@.
degrees, oﬁ;mg' patterns are

to RI
Undulating terra th round A Iand This landtype is similar 3 it 18
hill forms :na st:nb-nm :: 1a (l.el . t v thni']"“i‘:'“' drainage patte
0 ra tern,
This terrain unit is umm £ or also less dissected.

Granitic parent rock.
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landtype R3:
between 130 and 300 feet.
range between 6 and 15 de es,
rain is rugged and dissected.

landtype R4t The footslope areas within the
Terrain Unit R, including broad valley
maa, these may include colluvial slopes
alluvial valleys, as well as some low
convex areas,

Unit T

In:thgin unit includes all alluvial terraces
n been identified with the aid of the re-
1°°"m955) sance soil map (Null, Acton and Wong,

I‘l‘“;pa T™: High terraces, elevation over 130

eet,land surface strongly dissected by

gully erosion, which was the main distin-
guishing characteristic on the aerial photo-
graphs, slopes over 12 degrees.

h""‘{pe T2: Medium high terraces, elevation 50
0 150 feet., Iand forms are similar to that
of A2, from which it is difficult to distin-
guish. The terrain is less dissected and
gnerally less steep than T1. This type
8 a parallel drainage pattern.

h“‘gge T3: Low terraces, elevation less than

foet, Identified in flood plains (e.g.

around Kota Tinggi) by being slightly raised
above these plains, with lighter colour tones.
t‘;izazreaa cannot be distinguished under

lorrain vnit ¥

nd W"hia unit consists of freshwater alluvium
ogld generally be poorly to imperfectly

Lower ridges, with elevations
Slopes probably
The ter-

frain
hmt?Pe Fi: Narrow valleys, width up to about 15

hn on 1:2 non=-
L peaty. 5,000 scale maps, Generally
type F2: Broader valleys; which may be peaty.

t'?' F3: Main river valleys; levees etc.
R enerally non peaty.
type P4: Main river valleys; back swamps,

Generally peaty.

landtype P5: Transitional to Terrain unit M, this
ndtype is brackish.
ferrain unyt u
saline

This unit consist
s of mangrove Swamps;
;Jni:"ium. Terrain unit M has not been gub-divided

landtypes.

fematn vngs 5

“‘ehcrtj" unit includes all beaches and gub-recent

landtype 51: he present day beach.
type 52

R t to gent
ecent 'bes.oh%ondjaoon pre e e

The canopy is uneven and colour
is moderately coarse.

The canopy is lower then in W1 and
Colour tones are dark

in a e.
and moderatog fine textured. ;

Tandtype W3: The canopy is lower than Wi and W2
and uniform in appearance. Colour tones are
1light grey and fine textured.

the Suffix "X" denotes particularly steep
hills e.g. A1(X). and the suffix "Z" dis-
turbed land e.g. mining, and mine tailings.
It should be noted that the above legend
has been revised after the preliminary field

riod was ¢ eted., So some local terrain
govledgc has been included.

landtype Wi:
texture

Note:

ch; 1ight in the
@ ¥hich arelgl:a.t;?h“r ne except
type 93: fThe sub-recent beach is either lﬂJIOﬂfﬂ

to landty areas 0
pe 52 or separated from 52 by
g:mﬂent swamp (Terrain unit w).
™ 8e 93 can be recognised
u"“shly parallel to the
80 has a different canopy
8vamps (or 1light colour tone

Yerratn ungs v

This unit includes the frnhntort(u

from %
if el

g are not
to be deep

%0 ga)
ine) perman ."“The 1and
:.:fu" d"rimi:g:bh :E-n thc.forut’g.dur is of

mtem“"! nature. are expected

latter
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APPENDIX I

IL P DESCRIPTIONS.

TANJONG PENGGERANG REGION

The following profile descriptions of a
number of soil series and phases of soil have
in many cases been selected because these pro-
files had been sampled for certain special re-
asons such as soil moisture determinations.

It should be noted that the profiles listed
are not claimed to be representative for the
80il series and phases found in the Project Area.
Also certain minor soil series occurring in the
Region have been ommitted.

Textural classes mentioned in the soil
descriptions are those recorded in the field;
80 no corrections to field textures have been
applied on the basis of laboratory analyses.
Site No: 3029‘

Map Reference: 131b; 204093
Iopography: Gently sloping 15°
Parent Material: Volcanic

S0il Series: TYong Peng
Vegetation: Mature rubber
Drainage: Well drained
Description for Specified Depths
0=11 cm

Brown to dark yellowish brown (10YR 5/ 3-5/4);
heavy silt loam; moderate medium subangular
blocky structure; moist and friable; few

pores; abundant roots; few fine mica., (lear
irregular boundary to:

11-32 cm

Reddish yellow (7.5YR 6/6-6/8); olay loam;

moderate coarse angular blocky structure;
moist very firm; few pores, and many fine

cracks; few roots; few fine quartz grit;
few patchy clay skins. Smooth diffuse
boundary to:

32-67 em

Reddish yellow (7.5YR 6/6-6/8); heavy clay
loam; moderate coarse anfu.'lgr blocky struc-
ture; moist very firm; few pores and

fine cracks; few roots; few fine quartz
grit; discontinuous weak clay skins; smooth
diffuse boundary to:

67-96 cm

Reddish yellow (7.5YR 6/7-6/8); clay; mode-

rate to strong medium angular bloo struc-
ture; mietnfirn; many pores; rg roots;

few fine quartz grit; discontinuous moderat
clay ekins; abrupt smooth boundary to: <
96-140 em

Reddish yellow (7.5YR 6/8);
structureless; moist extremely firm; few
pores; few roots; abundant indurated
laterite stones; few fine mica., Clear
smooth boundary to:

140-160 em

Red (5YR 5/8); silty clay;
angular blocky structure;
pores; few roots; abundant laterite gravel
and stones; few very hard, fresh quartz
gravel up to 7 cm in diameter; few fine mica,

Note: s0il moisture analysis carried out on
three horizons between O and 67 cm,,

also sampled for trace element analyses,

8ilty clay;

weak fine sub-
moist firm; few

Site No: B667
Refere : 132C; 526813

Topography: Gently sloping 3°
Parent Material: Granite

Soil Series: Jerangau
Vegetation: Logged primary jungle
Drainage: Well drained
Description for Specified Depths

0-12 cm

Dark brown (10YR 3/3); heavy fine sandy loam;
moderate, medium and fine subangular blochm
structure; moist very friable, abundant.Po
and roots. Clear and smooth boundary to:

12-52 em

loam;
Strong brown (7.5YR 5/8); fine sandy clay
moderate, medium and fine subangular bloclr.ym
structure; moist very friable, abundant‘lio
and roots, Clear and smooth boundary to:

52-96 cm

8);
Reddish yellow to strong brown (7.5YTR 6/8-5/
clay losh to fine sandy clay; moderate "b"i‘:’;m
subangular blocky structure; moist friable;
abundant pores and roots; diﬂﬁ"nﬁ-“““gh

clay skins, few fine quartz grit. Smoo
diffuse boundary to:

96-150 cm

Reddish yellow to strong brown (7.5IR 6/8-5/8);
clay to clay loam; moderate medium subangi
blocky structure; moist firm to friable; okcing}
pores and roots; discontinuous weak clay

ew fine quartz grit.

Site No: B337
Map Referemce: 131d; 322008 é
Iopography: Gently sloping even midslope 10

Parent Material: Granite
Soil Series: Rengam

heme
Vegetation: Cleared and burned for FLDA 8¢

Cover crop Callopogonium
Drainage:

Well drained
Description for Specified Depths
oan;

0-14 cm
sandy 1
Yellowish brown (10YR 5/4); heavy fine moist

i i
moderate medium subangular blocky structurei . ig;
firm; few pores and many fine cracks; AW i/
few fine quartz grit; many pleces of chare
Clear and smooth boundary to:

14-44 cm

clay
Yellowish brown (10YR 6/7); heavy fine ':'m turei
loam; moderate medium subangular bl“‘k’m root8i
moist very firm; few pores and ‘”‘“k"“k olay
mny fine quartz grit; discontinuous '3 moothy
skins; organic staining on pedfaces;
diffuge boundary to:
44-T0 cm

trond
omipter AL A L e R
e ¢ struc } :
pores; many roots; continuous ﬁwngoﬁm to!
many medium quartz grit. Clear wavy

70-106 cm gtroné
Yellowish brown (10YR 6/7); eritty M,,. 1';o very
coarse prismatic structure; moist T
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continuous moderate

firm; few pores, few roote;
few late-

]
!
f tlay skins; abundant coarse quarts;
] rite gravel and boulders.

|

fote: Sampled for soil moisture and trace
element analyses.

iite No: B4s82
ence: 131d; 339999
lopography: Hilly, steep upper slope 26°
| larent Material: Granite
‘ {81 Serieg: Rengam, coarse sandy clay phase
legetation: Cleared and burned jungle (FIDA

scheme )
Irainage:

Well drained
0=22 cm

for Specifi
| Tellowish drown (10YR i
5/8); sandy clay loam;
::i:nm‘to medium and coarse subangular blocky
et ture; moist friable; many pores and
8. Smooth diffuse boundary to:

| 2<42 cm

' 5;:“'11 yellow (7.5YR 6/8); coarse sandy clay;
toi::“. coarse subangular blocky structure;
friable; abundant pores, many roots;
timious weak clay sgoinsg abundant medium
€ quart it. Smooth and el
S o S

*3-3031:

| Ytrong by,

| ooa own (7.5YR 5/8); gravelly clay, weak
® angular blocky structure; moist firm;

| tlay {03 and roots; discontinuous moderate

| Sacott ins; abundant coarse quartz grit.

| th diffuse boundary to:

- Tllowigy 2
ii 0 on horizr::.{sm 5/8); other features as 42
130-180 om

){

':gﬂwiah red (5YR 5/6); gravelly clay loam;

‘ﬂht“‘k coarse angular blocky structure;

Tlloy coy, riable, many coarse distinct
mottles; few pores and roots; abundant

quartz grit; many granite stones.

We No: c665

: 132; 496840
mﬂb Gently sloping, lower slope
above steep incdsion 5s
t :

Granite, probably colluviated
i mm’-l’ Rengam, fine sandy clay phase
|

%3 014 open secondary jungle
M’ Well drained
o.%1 § odon for Specified Depths

T®llowish brown (10YR 4/4 and 5/4); fine
m oam; modnmte(nodiul/crul‘b structure;
friable; abundant pores and roots.

'H} o:l"l‘ boundary to:

%}:}hh yellow to brownish yellow (7.5 - 101R

'%' uh:"" sandy loam; weak COArse

Kreg graT. DLOCKY sgmturo;' moist firm; many
Ry gy T00te; continuous moderate clay skins;
to; quartz grit. Smooth diffuse boundary

18k yel1ow (7.5YR 6/8); heavy sandy clay

loam; weak coarse subangular blocky structure;
moist firm; many pores, few roots; continuous

strong c gkins; many medium quartz t.
Bmzﬁ dﬁmo boundary to: . -
115-152 em

Reddish yellow (7.5YR 6/8); sandy clay; weak
fine subangular blocky structure; moist firm;
few pores and roots; continuous strong clay
gkins i many medium quartz grit, few laterite
gravel.

