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CORRIGENDA

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

Ponge 31 Pagngraph 7 e & Lox Verbisol rend Utkisel .

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
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1.1.1

Introduction

Sources of data.

Very little rainfall data existed in the
undevelo region within the Project Area.
developed regions, mainly to the west of the
Project boundaries, were well covered by an ex-
tensive rainfall network maintained by the

and Irrigation Department (DID). To

e additional information on the rainfall
within the Project Area, rain-gauges were instal-
led and operated by the Project at nineteen loca-
tions. Complete meterological data were available
from fully equipped meterological stations at
uu-s:::g, Singapore and Kluang. The latter station
cove only the period 1929-1941. The location
of all stations is shown on Figure 1.1.

The

1.1.2 Overall climatic type.

Like most of West Malaysia, Johor experiences

a typical Rainy Tropical or Tropical Wet climte
siving rise to a climax vegetation of Tropical
et Rain forest. There are no clearly definable
geasons, it being warm or hot throughout the year,
depending upon one's subjective estimation.

itionally, although the area is subject to a
monsoon regime of winds, there is no distinect 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 elements (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
afterncon period by 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 fomm

of rain along the east coast during 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 spells generally appear to be
associated with the inter-monsoon transitional
rather than with the actual monsoons
selves, Drier periods are most frequent when
the two monsoons are at their height (generally
‘ﬂﬂa mid-January 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 mid-May,
and October to November), and it is mainly of the
convectiomal type (afternoon thunderstorms of
local distri on). In Johor the SW monsoon ie
5”'13’ developed, (it in fact appears as a S to
wind over most of the area), partly due %o
the shadow effect caused by Sumatra, The slightly
higher rainfall along the west coast during this
SW monsoon season is 1y due to convectional
storms moving in from the Straits of Malacca

-1
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1

dur.!.ng the night - the "Sumatras", as they are
called. (In off-shore areas convectional rain
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 accegta.bly 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
algso been incorporated by utilising comparisons
of 1970 DID rainfalls with the mean annual rain-
falls at all stationa.

The map shows a gradation of mean rainfall
from over 140 inches around Endau, Lombong, and
possibly part of the east coast of Ta.ngong
Penggerang, to below 80 inches around Segamat and
Gemas (Figs. 1.1 and 1.2).

The decrease in ammual 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 coast). The Segamat
area is consistently drier throughout the year,
with only slight peaks in the mean monthly rain-
falls during the transitional periods. Segamat
ig sheltered from the NE winds and receives
1ittle rain from the weak SW monsoon.

Mean monthly distribution of rainfall.

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

1.2.4 Further analysis of the rainfall at six
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:-

1.2.3

Locations State Ref, No.
28th M1l. Kluang/Mersing Johor 117
Road

Kluang Estate Johor 124
Chemara Research Station Johor 56
Filter House, Kota Tinggi Johor 7
Nam Heng Estate Johor 34
Telok Sengat Eastate Johor 101

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

1.2.4.1 Monthly rainfall variability.

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



ddle of the NE monscon period., Values of bet-
;-;éenlze?’o and 42 inches have been recorded during
this month (Fig. 1.4). The range between the upper
quartile (values egualled or exceeded 1 year in 4
years) and the lower quartile Svaluoa egqualled or
not exceeded 1 year in 4 years) is 11, i 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 monscon 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.

A though 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 ¢ usval, and on at
least a Tew days showers are almost a certainty.
(Ammual 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 B0 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 six 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 slightly between the
stations e.g. 5.3 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
only in the period November to February. The
highest calendar day value recorded was 14.3
inches in December at Nam Heng Estate. The
highest rainfall recorded in 2 days and 4 daye
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 or less. For short
periods during these storms the maximum intensity
can exceed 3 inches per hour.

Automatic rainfall recorder data for addi-
tional stations at Mersing and Sedenak (Johor 4
and Johor 54) for the period September 1968 to
March 1970 showed the average length of the rain
period per rain day to be 2.2 and 2,6 hours res-
pectively. The average intensity was 0.24 and
0.25 inches per hour, Selected maximum intensity
data, including those extracted from DID automatic
rainfall recorder charts for the December 1969
storm period, are shown on Figure 1.5. Theae are
shown superimposed over the previous (1958) DID
envelope curve for Johor.

1.2.4.3 Mean monthly number of rein days.

These are tebulated above the mean monthly
rainfall values (Fig. 1.1). Examination of these
shows remarkably little variation in the mumber
of rain days between the drier and wetter months.
Rainfall in the wettest months is mainly contri-
buted by a few days of exceptionally hea
fall rather than rainfall every day. Di
the mean rainfall figures by the number of rainy
days shows the average daily intensity in
December to be nearly one inch whilst in June -
August 1t is only about 0.5 inches,

1.2.4.4 Mean monthly diurnal variation in
" rainfall.

The mean values of rainfall registered by

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

Prom 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. 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 seme is generally true of the main
SW monsoon period; alth July shows the least
afternoon rain of any month (43 percent of rain
falling between noon and 6 p.m.)

1.3 Minds
The southern part of West Malaysia lies in

the doldrums belt. This is essentially an area of
convergence, with a great deal of upward movement
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 crogs, commonly occurs, On the
east coast where the winds are stronger, the
hazard is greater. Over the land mass of SE Johor
for seven out of the twelve months in the year
definite monsoon winds prevail. These are stron-
goat on the windward coast and their strength
ecreases inland to the leeward coast. During
the NE monscon period the winds are generally

the strongest.

A monthly enalysis of winds at Kluang and
Singapore (a combination of data from Kallang
and Mount Faber)is shown on Figure 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 J anuary. The
average annual wind patterns at Mersing, Kluang
and Singapore (Kallang) are shown on gfgure 1,85
These diagrams show that a N to NE wind prevails
at Kluang and Jingapore generally from December
to March. This is the 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 gusts of wind in excess of 40 mph
(usually stom squalls preceding and during ﬁoavy
rain) are most likely on the east coast and north-
ern parts of the Project Area. From mid March
into May is a period of transition with winds
from all directions and marked periods of calm
garticularly in the inland station of Kluang.
uring May and until September the prevail
wind is from the south at Kluang the 83 - SE
at Singapore. This is the loecal manifestation of
the SW monsoon. Calms are much more frequent at
Kluang during the SW monsoon than d the NE
monsoon. Also, gusts of wind (Pig, 1.9; in
excess of 40 mph (which have not been recorded
during January in Singapore), are in fact most
frequent at Kluang in May, at the height of the
SW monsoon. Near the west coast violent squalls,
(the Sumatras), ocour particularly during the
night and are not uncommon between May and

Towards the end of September and until

early December is another period of transition
with winds from all directiona and calms of
zémlnrmtzeg}ae:g.utdgum the SW monsoon (30 -
pet ingen B a}. ang and 10 - 20 percent

Completely calm periods are T .
(3.5 percent of time) located on t;?cgs?mge
e breezes occur during the day and offshore

breezes ocour during the night Calms
infrequent (17.2 percent of time) at th:rgin‘::;ore
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o111 b O B PR Y

ACTUAL RAINFALL INTENSITY/ DURATION RELATIONSHIP

3 10
? :
‘r :'
{ ‘ ---:‘- B
N T
5 =
s 57 4 ‘*k \ .
" e N
S \& indaporie, Dece r 196
g4 e ~N
28 = N
e 2 N ~ 2
g N o December 196
\:\f
S .
e N N N
i | og Y 5 g X Si
|§ i g': LR K1 : jDecem I‘lea
Joa . | 5 : ] A 4 |
{.'-_' |i ' 06 = : _\\\ - ’
hindl 08 e _ 2 N N
s o
he 104 N
kl\ » us
03 LEGEND
[ MALACCA — : =
, I~
fealie o2 MERSIN G ——— . <
KLUANG —_— boih N
\\\;\
BN
. N
Oloq 02 O3 04 06 0810 2 3 4 5678900 20 30 40 60 80100
see! NI | DURATION IN HOURS
Note:-
N ® Envolopu lines reproduced from the D.LD. publication, Hydrological Data Rolnfull Records, 1878-1958
2) O Intensities recorded in December 1969
3 x Maximum recorded intensities from, Old Kallang and Paya Lebar Airport 1935-194l, 1948~1964
and R.A.F. Changi 1949-1954
‘§ o

Yan




FIGURE

AVERAGE MONTHLY DIURNAL VARIATIONS IN RAINFALL- Kluang

ST
. .

i




stations which are not far from the coast,
which is well inland, has frequent calms (

percent of time).

Winde in the Project Area can be estimated
by comparison of values at Mersing, Kluang or

pore after consideration of factors such as
neamess to the east coast, distance inland, or
proximity to the south coast. (Table 151}

30.3

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
Kluang, the mean gnnual effective temperatures
are respectively lower than for

4300 and 3.09¢

Wind speed Months
Station  Units g N L, Ag Bt 0% oF DR
Mersing nmetres/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 10T 110 162 133
S9%a%el xmots s 6 8 87 8A BN SRS Vg TN e
EKlusng metres/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
(411 miles/day 121 132 91 59 63 63 69 T0 65 60 63 89 79
Slona) kmots B R AT TET S A e B el
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
(Rallang) miles/day 77 72 49 35 34 47 49 55 48 38 37 51 49
(Lowland Ikmots 4 4 2 2 2 2 2 3 2 2 2 3 2
coastal
site)
1.4 ZTemperature and Relative Humidity. Singapore.
T 1.2 EFFECTIVE TEMPERATURE (degrees Celsius)
1.4,1 Temperature.
The variation in mean temperature from Station J P X A M J J A 8 O N DMNea
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
B e e e L o Sienest Mean Honttly Mersing 14 16 19 21 21 20 19 19 18 19 19 16 18.4

temperature 1is 27.4% (81
and the lowest is 24,.6°C (76°P) 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
%&:ﬂ fi;s Kluang, in the centre diagram of

at 8

The extreme recorded temperature
':r.::oialao nshoun. For the th::; rtcir::o-
tions, 13: e, Kluang re ’
highest record mpenture was 9681' at
.k in March 1940, end the lowest temperature
‘5"..“3 e e T o otralogisal the
. e auxiliary meteorologlical sta=
tion at Kota Tinggl has however recorded 97°F.
An increase in the diurnal temperature range of
two or three degrees could be expected if exten-
sive areas of forest are replaced by annual
orops 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
Peo having us the lowest value of 83

ent and November the highest with 89 percent.
with temperature there is a very considerable
diurnal range 3115. 1.10). Maximum humidity is
reached aro a.m., when the temperature often
drops to below the dew point., This brings about
deposition of dew and fog. The lowest relative
¥ recorded at Kluang, in the period 1936 -
41, was 54 percent in February 1940. In this
od less than 2 inches of rain had fallen in
days. The average dew point at Kluang is 72°F.

1.4,3 Bffective temperature.

The Effective Temperature is an index of
comfort, It is caloulated from air tempe-

o

pore in Jume,

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

1.5 Sunshine and Radiation

1.5.1 BSunshine.

In SE Johor, away from the windward coasts
it is rare for the sky to be completely free of
cloud. The period of least cloud cover dur.ln;g
the day is approximately from 9 to 11 a.m., en
bright sunshine is recorded, on average, for 70
percent of the time. At 4 p.m. there is bright
sunshine for only 30 percent of the time, h
average percentage of sunshine for each hour of
the d.ihs plotted on Figure 1.10, which also

av

shows erage sunshine hours for each month
at Kluang. Sunshine hours for Mersing, Kluang
and Singapore are given in Table 1.3 for compa-

rison.

rebru.nrg to April have the most sunshine and
November to January the least. Mersing on the
coast (200 yds. fram the beach) has significantly
more sun than either n“::f (many miles inland),
or Eallang (800 yds. inland).

1.5.2 Radiation

Radiation values for Kluang as estimated
from bright sunshine hours ueing standard Mc

Cullochs tables, are shown in Table 1.4

However erley (1970) who has been carry-
ing out radiation measurements at a number of
atations 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 Bstate Kulai, in 1969.



SRat i L i L e T s AT 3 il 048iea <Ok scliio Do Nean
Kluang 4.65 T.14 5.68 5.57 6.14 5.48 5.55 5.67 5.24 4.33 4.07 4.6 5.35
Mereing  5.84 7.04 7.25 7.45 7.00 6.46 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 6.28 5.38 5.48 5.44 4.56 4.58 5.56

TABLE 1.4 AV 1 (]

Units A RS NIRRT R R A T [
cals/om2/day 411 528 475 460 461 425 431 452 452 417 394 402 443

TABLE 1.5 T SWE E -
Magnitvde J F M A N J J A 8 0 N D Year Units
Highest 478 478 494 626 462 412 445 430 478 478 429 445 626 cals/cm2/day
Lowest 182 215 182 150 166 150 150 84 133 182 133 133 84 cals/cm2/day
Mean 330 371 355 318 339 296 297 278 315 318 303 266 315 cals/cm2/day

1.6 Evaporation

Nieuwolt (1965) reviewed the existing data
on evaporation obtained from various pans, evapo-
rimeters and reservoirs. He tested the correla-
tion between pan evaporation and various climatic
factors and produced monthly evaporation maps of
Malaya. From these maps pan mgzrntiun (which
is expected to be 10-20 percent higher than the
Potential Evaporation Eo) is estimated as shown
in Table 1.6

The DID commenced evaporation measurements
in 1957, and at a later date established a number
of the now widely accepted, standard United
States Weather Bureau (USWB) Class A raised pans.
Exemination of the records at Kl shows a
number of anomalies, which can be attributed
splash errors during high rainfall periods.
Intense storms can produce splash up to four feet
in height. Considerable loss from the pan then
occurs, particularly when these storms are asso-

TABLE 1.6
Station J F M A M J J A 8 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
8ingapore 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

Vychulsinswss) calculated Potential
Evaporation ( according to the Penman equation,
which is generally accepted as offering the best
means of integrating the various meteorological

ciated with high wind gusts. Consequently on
some days with high rainfall, the evaporation
"recorded" is inordinately high. Evaporation

figures from t uang only
observations, These estimates are shown in on dly: which 300‘;‘1“ nga:aih:;:l?:.n;a du.{s.d
Table 1.7 with rainfall of 0.1 inch evaporation has been
TABLE 1.7 \

Station J P M A M J J A s 0 N D Year

Merasing 7.1 7.1 7.8 7.2 6.9 6.3 6.7 6.5 6.6 6.9 5.8 5.7 80.6

Kluang 5.6 6.8 6.6 6.2 6.3 5.6 5.9 6.2 6,0 5.7 - B il ¥ b il

Singapore 6.3 6.1 6.9 6.4 6.3 5.9 6.5 6,3 6.4 6.6 5.6 5.6 174.9

Comparison with Nieuwolt's es show that
the Penman values for open ntort:gfmtim are
considerably higher than the pan of
Nieuwolt. Since 1968 Wycherley has been carrying
out direct measurements of solar radiation at a
number of sites in West Malaysia. Results so far
obtained suggest that the estimated radiation
derived from bright sunshine hours, (which is used
meite sre. Ladkine )y T e Jia Sdesute-

y produces a
estimate under Malaysian eond:l.tlmi." "

- im

assumed to be 0,15 inches and to decrease

linearly to 0.0 inches cmontlm with rainfall
of 3,0 inches or more (derived from data in
Hutchinson and Parbrother - 1956), The 5 year
mean figures so derived are shown in Table 1.8.

Until more radiation figures are available
Potential Evaporation Bo (Table 9) for Kluang has
een taken as the average of the Penman estimate,
(reduced ‘bglio percent), and the splash corrected
USWB ase A pan figures.
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AVERAGE MONTHLY SURFACE WIND SPEED & DIRECTION
Kluang & Singapore
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FIGURE |9

WIND GUSTS - monthly distribution
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FIGURE I.10

TEMPERATURES, RELATIVE HUMIDITY & SUNSHINE HOURS
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TABIE 1.8 P V. -

J F M A M J J A 5 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

J F M A M J J A 8 0 N D Year
5.0 5.8 5.8 5.0 5.0 4.7 5.0 5.1 5.0 4.6 4.4 4.6 60 inches

1.7 Ihunder 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. Lightn risk, compared to
other parts of the world, must be considered high.

1.8 Fog

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

1.9 Earthquakes

No major earthquakes have been recorded in
Johor State although the area is geographically
close to Indonesia which has recorded earthquakes.
There was a newspaper report (Straits Times 6/2/11)
of tremors in Johor Baharu and it was reported
that these were felt in some of the high rise flats
in the central town area. Certainly these tremors
were not severe. Johor State is generally accepted
as 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
a 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 monthe of the year; only in January to March
::tth.“ any correlation between these two

Particular attention should be paid to the
possibilities of a flood forecasting and warning
system, This could be developed to provide
acourate early warninge of flood danger and pro-
bable flood levels especially in the lower
reaches of the S. Johore. (Supporting Volume 3
Water Resources and Development).



. !
v} ®

e ey

&L

s U ke et S e

D e

o+ b e i

e . g e

s e s |




FIGURE 2-|
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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 Engineering Geology, Soil Survey
and Hydrological studies.

The area is covered by parts 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 Figure 2.1. The results of
previous geological studies are recorded in
memoirs of the Geological Survey Department
accompanied by detaigad 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 unpublished
data provided by the Geological Survey Depart-
ment. Some additional information from various
soils maps (Department of Agriculture) toge-
ther with results of photogeological work
carried out in the course of the present study
are incorporated in Figures 10 and 11 in the
Atlas.



CHAPTER 2

2.1 Lithologioal Units

The stratigraphy of the Project Area is
summarized in Table I. The oldest rocks out-
cropping are the slightly metamorphosed argil-
laceous and arenaceous sediments of the Taniong
Penggerang Region and the Dohol, L an
Sedili Formmations of the Johor T Region.

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

Fossil datin%hflaces the Dohol Formation as
Middle Permian. Linggui 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,
Limited exposures suggest a thickness of approxi-
mately 400 feet. The Sumalayang Limestone was
the subject of a detailed investigation in view
of its economic potential., This was described in
a separate report "An Investigation of the Gunong
Sma{iyang Limestone" submitted in September 1970
and is reproduced at Appendix D to this

2.1.2 The Linggiu Formation

The Iinggiu Formation overlies the Dohol

Formation and consists mainly of aremaceous rocks
variously classified as guartz arenite, quartz
wacke, lithic arenite and lithnic 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,

report.

2.1.3 The Sedili Volcanic Formation.

This Formation consists mai of rhyolitic
to dacitic extrusives with a considerable propor-
tion of welded tuff. The Formation, estimated to
be at least 2,500 feet thick, occurs in the north
and east of the Johor Tengah region and in the
south and north-west of the Tanjong Pengge
region and is thought to pass laterally into the

Formation.

2.1.4 The Tenang Fomation.

The Tenang Formation is robably of Middle
and Upper Triassic age. The ormation generally
consists of conglomerates, sandstones, shales and
interbedded tuffs. In the Project Area, however

the volcanic facies is represented, ;

2.1.5 The Panti Sandstone Formation.

The Panti Sandstone Formation (Tel -
stone of Rajah, 1969) consists malniy 2?32?123
stones with occasional bands of shales, mudstone
and siltstones. Its colour is variable and may
be white, grey, green, yellow, red or brown,

S0

Conglomerates are found at various horizons am
in some places at the base of the Formation.
Thin coal seams occur locally. Graded and erg
bedding are common and lutite clasts are
R g
t is as Lower Cre ) -
:l.aonaetlm::sed to be not more than 1,000 feet
thickness.

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

2.1.6 The Layang Layang Formation.

The L ang Formation was divided by
Rajah (1963‘”‘151:0 he argillaceous Badak Shale
Member and the overly Pengeli Sand Member,
The Badak Shales consist of grey, brown and b
shales, The Pengeli Sands are essentially un-
consolidated white, cream or e grey quartzo-
felspathic sands with minor clay horizons. PL
remains suggest a Pliocene to Pleistocene age.

2.1.,7 The Granitic Rocks

The Granitic Rocks underlie a large propo
tion of the area. Several different rock-types
are recorded, viz. biotite granite, granite
porphyry and granodiorite, ries between
the different rock types have not been mapped.

Resulte of rubidium-strontium age dete
tions indicate Upper Permian ages.

Field relationships in the Gunong Chemendon
area indicate a Tertiary age for some small intr

sions of microgranite, quartz porphyry and
adamellite,

2.1.8 Buperficial Deposits.

Superficial deposits include the Recent
river, swamps and beach deposits of clays, sand
anglgravel together with the various types of
soil.

In humid tropical climates chemical weathers
ing greatly affects the bedrock and may extend
from the surface to considerable depths, It b
causes a marked reduction in str 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;
Johor coastline reflect

On the existing maps Recent, Sub-Recent and
Older Alluvium deposits have been dist shed.
Several correlations appear problematical in the
absence of a uniform classification.

The Recent deposits have particular economit
sisnificance in that they contain the alluvial

tin deposits and in the ts,
g g 2 case of beach deposits,

2.2 Struoture

The Palaeozic rocks of the Dohol, Linggud |
Sedili Formations were strongly folded in a per

slightly preceding the emplacement of the bulk ©



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 Penggerang Region the foliaw
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-5 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, and Sedili
Formations were metamorphosed er conditions

pertaining to the greenschist facies. However,
the occurrence of staurolite and kyanite in the
Tanjong Penggerang Region suggests that looallg
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
massifs narrow aurecles of contact metamorphism
are occasionally found in the sedimentary rocks.

2.4 Geological History

The Project Area is situated in a region
which was characterised by a period of crustal
buckling and the deposition 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
dactic lavas and tuffs, These rocks form
components of the Dohol, Linggui 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
gaaasgilaterally into the volcanic Sedili

ormation.

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
probably coincided with the penetration of the
batholith into the basal portion of the geosyn-
cline, During this stage the rocks were regional-
1y metamorphosed within the greenchist facies,
although locally the amphibolite facies may have
been reached, The ococurrence of thermal aureoles
superimposed upon the regional meteamorphic
mineral assemblage may indicate local intrusion
of granite into a relatively hi rtion of the
erust. The prim tin mineralisation is thought
to be relatog to Upper Permian granites.

Erosion of the granite and metasediments
breceded the deposition of the Middle and Upper
Triassic Tenang Formation which consists normally
of conglomerates, sandstones, shales and tuffe.
In the Project Area this Formation is mainly

represented by volcanic rocks.

The {ounger history of the area is preserved
only by the rocks of the Panti and
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
Formations grade into the more recent alluvial
deposits of river and beach sands and gravels.



TABELE 2.1

S E ECT
AGE FORMATION /MEMBER LITHOLOGY 1" Sheets on which
Correlated Units Occur
RECENT Alluvium, swamp and beach deposits;

FLIOCENE
TO

I.ATB:J URASSIC
0
UPPER TRIASSIC EARLY CRETACEOUS PLEISTOCENE

MIDDLE
TO

PERMIAN
MIDDLE UPPER

LAYANG LAYANG Pengeli Sands
FORMATION

Badak Shale

PANTI SANDSTONE FORMATION
(= TEBAK FORMATION of
Sheet 125)

TENANG FORMATION

TENGKIL, LENGGOR AND
ELUMUT GRANTTES
(of sheet 125)

SEDILI
VOICANICS

LIRGGUI
FORMATION (includes the
SUMALAYANG LIMESTONE
MEMBER)

eluvial soils.

Older alluvium : angular quartz
sand with rounded quartz and quart-
site pebbles

Unconsolidated white, cream or pale
grey arkosic sands with minor
argillaceous layers.

Dove grey to brown and black clay
shale with plant remains,

Mainly coarse, cross-bedded quartz-
sandstone with conglomerate layers.
Typically massive, thick-bedded and
flat-lying. Occasional thin coal
aeams.

Tuffaceous conglomerate, sandstones,
shale and interbedded tuffs.

Granites and allied rocks, quartz
veins, aplitic and mafic dykes,

porphyritic granite, quartz-porphyry,
adamellites, granodiorites.

Fine-grained acid volcanics;
ignimbrites tuffs and agglomerates,
ranging from rhyolites to rhyodacites,
with occasional dacites and basic
andesites.

125,

124.

Strongly folded mainly psammitic
low-grade metesediments, with some
pelitic and acid metavolcanic bands

125
and
130

125

124

130, 131, 132

125, 131, 132

125, 131, 132

Mainly pelitic metasediments with
gmi psammitic and metavolecanie
aun s'




CHAPTER 3
ECONQMIC GEQLOGY

3.1 Introduction

Mineralisation known to occur in the
Project Area includes tin, bauxite, iron, gold,
copper, lead, zinc, 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
st ers 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 deposite represent the decomposition
prodwts of several types of the older rocks.

3.2 Mining and Progpecting
The various areas that had been prospected

and mined prior to t he commencement of the
present study were compiled from data provided by
the Mines Department and the Geological Survey on
maps at one inch to one mile scale generalised
reductions of which appear as Figures 10 and 11
in The Atlas, Individual borehole and prospecting
Pit sites were plotted. Relatively high mineral
values observed were plotted on transparent over-
%m to the geological maps to show the relation
etween mineralisation the distribution of
geological units,

otk Since data about the total volume of ground

gi' ed are virtually absent it has not been pos=

Thele to estimate the potential and reserves of

s tgi'esent mines and prospects. The contribution

iy u’ study to the project is therefore mainly

o ollation of exist data and the indication
areas of further interest.

3-3 Hetallic Minerale
3.3.1 tan,

There are nine tin fields in or near the
;S" :C'!t Area, Total cassiterite production was
»ine iculs for the year in 1969, from 34
2_1)‘ With a labour force of about 1,500 (Table
s The tin fields of the Johor Tengah Region
1970 g 0110%8 (the number of operating mines in

3. MepnBiven in brackets):~ 5. Tempenis 82).
Letay frat (includes lower S. ng%m) (15), S.
the £.{3), S. Panti (5); with S, Penaga (1) and

¢ Mnes on the S, Merbau and S, Susor Rotan
(tributaries of the 5. Dohol) (3) being just
0 8 the Project Area. In Tanjong Penggerang
Upper §  qriRing fields on S. Seluyut Simpang (2),
+ Seluyut (2) and S. Rengit (3).

The cassiterit _
[ e 18 produced by the hydrauli
oingilf‘ vel pump and palong method. In the case
&round f:h Kanan Mine, the cassiterite bearing
Sluioing . excavated with face shovels prior to
and ;D8; cassiterite is extracted by tabling
Oomtigu::%:,”mﬂtim of other heavy mineral

In the gurv

re ey of tin specting records,
POTts have been examined on £5/21 of the areas

rospecting from 1923 to 1969

«2 shows the number of pros-

Pérmite issued in each area

© 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.

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

a) Prospecting reports of private groa-
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
gtandards have been used in describing
values of cassiterite. Values of cas-
siterite 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. a known volume of sediment was
treated)., The figures quoted as percen-
tages were obtained before the standard
dulang came into use, and therefore the
volume of original sediment treated is
not known.

The occurrence 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, etoc.).

Pigures 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 payable 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 environment for
the formation of waluable deposits is particularly
favourable, These are situated mainly in the

Johor Tengah Region.

1)

The upper S. Linggh'' south of Gunong Blumut
(Figures 1gpbraolmta refer to localities marked
on gﬁg. 12 and 13 in the Atlas) shows five high
values of cassiterite determined by the Gao].%im
Survey and two by private prospectors (pp. 5/36).
The high values are upstream from an area of
swamp 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, Lj.ngﬂi
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.
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TABLE 2,2

MINERAL PRODUCTION 1965-1969
1965 1966 1967 1968 1969
QOUTPUT STAFF OUTPUT STAFF OQUTPUT STAFF OUTPUT STAFF QUTPUT STAFF
TIN (PIKULS) 25,026 941 37,958 1,274 85,965 1,339 39,400 1,237 30,011 b
IRON (TONS) 12,278 41 35,569 - 56,038 - 103,269 92 - -
BAUXITE (TONS) 843,172 392 976,016 424 885,389 337 28,968 354 1,056,068 -
A S 42 36 59 50 64 46 60 43 46 -
NOTE: (i) sStaff figures do not give the complete picture
many annual returns give production only not s%aﬁ'
but they do indicate the magnitude.
(ii) See Appendix B for details of returns by mines.
(i41) One Picul = 100 EKatis = 133,33 1lbs. = 60.48 Kilos.
JOHOR TENGAH TANJONG PENGGERANG
YEAR PROSPECTING MINING PROSPECTING MINING
PERMI LICENCES PERMITS LICENCES
1923 4 1 1
1928 1 e
1929 6 3
1930 2 2 6 2
1933 1 - 2 3
1934 1 - 1 -
1935 1 1
1936 4 P
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 - 3 =
1952 5 -
1953 1 - 5 p=
1954 4 %
i, | : :
1957 1 = 4 L
1958 12 12 -
1959 4 3 ) B
1960 19 4 33 -
1961 s 33 2 22 1
1962 16 4 2
1964 15 8 7
1965 7 2 13 =
1966 28 = 62 2
1967 27 2 74 7
1968 41 i 6 »
1969 5 2 4 2
4 1
TOTALS 233 33 418 3
COMBIN ED

TOTALS PROSPECTING PERMITS : 651.

MINING LICENCES :

66
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The upper tributaries of the 5. chenas(z)
gshow three high values determined by the Geolo-
glcal Survey. No contact zones are known in the
vicinity. The tributaries drain into & large
area of swamp alluvium around FKuala Pengeli
Chenas. Further prospecting is recommended
particularly in the northern part of the swamp
alluvium. urrents through swamps are sluggish
and therefore 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 a 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 soil survey
traverses carried out by government soil
scientists.

Twenty five high values of caﬁ}teﬁ.te were
fownd in pp. 66/61 on the 3. Sebol T/, According
to the geological 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 aragogue to poor exposure.

is more likely that the cassiterite results from
a mineralised contact zone which is exposed %o
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 orficief one inch geological map.

Savo, igh values in alluvium adjacent to the S.
ayong g?. 70/61) 1.5 miles upetream from Kuala
Linggiu(5) ‘may be related to the same mineralised

zone as the above ocourrence and are worthy of

further investigation.

& Two high cassiterite values have been found
it triv es of the S. Tebak north of Kuala
srnegiul6), It 1s 1likely that these are spurious;
here are no contact zones in the area drained by
‘!:Rlaleae tributaries and the granite is thought by
thjah (1969) to be at = considersble depth in

hia vicinity, Results are pending on pp. 1/69,
¥hich 16 also in this area.

In the easterly flowing tribu es of the
Lingeiu north ofylmala gsempenistﬁihish cas-
erite values have not been recorded to date.
this area metasediments occur overlying
granite. The westerly flowing tributaries are
more promising and show two high values in streams
ozioh are fairly near a contact zone. This area

of the Linggiu could also be important because it
hminu a known tin bearing area, and has a tri-
utary the S, Sentroh which drains a contact zone

::.:1)"’ northwest (largely outside the Project

Sp
8it
In

The 8, J

tract
date h.:: alluvium is

long ago.

is worth investigation, the
extensive and prospecting to
been very sporadic and was carried out

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 zome., Tri=-
butaries from the west (S. Jengli Kanan, 5. Jengeli
Kiri) rise in the same general area as a minera-
lized area mentioned above. In addition it is
considered that the S. Sentroh originally formed
the headwaters of the 5. Jengeli. River capture
by a western tributary of the 5. Linggui has

taken place., As the S. Sentroh is eroding a con-
tact zone to the north, any cassiterite minerali-~
pation eroded from that area would have originally
been deposited in the S, Jengeli., It is consi-
dered unlikely that any valuable alluvial deposits
will have resulted from the eastern tributaries
of the S. Jengeli, since, jud from the geolo-
gical map, any contact zones in this area will be
deeply buried.

The alluvium of the S. Sedili (outside the
Project Area) appears to be worth further investi-
gation, Many of the headwaters are eroding con-
tact zones. The Ulu S, Sedili, south of Bt.
Pachat is particularly important, as it drains
the same contact zone as that which forms the
gource of the 5., Tempenis tin field.

Prospect is warranted in the 5. Madek
(outside Project 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 3. Rengit.
In addition high cassiterite values have been
recorded by private prospectors ne four areas
between 5. Metangor and 5. Sebina(l15). They
appear to be related to a contact (possibly
faulted), between granite and volcanics. A fifth
area of high values is south of land for which
mining permission has been applied, 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 prospecting could
reveal profitable deposits. e areas mentioned
above are worthy of detailed prospecting. The
close association of Jmown tin deposits with con-
tacts between granites and meta-sediments is most
gtriking, Tracts of alluvium laid down by
rivers draining these contact zones are extensive
and should be investigated. Those draining the

possibly faulted contact zone between the belt of
metas ents and the granite are 1:I.Jnllg to be the
most important (see also section on gol deposits).

It is not possible to define any areas of
gpecial interest for cassiterite in the weat of
tRe Johor Tengah Region. Only one significant
cassiterite 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 granite which covers most of the area as b
gimilar to the tin bearing granites found by
Rajah (1969) to the east. The 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 by 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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the Tanjong Penggerang Region, and, until recently,
to the south of that 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 involwved
from time to time, production and shipping are

now in the hands of two companies, South East

Asia Bauxites Ltd., and Ramunia Bauxite ILtd. (or
its 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
tonmage 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 irom,
8ilica etec., 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 phenomenon
in tropical climates with heavy rainfall; the
general term for this process is laterisation.
The 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 & 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. These factors control the
rate of leaching.

b) Total rainfall and its seasonal distri-
bution.

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

d) 'rngeraturs. which governs the formation
of humus. At high temperature, humus is
deatrogod faster than it accumulates.
Large humus accumulations often restrict
groundwater circulation and decrease pH.

e) gﬂ of meteoric waters. It is noteworthy
hat higher grade bauxite tends to be
found on lalang-covered hills, rather
than those covered by primry or seconda-
ry Jungle, where the pH is lower,

Grubb's investigation has shown that, for
the Tanjong Penggerang Region, the most signifi-
cant facts related to bauxite formation are;-

a) Bconomic deposits of mixable ag,nde mate-
W

rial are frequently associat ith
extremely fine grained extrusive rocks,
especially rhyolite,

b) Bauxite developed from basalt or basic
hﬂgbyuaal rocks is usually high in
silica and extremely high in iron,

¢) Bauxite derived from schist or shale is
generally high in iron and 8ilica,

d) Bauxite originating from acid plutoni
hypabyssal rocks generally oonplttiu t:ow
much silica to be 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 Figure 13 in the Atlas. Total
production is currently running at approximately
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 P:E:.n « A fourth
area in this vicinity will o0 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 will last for
approximately five years, though smaller areas
may possibly be found adjacent to the main depoasits
and work may continue for longer than this period.
Recent production for Ramunia Bauxite is:- Jan-Mg

1265 1966 1967 1968 ° 1969 _198
Tons - 190,957 88,886 276,737 387,257 412,680 121,88

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

1965 1966 1967 1968 1969 _ 1910
Tons - 488,287 667,863 505,906 391,789 643,388 356,2

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

It is common for mining companies to work
after the time they have estimated for the extrac-
tion of proved reserves. Small areas which can be
worked cheaply are frequently found which were not
included in the original estimates, How long this
is likely to extend the life of the mines is impos-
sible to estimate at present. It is also possible
that deposits which are at present of reject grade,
will prove to be workable in years to come, due to

improvements in beneficiation and smelting proces-
ses.

The prospect of finding lar
of producing similar amounts of auxite to that
found in the Southern part of the Tanj
Penggerang Region is considered negligible, since

considerable prospecting has been carried
with negative results, kiradon

The newest area of
north of 8. Papan,
tical, Three of

areas capable

bauxite extraction(17),
is at present still problema-
the deposits occur over metase-
diments but the exaot nature of the parent
material is not known. Aacoz\ung to the geolo-
gical map the fourth deposit is derived from

It is 1ike that all other factors
eing favourable rorjiauxitiaation. the parent

material in these four areas is sufficient
different from the main bulk of the grlnit%yor

metasediments to have
bauxite deposit to be formed, The us products
rarent materials are

of laterisation on these
high in iron or silica.

With regard to the Johor Tengah Region,
although large areas of favourable paregt material
occur, in ga.rtiou:l.ar the Sedili Volcanics, other

al factors are too unfavourable to have
xamittod the formation of commercial bauxite
eposits. Rajah (1969), discussing Sheet No. 125,
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which covers a large part of the area, has
remarked that evidence of laterisation pro-
cesses is not common.

Workable deposits may occur in the area
southeast of Kota Tinggi, and north of the S,
Santl 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 Euala Sungei Johore
where 14,325 tons were produced in 1938,

Other areas of Tanjong Penggerang are not
regarded as having much potential. Here granite

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 Iron.

The areas that have been prospected for iron,
the location of expired and current mining permits
and producing mines are shown in Figures 12 and 13
(Atlas). Iron mining in the Projeo%ua\rea 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
ﬁm:gcting and.ireinvestigation of these by

us companies over many years very little
extraction has been done.

ele n 1° [} i 0 1 (9): m’
sI%e is on a aou%E-eaﬁern spur é Gunong
Muntahak, and the deposit occurs on two
small foothill ridges. It was first dis-
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
calc-silicate hornfels overlying 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 and consists
gf grey to brown haematite in reddish-brown
uimoni ic clay; magnetite and martite are

80 disseminated in the clay. The junction
Vith the underlying decomposed metamorphic
i‘oaks is irregular and no contact of
;Posit with granite porphyry has been
Observed. The metamorphic rocks below the
ore body contain patches of magnetite and
ihtuaiterite which are particul abundant
: and near quartz veins which cut the
og'm‘try rock. Detrital deposite consisting
$ boulders of haematite and mﬁeﬁt'; the
atter often altered to haematite and martite,
gocur on the crest and flanks of the hill.
dossiterite is disseminated throughout the
sposit; 4t is ra.rel,¥ below 0.1 percent tin
:n frequently above 1.0 percemt. According
c° Bean, the cassiterite occurs as discrete
t;‘ntula and there is no chemical combina-

on with the iron minerals.

The deposit has been examined during the
gi‘ﬂlent st ¥ which rted Bean's conclu=
o that Roe's (1941) theory that the deposit
22 due to the secondary enrichment of disse-
m“‘-‘ﬂd primary magnetite in the metamorphic

cke is untemable, The Wilbourn (1936) and
sojron (1959) theory of injection of iron-rich
i utions from a granitic parent magma seems
be much more satisfactory.

Drilling, pitting and underground drif-
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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 o0ld mine was commenced and has
continued over since. Several reinvestiga-
tions by a number of companies failed to
find a complete solution to the problem of
separating the two major constituents of the
deposi‘t.

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
gince the mine opened, and this as a bypro-
duct of tin mining.

Currently the massive iron deposit is
being removed and stockpiled. The softer
arts of the deposits, the limonitic clay and
geoomposed calesilicate hornfels, are being
extracted with face ghovels and slurried to
a casgiterite 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 Smﬁ}' had baenazroved,
with larger reserves of a lower grade ore.
Other workers have thought his figures were
optimistic. The deposit has recently been
investigated by German scientists and
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 1ittle success.

] -- Ocnt (10)=
This sﬂe Es q.§ E&as sou‘Eﬁ of ga!aﬁﬁ

Kanan and was found as a result of prospec-
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 mainly martite and limonite.
It seems likely that the primary body con-
sisted mainly of magnetite, that it was
gimilar to that at Pelepah Kanan and has:
been completely eroded away. Iron deposite
in this area are mentioned in the Annual
Report of the Geological Survey for 1922,
The northern end of the ridga separating S5.
Seluang and 3. 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 surrounding hornfels and clays;
the average analysis shows 0.1 percent tin,
This with 0.1 percent ghosphoru- and 0.1
percent arsenic makes the ore unsaleable
without beneficiation or blending, The area
is not currently held under any mi lease,
Two old n.m:.ﬁ permit s (M.L.'s 502 5064,
M.C.'s B63 858 naxeotivo , 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

uction ﬁ.guru were TOO and 10,550 tons
m%'f and 1968.



MC 584 - Metal Mining

MC 642 - Sharikat

tan (1952'F - 103%50'8){11): nis
eposit consists, at of Pelepah Kiri,
entirely of detrital material. It has
similar contamination b; tin and arsenic
(each approximately 0.1 percent), and is
not marketable in its present form. The iron
content, though variable, often exceeds 60
percent. TFlinter (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
Mining Certificates in two ad jacent lots
(M.C.7s 603 and 634), Between 1963 and 1968
when mining ceased, 73,836 tons were produced
in M.C, 603. Bean's figure of 138,978 tons
for 1965 is probably erroneocus 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,

The Bukit Permat 19598 - 1
8 area comprises two deposits Which Bre
outside the Project Area. The true thickness
is 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
haematite. The iron content is around 68
percent for the two samples which have been
analysed, with silica at 1,3 percent, sul-
phur and phosphorus at 0,005 percent and an
absence of tin. The grade of the deposits
suggests & 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

02|

phosphorus is variable up to 0.48 percent,
with alumina and titanium also high, (see
report A99).

The area is eovore? bg tugsnd%agnrt‘aﬂ
t mini rmite (M.C. 5 olie
shioh' 486°a The 1108;108 ezpi.l'.'uJ

which total 486 acres.
in June 1981,

Pt
8 like

gﬂgef}h\re 3 P
unge us, are almost certainly hill cap-
pings of residual material after metasedi-
ments, Fer nous laterites and bauxites
are commonly found in this part of Johor as
residual deposits on high ground. Though i
has not been conclusively proved, it is
highly unlikely that a primary iron deposit
exists. The area has been prospected twice
(reports 4.91 and A.102) and the deposit is
at best only medium grade (50 - 56 percent
iron with 0.46 - 0.65 percent phosphorus).
two prospecting reports show considers
ble differences in their estimates of the
volume of ore present).

It is probable that small residual ferrugi-

nous laterite deposits, similar to those at Sungt
(12), Haus, Bukit Twatow and Tanjong Penawar will be
" found in areas underlain by metasediments, but
it is unlikely that deposits of this type will
be workable in the foreseeable future.
rial is chemically and physically too variable
to be usable in modern iron making practice. Tht
trend is increasingly towards using ores, not
only of high purity
little variability as possible.
build an integrated iron and steel plant locally
(i.e. in Singapore) will not necessarily affect
the situation,
economical to import high quality ore, rather
than use small quantities of the local materials
no matter how cheap they are.

The mate-
» but also those which show &

The proposal to

In the long run it would be more

The cassiterite-bearing iron-ore deposits af

potentially very valuable as they have a high irt

that the amalytical reswlts £1%n ab co:tent. l'Elhebde:rpcm:tta do however, seem to be
a cal re n above are rather sm sent iron tan-
unlikely to be typical of the entire deposit, g Lo day ore mining s

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.

The area is currently under M.C.'s 642
and 584 which total 250 acres, Preliminary
operations for mining were begun in 1961,
The recorded production figures are:-

1967 1968 1969

2800 tons 4995 tons -
Company

30181 tons 84086 tons -
Lombong
Sedili Sdn. Bhd,

In order to remove the cassiterite, the

ore would have to be crushed, and a finely parti-
culate ore suitable for pellet
produced,
iron and steel

ising would be
This is in accordance with most moder
processes,

portation costs. The cassiterite would be a
valuable by-product and may serve to make the
whole process more economic,
these deposits depends on the development of a
method for Separating cassiterite,

the team of German experts investigat Pelepah
Kanan deposit left :l.nl,a st .

present study began, and their find
known,

Pelepah Kanan and therefore the same observations

The viability of

April, shortly after the

ings are not
The Susor Rotan deposit is similar to

apply.