Site No:
Map Reference: 132C; 460008
Topography: Gently sloping 5° mid-slope

Parent material: Igneous rock
Soil Serdeg: Masai

Vegetation: Logged primary jungle
Well drained

Description for Specified Depths

0=-15 eom

Dark yellowish brown (10YR 4/4);
weak medium subangular bloomtrmtnﬂ: moist

very friable; many pores, ant roote; many
ﬁg quartz grit. Smooth diffuse boundary to:

15-48 cm

Brownish yellow (10YR 6/8);
moderate medium su
moist firm; abundant pores, many roots; dis-
continuous weask clay skins; many fine quarts
grit. Smooth diffuse boundary to:

48-68 cm

dish yellow (7.5TR 6/8); 1light clay;
g:gim libl blacky structure; moist firm
many pores, few roots; iscontinuous moderate
skins; abundant medium quarts grit. Smooth

abrupt boundary to:

68-90 om

Reddish yellow (7.5IR 7/8); sandy clay; weak
tructure; moist very
e g u::::r:otu u:oommm

H
Mm;ﬂu‘nzkm- many, medium quarts it;
abundant laterite stones and boulders (up to 25
om diam). Smooth abrupt boundary %o:

90-150 ©m 25 .
. 6/8)3

Reddish Ienmr (7.5TR i ot g 7

very firm; few o8 mmw:.mt clay

gkins; many medium quarts grit; a

laterite stones.
Sampled for trace element analyses.

A199

pandy loam;

sandy clay loam;
blocky st cture;

moderate

Note:
A207
: 132, 435988
Topograghy: FHilly, 15° lower slope

: Shale and vein quarts

: Batang Merbau
: Open, older secondary jungle

ely well drained



5-52 om

Yellowish brown (10YR 5/4-5/6); fine sandy clay
loam; strong coarse subangular blocky structure;
moist friable; many pores, abundant roots; dis-
continuous, weak clay skins; many fine mica.
Abrupt, smooth boundary to:

52-110 cm

Brownish yellow (10YR 6/6); eilty clay;
moderate medium su bloe structure;
moist firm: many medium distinct red brown mot-
tles; few pores and roots; abundant fine micag
abundant coarse i:arts: ﬂ laterite quartz
gravel and some laterite ders at bottom of
pit.

Site No: C050

Map Reference: 131d; 247105

Topography: Steep 22° near crest of spurr

Rarent Material: Sandstone

Series: Serdang

Yegetation: Young, immature rubber, dense
cover crop

Drainage: Well drained

Desoription for Specified Depths

0-10 cm

Yellowish brown (10YR 5/6); light sandy loam;

weak medium subangular blocky structure; moist
very friable; abundant pores and roots.

Smooth diffuse to:

10-28 cm

Strong brown (7.5YR 5/6); sandy loam; moderate

medium subangular blocky;
abundant pores and roots.
boundary to:

28-68 cm

Yellowish red (5YR 5/6); sandy loam;
medium subangular blocky structure;
able; abundant pores and roots; discontinuous
weak clay skins: few micaeous laterite grit.
Clear smooth boundary to:

68-100 cm

Yellowish red (5YR 5/8);
moderate medium sul blocky structure;
moist friable; abundant pores, many roots
discontinuous clay skins; few micaeous late-
rite grit. Smooth abrupt boundary to:

100-136 em
Yellowish rea (5YR 5/8);

moist very friable;
Smooth diffuse

moderate
moist fri-

heavy sandy loam:

stony sandy clay loam;

structureless; moist friable to firm; abundant
many roots; weak discontinuous clay sking; abungoa;:.

16-49 om

Brownish yellow (10YR 6/6-6/8); fine sandy clay
loam; moderate coarse subangular blocky structure;
moist friable; abundant pores, many roots; very
weak discontinuous clay skins; few fine quarts
grit and mica. Smooth diffuse boundary to:

49-100 cm

Brownish yellow (10YR 6/7-6/8); fine sandy clay;
moderate :c':oarso blocky structure; moist
firm to friable; many pores and roots; discon-

tinuous moderate clay skins; few fine quarts
grit and mica. Smooth diffuse boundary to:

100-152 em

Brownish yellow (10YR 6/8); sandy clay; weak to
moderate angular blocky structure; moist firm;
abundant pores, few roots; discontinuous 01.:7
skins; many fine quartz grit and few fine mica.

Note: Sampled for soil moisture analysis.
Site No: 0022

Map Reference: 131b; 238088
Topography: Undulating sloping 20-25°
Parent Material: Conglomerates

Soil Series: Kedah

Vegetation: Young, immature rubber, cover ¢rop
mecania j

Drainage: Well drained
i 3 i D
0-T7 cm

Very dark greyish brown (10YR 3/2); "ﬂbﬁ‘"
sandy loam (heavy); moderate medium crum A
structure; moist very friable; abundant po
and roots; clear smooth boundary to:

T7-40 cm

Yellowish brown (10YR 5/6); heavy sandy loam;

is
weak coarse suba r blocky structure; mo
friable; abundant pores, many roots; fev fine
quartz grit. Diffuse wavy boundary to:
40-65 cm

Light brownish grey (10YR 6/2); sandy loam %o
sandy clay loam; weak coarse suba o
structure; abundant pores, few roois;
discontinuous clay skins; many small qu
erit, Smooth diffuse boundary to:

65-92 cm ik
Strong bro ¥ ; ity clay loami /. vie;
coarss suban q ﬂfﬁég} st?ucgraz moist f.i“m

many pores; few roots; many coarse P
mottles; weak discontimnuous clay skins; MW

micaceous laterite stones; few laterized parent rock.quartz stones.

Site No: B545

Map Reference: 132; 484938

92-247 cm

other
Reddish yellow (5YR 6/8);

grity clay loam;

fea ag 65-92 cm.
Topography: Gently sloping 2°, near 465 o2 Sk tures of this horizon same

Earent Material: Sandstone

Soil Seried: Serdang, sandy clay phase
Vegetation: Logged primary jungle
Drainage: Well drained

Description for Specified Depths

0-16 em
Brown (10YR 5/3); loam to fine sandy o :
moderate, medium and fine l'uhtlx:a'\ﬂ.nrrb:i.%a 1::::'10..
tur:; ng:latf;;:y friable; abundant pores and
roote; oW uartz grit., Cl irregular
boundary to: s 33 =



| laent Materdal:
dod] Serieg:

| Drainage:

fite Nor €039

kp Reference: 131b; 252096
Loography: Gently sloping 10°

Fine grained sandstone
Bungor

legetation: Young, immature rubber, cover
crop mecania.

Well drained

| Dsoription for Specified Depths

: Bromn to dark brown (10TR 4/3);

0-10 cm

very fine sandy

to heavy loam; moderate to strong medium

“m'::b: moist very friable; abundant pores and
8. Clear wavy boundary to:
1047 om

1

ollowish brown (10YR 5/8); fine sandy clay
: :gg;iﬂ}: medium angular blocky struc—

Ml di2reas bosndery Not iAo

1109 om

Tellowigh b

to rown (10YR 5/8); sandy clay loam
¢lay loam; strong coarse prisgatio gtruc-

§ moist firm; p
4 : many pores, few roots
lscontinuous clay skins; many fine quartz

rit. Smooth diffuse boundary to!
109-129 em
8t
Tong brown (7.5YR 5/8): clay loam; strong
moist firm to

&
‘,:;‘“ g;ismatic structure;
: moderate discontinuous clay skins.

Tote;
e Sampled for soil moisture analyses.

8te No: B270
%p Reference: 126f; 353238

Gently sloping 10°
te : Sandstone with quartizite

and some hard grey shale
L4 Series: Fuala Brang
tion: 014 Secondary jungle
Well drained
. 8

O=i2 o

Day
loux, TeLiovish brown (10TR 4/4); fine sandy
"10% moderate to strong medium gubangular
nm“mehm; moist friable; many pores;

t root
1246 on ots; Clear smooth boundary to

Ta
luli‘:"hh brown (10YR 5/4); fine sandy en{’
weak to moderate coarse angular bloc
res and roots; weak dis-

tont ! hmany
mii,:’:“' clay agom; shale grit; few
&y tos uarts grit. Irre r abrupt bound-

4680 o

To
.“g::ish brown (10YR 5/5)3 stony gilty clay;
Toote, TOL088; moist very f£irm; few pores

i moderate discontinuous clay skins;
fov 1at grit; abundant medium quarts 3
Utyge rized quartzite and shale. Smoot

e boundary to:
80~102 &

To,

wg yish brown (10TR 5/4 and 5/8); AY0 paut
oy Nrﬂ structureless; moist very firm;
tlay ak“' rare roots; moderate discont
brighy ins, A mixed horizon of brown clay
it 1,.0;’ weathered sandstone/quartzite, some of
Tarty, Cotted; : Some of the quarts may be vein

gite No: B676

Map Reference: 132; 5976849

Topography: Gently sloping 5°, upper slope
Parent Material: Sandstone and carbonaceous shale

801l Series: Marang
Vegetation: logged primary jungle
Drainage: Moderately well drained

Ww

0-5 cm

Dark greyish brown (10TR 4/2): heavy fine
loam; moderate medium and fine su bloc
structure; moist very friable; a ant pores
and roots. Clear irregular boundary to:

5=25 cm

Light grey to very pale brown (10TR 7/2-1/3);
sandy clay loam; weak to moderate subangular
moist friable; abundant s, Tew
many coarse distinct mottles; few
Smooth diffuse to:

fine
blocky

roots;
fine quartz grit.

25-58 cm

Light to ve ¢ brown (10YR 7/2=7/3);
h.esh ﬁg mrglsllm; weak coarse
blo gtructure; moist firm; many pores, 1ew

t
roots; weak discontinuous clay skins;
distinct brown and many coarse distinoct g:y mot=
tles; few fine quartz grit. Smooth diffuse

boundary to:

58-87 om

7:3 pale brown (10YR 7/3); Tine sandy

w coarge angular blocky structure; moist very
firm; few pores and roots; -&:tuu; weak
to moderate discontinuous ¢ ; few fine
and coarse quartz grit. Smooth diffuse boundary

to:

87-115 cm

Light (10YR 7/2): sandy olayi

angular b structure; moist very firm; few
mooky weak discontinuous clay skins;

res roots:
::w fine distinct red and many medium distinct

grey mottles; many coarse quartz grit.

gite No: c598
R : 132; 551905

Topography ! Gently sloping 4°, midslope

weak coarse

Moderately well drained, water-table

Draimge! at 100cm, after heavy rain.

Brown to dark brown (7.57R 4/2); loamy fine sand
weak f:;l erumb; moist loose; abundant pores ul

roots; clear wavy to:

5-26 cm
Light br to light yellowish brown
(2.5:1163: £ine sandy loam; weak fine
gubangular blocky structure; moist very friable;
abundant pores and roots, Clear wavy boundary to:
26-60 cm
Light yellowish brown (2.5TR 6/4)3

fine
; weak medium subangular :;Eh struc-
very friablei many pores roota.