The reasons for the cessation of produc-
tion are not known, It is not known whether
a primary ore body was found or whether all
the ore is residual. The M,C.'s 584 and 642

Permatang deposits are not known,
contains a high

The reasons for the closure of the Bt.

This deposit
quality ore, and ass that

1ittle systematic exploration has been done, somé

expire in 1975 and 1995 respectively. They hork to deternine the nature of the deposit shou
employed 13 and 65 men at peak production, be done,

%551 = 104%0'B): This depo-  J:3.4 Copper,
8 ust no ) oJect Area, The

ore here occurs as thin lateritic cap ings
(altered metasiltetones and phyllites) on
small hills which protrude from swamps. The
deposit consists of limonite with an ex-
tremely variable iron content which at best
is only medium grade (39 - 56 percent Fe);
silica varies from 4.06 to 26.8:3 percent; ﬁ

-15 =

l;ga.uti m:«-:{n pendant (outs t

¥ occur in quartz veins along with wol framite
in the Lenggor Granite just southeast of Bt.
Harimau, mineral

cal Survey has shown traces of gold.
968) records the presence of ﬂg minor amounts

Sho T a=
A hagng'o chalcopyrite, bornite and mal

n observe bidnaéah near the Sungel
e the Project Area).

Analysis of these 8 by the Geold

Grubb



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

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

Significant 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 S. 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 5. Kahang, northwest of Bt. Bitu Tengkit.
The latter two areas should be investigated
using stream sediment geochemical methods.

3.3.6 Zinc.

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

3I3o? G‘Old-

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 5. Lebam and S. Papan (near Kanga Papan)
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 goﬁ production, The heavy
mineral assemblage is cassiterite, gold, zircen,
tourmaline, staurolite, ilmenite, alucite, anatase,
monazite, rutile and corrundum. Certain of these
minerals guggest that the river is draining an
&rea of metasediments which show a higher grade of
metamorphism than the average. The possibility
of & higher grade metamorphism in this area due
%o 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
’,:g:’ highly metamorphosed rocks. Figure shows
d t very little official prospecting has been
T|:n:ua in this area., Further work is required.
races of gold were also mentioned in the annual
gmrt for 1922, They occur in cassiterite

aring gravels at Senopa Mine, Sungei Pelepah,
hear Kuala Linggiu. (Nothing further is known
about this occurrence),

3.3.8 Rare-earths.

dotes Jonazite, xenotime and allanite occur in

.:Iit::} ha;vy mineral concentrates amzlv:ntc;:—m
e, -produc

tin mining), amang (heavy mineral by-p

Monazite is a complex sphate of cerium.
R!‘G-hireroua monazite (gheraﬁ'ge also occurs but
either are known in economic quantities.

Xenotime ('yttrium phosphate) is found in
g“"? mineral concentrates, very commonly in the
& Tengkil area, It is not known whether commer=

8l quantities exist.

Allanite is an accessory mineral of certain
tho 8. It contains some cerium lamthanum
Tium. It does not occur in workable quantities.

3.3.9 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
its source. Further investigation using geoche-
mical techniques would be worthwhile.

3.3.10 Titanium.

Minerals of this metal, leucoxene, rutile,
anatase and brookite are all fairly common in
amang, Ilmenite is the major component of most
tin 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, One occur-
rence with copper minerals near Bt. Harimau has
been mentioned previously, the second is in stream
pediment concentrates in the vicinity of Bt.

Harimau.

Tunﬁaten 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

3.4.1 Road Building Materials.

Granite is the most widely used road metal.
This is partly because of its 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. BExisting
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 provide road building materials. In prac-
tice it is obviouuﬂ cheaper to work where the
superficial material is thinnest and where the
surface of the nite 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
very little skilled maintenance. Moet of the
hills underlain by the belt of metasediments
which extends northwest from Tanjong Punggai
(Tanjong Penggerang) have lateritic cappings.

The extent or suitability of theee laterites for
road building is not known. Chong (1970) has
recorded & laterite deposit in Johor Tengah, two
miles north of S. Sayong village.

The baux’te mining in Tanjong Penggerang has
produced or revealed large amounts of reject
Srade material which is not too dissimilar from
er ous laterites and could be used for the
build of minor roads. Utilisation of this
material also has the added advantage that it
would make possible the removal of unsightly
d , and could lead to the levelli and even-
t rehabilitation of an area which is likely
otherwise to become an unsightly barren waste.

i ¢ R



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 Band.

Almost the entire east co:at of the ijong
Penggerang Region, apart from those parts where
solid rock forms the coastline, can be regarded
as a possible quartz sand producing area, The
superficial deposits, (sometimes soil or peat
covered), consist of beach sand and extend up to
two and & half miles inland in the north, the
average width of sand probably being about three-
quarters of a mile. The deposits were formed
from & series of parallel strand lines along a
coastline of emergence, The maximum depth of
sand is not known, 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, This 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. Inland
from Jason's Bay however, some highly pure sands
occur and these represent older beach gepoaita
that have probably had deterious material

leached out, Sand is being worked sporadically
1.5 miles west of Sedili. There is no record of
this working.

High quality silica sands, such as those
used in the glass and chemical industries, show
sporadic occurrence but have been extracted from
the area for at least twenty years,
have to be of such high purity that they should
be essentially monomineralic in quartz, Permisg-
sible trace impurities are variable according to
use but will be less than 0.05 percent fep 03,
0.2 percent A1203, 0.05 percent Mg0 and 0.01
percent alkalis. Grain shape is not an important
factor though high angularity promotes melting.
Size frequency distribution of grain eize is cri-
tical and can vary between narrow limits,
Uniform grain size is important for ensuring
even melting in the glass tank. If the propor=
tion of fines is too high they are carried over
in flue gases and tend fo fuse on the chequer-
work, On the other hand, sand which is too coarse
often survives in the melt. There are a number
of standard specifications (three in the U.8.4,

for grain size. The British Standard is fairly
typical:=-

Residue in 16 mesh - Nil

Residue in 26 mesh - Not more than 2 percent
Residue in 36 mesh - Not more than 10 percent
Residue in 100 mesh - Not more than 10 percent
Residue in 120 mesh - Not more than 5 percent

Several traverses of the beach d t
been carried out and sand samples tak:t]:ofg :hl;ave
course of the soll survey. A visit was also made

to producing sand pits during the geological study.

Avgering at fairly closely spaced intervals
certain traverses, has

and in our experience never below four feet,
areas covered by jungle, a thin
and the leaf litter and humus z
than in those areas which
belukar or lalang. In th
grass is found

overlain by pea

ones are deeper
are covered by sparge
vi;t]d::t{;r areas, the

on sand, 3§
are heavily iron and humus g

stained and are not suitable for glass manufac=
turi;;. Usually the best sands tend to occur on
e8light ridges which are raised above the general
ground level,

Traverses in jungle areas have shown that
high quality sand is 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 under-
lain by sand stained chocolate-brown. The dark
staining is usually coincident with the water
table; in some cases incipient 'hard-pan' deve-
lopment was observed at the same horizon. The
above features are indicative of leaching, by
humic acids, of material from the upper levels of
the sand and subsequent redeposition at the water
table. The dark brown staining at this horizon
is due mainly to humic acids with iron compounds
probably playing a minor role.

It is 8 ficant that the good quality
sands examined, and those which have been mined,
all come from thinly vegetated areas. The quality
of sand in one of the pits currently- worked
decreases rapidly away from the lalang covered
areas. Even in the latter areas, the sand is
never very thick (maximum observed 4'6"), At a
level which probably coincides with the water
table the sand becomes stained and unsuitable for
glass or chemical manufacture. It has been found
however that stained sand becomes marketable if
it is lifted above the water table and left to
leach for two or three years.

At present three pits are producing high
quality sand, with a further pit worﬂngdliinter-
mittently one and half miles west of Se Y
There are two sand pits, one of 177 acres south
of Tanjong Punggai, and the other of 51 acres
west of Sungei Sepang. Together they produce
some 60 tons per day with a labour force of about
50. Stockpiles of 10,000 tons exist and monthly
shipments average 1000 tons. A simple beneficia-
tion, sieving and washing plant removes the
organic material and the coarser sand fraction
from a small proportion of the sand. This is
bagged and sold for the manufacture of sodium
silicate. A third deposit, of 180 acres is being
worked by Sharikat Ragudin Sendirian Berhad, which
commenced the removal of 5000 eubic yards of sand
in April 1970. Production rates are not kmown but
are unlikely to exceed 50 tons per

Applications have been made to work sand in
areas and there is an application for permis-
sion to re-open g deposit, near 8, Pawang Kechil
south of Tanjong Penawar, where operations were
suspended due to financial difficulties,

The possibility of
glass making quality
colour should be in-
type are quite accep-

but of reject grade due to
vestigated, Sande of this
table to manufacturers of certain abrasives like
silicon carbide, provided the refractory materials
like alumina are low. Sand deposits should conti-
nue to provide a small Bource of revenue and
employment in the area. The possibility of fin=-
ding enough sand for a small indigenous glass
making industry ig worth investigating, but de-

tailed Prospecti of
A local = e

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

3.4.3 Clay.

A though 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 Sungei 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 kmown. 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
origin. Paint traces of stratification were
gg:nd. Bauxite deposits resulting from the wea-

ring of aluminous rocks (granites or argilla-
g;:us metasediments in this area) occur nearby.
2 low 1ying, frequently swampy, margin of a
b Tge estuary like the Sungei Papan is likely to
1:1- an acid environment owing to the presence of
hmsﬁ amounts of decaying vegetation and resulting
Ty ¢ acids, In this situation the deposition of
. uvial kaolin would be favoured rather than
auxrite (Fordon and Tracey 1952).

Kaolin was found to a depth of 40 feet in a
g&%la.r low lying area when tﬁe dockyard on
10&;130:'9 Island was under construction (Geolo-
§;0a} Survey Annual Report 1935). A similar clay
also found on the Johor side of the Straits.

The possibility of finding good quality clay
:},038 the low lying coastal ai:g estuarine areas
ol outh Tanjong Penggerang is good and these
| bae:s Should be prospected. Eaolinite has also
| Observed in the course of the study, in the
lmolii Tempenis tin mine area, Here veins of
oy nite, resulting from the alteration of gra-
| :‘1113 (poseibly soon after intrusion of the
sthrmn . u:%;igcm;r.t Though the clay is va!‘yila?z-“

8 to e
eXtraction Jir*eaaiblz.“all to make commerc

3.4.4 Building stone.

mohcmhgg srazsite and certain of the vo%:anic
used as concrete aggregate. e
2’}-‘:;: limitless variation in texture and colour
pink p granites, in partieular such types as the
ble ““gkil granite porphyry, are ideally suita-
qmﬁtiimmiom or ornamental stones. large
count ia“ of granite are exported from many
why .*' 8 in the world, and there seems no reason
umr:l-'t-ﬁniahad of finished stone should not be
3 ed from this part of Malaysia. In
“Ouldpo“ the demand for ormamental facing stone
Seem to be very great.

34,5 Felspar,

Pelspar is us
e ed in the manufacture of glass,
nn;::t; pottery, floor end wall tiles, and ﬂr
parg, cor) Cements etc. Abundant potash fels-
ocour 1:’:2;;5113' pg;'thoclus and micrgclino. i
is porphyritic granites; owever
m?%bt’“l whether commercial extraction will

e feasible, The iron minerals which these
are o, 0ntain are objectionable impurities and
%tly to remove.

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 thisl:ﬁosit 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 little 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
sediments, 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 amounts of
petroleum deposits. The remaining rock formmations
and structures in the area bear no similarity to
those found in major oilfields.

Boonomic Potential

Two maps of each area have been pre d.
One pair of maps displays the existing ing and
prospecting and indicates areas worthy of further
prospecting for metallic mineral deposits. The
third map deals in a similar mammer with non-
metallic minerals (Figures 12-14 of the Atlas).

In Figures 12 and 13 the limits of those
areas are shown for which prospecting permitas
have at some time been issued, These boundaries
delineate the outer limits of prospected areas
and may be built up from several smaller prospec-—
ted areas, Within the areas, zones where pros-
pecting drilling is known to have taken place are
mapped. Similarly, high value mineral occurren=-
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 division 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 sumarized in the,
sections following. More detailed geological and
prospecting work will be required before a final
assessment can be made. Any 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 concerned to compensate land owners
for loss of revenue due to mining. This % of

ement is operated quite successfully
most of the countries in the world.

Tanjong Penggerang.
It will be seen from the map of the Tanjong
ngge Region (Fig. 13) that prospecting has
IP::an wmgpraid and has covered much of the
potential areas of mineralization, Although some
cassiterite values have been recorded, the
majority of the prospecting does not appear to

3.5.1
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have identified any really significant areas for
mining. The past prospecting 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 zroapeoting could reveal profitable
deposits in the area, particularly in alluvium
resulting from rivers which traverse the main
anite /metasediment contact zones, p
g‘ig. 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 Sebina are

particularly important and are certainly wor
of further investigation, o

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

It is considered unlikely that the lateritie
iron deposits at Bt. Twatow and Tanjong Penawar
1 have any economic significance in the fore-
seeable future, The copper found in analyses of
these deposits is interesting and could be
followed up. The reaults 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 i
material must exist in mining areas, and these
are worthy of economic assessment,

granite and lateritic ro .
Reject grade bauxite, from rast and present
mining operations, could be used as a building
material for minor roads and should be investi-

gated. Constructional grade sand depositsa are
widespread on the east coast and proapecting for
glass sand grades should be restricted to lalang
covered ground in the same area,

The occurrence of kaolin clay under low

ground in the south is wigd
ting of such areas, particularly near the estua-
ries of the larger rivers is

3.5.2 Johor Tengah.

In the past, pmﬁ:cting for cassiterite has
been concentrated in t eastern half of the area,
largely as extensions to Proven tin fields.
Within this eastern half, the upper stretches of
the Linggiu valley are considered to be worth
further prospecting. Although Prospecting permits
have been igsued in the past for some ts of
the sparse sam

ng, marked (4) DM?S)
m and
he'S. Jengeli (8), '
Zones where prospecting is not rec ended
either on geological evidence or tomp:?ﬂo :on-
slderations have been indicated on the map (Fig,
It is possible that some streams
ugh these zones and from the

in t.hei:‘ up}}:er "loh“tcguld yield tinbear :;.nite
sedimen when prospected. However
of any economic deposits is r the 1ikelihood

very low.

the t
large granite mass and it ig P i e
difficult to dist

The official geological ma which
the area (gheet No.124) 1:’; rec et B B

and
dcr:l;u.tiu clues to mineraliga

espread. Prospec-

considered worthwhile,

large number of stream sediment samples hs
analysed for their heavy mineral and trace
content. The heavy minerals are disappointin
showing one significantly high value of cassi
terite and one of ilmenite. The data from %!
trace element work have yet to be compiled by
Geological Survey. The mineral potential of
western Johor Tengah Region can only be deten
by opening the area to F-oapeotoru. The pros
pects for alluvial cassiterite deposits, on
present evidence, are very poor. Other facto
including the need to preserve a silt-free W
supply from the catchment area serving Kluan
would be important considerations which migh
preclude mining operations,

It 18 concluded that the iron deposits 1
the area have little potential due to their
size, relative inaccessibility and high cont
of impurities. The tin/iron deposits will onl
be viable if a method of removing the tin can
found. The iron deposit at Bt. Permatang shol
be checked for size and grade; present infon

tion suggests previous investigations have bee
incomplete.

It is considered unlikely that workable
bauxite deposits will oceur in the area. :
environment for their formation is not favour

The potential of other base metal occurn

copper, molybdenum, tungsten, lead, zinc, eto

cannot be determined without further explorat

Reconnaissance drainage geochemistry will be

most errec:ivo method in the first stages of
er wo .

The economic viability of amang dumps at '
and present tin mines in the area should be im
tigated, There is no record of any amang hav
been marketed,

Areas likely to contain outeropping -
suitable for roﬁ construction are ag\m ﬁ

Figure 14, No large scale laterite deposits
suitable for secondary roads are known. :



CHAPTER 4
RECOMMENDATIONS

4.1 ect and Clea =}

At a meeting held on 29th December, 1970 in
the State Secretariat under the chairmanship of
the Commissioner of Lands and Mines, it was
agreed that Consultants would submit their pro-
posals for prospecting to the Geoclogical 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
he deemed desirable in respect of prospecting and
clearance.

Additional information concerning possible

asing 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 218t
February 1971. This is reproduced as Appendix C
to this report.

A detailed report of this additional study
which 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
drilling and surface exploration the existence
of a workable deposit. This was duly carried out
and the mineral reserves are estimated at 30
million tons. It is possible that detailed inves-
tigations to the north-east and south of the
proven area examined will reveal further exten-
sions of the deposit.

It would appear appropriate that considera-
:1"” be given to the economics of exploiting the
eposit for the following purposes:

Industria) Uses

Lime/soil stabilisation for road
construction.

Cement
Ornamental stone

Agricultural Uses

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

Further investigations into the use of lime-
’;—;m for goil stabilisation in road construction
: i"“lﬁ be accorded priority, as there is a pos-
Sioility that savings might be achieved on a
tiate wide basis when compared with the tradi-

onal method of using crushed granite for base
thoy. rface formations. As for agricultural lime
ere could be long term adventages to certain
ferennial and annual crops as land is opened up
the State provided that other uses for the
estone can be envisaged.

It is noted that Pan Malaysian Cement are
believed to have tested the e:g;on:lo viability of

deposit as a cement raw material but that it
Was doubtful if attempt was made to accurate-
1y estimate tonnage available. In view of the
Proven volume this possibility should be re-
gglinod in association with locally based indus-
€8 as a long term prospect.

If industry express as interest then the

next step would be to examine the ground between
area A and B (Fig. 2 in Appendix Dfrto establish
methods of working, quarry face alignment,
d , access, depth of over-burden etc. The
latter, taking 80 feet the average depth, is
provisionally estimated at 3 million tons. When
re-examining the depth of over-burden the use of
gseismic reflection geophysical techniques is
advised as it would eliminate the necessity of
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 speculation, 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
8oils team of this Project:

a) Terrain classification

b) Semi-detailed soil 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-
ly discarded and a more comprehensive system of
land evaluation established, This important
change of systems became necessary in view of the
crop diversification policy being implemented by

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

The soil survey of the Tanjong Penggerang
Region was carried out by staff of this Project
\slhile the Johor Tengah Region was surveyed by the
I'loil Science Division, Department of Agriculture.
b:lnilia.risation observations in the last area have
thm carried out by the Project in the course of
s e study. This spot checking was necessary to
1:-‘.:1.1.:!.1::311:1; the compilation of the Iand Use Poten-
p 2l Maps for this Region. The Soil Survey Report
Soi Johor Tengah has been compiled by the Soil
cg ence Division, This report is included as

apter 7 of this Supporting Volume.

st The terminology and classification of soils
D1 terrain is that in use by the Soil Science
th:iuon' Soil correlations and discussions with
h'MSGnior Soil Scientist of the Divieion were
" at regular intervals to ensure that the

set out by the Soil Science Division
were strictly adhered to.

sanee UTing 1963 and 1964 a schematic reconnais-
Divies2urvey was carried out by the Soil Science
8lon (Null, Acton and Wong, 1965). Based on
of g'ﬂtion collected by this survey, the Terms
A Perence envisaged that the agricultural
20“:111:13.1 of the east coast peat swamps, was
rely limited, These, therefore, only
eqluired some confirmatory probing along their
be 8. However, due to the confusing views
een the characteristics of the peats along
deu;e“ and east coast of West Malaysia, it was
the ed to increase the observation density in
Pe. peat areas along the east coast of the
Ghﬁ::lmfn ﬁegion. Sampling of tg:u p;.ats bi:r
mechanical analysis have also n
carried out, 4

The following paragraphs discuss the metho-
dology employed by the ao:fh survey team to clas-

fey) map and evaluate the soils of the Project

2 SOIL SURVEY METHQDS.

The soil survey of the Tanjong Penggerang
Region was carried out in three stages.

First, the aerial phot covering the
Region were studied -3
ed; <these pho s, taken in
1;?5 1 Fooos n aonjunotion

'1th'tm. at a scale of 1:25,000.
ting his aerial photo-interpretation, the exis-

b literature on the geology and a regonnaissance
“m“r"r (Null, Acton and Wong, 1965) were also
e ed. An aerial photo-interpretation map ana-
sioing ihe physioal features was oompiled. This
(ron::. used for the location of the traverae

8) network, the selection of sample areas,

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

Due to the generally secondary nature of the
forest cover in the Tanjong Penggerang Region, an
accurate and, for the soil survey, useful aerial
photo-interpretation map could be produced.
Further information on merial photo-interpretation

is given in Appendix H.

The aerial photo-interpretation carried out
for the Johor Tengah Region only delineated
approximately the forest types in the area, as a

11n.1.nar¥ study to forest inventory (Supporting
#:J..una 5, Forestry and Conservation).

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

sia soil classification (Leamy and Panton,
1966), This was followed by a detailed survey of
the Pasalds:.sut Sample Area, which is located
northeast and southeast of Kota Tinggi (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 profile description were carried
out by the combined team, During this period
frequent discussions with the Soll Science
Dirgsion were held in the field.

The total number of sites examined in the
Pasak/Siput Sample Area, amounted to 354 of which
%2 were profile pits, which were sampled for
chemical and mogan:l.on analysis. Another 75
observation sites were recarded in the Seluyut/
Asahi/Telok Sengat Area (see Figure 5.1), situated
along the 5. 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 s.mm/m/nlok
Sengat Area is easily accessible, many plan-
tation roads and has some interesting so and
terrain features.