60-100 om

Light yellowish brown to brownish yellow

(1 6/5); 1light fine sandy clay loam: weak
medium subangular blocky structure; moist
friable: many pores and roots; very weak
discontinuous clay skins. BSmooth diffuse
boundary to:

100-120 cm

Light yellowish brown to brownish yellow (10YR
6/5): fine sandy clay loam; weak medium sube
angular blocky structure: moist friable to
firm; weak discontinuous clay skins.

Site No: B308

Map Reference: 131b; 307086

Topography: Gently sloping 5°, upper slope
Parent Material: Shale
Sodl Series: Durian
Vegetation: Logged primary jungle
Drainage: Moderately well drained

iption for S i D
0=11 cm

Yellowish brown (10YR 5/4); very fine sandy
clay loam; modertate medium subangular blocky
structure; moist friable; many pores; abun-
dant roots; few fine mica, Smooth diffuse
boundary to:

11=-36 em

Light yellowish brown (10YR 6/4);
clay loam; moderate coarse subangular blocky
structure; moist firm: few pores, abundant roots;
discontinuous clay skins; few medium fine grey
mottles; few fine mica. rare medium quartz,
Smooth diffuse boundary to:

36-63 cm

Pale yellow (2.5Y 7/4): eilty clay;
coarse angular blocky structure:
firm; few pores, many roots; moderate nearly
continuous clay skins; many medium distinct
grey and reddish yellow mottles; few fine
rare médium quartz grit.
Smooth diffuse boundary to:

63~108 cm

Light yellowish brown (2.5Y 6/4);
coarse prismatic structure; moist extremely firm;
few pores, and roots; strong nearly continuous
clay skin; few medium distinet grey and many fine
prominent red mottles; many fine shale grit and
few fine mica; few medium quartz.
boundary to:

108-143 cm

Light yellowish brown (2.5Y 6/4); clay;

to strong coarse angular blocky structure;
very firm; few pores and roots;
continuous clay skins;
mottles;

heavy silty

strong
moist very

clay; strong

Smooth diffuse

moderate

moist
strong nearly
many medium prominent red
many fine and medium shale grit; few
fine mica. few medium quartz.

Site No: B211

Ref : 126f; 333250
Topography: Undulating sloping 13°
Parent Material: Shale
8 Ser Pohoi
Vegetation: Mature rubber
Drainage: Well drained
Description for Specified Depths
0=11
Brown to dark brown (10YR 4/3);

0
-

heavy fine sandy

- 107 =

loam; weak medium subangular blocky structure;
moist friable; abundant pores and roots. Clear
smooth boundary to:

11=38 em

Yellowish brown (10YR 5/4);
weak medium subangular blocky structure; moist

friable to firm; many pores and roots; weak au-_
continuous clay skins. Smooth diffuse boundary to:

38=100 cm

Yellowish brown (10YR 5/4); sandy clay; moderate
medium subangular blocky structure; moist firm;
many pores, few roots; moderate discontinuous
clay skins; smooth diffuse boundary to:

100-190 cm

Yellowish brown (10YR 5/6); sandy clay; weak
coarse angular blocky structure; moist firm;
many pores, few roots; weak discontinuous clay
skins; few fine and medium quartz; rounded
laterite grit.

Note: BSampled for soil moisture analyses.

Site No: B231
Reference: 126f; 355241
Zopography: Gently sloping 59, ridge top
Parent Material: Shale
S0il Series: Malacca
Vegetation: Logged primary jungle

fine sandy clay loam;

Drainage: Well drained
i S i D

0-6 cm

Dark yellowish brown (10YR 4/4); fine sandy loam;
weak moderate suba blocky structure; moist
very friable; abundant pores and roots. Clear
smooth boundary to:

6-25 cm

Yellowish brown (10YIR 5/6); fine sandy clay :ooi:l

moderate medium subangular blocky sturcture; i

irm; many pores, abundant roots; very weak dis
continuous clay skins; few fine quartz grit.
Abrupt wavy boundary to:

25=-44 cm

Yellowish brown (10YR 5/8); fine sandy clayi roots;
structureless; moist friable; many pores and vel.
few laterite stones and abundant laterite gra
Clear smooth to:

44~72 cm

Yellowish brown (10YR 5/8); silty clay; structure-
less; moist firm; few pores and roots; Nd“"{:“_
to strong discontinuous clay skins; abundant %o:
rite stones and gravel. Clear wavy boundary

T72-96 cm

Strong brown (7.5IR 5/8); eilty clay; structure®
less; moist very 21:-.,; moderate discontimuous =~
clay skins; abundant laterite stones and bould

Site No: O35
Map Referemce: 131b; 256093
Topography: Gently sloping 13°, midslope

car-
Parent Material: Phyllite with vein quartz
bomeoom'-halc and nnd."m‘

Soil Series: Tavy

Vegetation: Young rubber, mecania
Drainage: Well drained
Description for Specified Depths

0-6 cm
Brown to dark brown (10TR 4/4); heavy very fine



a::y loam; moderate to strong medium crumb;
lﬁ t very friable; many pores, abundant roots.
ear irregular boundary to:

6-28 cm

leddish yellow to strong brown (7.5YR 6/8-5/8);
'1:;7 fine sandy clay loam; moderate coarse angu-
ﬂmlhloclv:y structure; moist firm; many pores,
mmant roots; very weak discontinuous clay

; few medium quartz grit. Smooth diffuse
boundary to:

8-54 em
miuh yellow (7.5YR-5YR 6/8); heavy clay loam;
ture-to moderate coarse subangular blocky struc-
ity moist firm; many pores and roots; few

un quartz grit, Clear irregular boundary to:

Tellowish red (5YR
5/8): clay; moderate medium
mbangular blocky structure; moist firm, few

pores and .
uarty ;rii?o“' many laterite grit; many med ium

Hite No: cO18
D Reference: 131b; 232087
: Very gently sloping 6°
t : 01d Alluvium
wﬂﬂﬁ Harimau
ion: Young, immature rubber, mecania
: Well drained

for 8 Dept

0~6 om

m&ie yellowish brown (10YR 5/3-5/4); loam;
wd te medium crumb; moist friable; many pores
6-21oots. Smooth diffuse boundary to:

cm

Tellowish b
rown (10YR 5/4-5/6); fine sandy loam;
toderate medium subangu:{ar {hélq structure;

Boist £ .
u-nm‘:_‘blﬂ. few oTes, many roots. Clear
21"35 om

loan: sh yellow (10YR 6/6); fine sandy clay
hois; g crate coarse a blocky structure;
Tuarty irn; many pores, few roots; many fine
%uty + Clear irregular boundary to:

e

E'.Mi:h yellow (7.5YR 6/8); clay loam; moderate

oarg
toy '“h‘:guhr blocky structure; moist firm:
lhn.m“' and roots; erate discontinuous clay

¢} bundant medium quartz grit.
1139 om

Reg
blo:t;h yellow (5YR 6/6); clay; weak udim mr
! v Wﬁ:&um coarse

2d 8tructure; moist firm
m;::“ discontinuous clay skins; 2
El'%: ; soft laterite pieces.

139160 om

b

éﬁ,‘m reddish yellow (7.5YR 7/4 and 5YR 6/6);
look, C12Y to clay loam; weak cOarse

tofy :tmcturos moist firm; no pores,
griy Aterite pieces; many fine %o coarse quartz

Fote.
g Sampled for soil moisture analyses.

Smooth diffuse

no roots;

Site No: Bi114

Map Reference: 131b; 208141
Topography: Nearly flat ridge top
Parent Material: Sub-recent Alluvium
Soil Series: Holyrood

Vogetation: Mature rubber
Drainage: Very well drained
Description for Specified Deptha

0-17 em
Dark greyish brown (10YR 4/2); loamy sand; moderate
medium subangular blocky gtructure; moist very fri-
able; few pores, abundant roots. Smooth diffuse
boundary to:

17-58 em

Pale brown (10YR 6/3); light sandy loam; weak to
moderate medium subangular blocky structure;

moist very friable; few pores, few roots; few

ieces of laterized parent material. Smooth dif=-
g'uae boundary to:

58-121 em
Very pale brown (10IR 7/4); sandy luui.nodonta

coarse subangular bloc structure; moist very
friable; few medium digmt white mottles; few
res and roots; very weak discontinuous clay

ﬁm; fow fine quartz grit. Clear smooth
boundary to:

121-140 cm

; grity loam, moderate
Very pale brown (10TR 8/4) srttr g P

coarse subangular blocky structure
friable; rc\rfrootl; very weak discontinuous 31,7

gkins; many fine quarts grit.
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QHENICAL AND MECHANICAL ANALYSES
YONG PENG SERIES
Site Bo: B0z
Run/Photo No: 107N/T1

Percentage 3 !;ﬁilu 3 on Percentages !?],:i.l..y 6N EO1 Soluble

Sample Soil
S
b : )
: § s g 4!
2 ™ g %i.a“:“: “‘-:f
G 3 e oy BERY i S
§ g F A gas g i
3wt 18 5 ié G, % g 3 3e8B 8 30 4%
i f seaadi il i bisitis il
Eaggﬁéoigé‘éis&agﬁaéééﬁﬁc'

——

26T 0-11

BO021 70 7 13 13 Fil N1l 4.4 3.7 13.6 3.69 2.14 0.18 12

.2‘
24 n.a 119 6.00 3.95 1,292

.21 24
sa 11-32 B0022 77 810 11 ™ " 4.,63.812.01.580.92 0.10 9 12 * 69 6.57 415 : :z 2
sb 32-67 B002% 23 57 1011 " " 4.8 3,8 11,5 1,10 0.64 0.06 11 10 " 58 6.69 6.60 ,'03 2.9
e 67-96 B0024 25 59 10 10 0.6 " 4.6 3.7 11,5 0.95 0.55 0.06 9 11 " 58 6.86 3.50 g2 2.8
od  96-140 BO025 23 57 10 14 22.7 20.8 4.7 3.8 12,2 0.97 0.50 0.05 10 10 " 72 10,48 4:40 1-05 -
®e 140-160 B0026 57 12 12 24 N1l Kil 5.1 4.4 11.9 0.31 0.18 0.02 9 8 * 74 16.12 3.90 1«
R—
milliequivalenta per 100 g soil
tage
Depth Total Peroenioy
(em). C.E.C. Caleium Magnesium Sodium Potassium Ca+Mg+Na+K Saturet
0=-11 13.00 0.14 0.16 0.03 0.04 0.37 ’
11=32 9.55 0.19 0.03 0.07 0.06 0.35 ;
32-67 8.39 0.08 0,03 0.03 0.02 0.16 i
67-96 8.72 0.05 0.05 0.01 0.02 0.13 A
96-140 9.55 0.08 0.03 0,01 0,02 0.14 4
140-160 11,03 011 0,05 0.05 0.06 0.27 A 5 A

n.8 = not analysed,
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JERANGAU SERIES

Tanjong P"ﬁﬁﬁ%’““ Region

Site No:

Agric. Dept. Laboratory No.

Depth (cm)

SEJP Sample Reference

Percentage On pH on Percentages 6N HO1l Soluble

g

Si1t
Fine Sand

Original Air-dry

Sample Soil

Loss on Ignitiom

0.01F EKC1
Organic Matter

Coarse Sand
Stones
Distilled Water

Gravel

PePon.
Iron Fep05 %
Potagssium m.eq./100g.
Caleium m.eq./100g
Magnesium m.eq./100g.

—

R¥ 351 1 o-12 BO18% 65
sa 12-52 B0184 67
8b 52-96 B0185 67
sc 96-150 BO186 69

2 15 20 Nil1 Ni1 3.8 3.5 not analysed
A ) " 4,4 4.0 not analysed
) R " 4.6 4,1 not analysed
41319 H " 4.9 4.3 not analysed

not analysed 264 5.58 0.45 1.47 1.30
not analysed 158 6.86 0.58 1.30 1.21
not analysed 147 7.04 0.45 1.65 0.95
not analysed 140 7.70 0.45 1.91 1.21

milliequivalents per 100 g soil

Total Percentage
I("oﬁ’j 0.5.0. Caloium  Magnesium  Sodium  Potassium e
0-12 23.70 0.16 0.19 0.21 0.16 0.72 i
12-52 6.58  0.16 Rl 0,81 0.05 0.39 $
32-96 6.42 0.11 Fi1 0.06 0,02 0.19 ?
96-150 6.42  0.08 ¥l 0.09 0.02 0.19
———
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ARALYSES

RENGAM SERIES
Tanjong P rang Region
Site No: 37
Run/Photo No: 109N/183

Percentage On pH on Percentages Basily 6N HC1 Soluble

————— Original Air-dry Sol.

Sample Soil.
S
E ] = .
£ g g g 5 ¢
¥ 3 g ;94 : 3 3
g : o 385 : § S €
o +» + B s . oy '

£ 3.4k 3 20 % ga g2 - &
2 i1t 33 1 g "8 _8gg} £ 1.5 1
S ﬂ 0 E o g a . gig%ﬁ?ﬂ% ~ i ?, ;
T pr ® =a = g o
¥ R adAl F 2 asohpninesy 3 )4

RW 97 T 0-14 B0O095 59 6 14 26

Sa 14-44 BO096 61

4.
22,

Fil Fil 4.6 4.0 not analysed not analysed
1228 1.
b 44-T0 BO0O97 30 37 10 28
Se 70-106 BO098 30 37 T 31

5 " 4.3 3.9 not analysed not analysed
5 0.6 4.3 3.9 not analysed not analysed
1 1.9 4.3 4.0 not analysed not analysed

84 106-153 BO099 59 6 6 34 22.1 Nil 4.5 4.0 not analysed not amalysed

55.2 3.37 1.11 0.87 2.46
36.8 3.74 1.30 0.87 2.38
36.4 4.34 1,70 1.03 2.46
41.6 6,90 2.04 0.95 2,86
36,8 6.44 2,04 1.03 2.46

—

g
&

—
S

0-14
14-44
44-T0
T0=-106

106=153

milliequivalents per 100 g soil

ercentage®

0.B.C. Calcium  Magnesium  Sodium Potassium Oaﬂf-;::i g'mtm
11.44 0.16 0.11 0.06 0.29 0.62 5
T.T4 0.16 0.03 0.09 0.19 0.47 .
6.75 0.14 0.03 0,08 0.14 0.39 y
6.42 0.11 Fi 0.03 0,07 0.21 3
4.28 0.08 " 0.08 0.07 0.23 %
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RENGAM SERIBS, coarse sandy clay phase
Tanjong Penggerang Region

3ite No: B482

Run/Photo No: 1108/26

ta, 0 on Percentages 6N HD1 Soluble
Percentage n ‘lﬂ
| Sample Soil

PePelis
Potassium m.eq./100g.
Calcium m.eq./100g.
Magnesium m.eq./100g.

Loss on Ignition
Iron Pey0y5 %

Organic Matter
Carbon
Nitrogen

Coarse Sand

1
Stones
Distilled Water

Depth (cm)
0.01N KC1

SBJF Sample Reference

: |
o Agric. Dept. Iaboratory No.

P et S AR e :.: :.g :‘: wﬂll!': not analysed 22 J.14 3,60 1.73 1.9

22-42 BO1%8 44 9 8 41 25 1 T1 3.75 1.73 2.77
Sb 4280 B0139 28 25 5 43 42 4.8 4.3 not analysed z Ww: ‘: ::" T L .1
Soc  80-130 BO140 36 21 T 42 45 4.6 4.0 not analysed o ammlysed 9 3.67 4.00 1,73 1413
54 130-180 BO141 34 17 7 39 40 4.4 4.0 not analysed

[ S—

3

mil1iequivalents per 100 g soil

Percentage
“mql Saturation

Potassium
s 0.8.0.  Oslotum  Magnestum  Sod7v% 8
0.78
022 9.22 0.38 P 24 e 2::: 0.67 10
22-42 6.42 0.19 0.27 %32 =54 0.53 1
80-130 4.12 0.11 0.16 0.2 b 0.19 ‘4
| 130-180 4.94 0.1 Bl <
fioET
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RENGAM SERIES, fine sandy clay phase
Region

Tanjong P
Site No: C665
Run/Photo No: 113§/111

> Ba 6N HC1 Soluble
Percentage 2 On Pji_r E:I".? ercentages S:i.‘f:
Sample Soil
2
B : 0
: g : g 4 ¢
3 § B S. 84 o i
3 % ] - 2% e & g 5 ¢
. - £k pids - i
o = S d
§ 8 [ g g4~ g B8 BE § 8 13
. 25 u’: R o 8 o 8 3 EE': ﬂ% 4 & 5 0
i & Egagﬁgég?s'agpaﬁas :F : 3
2 8§22 3 = R g AFIpcich & AFR
—
.95 110
RV 356 T 0-16 COI157 53 4 15 33 Nl Wil 4.6 4.1 mot analysed not amalysed 119 390 o 1.0k 1.5
Sa 16-63 CO158 53 6 13 33 ™ * 4.9 4.2 not analysed not analysed 83 5.01 0'2310‘"’6
Sb 63-115C0159 63 2 14 26 3 " 4.9 4.4 not analysed not amalysed 86 5.35 0'531'13 p.2!
8c 115-152 C0160 67 2 9 27 15 " 5.1 4,6 not analysed not analysed 82 4.23 0.68 1«
milliequivalents per 100 & soil
Depth Total Peroentitn
om). C.B.C. Calcium Magnesium  Sodium  Potassium  Ca+Mg+Na+k
0-16 11,03 0,08 0.05 0.16 0.08 0.37 ;
16-63 5.27 0,05 0.24 0.09 0.02 0,40 6
63=115 4.77 0.13 §i1 0.11 0.04 0.28 5
115-152 3.95 0.05 0.03 0.09 0.01 0.18
__—-—"_-——-
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MASAI SERIES

fnjong Penggerang Region

Site No: A199

Bun/Photo No: 1128/28
P n On p
ercentage o ‘monﬂ ercentages l;:i.‘!; 6N HC1 Soluble
Sample Soil
2
k
+ L}
8
: 3 g 8y 3igs 4 P S g
g L A 3 ] 3:? ga $S 5 . 3F g
: 1 .p: aRast B 18 L1 7
5 @ m e = n - 8 g 8 ~ !
b otogasabflisgldiadsl il
-1 m b oMo 4 ﬂ ° S8 8 cR¢ K =
218 1 0-15 A0036 44 3 1543 0.7 Wil 4.5 3.8 not analysed not analysedi34.0 4.29 2.91 0.89 2.33
Ba 1548 AOOST 4B 3:10:48. T 2% GFSI0008 LB canBiei ot MRt uR00.05 SN LT 008 80
Sb 48-68 40038 59 2 935 27.4 " 4.85 4.1 . ' %2 9000 6eR0 4,05 000,29
So 68900 40099 61 3¢ T-317 10.7 631 84D a2 B srSinas | Sioiil o008, 0 HMARIIER BN 48
" " L ‘." 2.'2 0.72 'c‘,

84 90-150 A0040 53

1 10 36

17.5 12.2 5.15 4.3

48.0

milliequivalents per 100 & soil

Depth Total Percentage
(om). C.B.C. Oaloium  Magnesium  Sodium  Potassiun CatMg+Fask Saturation
0-15 9.7 0.14 0.19 0.14 0.13 0.60 6
15-48 5.76 0,05 0.49 0.52 0.11 0.97 16
48-68 4.61 0.24 0.24 0.26 0.10 0.84 18
68-90 5.10 0.16 F1 0.12 0.09 0.37 7
90-150 3,79 0,08 ¥ 0.12 0.07 0.27 7
..‘--___
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BATANG MERBAU SERIES
Tanjong Penggerang Reglon
Site No: A207

Run/Photo No: 1128/30

Percentage On Lon Percentages Basily 6H HC1 Soluble
wlSoﬂn __801._
g
E ”
g %
N g dis .5 G
s 3 R 3854 4 : S ¢
£ = o 2 Qs BRgs S v A E
18 g g %al fud f < 1 ud
. = n e H a 8 B“aog L ® g H
g 8 g-p 5 4 § ...--:— -ig .é.,g' g ! 0 }
P o4 J233 8 : 3% §Ryd 2,..355333#__

2V 219 % 5-52 K00S4 42 5 39 14 1.1 Ni1 4.8 4.0 not amalysed mot amalysed  44.8 2.09 9.81 0,97 15
8 52-110 A0035 47 6 23 26 16.3 4.5 5.0 4.1 not analysed not amlysed 48.8 4.4012.03 0,68 3.3

L -
milliequivalents per 100 g soil
Depth Percentags
(om). C.E.C.  Caleium  Magnesium  Sodium  Potassium mma Saturation
5-52 6.42 0.11 Nil 0.21 0.13% 0.45 1
52110 4.30 0.08 " 0.04 0.09 0.21 5
bl
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SERDANG SERIES
Pasak Sample Area
8ite No: CO050
Run/Photo No: 108S/142
Percentage On on Percentages Easily 6N HC1 Soulbl
seo-aoecap . Oelainkl Sol. 3
Sample Soil

Agric. Dept. Laboratory No.
SEJP Sample Reference
1lled Water
Loes on Ignition
Organic Matter
Carbon

0.01F XC1

i
IR

Depth (cm)

Nitrogen

Soluble
P+Psl.

Phosphorus p.p.m.

0.1 NaOH Soluble

0.5%
Potassi

Calcium m.eq./100g.
mi- -‘.Q-,'m.

Potaseium m.eq./100g

Iron Fo,0, %

Phosphorus p.p.R.

!