Finally, utilising the Imowledge gained from
the preliminary work described above, the routine
soil survey of the Tanjong Penggerang 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 edge punched carde and
general information collected along the surveyed
rentis lines was recorded on Rentis Sheets.
The Rentis Iayout is shown in Figure 15 of the
Atlas, The geological and topographic tremd of
the Tanj Pnnfgormg Rogion is generally north-
west - southeast. Three base lines were accurate-
1y surveyed to form the spines for the rentis
system:

Baseline A,
on the Kota Tinggi =~
32 mileas long.

Bageline B, running southeast from a tri-
tion point south of Kg. Bahru (Sungei Papan
te, 5 Division), 3.5 miles long.

Baseline O, 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-

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

i, . S5
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tion of observation sites (Steele, 1967). In the
extreme south of the Tanjong Penggerang Region
only a few rentid lines were cut because road
access was adequate and the existence of mines
and cultivated land 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 9, Lebam,
where the rentis interval on Baseline ¢ has been
increased to 1.5 mile. The Terms of Reference
recommend that the rentis lines be at one mile
intervals in the areas with a complex soil pattern
and at wider intervals in the areas with a simpler
soil pattern, as the opinion was held that suf-
ficient information would be available from the
1965 recomaissance soil map (Null, Acton and
Wong, 1965). During the field work and subsequent
mapping the soils team came to the conclusion
that in certain complex areas, such as north and
east of the S. Lebam, a closer rentis line inter-
val would have been advantageous.

The soils were examined using a 5 oms. (2
inch) bi-partite soil auger (Edelman model);
augering was to a depth of 120 cms, (47 inches).
The main features of soil morphology in identi-
fying soil series from auger inspections were
colour including mottling, texture, consistency
and the presence or absence of laterite, quartz
grit and weathered rock, Augering was supple-
mented by observations of logging track expo-
sures, the roots of fallen trees amd to some
exteml the appearancea of the soil surface.
Field procedures were to auger whenever a e
of soil series was apparent or suspected, with
an upper limit of quarter of a mile between
observation sites, Supplementary observations
or check bores have also been used where required,

Soil pits 150 cms (60 inches) deep were dug
at representative sites, these pits were des-
cribed and sampled according to diagnostic hori-
zons. Auger borings to a depth of 120 cms (47
inches) in the bottom of the soil pit provided
additional information on parent rock and other
characteristics required for soil classification,
Soil samples collected were analysed for chemi-
cal, mechanical and moisture properties.

»\ooordix:g to accepted international stan-
dards a semi-detailed soil survey without the
application of aerial photo-interpretation should
have an observation density of 12 to 25 sites per
aguare km. 5100 ha) or 25 to 75 per Bguare mile
(Vink, 1963). 1In this Project amerial photo-
interpretation has been used to some extent,
therefore a density of 10 to 25 sites per square
mile would be acceptable,

The total number of recorded observation
sites for the routine survey amounts to 1771 of

which 67 are profile pits; all the latter and
also some bores were sampled,
A total of

329 miles of rentis line were
traversed for the purpose of the routine survey,
and the total area surveyed amounts to 460 square
miles (including sample areas). The blanket
average observation density is 3,
mile; this average however excludes a
ber of check bomsﬁagm"h have been used for
ses;

mapping p they been officially recorded
they would e almost doubled the above zwragoe.

. avai:ago density also covers the peat swamp
areas

the east and south east of the Regi

where the observation density is obvioual;gngi

hmuzt E:o%uding these a:i';:.a the average densi
ounts to 5 per square m . The

observation sites were located alo B g ord

the
lines. For @ha 329 miles of aurve;gd renii..:t“

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

3 MAP COMPILATION.

The Soils {Hap No. 7 and 8) and Terrain
Classification (Map No.% and 4) maps were com-
piled at a scale of 1:25,000 and then reduced to
the scale of 1:63,360 (one inch to one mile)
using the West Malayeia Topographic Map Series
L7010 as base. In construct the Solls and
Terrain Classification maps the rentis lines were
drawn on the 1:25,000 scale topographic meps and
observation site numbers with their appropriate
soil series name plotted along them as intercepts.
Soil and terrain class boundaries were then
interpolated between the rentis lines, while

- paying careful attention to stream courses and

contourlines. In many instances the merial pho=
tographs proved to be very useful in drawing
mapping unit boundaries.

The compilation and final drawing of the
Soils (Map No.5 and 6) and Terrain Classification
(Map No.1 and 2) maps for the Johor Tengah Reglon
has been carried out by the Soil Science Division,
Department of Agriculture, Kuala Iumpur.

The soil series is used as the mapping unit,
with depth, textural and other phases appended
where appropriate. Mapping wnits too small to be
mapped individually have been mapped as associa-
tions of soil serties.

The Lend Use Potential Maps (Map No.9, 10,
11 and 12) of both Regions have been compiled by
the Project from the Soils and Terrain Classi-
fication maps at the same mapping scale,

Limitations on the accuracy of soil mapping
arise from four factors: the accuracy of the base
map,. the location of rentis lines, the position
of changes in soil series the rentis lines,
and the interpolation of boundaries between rentis
lines, The total error from the first three fac-
tors is thought to be less than 350 yards,
the fourth factor inaccuracy in boundaries of up
to the distance of the rentis separation, one
mile, may occur,

4 BSPECIAL SAMPLE AREAS.

Two sample areas, the S, Semberong and S,
Dengar Sample Areas were located in river valleys
to examine the degree of variability within such
areas,

A third detailed survey area,
Sample Area was located in an area that was

mapped as consisting mai of Harimau Series
soils by the aemi-detailﬁyaou survey., This

sample area was studies to examine the variation
within this mapping unit.

A detailed description of the three Qreu is
given in Appendix E of this Report.

5 METHODS OF SOIL ANALYSES.

the 8. Pengeli

mechanical analyses
the Soil laboratory of the
Department of Agriculture, Kuala Lumpur and the
methods of analyses used are those currently in
force by the Soil Laboratory,

The soil moisture and trace element an
however have been carried out
Services ILtd, laboratories in

The soil
profile pits
801l series,

alyses
in Hunting Techniaal
~ England,

moisture samples were collected from

representing a number of the major
Soil cores
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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
bag: ) from soil pits representing major soil
series,

The samples were analysed by the direct
current (DC) arc spectrographic methods and the
total quantity of each element present was expres-
sed in parts per million (ppm) of the air-dried
soil, 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, eilver, 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
and silver were present in concentrations below
the minimum required for accurate measurements.

Parther discuseions concerning trace
ilementa are given in Chapter 6.3, Soils and
ppendix G, Trace Elements, of this Report.
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CHAPTER 5

GEQMORPHOT.OGY

5.1 Iopography

The geology of the Tanjong Penggerang
Peninsula has been described in Chapter 2,
Granite is dominant over much of the area, with
voleanic rocks in the south and along the west
slde. Sedimentary rocks form a 8pinal ridge down
the peninsula and outerop along the east coast.
Terraces of older alluvium also occur, 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
peninsula is the central spinal ridge running
from about Mile 32 on the Sedili road south-
eastwards to Tanjong gal (Terrain Classifica-
tion, Map No.3 and 4), This ridge has a distinct
single crest in the central area, with a peak of
611 feet MSL (above Mean Sea Level) at Bukit
Tangga Tujoh. North-westwards from this point,
the ridge crest is lower, with peaks below 350
feet, and the ridge frequently narrows to 1leass
than half a mile width. PFurther north-westwards
the ridge is again ronounced, with peaks at
Bukit Eayu Mat (4‘?;J feet) and Bukit Tambun
Tulang (629 feet), and also becomes split by
valleys of the S. Mupor and a tributary of the
S, Seluyut, which are controlled by the regional
8trike of the metasediments, The Sedili road
orosses a gap in the ridge, beyond which it
broadens out into the Panti range of hills,

South-east from Bukit Tujoh, the ridge
becomes doublecrested again (being split by the
strike valley of the S, Papan Kechilf. and
decreases in elevation until it is lost as a
distinct relief feature. From here it 1is marked
only by a string of widely spaced isolated hills
of 200 to 300 feet elevation (Bukdt Ulu Papan,

Bt. - Pap];ninnziaL;bemhanghBtn& Tgntau), ter-
minating nal ow hea of Tanjong
Punggai

This ridge is formed by metasediments
believed to be of Permian age. The sediments are
mainly slightly metamorphosed shales, carbonaceous
shales and siltstones, with some interbedded sand-
stones especially in the north. Quartz veins are
common and in places form "quartz reefs" that cap
some hills, such as a hill of about 280 feet ele-
vation south of Bukit China, near Pasalk, Igneous
rocks 1lie to either side of the ridge and the
contact between igneous and sedimentary rocks is
often very narrow, Several streams follow this
contact zone, notably the S, Layau Kiri. The
andinentar; rocks are more stro 1y metamorphosed
in the 3. Papan-Lebam area, and the isolated
hills mentioned above appear to be formed by more
strongly me tamorphosed and resistant rocks along
the granite boundary,

In the south-east,
8ilty shales, siltstones and fine sandstones
predominate, with abundant
conglomerates, and these lithological types out-

erop in a secondary ridge along the eagt c
north to Tanjong Sedili Kochif A series 00;“

%:terite.

e weat of the S, Sedily Kechil peat sw
Dorthwards to the Sedili road (nens nnea:‘?)?"a’
forming the low, gently undulatiuf spurs of 50
to 150 feet such as Baster Hill ({54 feet),
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Over the reat of the Tanjong Penggerang
Peninsula, the bedrock is igneous, consisting o
granites and volcanic rocks of varying composi-
tion. In this Region, igneous rocks form rollil
terrain of generally less than 250 feet elevatii
but there 1s a tendency for the volcanics to fu
isolated, steep sided conical hills in the sout
such as the 600-foot peaks of Bukit Belungkor,
Bt. Penggerang and Bt, Pelali. In places the g
nites also form rounded hills of medium elevatii
such as Bukit Benut Bast (410 feet) and Bukit M
Ha (451 feet), west and east of the spinal ridg
respectively.

The granites are generally rather coarse-
grained, with a high quartz content, but may,
based on soil profile characteristics, range f
coarse-grained biotite granites to finer-graimi
adamellites and granodiorites., The volcanic
rocks are very variable, consisting mostly of
ashes and tuffs ranging from rhyolite and dacift
to andesite in composition,

The older alluvium that is widespread in
South Johor (Burton, 1964) occurs in only limik
areas in the peninsula, forming gently undulati
low hills along the north side of the Lebam and
near Kota Tinggi. South of Telok Sengat it form
a more rugged and dissected area of hills up o0
190 feet MSL. Composition is varied and ranges
from clays to beds of 1 quartz pebbles, but most
were derived by alluvial and ecolluvial processs
from the surrounding granite hills, and quarts
gravel is abundant, Subrecent alluvium is comy
along many of the larger valleys, ocourring up!
elevations of about 50 feet, and consists of
strongly leached quartz sands.

The recent river and stream alluvium ig sl
larly variable in composition, its texture depr
ding on source of derivation and nature of riwe
flow. Alluvium derived from granite is commonly
sandy and that from shales is clayey, although
heavy clays are rare., Most of the valleys are
narrow and there are no wide areas of river flo
plain in the peninsula. Saline alluvium in the
mangrove zones along rivers in the south-west i

generally clay or silty clay with a high organi!
content,

Along the east and south coasts there are
extensive peat swamps, formed in wide lagoonal
basins behind and g vancing coastline, The forf
Soastline followed the inland margin of the peal
Swamps, where old beach deposits have been fount
Beach sands underlie most of these peat swamps,

valleys, and outerop in places as
arcuate bands through the swamps. General elev®
tion of the peat swamp is from 5 to 30 feet abo¥
Sea level, and the depth of t ranges to at

least 10 feet in places, wit uite sharp trans!
tions from beach ridges to dee% peats, 4

The east coast beaches are mainly sandy, bV

the grade and purity of the sands varies depend¥

jhon proximity to river mouths and sources of
derivation,

of parallel beach ridges and swales that dip do¥
beneath the peat, H.:ind beaches occur in placé
inland, some up to 30 feet above sea level.

Bukit Wah Ha, and flows west. Its passage throw
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S. Lebam and mest of its tributaries cut right
through the line of the sedimentary ridge, and

the watershed lies within half-a-mile of the east
coast south of Tanjong Lompat. Further south the
watershed swings sharply west again, and then south
to Bukit Pelali.

The northwest of the area is drained by tri-
butaries of the S. Sedili Besar, the 8. Mupor and
S, Semalok. On the west side, the 5. Seluyut, S.
Temon and S, Layau Kiri are tributaries of the S.
Johor., In the east, the S Gembot, S. Bahan and
S. Sedili Kechil formerly reached the sea at points
three to four miles inland of the present coastline,
where their wvalleys now issue into peat swamps.

The coast has since advanced to its esent posi-
tion but the three rivers are still deflected at
their original mouths by the former beach ridges.
In the south, drainage is to the west,
through the S. Lebam (and ite tributaries the S.
Semenchu, S. Papan, S. Chemaran, S. Chemangar and
S. Sening), 8. Belungkor, S. Santi and 8. Sebina.
These all issue into the mouth of the 8. Johor.

The mouths of all the rivers in the southwest
are "drowned", i.e. the relative sea level has
rigsen and flooded their floodplains to form long
estuaries, and the valley sides rise directly from
the river banks, or from the narrow belts of
mangrove swamps that have subsequently formed to
line the channels. Consequently there are no
floodplains except at the estuary heads, and the
rivers are of a size that is out of all proportion
to the size of their drainage basina.

In contrast to these drowned valleys, valley
rejuvenation is widespread in the peninsula and
accounts for the deeply incised valleys of most
of the tributary streams. Incised valleys have a
narrow, flat and often swampy valley floor, and
very steep rootulogas on either side that form
banks up to 35 feet high, with slopes up to 45
degrees., Areas where valley incieion is severe
are marked with the suffix "V" on the Terrain
Classification Maps (Map No.3 and 4); 4t is
particularly widespread in the undulating granite
terrain west of and alongside the spinal ridge,
and locally south of the S. Lebam. In some
granite areas of stronger relief incised valleys
occupy up to some 15 percent of the surface area.
Valley incision is also severe in areas of older
alluvium, due to the low resistance to erosion
of these deposits. Incision has not reached much
of the spinal ridge and other high ground, but
the valleys are here deep and steep independently
of the current cycle of erosion. Also most
valleys draining into peat swamps are not incised,
and are smoothly concave in valley form, or have
flat floodplains with gentle footslopes.

Drainage patterns in granite are charac-
teristically rectangular ( 5.2a) or sub-
rectangular in plan view, with rather evenly-
spaced, short tribut streams joining trunk
streams at rounded right-angles. Such a drainage
pattern is controlled by the jointing system of
the granite, and would originally be strongly
rectangular, but the short tributary streams
develop rather arcuate courses as erosion proceeds.

In gently undulating areas formed of sedimen-
tary rocks or metasediments, the d e pattern
is sub-dendritic (Figure 5.2b), but the differences
from the granite patterns are not always well
marked, and this feature is not alw gufficient-
ly reliable to be used for mapping t geology
from aerial photographs. Probably the joint pat-
terns in metamorphosed rock are rather similar to
those in granite.

Trellis pattern of drainage (Figure 5.2c) is
quite well developed along the spinal ridge is
well developed, and results from trunk streams
following strike of rock atrata with low
resistance to weathering. HNumerous short subsi-
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diary streams flow down the dip or scarp slopes
of the adjacent more resistant strata that form
the ridges. The isolated, steep volcanic hills
have radial drainage (Figure 5.2d), but the
gently undulating areas of volcanic rocks have
drainage patterns very similar to those on gra-
nite. Sub-parallel drainage (Figure 5.2e) is
sometimes encountered on older alluvium, parti-
cularly where it is tilted, but a dendritic type
(Figure 5.2f) is more general. Drainage pattern
can sometimes be used on the aerial photographs
for differentiating granite areas from older
alluvium.

In forest terrain the stream and smaller
river chammels seem to be sufficiently large to
carry most of the high flows that result from
normal rainy periods, but rate of rise and fall
within the channels is rapid. River flooding is
however severe in irolongad or exceptional wet
spells, as occurred in December 1969 when flood
debris was seen some six to eight feet above bank
level. Flooding is considerably more serious in
cultivated and areas, due to increased
rate of run-off and the silting-up of stream
channels. The peat swamps are very poorly drained
and flood waters from the interior (or from local
accumulation of rain water) subside only slowly.

5.3 BSlopes and Terrain Classes

The relief over most of the peninsula is
mature or sub-mature, being undulating to hilly
with smooth slopes. Slopes are mature in the
sense that they lack irregularities and have
reached a state of equilibrium in erosion; geo-
logical erosion is comparatively slov. However,
valley incision indicates that a phase of reju-
venation is in progress, upsetting the equilibrium
and causing increased erosion of valley sides.
Otherwise immaturity is only found in the higher
hills, which are steep and still actively eroding,
and in areas where a of laterite is present,
which generally produces a pronounced break in
the upper slope.

Slopes are generally convex, but are regular
on the r hills., Non-incised valleys in un-
dulating rolling terrain are concave, and
formed of both alluvium and colluvium., However,
most valleys are incised, and colluvium is restric
ted to narrow strips along some valleys, and the
foot of slopes along swamp edges.

Rock outcrops are rare, occurring prineipally
as tors or isolated masses of weathered rock stan-
d prominently at hill tops. They occur on some
of the higher granitic and wvoleanic hills. Rock
outecrops also occur locally al the spinal ridge
in incised valleys, and widely along the coast,
but generally the weathered mantle overlying bed-
rock is deep, over roll or undulating terrain,
althdugh it is somewhat s ower over shales.

There is a very broad correlation between
degree of slope and maximum elevation, although
the "ste d boundary" that is referred to wide-
1y in West Malaysia is rather ill-defined in the
peninsula, Along the spinal ridge it occurs bet-
ween 100 and 200 feet , but in many places
hills of greater elevation are not steep accor-

ding to the slope classification described below.
The slope classification adopted for the
terrain class mapping follows that in general use
in West Malaysia fum and Panton, 1966), as
follows:=-
Terrain Class Degreee Complex Si.:{u
c1 0- 20 Level or nearly leve
c2 2- 69 Undulating
gz 12—12: Rolij.ng
=20° Hilly Eﬁgﬂjm
c5 20-25° Steep
Cé over 259 Very steep



The upper 1limit to class 4 has been set at 20
degrees which has been raised from 184 the ;rount
limit of legally permitted cultivation, to 20
degrees to conform more with the natural sl

range, which lies more easily at 20 degrusorl.’.om
and Panton 1966)., The only modification is the
addition of the suffix "V", used in classes 2, 3
and 4 to indicate severity of valley incision; in
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
sufficiently broad to delineate on the maps as a
lower terrain class unit than the hill sides, but
such instances are few, and were not encountered
in granitic or volcanic areas where hill forms
are more strongly convex. One reverse case has
been mapped in an area of old alluvium south of
Telok Sengat, where incised valleys are so nume-
rous that they dominate the area and little of the
original hill slope remains; incised valley sides
ire here averaged with the gentle upper slopes to
lerive the terrain class 4.

It should be noted that the suffix "C™ for
the terrain classes has not been included on the
ferrain Cless Maps for practical reasons only,

Jut as indicated earlier the terrain class mapping
mnits are based on complex slopes.

lerrain Class 1

The land is level or nearly level, 0 to 2
degrees., Such terrain is confined to river
uvium, mangrove, swamps, peat swamps and
beaches. Along larger valleys there is
generally a slight slope from the better
drained levees along the river banks to the
backswamps, while surfaces may be uneven due
to humocks formed by the accumulation of
debris by termites amd other ﬁnoies around
tree bases. Most sub-recent uvium and
beaches are mapped in Class 1. Slopes ex-
ceeding 2 degrees occur locally between
beach ridges and swales, and some raised
- beaches are mapped as Class 2.
SIrain Clasg 2
| Apart from some raised beaches and sub-
. recent alluvium, slopes of 2 to 6 degrees
- are typical of the very low undulating ter—
rain of up to 100 feet and occasionally 150
) feet MSL, It occurs in both igneous and
!edimntq.ﬂ areas as well as older alluvium
and has quite a wide distribution, pr!.noipn.i-
1y bordering peat swamp areas and along the
8. Johore and S, Lebam. Valleys are shallow
and although they may be incised, depth of
incigion is mo{y sufficiently severe to
warrant the suffix "vV"., rif.m Ja 1llus-
trates a typical cross-section. Slopes of
less than 2 degrees occur on hill tops and
Valley bottoms, while the short, incised
vValley sides may be 20 to 30 degrees.

&rain Class 3
Class 3 is rolling terrain and is the most
¥idespread of the nonalluvial terrain classes,
Figure 3b 1llustrates the typical range of
8lopes, with 6 to 12 degrees predominat
éxcept on crests and valley bottome. Valleys

1 8re incised in most areas and Class 3V is
widely mapped (Figure 3c). All main rock

1 8 including older alluvium occur in this

s Class, and hill crests lie between 100 and
250 feet MSL.

Zerrain Class 4
Hilly terrain with predominantly 12 to 20
degrees slopes is illustrated in Figure 5.3d.
It occurs in more discrete unite than Class
3, being associated with isolated higher
hills or ridges of 150 to 300 feet and some-
times 350 feet elevation. Some lower hills
also have slopes in this class, these usual-
ly being rather steep-sided and flat-topped
hills with laterite cappings (rigm 5.3e).
Most Class 4 unites 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.

Zerrain Class 5
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
East. South of the 5. 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
unite, with some peaks up to 500 feet MSL or
as the lower slopes of Class 6. Rock types
range from metasediments to granite and wvol-
canics, and tors and rock outcrops are common.
Hill tope and ridge crests are narrow, Class
5V is not mapped, since valley sides are
normally steep whether or not they are
incised. Figure 5.3f illustrates a typical
cross-section through a granite area.