B 58 ¢ 10-28 00059 32 425 44 N W11 4.4 4.0 not analysed
5a  28-68 00060 32 4 26 43 1.0 " 4.7 4.1 not analysed
S 68-100 CO061 30 6 28 41 1.0 ¥ 4.8 4.1 not analysed
Sc 100-136 00062 34 4 25 42 14.0 18.0 4.8 4,1 not analysed

not analysed
not analysed
not amalysed
not analysed

91 3,49 11,20 2.84 4.57
82 4.57 12,60 1.55 5.95
78 4.69 12.60 1.21 T7.50
89 7.66 12,60 1.64 6.29

milliequivalents per 100 g soil

Depth Total Percentage
(om) 0.B.C, Calcium Magnesium  Sodium Potassium Ca+ig+lia+K Saturation
10-28 T.41 0.10 0.08 0.03 0.04 0.25 3
28-68 5.27 0.11 0.08 0.06 0.04 0.29 6
68-100 4.12 0.11 F1 0,01 0.03 0.15 4
100-136 4.61 0.08 L 0.01 0.04 0.13 3
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SERDANG SERIES, sandy clay phase

P rang Reglon
ST&%: 3525

Run/Photo No: 1128/32
Percentage On pH on Percentages 6N HC1 Soluble
Original Air-dry
Sample Soil
S
b L]
o ® .
B g $ 418
2 § g K S8y
A E E 3 b ao, S 8:
& o + o c:' » z f
B o L S § b o & 8 ‘
f 3 % L T g ’ R el T
S48 - AR e I T R
-] o ,E' g
 F vasriblid o4 1f o3yl
A sRes R s R 3. R F -8 8 R0
25
R¥ 340 T 0-16 BO147 53 1 13 28 M1 Nil 5.2 4.2 not analysed not amalysed 63 3.52 0.45 h: f >
Ba 16=49 B0148 48 31341 » " 4.8 4.2 not analysed not analysed 62 3.38 0.58 000‘ 10”
Sb  49-100 BO149 22 26 1740 ™ ™ 4,7 4,2 not analysed not analysed 66 3.01 0.45 ‘.15 P
Se¢ 100-152 BO150 47 2 14 9% = - 4.% 3.9 not .'ml,-.d not ml’.‘ﬂ 83 2.38 0.58 1.

—

milliequivalents per 100 & soil

B
?ﬁh C.E.C. Calcium Magnesium Sod 1um Potassium 0.4:;:;:-;: Saturation
0-16 4.77 0.11 N1l 0.15 0.04 0.30 2
16-49 6.09 0.08 . 0.11 0.02 0.21 ?
49-100 5.60 0.05 0.03 0.06 0.02 0.16 3
100-152 8.56 0.08 0.11 0.06 0.05 0.30 ‘
__——-__ﬂ-
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EDAI' SERTES

fsak sample Area

fite No: CO22
fm/Photo No: 1078/70
Percentage On on Percentages Fasily 6N HO1 Soluble
_.__————0!'1‘1”1 Air-dry Sol.
Sample  Soil
8
§
© : .
o
; : : § .1
3 2 g Aead 4 S 8=
2 i3 didi ¥ 3 3§
. ; 3 :1 = QE. r r S r
L i 4 L4 =] N W . z i
Sk 3 g8 7 # 388 & & g 58
. ~ a a o 4 wl ‘ ‘ - ' @
i ' E 2 g3 & 12 "ai- 3
[N +* § +» o - » g
0 5 orsiiE oiache dEsRs ;
W3 1 o0-7 cooo7 37 4 2636 Wl §i1 4.2 3.8 9.9 6.8 5,96 0,26 15 30 n.8 not analysed n.8.
Sa 740 00008 41 4 2436 1.2 " 43 3.85.8 1.57 0,91 0,08 11 14 * mnot analysed n.a.
§b  40-65 00009 43 4 22 36 13.3 " 43 3.9 5.2 0.88 0.51 0.05 11 {5 * not amlysed n.s.
So  65-92 00010 26 14 19 45 25.4 " 4.4 3.8 4.4 0.42 0.25 0.03 8 {1 " not aenmalysed n.8.
8 92-147 C0O11 36 6 21 42 19.6 " 4.5 3.8 4.0 0.18 0.11 0.02 6 12 " nmot amalysed n.a.
milliequivalents per 100 & soil
Depth Total ;.m
(cm) C.E.C. Calcium  Magnesium Sodium  Potassium Ca+dg+la+k turation
-y 14.81 1.22 0.41 0.14 0,12 :).ea 1:
7-40 10.53 0.16 0.05 0.11 0.03 o.:: ,
s 9.05 0.14 il 0.09 0.03 S ’
65-92 6.91 0.08 0.08 0.11 0.03 o :
2-147 5.76 0.14 0.0% 0.11 0.0% g
-g-____
N.a, = not analysed
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CHEMICAL AND MECHANICAL ANALYSES
BUNGOR SERIES
Pasak Sample Area
Site No: CO39
Run/Photo No: 108S/142
Percentage On pH on Percentage Easily 6N HO1 Soluble 8

Original Air-dry
Sample Soil

g L]
§ 2 s g $ 3
A ° - -~
g : : PETE &
] . [-] ‘;l ~ . L
3 X $ 3% 3 S 3idw ¥
: g § & 84 a P B
B 2 3 - # o %5 & N 5 4
£ 3 g 4 Tk 7.3 i f1iiidqn
.é 4 » § 3 § p- - g ,§ i "3 . % é g é 'E
© " ‘s ]
8 0§ 5 3Fdi P 23 B - R £
__———-".
RV 32T 010 00025 45 7 34 16 HNil Nil 4.1 3.7 10.1 4.42 2,56 0,18 14 65 n.a not analysed v: onalys
Ba  10-47 CO0026 52 4 3217 * " 4.4 3.8 6,3 0,90 0,52 0,05 10 21 " not analysed 10
Sb  47-109 C0027 51 8 30 16 ™  * 4.5 3,8 6.2 0.53 0.31 0,05 10 21 ™ not analysed ”: “"“M'
Se 109-129 00028 56 B 26 15 . " 4,5 3.8 7.0 0.53 0.31 0.0% 10 15 " not wgﬂ. no
milliequivalents per 100 g soil
Depth Total ~ Eeiilliiom
(em) C.B.C.  Caleium  Magnesium  Sodium  Potsssium Ca+Ng+Ha+X
E
0-10 17.28 0.62 0.46 0.16 0.22 1.46 5
10-47 10.21 0.14 0,03 0.09 0.08 0.34 2
47-109 7.74 0.08 Fi1 0.05 0.06 0.19 i
109-129 7.74 0.08 0.05 0.09 0.06 0.28
_/

n.a, = not analysed



CHEMICAL AND MECHANICAL ANALYSES

E:.iu BRANG SERIES

Pe: rang Region
Site No: B350 ©

o No: 1108/16

Basily 6N HC1 Soluble
Percentage On pH o:, Percentages nail
Sample Soil

t’ «H.
P+P:R.

0.58 CHzCOOH Soluble
Potaseium p

Phosphorus p.p.m.

Agric. Dept. Iaboratory No.
0.1N FaOH Soluble

Potassium m.eq./100g.

Loss on Ignition
Calcium m.eq./100g.
Magnesium m.eq./100g.

:
:

Depth (cm)

SEJP Sample Reference
Fine Sand

Coarse Sand

Gravel

Stones

Distilled Water
0.01F EC1

Organic Matter
Carbon

Clay
si1t

- o.“ L
Sa 12-46 BOOT1 44 T 1737 1.0 2.9 4.8 4.1 not analysed : :.;: ::.'1; pras :.z
Sb 46-80 BOOT2 44 T 16 38 27.0 23,0 4.9 4.2 not analysed - i s Do
S¢ B80-102 BOOTS 44 6 1% 42 27.0 11.5 5.0 4.1 not analysed not analys

i

milliequivalents per 100 g soil

+K Saturation
?:E'}m C.E.C Calcium Magnesium Sodium Potassium Ca+Mg+ia
. 5
0-12 10.04 0.16 Fi1 0.23 :.L: :.52: -
o o e : g.:; 0:04 0.24 4
3 g e Y 0. 0.20 4
80-102 5.27 0.11 L/ 0.06 03
——
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MARANG SERIES

Tanjong Pe ng Region
Site No: BS%G

Percentage on pH on Percentages 6N HC1 Soluble
Original Air-dry
Sample Soil
2
E o . 0
+ o
: ; g $ g
2 s . 8 S 9.5
4 3 3 4 & A g .Y X
- o e 3 - o H
° o 4 AW @ B
£ o3 4 2 AF N E e
11 % ] R 3g - 1% g 5 ¢ 1ig
i 4 «oghBCtl B8 SN (877 12 §ei
s B grapibliial 4§ oiid
1 v o © b A o >§I 8 (5] o 5 'ﬁ B =
RV 348 7 5-25 BO170 32 12 48 12 N4l Kil 4.6 3.7 not anmalysed not analysed 43 0.42 4,90 1.21 1:%0
Sa 25-58 BO1T1 34 14 44 13 " ® 4,738 not analysed not analysed 46 0.54 6,10 1.13 2-2:
Sb 58-87 BOIT1 38 15 40 12 1 " 4,73.8 not analysed not analysed 47 0.64 7.55 1.30 4:!
So '87-115 BO172 40 14 34 12 4 " 4.8 3.9 not analysed not analysed 46 0.51 8.20 113 268
Milliequivalents per 100 g soil
Depth Total Percentage
(em) C.E.C. Calcium Sodium  Potassium  Magnesium caﬂ%g-ma*’x Saturation
525 5.76 0.16 0.13 0.05 0.05 0.39 7
25-58 5.93 0.13 0.06 0.02 N1l 0.21 4
58-87 5.43 0.08 0.06 0,02 Ni1 0.16 3
87-115 5.60 0.08 0.09 0.06 ¥ 0.23 4
__—--'"_.-
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MARANG, deep phase

shiﬁo;gzrocs rang Reglon
hun/Photo No: 1158/118
Percentage On JL13!! on Percentages D;:il..y 6N HC1 Soluble
Sample Soil am————
g
g
2 o
& & . . .
g ; i v 1228
: 3 8 § cg éa S. ¥ it 38
® ] :': - g 3 3
! il : L 48 d B g 0 B ich 4
Iy B i3 g 74 geElR Eop 0 of
$ 5 52193 s ¥ g § g g} ga & § al
§ s paafflis il ad = i3
a O ok O ® A © 3 3 oA 5é é -g & 3
R¥ 369 T 0-26 00144 36 6 34 24 Nil Fil 4.6 4.1 not analysed pot analysed 93 1.04 4.25 1.13 1.30
Sa 26-60 €0145 47 1 33 24 " » 5,4 4.1 not analysed not analysed 115 1.39 4.65 1.30 4.69
gp 60-100 00146 42 6 34 23 " " 4,9 4,0 not analysed not analysed TT 1.45 4.55 1.04 3.38
not soalysed 82 1.51 4.70 1,30 2,68

w ® 4,9 4,0 not amalysed

Se 100-140 CO147 42 6 33 24

milliequivalents per 100 g soil

Depth Total Percentage
(em) ¢.B.C. Caloium Magnesium Sodium  FPotass ium Ca+Mg+Na+K Saturation
0-26 12,02 0.13 0,08 0.18 0.12 0.51 4
26~60 7.24 0.05 0.13 0.16 0.05 0.39 5
60=100 5.76 0.05 N4l 0.13 0.05 0.23 4
100-140 6.25 0.05 Nil 0.11 0.04 0.20 3
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DURIAN SERIES,

Sity Ho: BGn e nesion
Run/Photo No: 109N/187
erce Basily 6N HC1 Soluble
P ntage 4 s::%m. ¥ A:uﬁ;y Percentages g
g
.o é 8 4 ¢
g 5 44 41 1 v i s}
p 3 ;| g IR
gc -~ = - ] . L
SR RIS TR SN
ST BN RN I I
5 A Eugho Ka o .5 3ﬂo’£ oh I

|

RWTST  0-1

Sa  11-36 BO0B6 48 19 23 8
Sb  36-63 BOOBT 54 19 20 6
8o  63-108 B00BS 59 18 15 6
84 108-143 BOOBY 54 27 16 4

548 19 22 8 N1 N1l 4.45 3.8

4.65 3.95
‘01 ’.9
4.85 3,95
4.9 3.95

not analysed
not analysed
not amalysed
not analysed
not analysed

$14%%

analysed 64 1,23 15.75 1,29 414
m-.ﬂ “ 1'3’ 17'60 1.12 50

Y]

analysed 38 1.49 18,75 1.03 :::
analysed 35 1.81 20.50 1.03 ‘.12
ml"ed ‘o 1.78 22.75 1-0’ .