Ierrain Class 6

Very steep terrain, illustrated in Fi
5.3g, includes all slopes in excess of 25
degrees. It is confined to the er sec-
tions of the spinal ridge and the o
volcanic 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 orests 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.
illustrate representative slope forms of the
various terrain classes. In ure 5.%a and f,
both incised and non-incised valleys are illus-
trated in each cross-section, but 8 rarely
occurs in practice, the valleys being all of one
or the other form. The sections show the approxi-
mate proportions of land within a given terrain
class having slopes in the range assigned to that
class.

5.4 Erosion

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 steeper land it is
more progressive and may exceed weathering so that
80il profiles may be shallow. In the undulating
and rolling terrain of the peninsula the terrain
is mature and a].oiu are rounded, and rate of
erosion is reduced. Only when the cycle is :Ent,
in this case by a lowering of base level resulting
in wvalley incision, is the rate of erosion
increased again. us geological erosion is most

id in steep lands and valleys. An important

additional factor is accelerated erosion induced
by forest clearance; the forest affords protec-
t{m against erosion but when cleared, the soil
surface is more directly exposed to eroding agents
and normal geological erosion is accelerated. It
becomes imperative that protective measures
against erosion are taken to reduce loss of soil
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FIGURE &

PROGRESSION OF VALLEY INCISION

2)

4)

1) Nen-incised, flat floored valley, smooth siope. Colluvial foot slope.
2) Narrow, incised valley. Pronounced breok of siope. Former valley floor forms a lip, or small terrace.
3) Incised, flat 'floor valley. Maximum depth of incision, Lip reduced.

4) Valley floor widens, with no further depth of incision. Lip disappears. No colluvial remains.



by sheet erosion and the loss of land by gu.uy:l.na
'and landslides. A very important side effect is
the increase in flood hazard, due to rapid run-
off over a bare soil surface and the silting-up
‘and scouring-out of stream beds, with the conse-
quent upsetting of stream flow regime and biolo-
‘glcal environment. Protective measures taken are
‘principally the construction of terraces and the
practise of contour ploughing and planting, and
‘the rapid growth of a ground cover after forest
clearance, to protect the soil surface from rain
impact and to reduce run-off. The construction
‘of individual platforms, such as in oil palm
schemes should be discouraged since this does not
sufficiently reduce erosion hazards; although

/ from a financial ioint of view platforms are
‘cheaper to establish than terraces.

Erosion in the area ies primarily an invisi-
‘ble process since it 4akes the form of gradual
,jdepletion of the soil surface, and soil creep.
(Gullying and major landslides are infrequent and
'thus awareness of the rate of erosion is reduced.
landslides do occur in steep lands, and a major
8lide occurred on Bukit Belungkor in the December
(1969 storms. Small scale landslides are quite
common along the backs of terraces and along the
8ldes of incised valleys. Numerous slides of
this form were seen in December 1969, mostly but
not all in cultivated land. It has been recorded
during this study that a rainfall intensity of
‘the order of 3 inches per hour can be expected to
affect the surface structure of exposed soils
when they are not adequately protected.

The rate of loss of soil by rain-drop impact
'&nd run-off can be appreciated from the torrents
of brown, sediment-laden water down slopes
in sheets during a heavy rainstorm (Supportin
.Report 3, Water Resources and Development), \rfth
the accumulation of soft silt and sand in hollows
or behind obstacles such as felled tree trunks.
The upper soil layers are removed from slopes and
eventually re-deposited in stream chamnels and
flood-plains,

Valley incision progresses upstream by head-
\rmﬂ erosion. The poznt of upstream erosion

oms a "nickpoint", above which valley slopes
are much gentler, Erosion is rapid at the nick-
ioint and landslips forming miniature cirques were
B:aen commonly, in both forest and cultivated land,
lilll rocky falls are found at some nickpoints.
dn:i:k inte are very common in terrain classes 4
i'th but generally have not yet reached much of
1“9 Spinal ridge. Erosion is rapid along the

cised slopes downstream from the nickpoint, but
mtream the slopes are mature and stable. As
iy ninmji_nt advances upstream, so these mature
ar§§I’ become incised and subject to increased
ot tuﬂn: forest clearance will increase the rato
. 8 advance, Incised and non-incised valley

Orms are illustrated in Pigure 5.4.

b b:. considerable proportion of the peninsula
Bt n used in the past for shift cultivation.
4 Of these areas have regenerated forest, but
l’aamm with only a dense fern growth are common.
+ T S. Chemangar on rentis line AE28 (Pﬁe 15
2T Atlas) 1s some evidence that Marang s are
B lower by 2 to 4 inches (5 to 10 centimetres)
" these clearings, indicative of past sheet ero-
on, nggzi:nntiv:d?mc: :!.:h:igioult to ob-
’ reas e o earings also
;: seo h, not primary forest.
rite soils ever present clear evidence of
2 “zmnim for in the cleared areas the laterite
Bhe s on seen to form a pavement at the surface,
cave 01l above 1t having been removed. A laterite

nt was
orest “m.uldu seen in relatively undisturbed

b There is also evidence of an earlier cycle
or 81 scale erosion that may have now ceased
Owed down. This is difficult to observe in

the field but shows clearly on aerial Ehotographa
in estates where vegetative cover is e OB
the photographs it takes the form of rounded to
linear patches of dark grey tones adjacent to
very light to white grey tones. Such a pattemm
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, regresenting an original land sur-
face. A phase of slope-smoothening then followed,
the convex areas being eroded and the transported
material redeposited in the depressions. This
cle 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 degth were considerable, and
could be mapped in detall from the photographs.

A similar tract was inspected in the project
area in Guntong Estate, where four auger holes
(sites C197 - 0200) were made in adjacent sites.
Sites C197 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 proved 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 upﬁr glopes, 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 similar to those in
Spain, and possibly erosion from the spurs is
more important than re-deposition in the depres-
sions. But it may be assumed that the process is
widespread over the peninsula and is probably still
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 complete summary of all events
that occurred, but rather an attempt to relate
existing features of the terrain to geomorpholo-
gical eventas.

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

During the t-Pleistoaene emergence, some
tilting of the er alluvium oc « The main
drainage system originated on the older alluvium
land surface, and this developed independently of
underl geological structurea. Hence the S,
Seluyu ses at Bukit Wah Ha and flows west,
formerly over an older alluvium cover, but as
this became removed, the river became superimposed
transverse to the sgiml ridfe cutting its way
down across the geological s riko. Its tributa-
tries became orientated along the strike, to form
the series of strike valleys and ridges that are
found on the ’i”’“ ridge. It is postulated that
the irregularities of the main watershed arose in
this way, i.e. the development of the dm.%:
system on an older alluvial cover and the subse-
quent super-imposition on the underlying struc-
ture, with :c-tgimdiﬂcatim due to ﬁ.ﬂ:lgm and
warping. A 8 stage of emergence, sandy,
vﬁq—niﬂo, sub~recent alluvium was deposited as
true river terraces, up to elevations of around
50 feet MSL, the mate belng 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 cove the land
that is now under peat swamp. The ridges along
the present coast were islands in this sea. With

er emergence, the coastline advanced, the
beaches were left inland as raised beaches, and
peat formed in the rly-drained lagoonal basins
between the beach ridges, eventually covering most
of these as well. The courses of rivers in the
northeast are still controlled by these old beach-
lines. Bmergence eventually attained approximate-
1y theeznsent levels, and a long cycle of erosion
produced the now mature topogra of the rolling
and undulating terrain; +this process is #till in
progress in the steep lands.

Subsequently some adjustments to the base

level of erosion have taken place. Further emer-
ence took place to initiate a phase of rejuvena-
ion of the terrain and valley incision commenced.
Incision began 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 dropped to below its present level,

and that at least local, partial recovery took
place, resulting in the "drowning" of the river
valleys in the south-west (e.g. the 5. Johore, S.
Lebam, Johore Straits). However once incision
was initiated it would continue its upstream pro-
irsss despite this recovery of base level.

ncision ceased in the lower reaches, where valley
floors are flat and swampy, but erosion will con-
tinue until the valley sides are once in smooth,
without breaks of slope. The effects of these
adjustments in level on the eastern side of the
peninsula are not clear. Valleys flowing into the
peat swamps 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 ite present position, the
eastern half of the peninsula apiears to have had
a mgm stable geomorphological history than the
wvestl,



CHAPTER 6

SOILS
6.1
6.1.1

Soil Cenesis
Introduction.

For the purposes of this study, the term
80il is as defined in Handbook 18 of the U.S.
?;Eﬁt“nt of Agriculture (Soil Survey Staff,

Since soils are the equilibrium products
of the main factors of soil formation, i.e.
climate, soll organisms, parent material, topo-
graphy, time and to some extent human influence,
each must be considered as it exists &t present
and as it is thought to have existed in the past.

6.1,2 Climate.

Climate is the sum total of various factors
like rainfall, temperature, amount of sunshine
and humidity, These factors are separately
‘measured at some height above the soil and vege-
tation surface, and are not direct measurements
of climate at the soll surface or within the soil.
A distinction should be made between overhead
climate and soil climate. However the latter is
8eldom measured and a close relationship between
‘overhead and soil climate has to be assumed in
discussion of soil genesis. In very general
‘terms soils in the Project Area exist, and have
formed, in a climatic environment characterised
by high rainfall fairly equally distributed
throughout the year, uniformly high temperatures

and high humidity. There is no season in which
Trainf is consistently less than 2.4 inches
Per month and the area may be regarded as falling

within Mohr's rainfall Group I, i.e. an area which
%8 continuously wet or at least moist (Mohr and
van Baren, 1959), This means that there will be
& surplus of rain above evaporation throughout
208t of the year. The enviromment will be one of
et downwvard movement of water within the soil
m- The prevailing high temperatures coupled

th the generally high soil moisture content
Fesult in conditions highly favourable for chemi-
38l weathering of rock and soil parent material.

5.1.3 Parent Material.

Soil parent material is usually the weathered
Lm“m of solid rock, either occurring more or
88 in gitu above the unaltered rock or such
leathered material which have been moved and
;;ms.m by water and described as either allu-
U or colluvium. Within the Project Area occur
i':tﬂlin granites and, possibly, rites,
[olcanic tuffs (both fine grained rhyolites and
-rSer agglomerates and breccias), weakly meta-
Orphosed shales and sandstones, more strongly
amorphosed carbonaceous shales, and metamorphic
gch such as schists and phyllites. Of the trans-
rted materials, colluvium occurs only in very
: ted areas usually in gently sloping, concave
- 1 foot gouitions. Riverine alluvia occur both
o.recent deposits in valley bottoms and as sub-
tent terraces of -existing valleys and base-
18, Recent e and estuarine alluvia
48 narrow strips along the coastline and
estuaries, with older beach deposits con-
largely to the east and southern coasts.

4. Deposits of the older alluvium occur in

g::; main areas, south-east of Kota Tinggl,

¥ and east of Telok Sengat and north of the

"lth t. This latter occurrence has been

-.ulﬂ' tentatively established on the basis of
characteristics alone.

Oranite ocoupies a large part of the Tanj
{m. particularly west of the metasedimen
! » Which forme the central spine of the area.

East 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, Iebam, the finer textured rhyo-
lites appear to predominate. osures of unwea-
thered rock are, however, few and far between;
the nature of the underlying rock has been
inferred in most cases from soil characteristics.
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 rocke occupy a more continuous area and
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-
8itic tuffs are also reported from this area
(Grubb, 1968).

The rocks of the central spine have been
called metasediments. The degree of metamorphism
is rather weak, the rocks retaining their origi-
nal sedimentary apizara.nca. Both sandstones and
shales occur, the latter predominating. Very few
sandatone exposures occur, but such as have been
seen indicate that the grain size is highly
variable, with the finer sandstones occurring
more frequently than the coarser sediments, espe-
el towards the northern part of the area,

The 8 s are mainly rather silty and dark
coloured with low iron contents, In exposures
they show a tendency to fracture into uﬁrply
defined blocks rather than flat plates.

The contact between these metasediments and
the main granite masses is sharp, with very little
evidence of thermal metamorphism. South of the
8. Papan, the contact area is marked by a few
relatively h, steep sided hills. Quartz veins
within the metasediments occur with considerable
frequency and are a feature of many soil profiles.

Metamorphic rocks (in this case mainly mica-
ceous schists and ph{llitu) have been noted only
in one large area, the drainage basin of the 3.
Papan. Quartzites, phyllites and rather weak
schists have been noted within the main metasedi-
ment area, but the ocourrences are small and very
localised.

The other main zone of metasediments stretches
from Tlninoni Sedili Kechil in the north to Tanjong
Punggai he south, These differ from the
sediments of the central ridge in being highly
carbonaceous and probably more strongly metamor-
phosed. Quartz veins occur in great profusion and
are a very common constituent of the soil skeleton.
Only south of the 3. Lebam do these sediments
have an obvious contact with igneous rocks,

From the view point of soil genesis two fac-
a8 appear to be of considerable importance.
u.lﬂ:v all the rocks within the area are acid.

Two very local exceptions have been recorded.

e 18 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

tor
V.
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out the Geologlcal Survey (Fatteh Chand priv.
com. 1970)_/. e second major factor appears
to be the texture of the rock. The first con-

trtls the broad chemical characteristics of soils
produced under the preveiling climatic conditions,
the second to a large degree has dictated the
physical properties of the soils,

The present climatic conditions of high
rainfall and high temperatures i.e. continuously
hot humid conditions with excess of rainfall over
evaporation are ideal for ragid chemical weathering
of rocks. Under these conditions, there is rapid
ketamorphism of the rock forming minerals by pro-
ceasses of hydration and oxidation. This Rroduces
hydrated eilicates of alumina, iron, residual
quartz and other resistant minerals, if the pro-
cess proceeds to a logical 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 place at or
near a water-table. When this occurs the products
of katamorphism gibbsite and limonite, can be
resilified to give lateritic earths. These earths
can become very hard on wetting and drying due to
movement and crystallisation of the iron oxides.
The presence of this hardened oxide is very com-
mon in most solls within the project 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
products of the present cycle. In most cases,
the iron and aluminium oxide concretions occur
in the nature of stonelines with an orientation
garaJ.‘Lel to the present slope. If these concre-

ions were the result of a pedological proceas
associated with a fluctuating water-table, this
water-table is unlikely to have been related to
the present topogra, and should have given rise
to horizons at an angle different to that of the
present topographic outline, Secondly, most con~-
cretionary material shows distinct signs of
abrasion, and appears to have been moved in the
past by the normal processes of geological
weathering. Therefore, most concretionary mate-
rial may eimply be an inert part of the present
soi}' skeleton derived from a previous pedologic
cycle.

An interesting feature is the relationship
between the prevalence of concretionary material
and rock type. Concretions are most commonly
associated with the finer textured rocks and
be an expression of their lower permeability.
The presence of concretions in granitic derived
80ils is uncommon and it may be that, if a
fluctuating water table is a prerequisite of the
process of laterisation, granite w. too
ger-a‘ble to produce and maintain s conditions,.

t has been suggested that the coarse texture of
granite -ﬂl'l“ up the movement of the leachate
solution ow longer contact between silica
and aluminium hydrates, resulting in the forma-
tion of kaolin (Mohr and Van Baren, 1959).

Parent material rock (Law Wei Min and lLeamy,
1966), is likely to be an important factor in
dete the nature of the soil. Other than
affect e proceases mentioned above, it also
appears to control the depth to which these pro-
cesses have operated. The weathe profile is
generally shallower on shales t it is on

te and sandstones for the same kind and

egree of slope. This is likely to be a function
of the lower permeability of finer textured rocks,
particularly those with horizontal or near hori-
zontal bedding,

6.1.4 Topography.

The t aphic features of the area have
been descri in detail in Chapter 5.1,

Geomorphology. Because of the dominance of convex
and straight simple slopes the drainage of nearly
all hill soils is sufficient to prevent any long
term saturation of the soils: aerobic conditions,
therefore, predominate. Only on flat, alluvial
materials are anaerobic conditions found. Excep-
tions to this occur on some gently sloping foot-
slope areas where fluctuating water-tables exist.

One important function of slope is its con-
trol of soil depth. Where slopes are steep i.e.
greater than 16 to 18 degrees, soils are generally
rather shallow. An equilibrium exists between
soil wastage from the surface and soll remnewal at
the bottom of the weathering profile. The steeper
the slope, the more delicate is this equilibrium,
On slopea of over 25 degrees, the products of
weathering are very quickly removed, especially
on shales where renewal appears to be rather slow.
This results in partially weathered rock occur-
ring at the surface. In the case of granite
this is usually expressed by tor formation, i.e.
large blocks and boulders exposed on the surface.
This also indicates a basic difference in the
way in which the rocks weather,

Pigure 6.1 illustrates the relationship
between parent rock, slope and soll series.

6.1,5 Time.

Soils are often described as immature, mature
or senile. This is an indication of the stage
which the pedologic process has reached, and is a
reflection of the period during which the proces-
pes have been allowed to operate undisturbed.
Much of the area has a mature togomphy 8o that
the soil forming processes have been operative for
a considerable period of time, This is not the
case where slopes are steep and disturbance of the
process is frequent. Under such conditions, the
time during which pedologic formation has been
operative is short. Recent alluvial deposits are
also examples in which soil formation has been of
very short duration, and does not keep pace with
renewal of fresh material during floods, Time in
the pedological sense is relative rather than
absolute.

6.1.6 Vegetation.

Under conditions of high rainfell, humidity
and temperature, the natural climax vegetation 1is
tropical rain forest. This produces a particular
environment which has been maintained in all
probability for a very long period of time in this
area. The dense vegetative cover helps to main-
tain a very equable soil climate and affords a
high degree of protection from the normal erosion
factors. The forest cover, therefore, exerts
considerable influence on the existing equili-
brium, and removal of it does constitute a serious
change in this equilibrium. Furthermore, the
movement of soluble bases, downward movement of
water and supply of organic matter in the soil are
all factors of this equilibrium which are largely
controlled by the surface vegetationm,

One important result of the continuous occur-
rence of a forest cover is that, while helping to
maintain an overall equilibrium, tree fall does
result in periodic distrubance of the upper 2 feet
or so of the soil profile. This may have consi-
derable effect on the nature of the horisons used
in the claseification and grouping of soils.

6.2 Soil Classification

6.2.1 Introduction.

The main characteristice of the solls are th®
result of the factors described in the foregoing
section viz. high intensity of weathering opera=~
ting in conditions of excess of over
evaporation for a considerable period of time.
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The net result is highly weathered, highly
leached soils., Examination of the available
chemical analyses reveals that all sedemtary
soils ha.ve very low base saturation percentages
Table 6.1) and cation exchange capacities

Table 6.4 and 6.5).

NO. SOIL
OF PROFILES SERIES AVERAGE RANGE

25 RENGAM 5 3-9
> JERANGAU 4 5
10 YORG PENG 3 2-5
8 HARIMAU 6 4-9
6 SERDANG 6 4=9
6 MARANG 5 3=7
6 BUNGOR 5 3-6
3 POHOI 5 5-6
5 DURIAN 5 3=
9 MATACCA 4 3-6

Note:~ Lowest value recorded for any horizon 1
Highest value recorded for any horizon 17

Some traces of weatherable minerals have been
noted in soil profiles, rticularly a mica-like
mineral, prohagly muscovite, in soils derived
from sedimentary and metamorphic rocks. This has
also been noted in some granite and volcanic
derived soils. Physically, with a few important
exceptions, the solls are characterised by fairly
compact blocky sub-soil horizons of only moderate
osity. Most show moderately to strongly
eveloped clay skins on the ped faces. However,
clay increases from A to B horizon positions in
the profile are rather small and gradual. Many
soils contain concretionary material at variable
depths in the profile: this material has gene-
rally been called laterite in Malaysia and the
term will be used although a great deal of con-
fusion 1s associated with it throughout the world.

These various soll characteristice have been
used in arriving at a genetic classification.
According to the classification of Panton (1964).
all sedentary soills withip the area studied fall
into two main Great Groups, the Red Yellow Pod-
zolics and Laterite soils, The classification
of West Malaysian soils is under review at the
moment with increasing use being made of the
limits and diagnostic horizons laid down in
supplement to the Tth. Approximation of the Soil
Classification System developed by the Soil Sur-
vey Staff of the United States Department of
Agriculture (1967). The Red Yollow Podzolic
Group is incorporated into the Ultisol Order in
this classification. This Order requires the
presence of an argillic horizon. Hence there
should be a difference in clay content between
the argillic horizon and the overlying A horizon
of at least B percent when the A horizon contains
40 percent or more of clay, and this increase
should be achieved within a vertical depth of 30
em. (12 inches), The particle size analyses of
the solls show that this increase is either less
than 8 percent or is reached only gradually.

From this view point the soils do not fulfill the
requirements of the Ultisol Order. However, it
is possible that the surface horizons are not
true A horizons. Most show some transitional B
horizon characteristics so that a well defined
increase between A and B horizons might not ocour.
Further analyses of the distribution of the fine
clay fraction, silica sesquioxide ratios and

micro-pedological studies are necessary to resolve
the problem.

Another major classification problem has been
the role and importance of the concretionary
laterite which occurs so widely in the area, In
earlier classifications this material was consi-
dered to be of considerable genetic signifiecance
and used at high levels of classification to
designate such soils as lateritic soils. As men-
tioned before, there are serious objections to
considering the laterite to be a result of present
day conditions. It appears that all of this ma-
terial within the area has been derived from a
past period of pedological and geological activi-
ty, and should, therefore, be considered as a
resistant, inert part of the gnaant soil parent
material. Apart from the evidence that much of
it appears to have been considerably modified and
aligned by normal erosion process, most profiles
show that the upper and often lower boundaries of
the laterite horizon do not coincide with natural
pedogenic horizon boundaries. Laterite soils are
included in the Oxisol Order of the Seventh
Approximation Soil Classification (1960) which
requires the presence of an oxiec horizon which
has:~

1. Hydrate oxides of iron and alumina, often
amorphous, 1:1 lattice clay and highly
insoluble minerals,

2, Less than 10 me/100g base saturation.

3, A cation exchange capacity (CEC) less than
16 me/100g.

4. No traces of primary alumino-silicate or
ferro-magnesian minerals.

5. Only traces of water dispersible clay.

6. OIer 15 percent clay in the fine earth frac-
tion.

T. No or very few clay skins and, at most, a

gradual increase of clay with depth.

8. Very low plasticity, weak structure, high
friability and porosity.

Very few of the soils :Epasr to meet most of
the requirements of an Oxisol, but analyses are
not sufficiently complete to classify these soils
with confidence.

In fact most of the soils within the area
appear to lie uneasily between these two concepts.
The frequency of occurrence in which clays appear
to be difficult to disperse by normal means is
unusual for true Yertisols but the degree of clay U!
stability is too low for soils of the Oxisol
Order. The lack of a good clay bulge in all soils
would mitigate againat inclusion in the Ultieol
Order, but the degree of clay skin development
appears too high for Oxisols. Both CEC and base
saturation percentages are within the limits set
for the oxic horizon, but the common occurrence
of muscovite would tend to exclude most soils from
the Oxisols. It may be that the present pedolo-
glcal cycle has been imposed on a parent material
at least in part derived from a past cycle which
was oxisolic in nature. GSimilar observations
have been made concerning some soils derived from

argillaceous parent materials (Law Wei Min and
Leamy, 1966).

In the light of the difficulties described
above, no attempt has been made to classify the
uodontu-y soils of the area in terms of the up'ﬁi
categories of a genetic classification.
cation has been restricted to grouping soils into
associations, series and phases f the
accepted definitions of these units laid down by
Leamy and Panton (1966) and Law Wei Min and
Selvadurai (1968), Further amendments have been
majwhcu necessary (Law Wei Min Priv. comm.
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At this level, the classification depends
heavily on groupings accord to parent material/
rock (Law Wei Min and Leamy, 1966)., However,
parent material is an important factor in the soil
forming process, and the system is reasonable fram
this point of view. Also, the main mapping unit
used is the soil series which is a grouping of
gsoils 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 characteristice lmown to be associated with
that rock type. The basic grouping of the soils
of the area is shown in Table 6.2 below.

requirements of an argillic horizon, according tol
the definition of an argillic horizon given in L
}:heSUiS.D.A. Tth Approximation Soil Classifications

1960). 3

The fine textural phase of the Rengam series:
differs from the normal or modal profile in con-
taining significantly less of the coarse soil
fraction. Content of gravel is nil throughout
the profile. The clay content is higher than in !
the modal profile, especially in the B horizon,
while the content of coarse sand decreases from |
the A to B horizon (Figure 6.3). Soil colours
are similar to the Rengam Series described above.
Horizonation is more obvious than in the normal

L
TARLE 6.2 1
BASIC SOIL GROUPING

SEJHII‘ARY .kI.LIlNIAL ORG c 3
| I | |
Igneous Metamorphic Argillaceous Arenaceous Older Sub-recent Recent Marine Or c cli

Alluvium Alluvium = ziverine Alluvium and muds
Jerangau Prang Durian Serdang Harimau Holyrood local Kranji Peat ‘
alluvium i
Rengam  Batang Marang Kedah Tampoi Lunas Riverine Rudua :
Merbau alluvium ;
Kalai  Seremban Apek Rusila |
Yong Kuala Brang ;
Masai Pohol ’
Kemuning ;
Bungor ‘|
Tavy |
Malacca. 1'

6.2,2 Soils on Igneous Rocks.

The main series within the igneous group of
rocks is 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 b{ a high
content of coarse sand and gravel especially in
the lower subsoil (Figure 6.2). Colour varies
from brownish yellow (10YR6/8) in the horizon
immediately below the organic Ah horizon to red-
dish yellow (7.5YR6/B) or yellowish red (5YR5/8)
in the subsoil. The particle size analysis dia-

am (figure 6,.6) indicates that the coarser than

mm fraction (normally quartz grit) increases
rather abruptly in the B horizon. In many cases
this increase occurs over only a few inches and
may indicate some past colluviation of the parent
material. The upper horizons to a depth of about
35 0 40 em (14 to 16 inches) are friable and
moderately well structured, the peds being sub-
angular in outline and medium in size. In the
Ah horizon, structure is occasionally strong,
fine sub-angular blocky to crumb when organic
matter content and faunal activity is high. Below
about 40 cm (16 inches), the soil becomes pro-
gressively more compact and structure coarser.
Occasionally, the increase in compaction is
abrupt, and rooting is obviously restricted. In
these lower horizons porosity decreases rapidly
and aeration below about 60 cm (24 inches) may be
only moderate. Clay skins are moderately well
developed in this soil, covering moat of the ped
faces in the B horizon, and occurring on a few
faces even in the horizon immediately below the
gurface Ah horizon. In the field the textural
increase from A to B horizons appears reasonably
marked, but this is not borne out by the particle
size analysis which shows the increase to be only
3 percent. Since the surface horizons contain
over 40 percent clay, this is far short of the

series with a more compact and more strongly -
gtructured B horizon. The peds are coarse
blocky, occasionally prismatic, clay skins are
well developed on all ped faces and porosity is
low in the B honzm{ar The relationship betweel
the two phases, normal and fine, is not certain.
In a few cases, the ocourrence of the fine phase
may relate to locally finer textured granite, but
in most cases the occurrence of coarse gravelly
granitic material below the normal 150 cm. (60
inches) profile depth would indicate that the
parent material is, in fact, the same in both
cases., The fine phase normally occupies the more
gentle topographic positions within e granite
areas may represent a more severely weathered
and better developed soil than the normal.

Another gibility is that the fine ase has
develo on sites which have recei colluvial
material. In many cases the fine phase occurs

towards the edge of the major valleys. Whatever
the actual mechanics of the or s 1t seems
reasonable to assume that the e phase repre-
sents the present most mature and least u-:sod
profile on granite parent material.

On hilly toﬁognphr where slopes exceed 16
to 18 d es, the coarse phase occurs., This sol
is gravelly thro ut, the fraction greater than
2 mm. exceeding ercent of the total soil in
the lower horizons (F 6.4), Profile develop
ment is less advanced than in the case of the
other two phases, and is shallower but
soil colours are similar to the Series.
Heavily weathered granite rock occurs within 120
to 150 em (48 to 60 inches) of the surface. Stru
ture ie weakly developed as are clay skins. The
soil provides a plant rooting depth of only 50 o=
(20 inches) or less, since the sub-soil is com-
pact. A few instances of coarse Rengam soils
occurring on gentle slopes have been noted. Suck
occurrences are very few and very localised, and
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t has been assumed that they are the product of
ocally accelerated erosion due to past cultiva-
ion. In this survey, and arbitrary depth of 50
m has been used $o distinguish the coarse sandy
lay phase from the normal profile: if gravel
ccurs within this depth, then the soil is recog-
ised as belonging to the coarse sandy clay phase.

The Rengam Series thus represents a range of
oils of different stages of maturity, and indi-
ates the importance g the factors of time and
opography within a uniform parent material.

The volcanic rocks of the area produce soils
f the Yong Peng and Kulai Series, e charac-
eristica both chemical and physical of these
eries are very similar and they will be consi-
ered together. The main differentiating feature
8 colour., Soils of the Kulai Series are paler
n colour than those of the Yong Peng Series,
arying from yellow (10YR7/6) to pale yellow
2,5Y 7/4). The Yong P Series soils vary from
ellowish brown (10YR5/6-5/8) to strong brown and
eddish yellow (7.5YR6/8-5YR6/6).

The textural range is sandy clay to clay
ith a low coarse sand fraction. North of the S.
ebam, clay textures predominate with low contents
f both coarse and fine sand. South of the S,
ebam, sandy clay textures are much more common.
hese differences are reflections of the varia-
ion in parent rock within the voleanic up.
he main feature of both soils is their firm to
ery firm compaction and 9trong coarse structure
Bpecially in the B horizon. oarse prismatic
tructures are common, with development of dis-
inct vertical cracking when an exposed face
ries out. Porosity is very low and movement of
ater and air through the peds is probably very
estricted, It has been noted that rooting in
he deeper horizons is restricted along the struc-
aral plenes with little penetration of the soil
®d8. A zone of laterite usually occurs at depth
A the profile (less than 120 cm or 4 feet), and
D deep pits is seen to be parallel to the exis-
‘hg surface slope. It does not appear to mark
_genetically lign.tﬁcmt boundary. Clay skin
*velopment is strong, the skins being well
#veloped on all ped faces and ocourring within a
W inches of the surface. A feature of the
: 8ize 8is of the Y Peng and Kulai
lri“ is that the clay seems to be difficult to
Sperse by normal dispersion methods., This is
parent from the occasional high silt values
oted in the analytical results which are pro-
W1y due to silt size clay particles.

From obeervation of the effect of heavy rain
1 these soils, 1t appears that the surface infil-
*ation rate of Yong Peng and Kulai soils is low,
ulting in rapid and considerable run-off, es-
jolally under cultivated conditions, with an
itendant rigk of erosion. Another result will
! that the amount of water passing into and
;‘t‘wch the so0il may be a small percentage of the

&l precipitation.

A textural phase within the Yong Peng Series
o mapped. This is a coarse e which
® coarge sand and gravel fractions are higher
h‘l.ﬂ for the normal phase, North of Eota Tinggi
=1 8Ppears to be due to the fact that the vol-
e rock was o 11y overlain by a coarse
Mined, s1ightly metamorphosed sandstome which
been uubnguont]; removed by erosion, the
“y Temnants being large rounded core boulders
! Yhe present surface. It is thought that
® quartz has been concentrated in a layer
present profile by normal slow erosion
®88es, Normally, the coarse sand fraction
8ses with depth, as the sent weathered
Iy t rock 1s approached. other main area
h;:g Peng coarse phase ocours south of the S,

| and here the coarse fraction may be due

to either dilution from associated granite or a
degree of recrystallisation of gquartz in the
glassy volcanics as a result of injection by gra-
nite., Apart from the higher content of the
coarse fraction, the soils are essenti the
same as for the normal phase, On two hill tops
south of the 3., Sahti, the shallow phases of both
the Kulal and ¥ Peng Serles 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 laterite within 60 cm
(24 inches) of the surface. These have been in-
cluded in the Masal Series. It should be pointed
out that in the classification of Leamy
Panton (1966), this series is defined as being
derived from granodiorite and quartz diorite, 1In
this survey, the definition of the series has

been extended to include all igneous derived soils

cont laterite within the 60 cm (24 inches)
depth limit.

The series consists of 40 to 50 cm (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

P
increasing in diameter to boulder size with depth.

t :
& Allvvie

Reddish yellow (5YR6/6-6/ 8) clay occurs as an
infilling within the laterite zone. It is though
that some of this clay may be uvial in the
upper part of the zone. In most cases, the depth
of the layer is unknown, augering and digging in
such material being imposeible. However, in many
cages the thickness is likely to be of the order
of several feet. Minimum thiockness recorded was
60 cm (24 inches), The laterite free soil ie
moderately well structured strong brown (7.5YR
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 ie the
resence of stones and boulders of laterite on

he soil surface. In most cases the Masai Series
occupy hill top positiona.

Derived from rather more basic granodiorites
and quartz diorites are soils of the Jerangau
Series. Within the survey area no direct confir-
mation of the parent rock was possible, and the
series has been named solely on the soil profile
characteristics, Apart from one amall area in
the north of the area south of the S, Bahan, the

Je u Jeries occcurs only south of the S. Leham.

Here it 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

scale of survey, Around the edges of the main
granite mass, it has been possible to map the
series ag a separate unit. The reason for this
rather specific location is unknown. It may be
due %o a gradual 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
(7.5YR5/6) to reddish yellow (5YR6/6)
or clay with a much lower coarse sand and
clay content than soils of the Rengam Series.
main physical characteristic is the very friable
consistence which extends to considerable depth
(often over 120 om or 4 feet).

brown
clay
;o

ously provides an excellent medium
for plant roots, and pits showed a greater number
and proliferation of roots than for any other
series. cn{ skins are at best o veakly deve-
loped. On field evidence, this soil shows much
more obvious oxisolic characteristice than do the
other igneous derived soils. Soils of the Masai
Series described above cocur in association with

-5 -

The

Sioihy Gok sgm:.m is weak,
fine lub—ing:}u oc 08 wvery high.
This soil o 4 4 A



Jerangau Series soils and usually occupy hill top
positions as they do when associated with Yong
Peng Series soils.

6.2.3 BSoils on metamorphic 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. The
Bata.ng Merbau Series consists of brownish yellow
(10YR6/6) to yellowish brown (10YR5/6) friable A
horizons of fine sandy loam and fine sandy
clay overly
brown (7.5YR5/6) fine sandy clay and clay sub-soil.
Sub-s0il horizons are friable to firmm with a fairly
high degree of porosity, and structure is moderate
medium sub-angular blocky.
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
material in the subsoil.
is rather variable, but generally occurs within 60
to 70 em (24 to 28 inches) of the surface. In most
casea, the laterite is mixed with large amounts of
weathered vein quartz and shows a strong impress of
the original parent rock. The laterite free sur-
face horizons are very similar to those of the
Batang Merbau Series soils. The Seremban Series
usually occupy rather higher positions than do
soils of the Batang Merbau Series, but the rela-
tionship is not very strongly held.

The third member of the metamorphic derived
8oils, the Prang Series, is associated with a
small, very localised occurrence of calc silicate
hornfels north and west of the S. Santi, The

rofile is a very uniform, friable, yellowish red
f‘JYRS/S-b‘/B} fine sandy elay, the depth depending
on slope. Where slope is in excess of 18 degrees,
the weathered fine textured rock occurs within
120 cm (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 may be rather
oxisolic in nature.

6.2.4 BSolls on argillaceous rocks.

The varied nature of the argillaceous rocks
of the area is reflected in the large number of
series that have been identified. Some of these
series have parent materials which are of compo-
8ite origin, usually mixtures of sandstone an
shale where the original rocks are interbedded.

On the central metasedimentary ridge two
series have been mapped separately and assoocia-
tion, the Kemuning and Durian Series. The former
occupies the steeper, higher areas of the ridge,
the latter the lower, less steep positions. The
EKemuning Series is a greyish brown (10YR5/2) to
light greyish brown (10YR6/2) clay of firm con-
sistence with a moderately developed coarse struc-
ture which is seen to be prismatic in long-exposed
sections. The dark coloured, weakly metamorphosed
shale ent material occurs within 90 cme (36
inches) and approaches very close to the surface
when slopes exceed 25 degrees. This soil is one
of the younger in terms of pedological age.

Soile of the Durian Series occupy less steep
itions than do soils of the Kemuning Series.
he A horizon is yellow (10YR7/6) clay, moderately
well structured omlyug a very firm yellow clay
with a st y developed coarse ga-:l-atio and
angular bloog etructure (Figure 6.5). The very
compact horizon is usually reached within about
40 cm (16 inches) and constitutes a considerable
barrier to root development, the few roots in the
horizon being confined to the fine cracks between
the individual peds. Porosity within the peds is
very low and movement of water and air is likely

a reddish yellow (7.5YR6/6) or strong Series.

Vein quartz often occurs

The depth to this laterite

to be very restricted; clay skins are well
developed in the B horizon. Laterite occurs
within the profile and the depth appears to be a
function of slope; on steeper slopes, i.e. slopes
in excess of about 14 degrees, the laterite band
occurs at depths of between 50 and 100 cm (20 and
40 inches). This is the normal or modal series,
When the laterite band occurs below 100 cm (40
inches) the soil is considered a deep phase. The
laterite band is rather variable in thickness,
and is often rather close packed.

In the east of the area, Durian Series soils
occur in association with soils of the Malacca
This latter series very commonly occupies
hill top positions and the occurrence of this soil
is often marked by a sharp increase in slope
(Eyles, 1967). Malacca is a series characterised
by a considerable thickness of very coarse late-
rite occurring within 60 em (24 inches) of the
surface and often outcropping at the surface it-
self, The soill surface is generally littered
with stones and boulders of lateritic material.
The overl laterite free soill is a brownish
yellow (10YR6/6-6/B) to reddish yellow (7.5YR
6/6-6/8) fine sandy clay, of friable to firm con-
sistence and moderately well developed structure.
In most cases, the Malacca Series appears to be
the rather eroded remnants of a foseil lateritic
soll. The parent rock of most Malacca Series is
likely to be shale.

A second lateritic series occurs within the
group of soils derived from argillaceous parent
materials., This is the Tavy Series, a soil with,
a laterite~free surface horizon of 30 to 45 em
(12 to 18 inches). The laterite layer consists
generally of gravel and stone size material,
rounded and close packed. The thicknesa of the
layer is usually 60 cm (24 inches) or less and is
occasionally underlain by mottled sub-soil mate-
rial. The presence of mottled material below the
laterite zone is much less frequent than has been
reported for other areas of Weat Malaysia. The
hﬁerite-rree zone is yellowish brown (10YRS5/6~-
5/8) to strong brown (7.5YR5/6-5/8) fine sandy
clay loam or fine sandy clay, friable with mode-
rate, medium sub-angular blocky structure. The
so0ll ip more compact below the laterite zone,
Clay skins occur in the lower part of the laterite
free zone and in the upper part of the lateritic
horizon.

The Tavy Series occurs in a rather complex
series of associationa with other series of the
argillaceous parent rock group. In the south
eastern part of the area, Tavy is associated with
the Malacca Series. In this situation, the Tavy
Series soils occur immediately downslope of the
Malacca Series capping the hill tope. Here, the
rather thin laterite band of the Tavy Seried
appears to be the result of the erosion product
of the more maseive laterite of the Malacca
Series which has been moved down slope by the
normal process of slow colluviation. Segquences
have been noted where the laterite band increases
in depth further downslope in soils of the Durian
Series.

A second, and most common mode of ocourrence
is on hill tops associated with other soils of
gedimentary origin. This is similar to the occur-
rence described for the Malacca Series and probab-
ly represents either the eroded remnants of a more
extensive laterite or the gradual exposure at the
surface of laterite by erosion and loss of the
overlying laterite-free soil. A third form of
occurrence is found in the northern part of the
area in association with soils of the Durian and
Bungor Series. In this area slopes are general-
ly in excess of 20 degrees. A laterite band
occurs ubiquitously t the area, and the
main series have this within 100 om (40
inches) of the surface. Local differences in the
degree of erosion on these slopes result in very
varying depths of the laterite below the surface.
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Where the laterite is mishnﬂ.g
(24 inches) of the surface, Tavy Series soils have
been recognised. It is a feature of this area
that the surface of the laterite is rather level’
and is orientated parallel to the land surface.
Colluviation appears to be ar to have been impor-
tant.

The outer zone of the central metasedimentary
ridge appears to be composed of inter-bedded shales
and sandstones. Direct evidence of this was seen
only in a few rather widely scattered exposures,
and rather heavy reliance has been placed on the
soll characteristics. These rocks are associated
with the characteristic steep slopes in the
extreme northern part of the metasediment area,
but are more gently sloping in the southern sec-
tion and contrast with the more steeply sloping
shales. or and Pohol Series solls are asso-
ciated with these interbedded shales and sandstones
the latter being of very local occurrence in this
region. The main area of Pohol Series soils is on
the rather low, gentle topography along the western
edge of the Sedili peat swamp. Here they occur in
a series of small discrete units with soils of the
Bungor, Malacca and Tavy associations. The rela-
tionship between Malacca and Tavy lateritic soils
and other sedimentary soils has been discussed
above. No clear relationship has been noted between
the Pohoi and Bungor Series. The difference may be
in minor changes in the parent material or in the
proportion of the sandstone and shale components.

The Pohoi Series is a yellowish brown (10YR5/4)
to 1light yellowish brown (10YR6/4) sandy or fine
sandy clay with a very uniform profile. The soil
is friable to about 80 cm (32 inches), becoming
firmer with depth. Colour is very uniform, a slight
reddening becoming apparent in the deep sub-soil of
some profiles. Weak to moderate sub-angular blocky
structure of fine to medium size occurs throughout
the profile. Laterite and small pieces of shale
occur in the deep subsoil beyond 100 cm (40 inches).
In a few bores laterite occurred within this depth,
but too infrequently to justify delineating a
moderately deep phase, which is probably the result
of the rather gently sloping topography associated
with the Pohoi Series. Clay skins are only weakly
developed in this soil.

Soils of the Bungor Series are more compact in
the B horizon than are those of the Pohoi Series.
The former has a sandy clay loam to sandy clay or
clay texture (Figure 6. ). Consistence becomes
firm below about 40 em (16 inches), with moderately
to strong developed coarse sub-angular blocky and
prismatic structures, Clay skins are moderately to
strongly developed in the B horizon. The brownish
yellow (10YR 6/6) to yellowish brown (10YR 5/6)
colour is uniform throughout the profile. Laterite
is present only at depth in the normal phase, but
large areas of Bungor Series soils in which laterite
ocours within 100 em (40 inches) of the surface
occur in the northern part of the area. These have
been mapped as a moderately deep phase.