—

De:
(omy

0=11
11-36

63-108
108143

milliequivalents per 100 g soil

Total

C.B.C. Calcium  Magnesium Sodium  Potassium c-+l¢4ll"i_
9.05 0.27 0.03 0.06 0.16 0.52
6.42 0.11 0,03 0.07 0.12 0.33
6.58 0.11 0.03 0.06 0.06 0.26
5.27 0.11 N1l 0.04 0.08 0.23
5.76 0.11 §il 0.07 0.10 0.28

percentag®
gaturation

LC T S S - Y
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POHOI SERIES

Tanjong Penggerang Region
Site No: B211

Run/Photo No: 109N/193

On on Percentages Basily 6N HC1 Soluble
it Original Ag-dry Sol.
Sample Soil ——

%

Phosphorus p.p.m.
Pe203
Potassium m.eq./100g.

P.P.M.
Calcium m.eq./100g.
Magnesium m.eq./100g.

Phosphorus p.p.m.

0.1N NaOH Soluble
Iron

Agric. Dept. Iaboratory No.

0.5N CH3COOH Soluble

Loss on Ignition
Potass

Distilled Water
Carbon
Nitrogen

Organic Matter

SEJP Sample Reference

]
:

Coarse Sand
Stones
0,01¥ EC1

:

RV 69 T 0-11 BOOT4 44 7 15 31 Nil Fil 4.8 4.3 not analysed not analysed 240 4.46 10,35 24.82 4.2
Sa 11-38 BOOTS5 53 6 AR By Moo 4.4 3.9 not analysed not analysed 152 5.32 12.25 1.1: 5.'1
Sb 5868 BOOT6 54 5 15 31 " 4,5 3.95 not analysed mot analysed 148 5.89 10.85 1.12 5. :

Se 68-100 BOOTT 57 6 15 25 " 4,8 4,1 ot analysed not analysed 157 6,17 11,00 1.03 5-:0
sa 100-138 B0OT8 57 6 15 25 " 4,6 4,1 not analysed mnot analysed 152 6.34 10,85 1.03 5.

Depth (cm)

E

milliequivalents per 100 g soil

Total Percentage
Ca+Mg+ia+K Saturation

I(,:: C.E.C. Calcium Magnesium Sodium Potassium

0=11 11.19 1.16 0.11 0.17 0,08 ;.s: l;
11-38 7.41 0.16 Nil 0.15 0.08 ;5 -
3868 7.24 0.14 " 0.07 0.04 0. . .
68-100 6.42 0,08 0.03 0.07 0.04 g.z;, :
100-138 5.93 0.11 Nil 0.14 0.08 3
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TABLE 17

AND ANALYSES
MALACCA SERIES
Tanjong Penggerang Region
Bore No: B231
Run/Photo No: 1108/16
Percentage On on Percentages Bagily 6N HC1 Soluble
Original Air-dry Sol.
Sample Soil
s
& . : :
+ |-
£ B 3 g8 g
2 § . - <3 e85
K| % § g gd 43 3 2t Shy
: g § 3§ e .7 £ 37§
X » 8 + mwe o A W d. 828
¥ =% g g . ] - e g iof
] 8 'a @ % X E E o g -
¢ 3 T8 229 g2 8 4 ¢F 84 1 Z i g
ot
o5 3afd § LR i Bd af ¥ ¢ 4
uy -— (=]
5 a g nMN o @0 a o 2 & 3 bt on of A ,?l A O
RW 75 T 6-25 B0091 57 8 18 21 2.0 Nil 4.6 3.85 not analysed not analysed 206 7.03 9.44 1.21 3.7
Sa 25-44 B0092 61 6 14 24 11.0 31.74.8 4.0 not analysed not analysed 224 8.28 9.54 1.55 5‘::
Sb 44-72 B0093 67 6 8 20 24.0 4884.9 4,05 not analysed not analysed 246 9.54 10.85 1.12 3.10
Se 72-96 BO094 65 4 9 24 38.0 2625.2 4.4 not anmalysed not analysed 328 16.51 9.10 1.03 3.
milliequivalents per 100 g soil
D.p'th Total P.racn‘h‘.
{oml C.E.C. Calcium  Magnesium  Sodium Potassium Ca+MgtNa+K  Saturation
6-25 8.56 0,11 F1 0.06 0.06 0.23 3
25-44 7.57 011 Fi1 0.09 0.06 0.26 >
“-72 ?.2‘ 0.1 1 111 0.09 OQM 032‘8 ‘
72-96 5.93 0.11 0.03 0.09 0.03 0.26 4
——
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IAVY SERIES

Pasak Sample Area

Bore No: CO35
oto No: 108S8/142

Percentage & On XH uﬁry Percentages l;-i:l.y 6N HC1 Soluble

Sample Soil _____-01.
S
§
: g : § 5 &
s E 5 8 g."‘ .: ::'g S
s £ i 2 az8e % E st
S T R R
-‘EE;'E 3515355°=§35j55§§!!!
B, a5 B R e

55a§§§o§;£3555=§a§§3 3§§§

W31 1 0-6 00018 39 12 40 14 Nil Nil

Sa 6-28 CO019 47 8 36 14

Sb  28-54 C0020 49 10 30 16 1.4 "

Sc 54-155 C0021 43 12 25 25 7.7 1.1 4.7 3.9

4.1 3.7 T3 3.24 1.88 0.17 11 49 n.a.
4.4 3.5 4.9 0.82 0.48 0,06 8 18 n.a,
4.6 3.7 5.3 0.53 0.31 0,05 6 19 n.a.

5-3 0.24 0.14 0.03 , 10 n.a.

milliequivalents per 100 g 90il

Total Percentage
Sodium Potassium Ca+Mg+ia+K Saturation

Depth
(0’) Cc.B.C. Calcium m.iﬂl
0-6 13.83 0.70 0.30 0.14 0.14 1.28 9
6-28 8.39 0.30 M1 0.11 0.06 0.47 6.
28-54 T.74 0.16 " 0.14 0.06 0.36 5
54-155 6.58 0.08 0.03 0.06 0.03 0.20 3
n.a, = not analysed
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HARIMAU SERIES

Pasak Sample Area

Bore No: CO18
Run/Photo No: 107H/70

Percentage On on Percentages Basily 6N HC1 Soluble
mogaﬁi‘;nl:l%ﬂ Sol.
8
g . 0 17
® g e :
s ] o oidik 2384 & g3 ¢
8 £ S 2 - Ba 8% %" g 34
HEETE e N N
"?: ﬂ -!'n. IE g g E ] .§ Eazgn aﬂé“:"%
§ §§§55§£3§§§§3&S?§§55333

|

RW 29 T O0-6 CO001 43 4 22 36 2.2 Fil 4.
Sa 6-21 CO002 45 4 22 33 2.4 ™ 4.

3 3.9 8.9 4.63 2.69 0.24 11 41
5 3.9 7.9 3.25 1.89 0,17 11 25

Sb  21-36 CO0003 49 2 20 32 3.4 " 4.4 3.7 6.7 1.20 0.69 0.07 10 18
Sc  36-67 CO004 49 3 14 36 18,8 " 4.4 3.7 6.9 0.72 0.42 0.06 7 15
84 67-139 CO005 53 6 13 33 7.5 ™ 4,5 3.8 6,7 0.32 0,18 0.05 6 14
Se 139-160 CO006 48 6 15 36 5.7 " 4.5 3.8 5.7 0.26 0.15 0.02 8 14

not
not

analysed not analysed
analysed not analysed
analysed not analysed
analysed not analysed
analysed not analysed
analysed not analysed

milliequivalents per 100 g soil

Depth Total Peroentes
(em) 0.8.0. Calcium  Magnesium  Sodium  Potassium  Ca+Mg+Na+K Saturation

0-6 13.66 0.81 0.41 0.16 0.14 1.52 "
=21 11.03 0.38 0.19 0.14 0.06 0.77 7
21-36 7.57 0.14 0.05 0.09 0.06 0.34 -
56-67 7.08 0.11 0.05 0.07 0.04 0.27 4
67-139 6.09 0.08 0.03 0.09 0.03 0.23 y
139-160 5.76 0.11 N1 0.16 0.08 0.35 $

——
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HOLYROOD SERIES
Siput Sample Area
Bore No:

B114
Run/Photo No. 1068/33

Percentage s On APH on Percentages l;:li:!; 6N HC1 Soluble
Sample Soil
S

j ey i
: : o § ;4
% 8 g G498 T <
; & S sla% o i b :
3 e 2 §$ 2 S a0 Sgal gy
i 33 g g ok
; . glit o oot 4 R il
{ pasadititifgbigdl il

Lt a§§§§§5;§§§ d 2 534 i g
R 10 # 0-17 BOOS1 22 6 37 40 Nil Nil 4.8 4.1 4.0 1.59 0,92 0.08 12 n.a n.& 108,8 0.34 0.80 1,29 1.98
.29 2.16

Sa 17-58 BO052 26 4 36 39
8b 58-121 BOOS3 24 4 35 41
Se  121-146 BO054 26 4 29 46 22.

1.1 ™ 4.6 4.1 4.0 0,92 0.52 0,03 17 n.a n.a 41,6 0.43 1.25 1

B0 - ™0

«0 4.2 2.7 0.29 0.17 0,02 9 n.a n.a ,502 0.43 1.40 1.38 2.16

6 w ‘07 ‘0' 30' 0.21 0.12 0.02 s N.8, no. ‘106 00‘, 70

57 1.63 2.84

milliequivalents per 100 g soil

Depth Total Percentage
(em) c.B.0. Calecium Magnesium Sodium Potassium Ca+Mg+Na+K Saturation
0=17 8.56 0.30 0.08 0.01 0.06 0.45 5
17-58 5.10 0.11 0.03 0.01 0.02 0.18 4
58-121 4.77 0.16 Fi1 0.01 0.02 0.19 4

121-146 4.12 0.14 0.05 0.06 0.02 0.27 7
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JOHOR TENGAH REGION

Full descriptions of modal profiles of
the soil series mapped and the analytical data
where available are given below. The horizon
nomenclature follows that of Leamy & Panton
(1966). The methods of analysis include:-

Mechanical Analysis - Bouyoucos Hydrometer
Method using "Tetron" as a dispersing agent.

pH ~ Pye Meter using glass electrode, 10g.
goil in 25 ml, distilled water or 0,01N EC1.

Carbon - Walkley & Black Method.

Nitrogen - Micro-Kjeldahl Method with a mix-
ture of selinium, copper sulphate and potas-
sium sulphate as catalyst.

Potassium (Basily Soluble) -~ extraction in N/2
acetic acid (10g sample in 100 ml acid) and
estimation with flame photometer.

Phosphorus (BEasily Soluble) = leaching with a
solution of 2N NaCl and 0.2N HC1l, and extraction
with 0,01N NaOH.

Cation Exchange Capacity - leaching with 0.01N
barium chloride and titrating the N ammonium
acetate with N/50 versenate.

changeable Calcium & Magnesium - titrate with
N/50 versenate after separation of barium in
0.1N barium leachate.

Exchangeable Sodium & Potassium - determine on
extract by flame photometer, g

Percentage Base Saturation - calculated as a
function of the total cations present in the
leachate.

HERGAM SERTES

Location: - Rengam Forest Reserve,

Grid Reference: Map Sheet 124 - 665501,
Elevation: Between 50 to 100 feet, a.s.l.

Topogsitw: 7° slope on undulating terrain.
Vegetation: Primary forest.
Parent Material: Acid Granite derived.

Soil Profile:~-
Ah O to 3 in. (0 to 7.6 em)

Brown (OYR 4/3) friable coarse n.nd{ clay;
strongly developed fine subangular blocky
atmtu:u; many roots and pores; boundary
distinct.

AB 3 to 25 in. (7.6 to 63.5 cm)

Brownish yellow (10YR 6/6) friable coarse sandy
elay; moderately developed medium sul

blocky structures; many roots and pores; patchy
clayskins; boundary fuse.

Btj 25 to 45 in. (63.5 to 114.3 cm)

Brownish yellow (10YR 6/8) friable coarse sandy
eclay; moderately developed medium subangular

blocky structures; discontinuous clayskins;
boundary distinct.

BC 45 to 60+ in, (114.3 to 152.4 cm)

Yellowish brown (10YR 5/6) firm coarse sandy

clay to clay; moderate eveloped a
blocky structures; continuous clay :ﬁ::.

Percentage % Percentage
Original Aipr!jdry
Sample
af °
SRR S
s Lacf g @8 g
L ordsd o} =3 b % ¥ o=
A "L 8 rE P A o &8 & B ©
0=3 43 4 15 41 Nil N4l 4.2 3.8 2.18 1.27 .12 10
3-25 49 4 14 37T " " 4.3 3.9 0.71 0.41 .04 10
25-45 51 6 1036 " ™ 4.5 3.9 0.46 0,27 .04 T
45-60 55 4 13 32 " " 4.6 3.9 0.36 0.21 .03 7
Easily Exchangeable Cations
Soluble m.eq./100g Soil
3 .
a2 @ o
g Az
- +
-~ gE
[« T ]
s s hd ot By o+ Ba
kel ay (3] © § ﬂ tn i'_.
N.D. 28 13.17 0.21 0.45 0.15 0.24 7
” 19 7.43 0.0% 0,05 0.04 0,12 3
" 14 6,25 0,03 0,10 0.04 0.09 4
s 17 6.75 0.08 0,10 0.08 0.11 5
N.3. Clay 0,002 mm.
811t 0.002 - 0,02 mm.
Fine Sand 0,02 = 0.2 mm.
Coarse Sand 0.2 - 2,0 mm.
Gravel 2 = 10 mm.
Stone 10 mm.
tr = trace
N.D. = not done.
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Location: Rengam Forest Reserve.

Grid Reference: Map Sheet 124 - 648406.
Elevation: 200 to 250 feet a.s.l.
Topography: 8° slope on rolling terrain.
Vegetation: Pr: Forest.

Parent Material:

Soil profile:-
&h 0 to 3 in. (0 to 7.6 em)

Dark greyish brown (10YR 4/2) friable coarse
sandy clay; moderate to strong fine & medium
subangular blocky structures; many roots and
pores; boundary distinct.

4B 3 to 11 4n. (7.6 to 27,9 cm)

Brownish yellow (10YR 6/8) friable coarse
sandy clya; moderate fine & medium sub-

angular blocky structures; meny roots and
pores; patchy clayskins; boundary diffuse.

Bt] 11 to 26 in. (27.9 to 66.0 cm)

Brownish yellow (10IR 6/8) friable coarse

sandy clay with gravels; many pores; few

:‘Oi::;l: c:iacontimous clayskins; boundary
net.

Cm 26 to 55+ in. (66.0 to 139.7 em)

Yellowish red (SYR 5/8) firm coarse
to gravelly clay; weak coarse
structures; discontinuous clays =

Acid granite derived.

sandy
r blocky

Percentage Percent pH Percentage
Original Air-dry

Sample
‘-: E L - B |
5 gm 'HHO
RSN IR
1=
P Radde X 3 o5l

Nitrogen
C/¥ Ratio

0-3 49 5 12 35 Nil Nil 4.6

4.0 3.54 2,06 .18 11

5-11 51 6 938 1,0 " 5.0 4.2 0,58 0.34 .05 7

11-26 55 6 10 32 6.0 "

5,0 4.2 0.29 0.17 .04 4

26-56 51 6 6 40 9.0 " 5.0 4.3 0.26 0.15 .02 7

hui q = ble Cations
Soluble 2 m.eq./100g Soil &
3 i

-,

P bode et ¥

_:'_ M OR S g 2 4 ¥
N.D. 29 12,66 0.13 0.42 0.05 0.17 6
5 13 5.57 0,10 0,13 N1 0.2 4
S 20 6.75 0.10 0.21 " 0.05 5
. 11 3.%4 o.f0 02¢ * 0.01 9
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YONG PANG SERIES

Loocation: Map Sheet 125.

Grid Reference: T24619.

Elevation: 100 feet a.s.l.
Topography: On undulating terrain.
Vegetation: Primary forest.

Parent Material: Dacite and rhyodacite derived.

Soil profile:

Ah 0 = 1 in, (0 to 2.5 cm)

Brown (10YR 4/3) friable sandy clay loam; weak
fine su blocky structures; boundary
distinct.

Ae 1 = 7 in. (2.5 to 17.8 cm)

Yellowish brown (10YR 5/6) friable sandy clay;
moderate medium su blocky structures;
few pores; patchy clayskins; boundary indistinet.
Bt 7 to 42 in. (17.8 to 106.7 om)

Yellowish brown to reddish yellow (10YR 5/6 to
7.5TR 6/6) friable to firm grity clay; moderate

medium subangular blocky structures; few pores;
clayskins; boundary

discontinuous to continuous
indistinct.

Om 42+ in. (106.7+ om)

Brownish yellow (10YR 6/8) very firm grity clay;
moderate coarse angular blocky gtructurea; few
pores, patchy clayskins.

DURIAN SERIES

Tocation: Map Sheet 125.

Grid Reference: 953348.

Elevation: 150 feet a.m.l.

To phy: Undulating terrain.
Vegetation: Primary forest.

Parent Material: Shale.

Soil profile:-

Ak O to 2 in. (0 to 5.1 om)
Brown (10YR 5/3) friable sandy
fine su blocky structures;
Ae 2 to 9 in. (5.1 to 22.9 cm)
Yellowish brown (10TR 5/6) friable to firm grity
c;ax; moderate medium su blocky structures;
few pores; patchy clayskins; boundary indistinct.
Bt 9 to 31 in. (22.9 to 78.7 em)

Brownish yellow (10YR 6/6) firm clay; strong medium
and ourn? ( gtructures; many pores;

pubangular
continuous clayskins; boundary distinct.
Ben 31 to 40 in. (78.7 %o 101.6 om)

Compacted nodular laterite and angular }:nrtsit.
fragments in clay pmatrix; boundary dist ct.

Cm 40‘. in. (10‘-6" m)
very firm clay;

brown (7.5TR 5/8) fuse
anf d:l.atingt yellow and yellowish red f?on 1/6

coars
& SYR 5/8) mottles; moderate medium and coarse
blocky structures.

clay loam; weak
boundary distinct.



BUNGOR SERIES

Location: Panti Forest Reserve.

Grid Reference: Hl.g Sheet 131 - 091164

Elevation: 13 = 200 feet a.s.l.

Topography: 9" on rolling terrain.

Vegetation: Primary Forest.

Parent Material: Low-grade metamorphosed schist,
and sandstones.

Soil profile:
Ah 0 - 1 in. (0 to 2.5 cm)

Dark yellowish brown (10YR 4/4) very friable
fine sandy clay; weak fine subangular blocky
structures; abundant roots and many pores;
boundary distinct.

Ae 1 -6 1!1. (0 to 1502 UI)

Yellowish brown (10YR 5/6) friable fine sandy
clay; moderate fine to medium sunangular
blocky structures; many pores; patchy clay-
skins; boundary indistinect.

Bt 6 - 17 4n. (15.2 to 43.1 om)

Brownish yellow (10YR 6/6) friable to firm
clay; moderate to strong coarse and medium
sunangular blocky structures; many pores;
discontinuous clayskins; boundary indistinct.

Btv 17 - 56+ in. (43.1 to 142.2+ cm)

Brownish yellow (10YR 6/8) firm clay; strong
medium and coarse subangular blocky atructures;
many pores; continuous clayskins; few faint
fine yellowish mottlea.

SERDANG SERIES

Location: Panti Forest Reserve.

Grid Reference: Map Sheet 131 - 053152,
Elevation: 50 feet a.s.l.

Topography : 4° plope on undulating terrain.
Vegetation: Primary forest.

Parent Material: Sandstone and quartzite.

Soil profile:
Ah 0 = 1 in. (0 to 2.5 cm)

Dark yellowish brown (10YR 4/4) very friable loamy
sand; weak fine and medium subangular blocky struc-
tures; abundant roots and pores; boundary distinect.
Ae 1 - 11 in., (2.5 to 27.9 cm)

Yellow (2.5Y 7/6) very friable sandy clay loam; weak
fine subangular blocky structures; many roots and
pores; boundary diffuse.

Btj 11 = 35 in. (27.9 to 88.9 cm)

Olive yellow (2,5Y 6/8) friable sandy clay loam;
weak fine subangular blocky structures; many roots
and pores; patchy clayskins; few fine faint red
mottles; boundary distinct.

Cen 35 - 45 in, (88.9 to 114.3 cm)

Pieces of sandstone, schist and quartzite (1/2 %o
2 in, in diameter) in a sandy clay matrix.

Ceu 45+ in, (114.3+ om)

Unconsolidated weathered fragments and sandstone
and quartzite pieces.