Two non lateritic series are derived from the
highly carbonaceous metasediments of the eastern
ridge. These are the Marang and Apek Series. They
have been mapped as an association over large areas;
but the relationship between these series is not
clear., The Marang Series is by far the more wide-
spread of the two. It is a zro (10YR 5/1) to
light yellowish brown (10YR /d fine sandy clay
loam in the surface horizon increasing to fine sandy
clay in the B horizon(s). A feature of this soil
is the very increase in compaction below about
35 em (14 inches), The upper 35 cm (14 inches) or
80 is very friable, almost loose in some cases, with
a weak or moderate medium to fine sub-angular itloch:y
structure. Aggregate stability of the surface
horizons appear to be unusually low aml the erodabi-
1lity of this series is very high. Below 35 cm (14
inches) the consistence becomes firm to very firm;
weak coarse angular blocky structures predominate.
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within 60 em

Clay skins are weakly to moderately well developed,
In most profiles there is a high content of weather:
vein quartz which decreases with depth. This vein
quartz appears to have been concentrated in bands
by past colluviation. Porosity in this zone of com
paction is very low and rooting is very seriously
restricted.

Soils of the Apek Series are similar in colour,
with a higher proportion in the light grey colour.
Very fine sandy clay and clay textures predominate,
and the soils are compact from immediately below
the surface Ah horizon. No pit was described for
this series, but auger inspection indicates that
the structure is likely to be weak and coarse.

The prevalence of surface poaching of this soil
by wild game is an indication of low surface in-
filtration, and run off is likely to be very high.
Partially weathered carbonaceous shale is usually
encountered within 80 cm (32 inches).

In one very small area, the Kuala Brang Seriles
occurs, developed in parent material derived from
a mixture of quartzite and shale. This soil is a
yellowish brown (10YR5/4-5/6) sandy clay with con-
siderable admixture of vein quartz in the sub-soil.
The physical properties are very similar to those
of the Marang Series, with an abrupt increase in
consistence below about 45 ecm (18 inches). This
compact sub-soil restricts rooting, and is possib-
ly only rather slowly permeable. ILike the Marang
Series, this soil is rather easily eroded.

6.2.5 Soils on arenaceous rocks.

Sandstone, with little or no shale admixture,
has been definitely identified only in the high,
steeply sloping hills in the north of the area.
Another major occurrence, associated with very low
gently sloping hills a.lnngnthe western edge of the
main peat area, has been inferred from soil cha-
racteristics. Serdang and Kedah Series have been
recognised as being derived from sandstone ent
material. The Kedah Series occurs only on the top
of a few very steeply sloping hills in the north
of the area. This soil is regarded as a rather
immature soil in terms of pedological development.
It is a yellowish brown (1om5/g§ to strong brown
(7.5YR5/8) sandy clay rather friable in the top
but more compact in the sub-soil. Pieces of par-
tially weathered sandstone and vein quartz ocour
in the sub-soil below about 60 cm (24 inches).
Structure is weakly develo throughout the pro-
file with little or no evidence of clay skins.

Soils of the Serdang Series are deep, friable
sandy clay loams (Figure 6.7 ), yellowish brown
(10YR5/6~5/8) in the surface horizon and st
brown (7.5YR5/6=5/8) to reddish yellow (7.5YR6/6=
6/8) in the lower horizons. Structure is weak to
moderate medium sub-angular blocky with rather
weakly developed clay skins. Porosity throughout
the profile is high. A finer textured phase of
fine sandy clay texture has been differemtiated.
This occurs on very low, gentle topography. In
this phase, clay skins are better developed and
structure is erate; but otherwise the profile
characteristices are very similar, This finer
phase may represent a very highly developed soil
associated with very mature topography. On
slopes in excess of 18 to 20 degrees, a moderatell
deep phase of the Serdang Series has been recog-
nised. In this soil, partially weathered sand-
stone rock and, occasionally, terite occurs
within 100 em tw inches) of the surface. :ﬁu’t
from this, the profile characteristics are the :
same as for the normal phase, 3

6.2.6 BSoils on older alluvium.

Developed in the older alluvial deposite are
soils of the Harimau and Tampoli Seriea, Deep f
sections in the old alluvium reveal that the !
deposit is bedded, with an r section which :
:Bilu.ﬁ to be largely of tic derivation, !

e the lower deposites contain material of more

e
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sedimentary origin, This sedimentary derived
alluvium approaches the surface only in areas
bordering valleys and in positions towards the
base of hills.

The main characteristics of the Harimau
Series are very similar to those of the Rengam
Series, and differentiation between them is very
difficult in the absence of deep sections. Only
very weak sorting is apparent within the normal
soil inspection depth in soils of the Harimau
Series and is parallelled in the Rengam Series by
a weak sorting due to colluvial processes. On
the higher positions, the o0ld 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 occurring difference between the
two series is in colour. Most Rengam profiles
show a reddening in colour towards the base while
this is absent in Harimau profiles,

Soils of the Harimau Series are brownish
yellow (10YR6/6-6/8) to yellowish brown {10YR?/4-
5/6) sandy or coarse sandy clays (Figure 6.8
Structure is moderate medium subangular blocky in
the top 40 cm (16 inches), becoming coarser with
depth. The upper 40 cm (16 inches) or so is fri-
able becoming firm with depth. In a small area
immediately north of the S. Lebam, sub-soils are
very firmm., Porosity is medium in Harimau soils.
Clay skins are moderately well develo ed in the B
horizon covering the faces of most pe

The soils of the Tampol Series are developed
in the lower materials of the alluvial deposits
where they have approached the surface on valley
edges and in low lying sites. They, therefore,
occur at lower levels than the soils of the
Harimau Series. They are much redder in colour
than the Harimau Series soils, being reddish
yellow (7.5YR6/6-6/8) to yollmﬂl.ﬂ: rod (5YR5/6~

5/8) and strongly mottled or variegated in the
sub=-goil. Texture is sandy clay in the upper part
of the profile and 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-g0il. 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 occur as low terraces
agsociated with present and past drainage systems.
Two eoile series have been delineated in these
deposits, The major series is the Holyrood Series,
a very well drained rather coarse fextured soil
with 1little or no profile development. The soils
are generally pale brown (10YR6/3) to very pale
brown (10?38/5? sandy loams or sandy clay loams
with a high coarse sand content, and are very
friable throughout the profile. Structure is
weakly developed and porosity is very high. In
rare instances, particularly where the terraces
are associated with lower lying organic deposits,
there are soils in which there 1s a distinet B
horizon of iron and /or humus accumulation. These
soils appear to be humus podzols of the -
water podzol type. They are of insufficient area
to constitute a separate mapping unit, and have
been included with soils of the Ho d Series
with which they are closely associated, although
they belong to quite different genetic groups.

On the lower lying parts of the sub-recent
alluvium occurs the Iunas Series. This is very
similar to the Holyrood Series except for the
higher water-table associated with its low lying
topographic position. Very weak mottl occurs
where the er-table is subject to fluctuation.

6.2.8 Soils on recent alluvium.
Recent riverine deposites occur only in the
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narrow valley bottoms of the drainage systems.
The soils of these valley bottoms have been
divided into two groups largely on the basis of
their drainage characteristics. One group, the
Riverine Alluvium, includes all recent riverine
deposits which are imperfectly drained or better.
This group of soils is subject to regular flooding
of short duration, such that anaerobic conditions
occur intermittently in the profile., Therefore,
strong mottling or variegation is present in the
rofile, Constant reducing conditions occur only
eeper in the profile, at depths of at least 50
?OO inches), These solls are still receiving
additional deposites of material during periods of
flood and, as a result, profile development is
minimal, Textures vary according to the deriva-
tion of the alluvium, from sandy loam to clay.
By far the commonest textural class is sandy clay
loam. Clay textures are confined to valleys
where drainage is derived from areas of shale.
Sandy loam textures occur on levees assoclated
with larger rivers like the S. Seluyut, S. Papan
and 3, Chemaran. The solls are generally friable
except where heavy clays occur. In the latter
case, the consistence is firm or, occasionally,
very firm.

Valley areas subject to frequent and pro-
longed flooding or in which the water-table is
consistently near the surface contain soils of
the Local Alluvium group., In these soils anaero-
bic conditions predominate below the surface few
centime tres, and pale grey colours are common.
Mottling usually occurs in the upper 25 to 30 cms |
(10-12 inches), but the matrix colour is pale
grey., Textures are generally heavier than for
the Riverine Alluvium soils, and clays are com-
mon.

These two recent riverine soils have been
mapped both separately and as an association., 1In
the latter case, there is a definite topographical
relationship between them as shown in the diagram.

6.2.9 Organic Soils

Organic soils contain high amounts of organic
matter derived from the surface vegetation. The
accumulation of organic matter occurs under severe
anaerobic conditions in which bacteriological
activity is very low. Humification and minerali-
sation of the organic matter proceeds very slowly,
so that the deposition of vegetation debris is :
much faster than its humification with a resulting
accumulation of the former. Under rain foreat thl
supply of vegetation remains is very high and
accumulation is rapid. The main factor in pro-
ducing anaerobic conditions is slow moving or
stagnant water of low oxygen content on the sur-
face. In back swamp conditions along many valleys
the amount of organic matter present is very '
variable., In such conditions the acoumulation of
organic matter occurs at the same time as the I
deposition of fine mineral matter from flood waten
resulting in a mof]_, ous mixture of mineral and
organic matter. with an organic matter con-
tent of up to 25 percent measured by loss on igni-
tion are known as organic clays: when the lose o0
ignition is b!;ttuzt:' 5 and 65 pcromt;dt? lghill
are mucks. ese two 8 are aapp er
u one unit, the Or :ogL’ og.
very prevalent in the lidd.’u uotinnl of tha
mlon draining into the peat areas.

Peat is defined as an organic soil containing
more than 65 mmnt organic matter measured by
loss on uf Within the project area peat
soils f into two very broad groups, those in
which the water-table is at or on the surface and
accumulation of organic remains is proceeding
oxI , and those in which aerobic conditions
st tho upper part of the peat profile., In

the latter case accumulation is very slow
since it is in equilibrium with fication and
ation processes. However, the very low
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pH values of the aesrobic peat results in a very
low microbial activity, and humification and
mineralisation is, consequently, very slow.
Certainly the very low cation exchange capacity
values recorded for peat horizons which are pre-
dominantly aerobic would indicate that the degree
of humification is very low, although the phy-
g@ical properties are better than in the anaerobic
organic soils. Maximum depths of peat are in
excess of 10 feet, and the transition from shallow
to deep peat (less than 100 em or 40 inches) is
very rapid. The areas of peat less than 100 om
(40 inches) deep are too small to be delineated
at the scale of mapp . 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 limited
by the permanent water-table, which usually
occurs between 20 and 60 cm (8 to 24 inches) from
the surface.

The actively accumulating peats existing
under anaercbic 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
important difference between peats of the West
and East coast: the peats of the former overlie
marine clays of very much higher base status,
which may encourage a greater degree of alteration
of the organic matter.

In short, the peats of the area are extremely
acid (pH less than 3.5), poorly or very poorly
humified, very low in available nutrients and have
ver{ low bulk densities. HNo bulk density measure~
ments have been made, but based on experience
values are likely to be less than 0.2 g/cec.

Some organic soils, a:secinny the Mucks,
show a tendency to form hard, non-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 very
8lowly 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
already serious limitations to agricultural use
will be intensified,

6.2.10 Soils on marine alluvium.

Marine alluvia occur as both recent and sub-
recent material. The former is represented by
atrips of mangrove along tidal rivers and streams
fl into the broad estuary of the 3. Johore.
Very little mangrove occurs along the east and
south coasts. from very small areas towards
the mouths of S. Sedili Kechil and 3. Punggai.
Soils of the areas are included in the
Kranji Series. se are dark coloured slightly
organic clays and sandy clays on the surface,
overlying 5:'01 structureless clays cont
partially decomposed mangrove remains. The sub-
8oils often amell of hydrogen sulphide. The
80il surface is often very uneven due to the
activities of the mudlobster, which bring u
sub-purface material onto the surface, us
. above high tide level. Soils of the iruji Series

are strongly saline in the lower estuarine posi-
tions, becoming weakly saline towards the ite

Water-table

of saline tidal intrusion.
with depth from the surface.

Salinity increases

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
not always posaible to map the series as separate
units. In such cases an association has been
recognised. In general, however, the drier beach
ridges dominate behind the present beach passing
into lower lying areas of marine sands towards
the peat margins, OSoils of the Rudua Series are
found on the drier ridges. This is a deep, struc-
tureless sand in which the water-table occurs at
depth. Immediately behind the present beach there
is very little profile development, but further
inland the soila are iron-humus podzols of the
ground-water podzol type. In a few locations
8lightly higher and older beach ridges are strong-
ly podzolised with about 60 cm (24 es) of 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 Rusila Series., These are grey-
ish brown (10YR5/2) to grey (5Y 5/1), wet, struc-
tureless sands with, usually a thin tovar 15 em)
organic surface horizon. Further inland, these
soils pass quickly into the organic soils of the
peat swamps. The profile is usually a uniform
grey colour with little or no profile develop-
ment, but where the water-table fluctuates, iron
staining occurs and these may represent incipient
groundwater podzols.

6.3 Chemical Properties

Average and quartile values of chemical
analyses for the main soll series are given in
Pigure 6,9 to 6.15. It should be pointed that
all Harimau Series values are from soils suppor-
ting either oil palms or rubber and have fer-
tilisers added over a period of years.

A feature of the project area is the very
uniform pH values both wi and between series
(Table 6.3). A high percentage of values for all
series fall within the limits 4.4 to 5.0 with a
mean value 4.6 to 4,8, Thus, all soils within
the area are highly acid. Two further characteris

tics show a very high degree of uniformity. These
TABLE 6.3 AVERAGE pH VALUES -
NO. EXPECTED
OF PROFILES  SERIES AVERAGE RANGE
25 RENGAM 4.8 4.4-5.1
3 JERANGAU 4.7 4.4-5.0
10 YONG PENG 4.7 4.6-4.9
8 HARTMAU 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 POHOI 4.6 4.4-4.8
5 DURTAN 4.8 4.5-5.1
9 MALACCA 4.9 4.7-5.1
Note: Lowest value recorded for any horison 3.8
Highest " » Syl ¥, ialeb

are cation exch. capacity (C.B.C.)and base
saturation percentage. est C.E.C. values
alwvays occur in the Ah horizon, indicating the
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importance of organic matter in raising C.RE.C.
(Table 6.4).

TABLE 6.4 TION EXCHANGE CAPACITIES
OR _Ah HORIZON
00 grams of soil
NO. S0IL
OF SAMPLES SERIES AVERAGE RANGE
24 RENG AM 13.8 30.29 = 3.95
2 JERANGAU 16.88 23.10 - 10,70
8 YONG PENG 13.09 17.12 - T7.08
8 HARIMAU 11.57 15.47 - 8.39
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 POHOI 14.27 16.30 - 11.19
4 DURIAN 13.34 17.45 - 9.05
ey 6 MALACCA 10.51 22,22 - 8,07
Note: Average organic matter content of 16

horizons 3.4%.

Sub-soil values are very similar for all series,
indicating that the type of clay is the same for
all series, and the low values (an average of
less than 10 me/100g of soil) indicate that a
large proportion of the' clay fraction must be
:;%&inizioc n{g;blg 6%3;1; These comideratio:h:is

T cate the soils are very hly
leached and highly weathered. However, serious
Problems still remain in the classification of
the 8oils which can only be solved by more de-
talled investigations of properties which are, or

be, considered diagnostic.

The 6N HC1l soluble values for P. K. Ca and

¥ are low or very low. There is as much of a
;‘n!! within series as there is between them.

otal potassium values (Figure 6.9 ) are higher in
S0lls derived fram sedimentary and metamorphic
;::h than they are in the igneous derives soils.
o, lghest average values ocour in soils of the
'eom“ Series reaching 12,5 3/10% in the 30 to
4 om (12 to 24 inches) depth. Values for the 30
%0 60 om (12 to 24 inches) depth are nearly al-
; greater than for the 0 to 30 cm (0 to 12
ii‘.“‘hﬂ} depth. Lwrlgo values for Rengam,
 Lone u and Serdang Series are very low, being

1 me/100g.
TARIR 6,5
e EXPECTED
OP PROFIIRS SERTES AVERAGE RANGE
B YONG PENG 8,60 5.38 = 12,51
| 8 HARIMAU 7.21 4.86 - 9,49
! 6 SERDANG 4.97 3.90 = 6.75
" 6 MARANG 6.61 5.65 - B.67
‘ BEIGG 6-56 4!58 r 8056
5 PGOI 6.72 SGw - 7-82
5 DURIAN 6.41 5.60 - 7.28

w0

h MALACCA 7.74 5.27 - 11.61
to: Low
est n.;ll.an uognld rg:r u“w hcr%:on_ 2%.63

Total Thnsphorm values are higher in the 0
4o 12inches) depth than in the 30 to 60 cms (12
4o 24 inches) depth, the highest average values
occurring in the Jerangau Series (200 p.p.m. and
155 p.p.m. respectively for the 0 to 30 cm and 30
t0 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 ies 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
to 12 inches) and 30 to 60 cm (12 to 24 inches
depths (Figure 6.11).

There is rather more variability in the dis-
tribution of total magnesium values between series.
The lowest values occur in the Rengam, Jerangau
and Serdang Series and the highest values in the
Bungor, Pohoi and Durian Series. The range of
values within series is also considerable. How-
ever, all aversgo values are still low or very
low tl"igure 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 exchangeable magnesium,
the average values for all series being less
than 0.1 me/100g. for the upper O to %0 em (0 to
12 inches) depth. A feature of all soils is the
very low values recorded in the 30 %o BO em (12
to 24 inches) depth; zero values commonly occur
in all series (Figure 6.13).

Exchangeable potassium levels are similarly
very low, values being 0.1 me/100g or less in all
series except Marang, Bungor and Malacca Series.
The highest average of 0.16 me/100g is in the O
to 30 ems (0 to 12 inches) depth of the Bungor
Series. The difference apparent in the total
sotaaniun values of the igneous and sedimentary

erived soils is much less obvious in terms of
exchangeable potassium (Figure 6.14).

Levela of exchangeable calcium are very low
in all soil series, and there is considerable
uniformity between series. The most common ave-

e value is 0.16 me/100g and the minimum 0.10
me/100g for all series considered (Figure 6.15).
The cultivated soils of the Harimau Series show
significantly higher values for both exchangeable
calcium and magnesium than for any other series,
indicating some increase in the soil levels from
the fertiliser treatments. There does not appear
to be any build up of potassium, however, and this
may indicate that the nuzplg of potassium in the
fertiliser applications is ins cient,

Apart from the actual levels of plant nutri-
ents present in the soil, the ratio of one to
another is important in plant and animal nutri-
tion. Some ratios are shown in Table 6.6, These
indicate considerable variation between series.
Caleium/magnesium ratios are low except 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/

gium ratio is desirable for oil palm and

particularly the latter. The potassium/
magnesium ratio is very variable, being est
on the whole on soils derived from sedimentary
parent materials, In the case of the Serdang to
a lesser d Pohoi Series, the ratio is pro-
bably too for optimum nutrient balance.
potassium/calecium ratio is less than 1 for
series except the 0 to 30 em ?o to 12 inches
depth in the Bungor Series, where it is 1.14.
For many crops, this is too low.
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; The very low levels of macro-nutrients in all

soils of the project area are paralleled by low
contents of some important micronutrients, especial-
ly eopper, manganese and cobalt, The last does not
appear to be important for plant growth, but is im-
portant in animal nutrition as is copper. a-
nese levels appear to be seriously low and response
to this element could be expected on all soils.

TABLE 6.6

ACRO NUTRIENT RA’
SELECTED PROFILES

o_c;:l}lg x:l;g K:Ca

30 30-60 0-30 30-60 0-30 30-60
RENGAM 1.85 22 1,00 8.00 0.54 0.36
JERANGAU 2.17 30% 1.17 4% o0.54 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 0.38
MARANG 1.78 3.75 1.22 1.25 0,69 0.50
BINGOR 2.00 11.00 2.29 9,00 1,14 0.82
POHOI  16.00 30* 8.00 10 0.50 0.33
DURIAN  3.67 3.67 3.33 3.00 0.91 0.82
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

* approximate

Copper and cobalt levels are also very low, copper
being particularly low in soils of the Rengam
Series., Zinc levels are probably adequate in most
of the sedimentary derived soils, but may be mar-
hinslu.ig ;?118 of the Rengam and Serdang Series

TABLE 6,7
SERIES Cu Wm 7Zn Co
RENGAM <2 18 75 <5
DURIAN 19 23 200 <5
SERDANG «5 23 75 <5
BINGOR <2 15 100 <5
MALACCA 5 43 150 <5

Nutrient availability (Table 6.8) is a fumec-
TABLE 6.8

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

SO0IL SERIES Ca Mg K

RENG AM 52 17 55
YONG PENG 64 10 63
SERDANG 40 2.5 47
BUNGOR 56 reeoay
DURIAN 44 1 T8
HARIMAU 176 56 T8

tion of both the amount of nutrients gent and
t:; :Iaihbuity 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 tailoring of fertiliser
applic:t.aim :o a partir 3 cular soil, and the con-
sequen vantage of des management units
to fit the soll pattern, so that as 1ittle varia-

-39

tion as possible occurs within each unit (Ng and
Selvadurai, 1967; Guha, 1968).

The available water holding oaga.city of the
various soil series shows considerable variability,
and this could be an important factor in deter-
mining yields. Highest available water holding
capacities occur in the finer textured soils of
the Bungor and Durian Series, lowest in the coarse
phase of the Rengam Series. The normal Rengam
Series has only moderate available water holding
capacity. The variation is less in the upper 30
cm (12 inches) of the soils than in the sub-soils
(Table 6.9). This subject is discussed in more
detail in Appendix F, Soil Moisture Determinations,
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O0=12 om 12 - 24 om 24 - 36 cm TOTAL

SOIL SERIES  ,vppage RANGE AVERAGE RANGE  AVERAGE RANGE  0-36 in
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 1.0  1.05-1.20  1.00 1.10-1,00 3.5
(coarse)
RENGAM (fine) 1.75 1.60-1.85 1.75 1.65=1.80 1.75 1.65-1.85 5.25
9  YONG PENG 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
by the Soils Science Division of the Department
0f Agriculture. Some figures have been ommitted
only because they are duplicated elsewhere in
# report or the Atlas.