Percentage oﬁ’: rop :n' ;_ uﬂ! dry Percentage

Sample Soil

F g o G 3
53 el 1 L R S 3
g + 4 § +a - g an - 2
8 £3 3 B3 s il B 4 & =
Rk GRS & 2. a5 3N & B S
0-1 49 14 37 5 N1 Fil 5.6 4.4 2.2 6,2 0.58 0.34 0,07 4.9
1-6 b R R L - ey " 4.8 3.8 1.8 5.3 0.84 0,49 0,07 7.0
617 61 10 27 8 * . 4.8 3,8 2.1 5,7 0,55 0.32 0.05 6.4
5 "

17-56 67 10 22

3.9 2.4 6.4 0.41 0,24 0.04 6.0

Bas
Soratle 3 e 0 B _qmu?au.g_
g M. 5 fg & 2
g g 93 i e, TR
5 B Rf 3 b + § K . i
R (G = & ¥ M S 4
35 28 6.91 1.38 0.89 0.09 0.10 36 4.34 3,27 1.72 17.84
15 18 7.90 0,27 0.08 0.08 0,04 5 3.20 8,20 1.03 2.9%
6 16 7.08 0.19 Ni1 0.05 0.02 4 4.40 10.80 1.0% 2.84
5 17 3.1%3 0,19 * N1 0,02 T 5.20 12.20 1.03 3.96




Location: Kluang Forest Reserve

Grid Reference: Ihs Sheet 124 - 603557.
Elevation: 150 = 200 feet a.s.l.
Topography: 12 - 18" on rolling terrain
Vegetation: Secondary forest.

Parent Material: Schist.

801l profile:

Ah 0 - 5 in. (0 = 12.7 cm)

Yellowish red (5YR 5/6) friable silty c].l.{_

loam; weak to moderate fine and medium su

angular blocky structures; many roots, few

pores; boundary distinct.

Yellowish red (5YR 5/6) friable silty clay

matrix conta nodular laterite, which

increase in a ance and size with depth;

patchy clayskins; boundary distinot.

Btj 29 - 40+ in, (73.7 - 101.6 cm)

Yellowish red (S5YR 5/6) frdable silty clay;

weak fine and medium sul blocky and

angular blocky structures, breaking into

mﬂm structures; patchy clayskins; faint
es.

HARIMAU SERIES

Location; Endau-Kota Tinggi Wild Life Reserve
Grid Reference: Map Sheet 125 - 870219

Elevation: &90 to 150 feet a.,s.l.

Topography: slope on undulating terrain.
Vegetation: Secondary forest.

Parent Material: Older Alluvium.

Soil profile:
Ah O to 2 in. (0 to 5.1 cm)
Dark yellowish brown (10YR 4/4) very r:nuo coarse

sandy clay loam; weak fine su locky struc=-
tures; abundant roots, many pores; boundary distinct.

Aej 2 to 24 in. (5.1 to 61,0 om)

Yellowish brown (10YR 5/6) very friable coarse sandy
clay loam; weak fine subangular bloocky structures;
many pores, few roots; boundary indistinct.

Btj 24 to 42 in. (61.0 to 106.7 om)

Yellow (10YR 7/8 - 8/8) fraible slightly gravelly
clay loam; weak fine to medium subangular
gtructures; many pores; patchy clayskins; boundary
indistinct.

BC 42 to 60+ in. (106.7 to 154.2 om)

Reddish yellow (7.5TR 6/8 - 7/8) firm gravelly clay
loam; moderate medium to coarse gubangular blocky
gtructures; few pores; tchy clayskins associated
with guarts grains of 1/4 in. in diameter and

somewhat rounded.
Percentage Percent M;.H_d ¥ Percentage
Sample Soil
¢ 2
5 3 ¥ S E gg a b
S (4] ‘
agvi"agsgégi’%gﬁ.
P XY 1T R M A
0-2 24 2 21 58 2.2 M1 3.9 3.6 0.7 5.1 5.39 3.13 0.21 15
2-24 28 2 18 56 46 " 4.6 4.1 0.7 3.9 1.32 0.76 0,07 M
24-40 30 4 16 55 8.0 " 4.6 4,0 0.6 3.5 0.86 0.50 0.05 10
Bas Bxchangeable Cations
Solu%it ) m.eq./100g Soil
o
] js
g 2
+
% nE
D e
E E 2y *3 b4 + g!
bd i r.;‘ rg # ‘ "‘-4 P
38 57 7.90 0.13 0.35 0.11 0.11 9
18 56 5.10 0,08 Nil 0.08 0.07 5
11 44 4.12 0,08 " 0.09 0.03 5

-
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USs MODERATE PHASE IIBt 27+ in. (68,6 cm)
Endau-Kota Tinggi Wild Reddish yellow (7.5YR 7/6) firm gravelly clay;

Location: e
Tife Reserve moderate to strong medium and coarse su
. . blocky structures; many pores; continuous clay-
Orid Raference: ~ Map Sheet 125 - 802219 skins) abundant csaree distingt red (2.5TR 4/8)
Vegetation: Secondary forest. yellow (2.5 8/8) mottles.
Parent Material: Older Alluvium. N.B.
o Ry Ty ey os e s an Gereds
cloae resem -] ] e Durian oe .
&n 0 to 2 in, (0 to 5.1 cm) The Harimau Series has developed on the older
Dark yellowish brown (10YR 4/4) very friable alluvium deposited over the old surface.
coarse sandy clay; weak fine »
and structures; abundant roots and
pores; boundary distinct.
Ae 2 to 12 in, (5.1 to 30.5 cm)
Brownish yellow (10YR 6/8) friable coarse sandy
clay; w to moderate fine and medium sub-
angular blocky structures; many roots and pores;
patchy clayskins; boundary indistinct.
Bt 12 to 27 in. (30.5 to 68.6 cm)
Strong brown (7.5TR 5/6) to reddish yellow
(7.5YR 6/6) firm coarse clay; weak to
moderate coarse subangular blocky structures;
patchy to discontinuous clayskins; gravels
consist of somewhat rounded quartz grains and
weathered clay pebbles; ary distinct.
Percentage Percent pH Percentage
Original Air-dry
oo Sample Sodl
2 . o
& 3 % (o) - -
; 3»=,agiéﬁsa°gggﬂ
+ ] > 4 - # o
a 243 § 5 S a o 3:5?. > £ m
f d33%8 F &2 ¥ 3 BE ¥ OE %
0-2 41 6 14 40 N4 N1 3.7 3.6 1.7 10.9 8.13 4.72 0.31 15
2-12 40 8 12 40 » - 4.2 3.9 1.0 5.2 1.37T 0.79 0.08 10
12-27 47 6 14 34 1,5 " 5.0 3.9 1.0 4.9 0.51 0.30 0.04 8
27+ 69 11 12 10 19.9 " 4.8 4.8 1.5 7.5 0.32 0.19 0,02 10
Bas Exchangeable Cations
Soluble m.eq./100g Soil
|
o
2 a
g 48
= s
o~
© ﬁE
M oA od S » A &
63 41 17.94 0,27 0,29 0,11 0.19 5
16 37 6. 75 0.1 W1 '0.0¢ 0,08 ;-
12 40 5.10 0.11 - 0.03 0,03 b
12 %4 T7.08 0,08 0,0% 0,04 0,02 2

- 19% =
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Location: Kluang Forest Reserve.

Grid Reference: Map Sheet 124 - 636542.
Elevation: 50 to 100 feet a.s.l.
Topography : 4° slope on undulating terrain.
Vegetation: Seconadry forest.

Parent Material: Older alluvium.

Soil profile;

Ah O - 7 in, (0 to 17.8 cm)
Yellowish brown (10TR 5/4) loose sandy loam to

sandy clay loam; moderate medium crumbs;
L) ant roots; boundary distinct.

Ae 7 - 11 4n. (17.8 to 27.9 cm)

Yellowish brown (10TR 5/6) friable sandy clay loam;
weak medium subangular blocky structures; many
roots and pores; boundary indistinct.

Btj 11 - 22 in, (27.9 to 55.8 cm)

Strong brown (7.5TR 5/8) friable to firm sandy
clay loam with gravels; weak medium and coarse
subangular blocky gtructures; many roots and

pores; patchy clayskins; faint mottles; boundary
indistinct.

B 22+ in. (5508“‘ Cﬂ}

Strong brown (7.5TR 5/8) firm stony clay loam;
mesive to weak coarse angular blocky structures;
patochy to discontinuous clayskins.

Pe t Percentage
Percentage reen yﬂﬂ
Sample
¢
i a
F o £ g
4 E 3 =] 0 a
i35 o = a-lg E
ﬂ » E s a p>+" 'g i h 5 _,:
8 g a é 1 5] QE g c';r 1'3 S -] = o
0=7
7-11 24 16 29 34 1 Ni1 4.5 3.8 1.08 0.63 0,06 10
11-22 28 10 28 34 W 4.4 3.8 0.88 0.51 0.04 :3
22+ 38 13 20 34 7 AT 45 3T 0.46 0.27 0.02 3
Exchangeable Cations
xﬁo 4 m.eq./100g Soil
I ig
Ll
g 2
R t Eg
¢ 3 +
el s S VER A VR g

6.75 0,08 0.23 0.12 0.07
6.07 0,08 - 0.41 0.08 0.07
5.40 0,08 0.44 0.09 0,08
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APPENDIX K

GLOSSARY

GEOMORPHOLOGY

Pl'ﬂlontory

e Point of high land jutting out into the

s or other expanse of water beyond the line of
8t, a headland,

Swale

Swampy, linear depression.

Watershed

The line seperating the waters flowing
into different rivers or river basins.
Strike

The horizontal course of a stratum.

Dip slope

The surface slope of und when appro-
xinately parallel to the dgoof the strata
over which it lies.

Scarp
The steep face of a hill.

Hummo ck

Low mounts.
Arcuate

Arched; bent like a bow.
Fickpoint

A break of slope, particularly in &
river profile.

cquu’

A patural theatre, or rounded hollow
or plain empirecled by heighte.
Rentis

Cut trace line.
Iittoral

Seashore or the shore of lakes and rivers.
Varping

The surface undulations oduced by slow
movements which cause one of the
surface to be yet continuous with another.
S0ILS
Katamorphism

processes of metamorphism,

tructive
e Gegsens tructive processes, Or

as opposed to the cons
anamorphism.

Loss on 1gnition
t caused by heating %0 redness
of soﬁ.;r.ielm"g drded ltwo'i%.

PP

free water and that held by soil excluding the effects

of ealts, expressed on a gravitational scale.

Argillaceous
Clayey (in contrast to aremaceous = sandy).

Colluvium

Heterogenous sediments deposited at the foot
of slopes by gravitational processes such as soil
slips, slope wash eto.

Alluvium
Deposit of water-borne gediment in valleys and
on river floodplains, deltas, beaches eto.

Lattice structure
ment of at in a orystal-

The orderly
1ine materdal (as in a clay lattice).
pH, soil
The negative 1thm of the hydrogep-ion
¢ rithe oL acidity (or

activity of a soil.
alkalinity) of & soil as de ermined by means of &

glass electrode (quinhydrone) or other suitable
electrode or indicator at & specific moisture con=
tent or soil/water ratio and expressed in terms of

pH scale.

Soil reaction
ty of &

The degree of acidity or alkalini
soil, expressed in terms of pH value. Descriptive
terme commonly used Are:

below 4.5 acid
4.5 to 5.0 very ® acid
5.1 t0 5.5 ptrongly 8c

5.6 to 6.0 medium acid

6.1 to 6.5 tly acid
6.6 to Te3 ﬁg‘l
nildly

T.4 to 7.‘

7.9 to B.4 moderately alkaline
8.5 to 9.0 strongly alkaline

over 9.0 very 'w m -

Creat soil group
The ultimte unit of classifioation comprising
have similarities

soil families which broad
material and in envirommental and horison

characteristios.
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