1. 1 duc

The Johor Tengah Region is one of the areas
Belected for further and more comprehensive in-
estigations because of the high potential for
Bgricultural development. The selection was based
bn information gathered duri the Reconnaissance
boil Survey of West Ha.layaian?mv & Selvadurai,
968). This programme was completed by mid-1967
nd by then the whole country had been mapped on
& broad scale, with the general soil pattern on
and with average slopes of less than twenty
legrees determined; while land with average slopes
bf more than twenty degrees was mapped as steep—
dand complex and considered unsuitable for normal
8griculture and to be left under a permanent

orest cover.

The broad scale of examination in the recon-

di8sance 80il survey does not allow for the

fetailed planning for the development of areas

Pt good potential for agricultdre. The Jengka
Angle is one such area in which more detailed

xeminations of the soils, terrain and forest

“Sources had been carried out, and a Master Plan

. the development of the area produced (TAMS-

o T1NG, 1967). A similar study for the Johor

Bah and Tanjong Penggerang was proposed.

The semi-detailed soil survey of the Johor

; ‘glh Region was in progress when a Consortium
onsultants headed by Hunting Technical

! l"loea Limited was commissioned to carry out
oufmibility study for both the regions. The
s survey carried out by the Soils Science Divi-
of the Department of Agriculture, West

yeia will form the basis for the preparation
% land Use Potential Map of the Master Plan

T the Johor Tengah Region.

The Johor Tengah Region was surveyed on a

coordiy oance scale by Mull et al (1965).

§, rding to the soil suitability classification

| ,961'3')-: & Panton (1966) and modified by Wong

iuted’ the greater ﬁ:tim of the region con-

Hde of Class I soils, which are suitable for a
range of crops including oil palm and rubber.

o wihe semi-detailed soil survey consisted of
| tﬂ"““. Phase I was started in May 1967, but
de O 18ck of funds and the frequent demands
e :‘1 the staff to carry out surveys of other
i qml’"“ projects in the country, progress was
-y ?tkv interrupted. Phase II was started in
con 209, and the soil survey of the whole region
voulbleted by Pebruary 1970. Phase I and Phase
mi’ Burveyed by staff of the Soil Science
Wm;ided by s:gporting staff of the Soil
o o{ 5 t stationed at Ayer Hitam, Johore. The
gion 011 Soientist correlated the soils in the

-

r'! location,

The Johor T Region lies between the

: 1“%tude 10 44 mfizO 14', and east 1#-

; % 20' and 1030 54', The area is bounded

Pat th“ﬂg—nenc-mmmmuutm

0 tl.u down to Kota T in the
watershed from Kota Tinggi to

: The region
: ?ﬁ"‘ into areas designated Phase I
¥ diggyo0Pectively as these areas were surveyed
Diveniq 0t POTsons, although for cartographic
e 4o o the final maps (Sheets 1 and 2) were
Overlap the two phase areas.

. The Johor Tengah Region 18 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
foreated 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 soils 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

slopes were less than 200, rentis2 were cut al
segpgompass bearing. Tho’rentIa network was e

planned basing on the soil pattern reported by
Null et al (1965). As the soil pattern was rela-
tively simple, rentis2 were spaced at one mile
intervals. 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 agproximately 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 intervala,

The rentis2 were £Md 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, avoid 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 rentie
were made wherever necessary (e.g. when changes
in the soils were noted) uaing a 2-inch screw
auger during the early part of the survey and, a
4-inch Jarrett auger when this was introduced
later.

Field sheets used were 1:25,000 and 1:6%,360
New Series topographicnl maps obtained from the
Directorate of National Hagg'ins, Malaysia. All
field data collected were n plotted on these
maps. Initial compilation of the terrain and
soi‘l. maps were made on the 1:63,%60 maps. Final
maps were drawn using the base map on stable
trans nt film on a scale of one inch to one
mile supplied by the Directorate of National
Mapping.

For the terrain classification, slope mea-
surements obtained using an Abney level in the
field traverses were than plotted on the topo-
graphical maps and on the 1:25,000 aerial to-

hs taken in 1966, Using this information,
gho terrain classes were then demarcated on the
topographical s, alded by interpretation of
aserial photographs.

Soil samples were collected according to the

- il =
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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 KC1

¢) Carbon and Nitrogen content and the C/N
ratio calculated

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

f) Exchangeable Sodium, Potassium, Caleium
and Magnesium

g) "Total"® !'3203, P, K, Ca, Mg by 6N HC1
digestion,®

A summary of the methods of analyses is
given in Appendix I.

7.1.3 Units of mapping.

The main objective of this survey is to des-
eribe the soils and to determine the pattern of
distribution and the suitability of these soils
for agricultural development. The basic unit of
801l mapping used in this survey is the Soil
Series, defined as a grouping of soils of similar
profile characteristics viz:- in horizon arrange-
ment, degree of development of the profile,
¢olour, texture, derivation from the same or simi-

parent material, under the same or similar
t;;gerature and moisture regimes (Leamy & Panton,
1966; Soil Survey Staff, 1951). Where the main
characteristice are essentially similar and the
Variations are of minor importance but distinct,

es of the soll series have been established
rather than separating these soils as soil series,
Where ?ueuible, and because of the significance
% agricultural practices in this country, depth
Phases of the soil seriea have also been estab-

i}ég?ud similar to those in Soil Survey Staff,

: In some areas, it is not possible to map the
|:°11 series, even on this scale of survey. The
o1l association is used, and the name of the
8580ciation consists of the member series, with
¢ dominant one nmamed first. Association is
h ted to two soil series which can be separated
I more detailed surveys.

Other units of convenience have also been

1¢d. Thege are easily recognisable landscape
Wmits where

a) the soils vary in characteristics over
short distances but have been subjected
essentially to one dominant pedogenic
Process e.g. Riverine Alluvium, Local
Alluvium ete.,

Or b) the potential for normal culture is
low e.g. Steepland, Disturbed Land etc.
"2 The mnvironpent
Introduction,

te The factors of soil formation are the parent
Tial on which the s0il is formed, on the topo-

Phy it is sited, under the climate it is formed
weathering, modified by the vegetation,

& period of time. The influence of any one

hese 801l forming factors may be dominating

. all the factors acting together have created

t“u in a state of equilibrium. Any c e
he delicate balance achieved by nature w

ui] Ooff anew, the process to achieve a new
ibrium, Man is the chief culprit in conver—
virgin forest land for agriculture and other

H of the factors existing in the sur-

area are outlined below.

tt

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 S. 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 floodplains
and subrecent deposits on low lying terraces
towards the fringea 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-
viumm, the parent material consists of the weathered
mantle ovarly!.n% 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 ical 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 content increases
with a decrease in the sand grains, but there is
an increase in quartz %nm of gravel size down
the profile, B5ilt content is very low in these
s0ils. BSandetones and conglomerates produce sandy
to gravelly textured soils. Shales produce clay
textured soils with a higher silt content than
those formed from granites and sandstones. The
acid volecanic rocks are rather fin and
the soils formed are clayey. The older alluvium
produces coarse sandy clay loam to sandy clay
textured solls, altho finer textured soils 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 .groportiu 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 s
tary soile are well leached of nutrients and
hence low in exchangeable cations and base satu-
ration. The recent alluvial soils, because of
the frequent additions from floods, contain wea-
therable minerals, accounting for their slightly
higher base exchange and base saturations.

T7.2.2 Topography.

The physi hy of the region can be divided
into four broma based on the land form viz:-

a) The floodplains

b) The undulating land

¢) The rolling to hilly land
d) The steepland complex.

Bach of the units above contains slopes of a
certain range. Single slopes are very rare in
any one 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 eifi-
cation outlined by Leamy and Panton (1966) (Table

en-



Angle of Terrain C;%gggi
slope ngle slopes omplex slopes

Level or nearly
level, 11

2 - 6° Gently sloping, A,
6 - 12° Strongly Sloping,

120"

Level or nearly
level, C,

Undulating, cz
Rolling, 03

Moderately steeply
sloping, 14
20 - 25° Steeply sloping, Ag
More than Very steeply

250 sloping, ‘6

Hilly, C,

Steep, C
Very steep, 06

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

a) The floodplains

The larger rivers in the region are
very sluggish and meander through the area.
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 major
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
downatream. Riverine Alluvium Association and
Local Alluvium consisting of variable soils are
found on the floodplains. Or ¢ soils are found
in the depressional areas in the floodplains.
Soil development is minimal because of the fre-
quent additions from floods, The terrain is gene-
rally nearly level with depressions.

b) The undulating 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 generally
undulating, and the landform consists of low well
rounded hills with gentle slopes 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. BSoil development in the
terraces is more advanced than in the floodplains,
while soil development on the remaining areas of
the undulating terrain has attained full maturity
in profile development.

c) The rolling to hilly land

Dissection is more severe in this unit
and erosion is still an active force. The slopes
are steeper and shorter compared to those on
undulating terrain, nryxng from 6 to 20 degrees.
The rolling terrain consists of well round
hilles with narrower vall than those found in

The

the undulat terrain, eeper slopes rise
sharply from this rolling surface to form the
isolated steep hills. The hilly land generally

forme the foo 8 to the mountainous r 8,
with the characteristic short slopes and stee
sided gullies, Mature profiles are found on K.
rolling terrain, while truncation of the upper
zo:rtiio:s of the profiles are common on the hilly
. -

The solum is generally less deep on the
hilly terrain.

d) 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 any great
detail because of the low potential for nsrﬂ;ul-
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 especially
so on the coarse textured, loose to friable soils
of the granite and sandstone masses. Soil deve-
lopment is interrupted by frequent removals from
the upper portions of the profiles even under the
cover of the permanent forests.

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

TABLE 7.2 ES OF TERRAIN CLASS
Angle of Terrain Class Acreage Percen-
Slope tage
0 -2°  1Level or nearly 49,830 15.4

level
2 -6° Undulating 77,150 23.8
6 - 12° Rolling 106,735 32.9
12 - 20° mHLy 34,790 10.7
20 - 25° Steep 48,195 14.8
Over 25° Very steep 7,850 2.4
Total: 324,550 100.0

T‘- 2 03 cli‘!-t..

The annual mean temperatures in the region
is generally below 80°F, with Kluang having 77.7°F
being the lowest known value on land below 500
feet above sea level in the country, and Kota
Tinggl having 80.0°F (Dale, 1962).

The greater portion of the region falls within
the Southwest rainfall region, with the area
around Kota Tinggi falling within the East rain-
fall region (Dale, 1959)., In the Southwest rain-
fall region, the rainfall distribution is relative-
1y even. The mean monthly totals vary between 5
to 10 inches with the bulk of the rain falling
during the monsoon periods (i.e. NE Monsoon from
November to March, and SW Monsoon from May to
September), alth the intermonsoonal months of
April and October/November are the wettest months.
Minima are experienced in February and July. The
mean annual rainfall is around 90 to 120 inches
in the area surveyed. Kluang foms the base of &
drier 'belt extending for 175 miles north-west-
warda' into central Malaya where the average
annual total is less than 90 inches (Dale, 1959).

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

Dry spells, during which less than 0.01
inches of rain falls per day for a number of con-
secutive days, of more than 21 days are rare.

Dry epells of a week's duration are most frequent
in February in Kluang. The monsocon months are
more liable to spells than the intermonsoon
periods. In the rainfall region, dz spells
are frequent during February to April (Dale, 1960):

The high temperatures and rainfall on the
mature profiles have resulted in well weathered
and w leached soils. BEven the juvenile rive-
rine alluvial soils are affected. These are
shown up in the low values of the cation exchang®
capacity, base exchange, pH, base saturation per=
cent in these soils. The high rainfall and the
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great intensity of the rainfall over relatively
short periods of time cause severe soil erosion.
This is especlally 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.

7.2.4 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 mountaine between 1,000 to 2,500 feet above
sea level, areas mapped as the steepland in this
survey. At higher elevations are the Upper Hill
Dipterocarp Forests, extending up to 3,800 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 Forests 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
and 3, ov i

ipteroca speciea are common.

) avy hardwood is less uniform and includes

80ils and forest types of the Lowland Dipterocarp
Forests as the distribution is so widespread.

In low=lying areas and the river valleys
frequented by inundations, fresh water alluvial
swamp 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.

So0il 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 erosion. 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 contemporaneocus. The major
portion of the Johor Tengah Region is stable and
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 uvimm 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 Boil 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 change in the equili-
brium will result in a change to restore a new
equilibrium. Soil survey attempts to map the
soils as they exist at present, by describing the
characteristics in the field,

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

ata, K,Ei._mmm, FLeprosula
e Keruing group o

The distribution

-
3, ﬂuge;xgﬁ, S; oxceuiﬁﬂ,gg and S. Haxawg;ﬂga.
o clear relatio p can be obtained between the

(Leamy and Panton, 1966; Leamy, 1966, Law 1970),
Soil classification in West Malaysia is under
review at present, and attempts have been made to
adopt the diagnostic horizon limits set down in
the Tth Agpraximation and Supplement (Soil Survey
Staff, 1960 and 1968)., WNo attempt is made in
this report to classify the soils mapped in the
Johor Tengah Region into higher categories of
classification.

The terms '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.

7.3.2 BSedentary soils on igneous rocks.

7.3.2.1 Rengam series and phases.

Soils of the Rengam Series are most wide-
spread, occupying approximately 38.4 percent of
the area surveyed. ese solls are developed on
granites which varying in physical and (?)
mineralogical composition. The physical compo-
gition of the granites exert a dominating in-
fluence on the physical characteristics of the
soils formed. The overall diagnostic features of
the soils of the Rengam Series are however, sur-
prisingly uniform. ©Soils which deviate from the
central concept of the Rengam Series in only one
or two characteristics have been mapped as phases
of the Rengam Series. The deviationa are not
sufficiently great to warrant the setting up of
new s80il series at present, but are significant
to the cultivation of the agricultural crops
grown in this country. In addition to the nommal
Rengam Series two phases have been set up:-

ag Rengam Series coarse sandy clay phase
b) Rengam Series fine sandy clay phase

Rengam Series

This is a deep to very deep soil (more than
40 inches) developed on coarse grained granites
found limited to the rolling terrain in the Phase
I area, but is found to occur on hilling terrain
in the Phase II area as well.

The thin surface horizon (Ah, note horizon
nomenclature as in Leamy and Panton, 1966 i.e. Al
Aej, AB, BC & CM) is characterized by dark
yellowish brown coarse sandy loam and coarse sandy
clay loam textures. The consistence is alwdys
friable to very friable, with moderately developed
fine subangular blocky and crumb structures.

+
The subsurface horizons (Aej, AB Bs and BC)

are generally coarse sandy clay loam to coarse
sandy clay textures, characterized by high coarse
sand and even gravels especially at depth. The
textures become heavier with depth, and alth
field estimations indicated a fairly clear Ae
horizon sequence, more often than not the mecha-
nical analyses showed that the increase in clay
from the A to B horizons is not that abrupt
(Pigure 7.2).

The consistence is friable at the top two
feet or so, becoming fimmer and occass
slightly compacted at depths below that. The
structures are w to moderately developel
medium and fine subangular blocky, becoming
coarser and less well developed at depth. The

¥ Ah, Aej, Ab, BC, CM - horizon nomenclature as
in Leamy and Panton, 1966.

R A
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colours vary from brownish yellow to yellowish
brown (10YR 6/8 to 10YR 5/6-8), turning to strong
brown (7.5YR 5/6) or reddish yellow (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
abgent, occurring only as a loosely packed
thin band at depths.

grained granites, but predominantly on hilly ter-
rain or on the steeper slopes of rolling terrain
clags, 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 cm) has been
used, i.e, if gravels are encountered at 20 inches
from the surface and increasing in abundance below
tg:; depth, the profile is mapped as the coarse
phase,

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

The subsoil (AB, E's) horizons consist of
two contrasting layers (Fig. 7.3). The upper
layer consists of a brownish yellow coarse sandy
clay loam to coarse sandy clay, with friable con-
sistence and moderately developed fine and medium
subangular blocky structures, The lower layer on
the other hand, consist of coarse sandy clay to
gravelly clay with firm consistence. The strue-
tures are also less well developed and coarser
than in the upper layer. The colour invariably
becomes stronger, ranging fron brownish yellow
to strong brown to even 1light 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.

Engam series ne sandy clay phase.
This is a deep soil found on undulating and
rolling terrain class, towards the southern and

eastern portions of the Panti Forest Reserve in
the vicinity of Eota Tinggi.

The fine sandy clay phase has been separated
out from the normal and coarse Rengam on
the relatively smaller ratio of fine sand to
coarse sand and on the absence of gravels and/or
stones down the profile.

The topsoil (Ah) is a friable fine sandy clay

loam to s clay with dark yellowish brown colour
and moderately well developed crumb and granular
structures. This is underlain by a yellowish brown

to strong brown fine sandy clay with moderately
developed fine and medium subangular blocky struc-
tures, Consistence is friable in the upper por-
tions, but becomes gradually fim with depth.
Ocaseionally 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

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 EARTICIE SIZE DISIRIB%I%
epresen ve Profile

Depth (in.) Clay ©5ilt Fine Sand Coarse
sand
0 =2 47 5 17 31
2 - 16 52 4 19 25
16 - 52 57 2 19 22
Ch ties

The chemical properties of the Rengam Series
coarse sandy clay ghase are summarized in Figs.
7.4 and 7.5 respectively. The samples were col-
lected from forested areas and according to soil
horizons., However, in the compilation, the ana=-
lysie result were worked out for depths of 0-6,
6-12, 12-24 and 24-36 inches depths by the
weighted means method. The median and the upper
and lower quartile values together with the range
recorded are shown.

The Rengam Series soils are acid soils, with
pH (10 g. soil in 25 ml, distilled water) ranging
between 4.1 to 5.1 generally showing a slight
increase with depth. The organic matter, carbon
and nitrogen contents are highest in the surface
layer (ﬁ and decrease very sharply in lower
horizons. All these values are very low,.

The "easily soluble" potassium and phospho-
rus values are variable, but are very low. The
surface layers in most cases contain the highest
values, due no doubt to the forest litter, as the
values in lower horizons fall sharply. Median
values for potassium and phosphorus in the Rengam
Series and coarse phase are below 30 ppm.

The exchangeable calcium, magnesium, potas-
sium and sodium are all very low. The surface
layer (Ah) again is found to contain a higher
amount of exchangeable cations.

Cation Exchange Capacity (CEC) values are
again highest in the surface layer (Ah) due no
doubt in part to the higher organic matter con-
tent. The subsoil walues are all below 10 m.eq.
100g. soil indicating the dominance of kaolinitic
clay. The base saturation percentage are again
very low, although the range in values are some-
what wider than those of the CEC values. Toge-
ther with the low pH, the CEC and base saturation
nh indicate highly weathered and highly leached
soiles.

Not enough samples were collected for the
same analysis to be done for the Rengam Series
fine sandy clay phase. The values for a repre-
sentative profile are given in Appendix I, which
indicate similar ranges as in the other two phases
of the Rengam Series,

Jerangau Series.

This is a moderately deep to very d.:;j soil
of limited extent in the area surveyed, fo'
on undulating and rolling terrain, Elsewhere in
West Malaysia, the Jerangau Series has been found
to have developed on parentmaterials derived from
biotite-hornblende granites and/or granodiorites
(Panton, 1958; Dumanski & Ooi, 1966; Law, 1967).
The parent material is very thick and no parent
rocke have been located here, The dilgnont:l.o
characteristics resemble the Jerangau Series, and
the parent rock can only be inferred.

Generally, the soil has a heavier and finer
texture, sli stronger colours and more
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strongly developed and finer structures than that
of ﬂi;: Rengem Series, which has developed on acid
granites,

The togsoil (Ah) which normally forms the
first 3 to 6 inches of the moil profile, is com-
posed of friable dark brownish yellow clay loam
and clay, with moderately developed subangular
blocky and crumb structures. This horizon is
underlain by a deep, uniform clay mubsoil of
strong brown colour (7.5YR 5/8) and posseasing a
well developed fine and medium subangular blocky
structures. Clayskin development is moderate,
“In most of the profiles examined, the subsoil
extends of 50 inches or more. The development
of Ae/Bt sequence is not easily seen.

Laterite band is occassionally found in the
subsoll horizons at depths of 40 inches or deeper,

occurring as a loosely consolidated band of 12-14
inches thick,

Not enough profiles have been sampled to
tllow the values for the median and deviations

the median to be determined., The analysis
O & modal profile is given in the Appendix I.

lased Series.

The Masai Series is a shallow to mod erately
8eep 8011 characterized by a laterite band occur
Ting at a depth of between 14 to 24 inches from
the surface. No parent rock has been found during

survey, although laterized parent rock pieces
icate igneous origin rather than the layered
?“ Platy nature of sedimentary rocks. Null et al
1965) has identified rocks of leucogranodiorite
tmposition., The soil located on undulating and
Mlling terrain, generally as capping of the small
ocks surrounded by Rengam Series in most cases.

The surface layer consists of a friable dark
Tellowish brown sandy loam with moderately deve-
':f“ granular and crumb structures. The subsurface
. 118 a friable brownish yellow to strong brown
m'flﬁx clay with moderately developed fine and

éun Subangular blocky structures and moderate-
®veloped clayskins., The laterite zone consiste
3 etclmly packed nodular and fragmental laterite
i in a clay matrix. The band of laterite extends
;:n Yo a depth of more than 3 feet, overlying a
'Oak“uy clay zone, reddish yellow in colour with
Coarse subangular blocky structures,

o The chemical analysis of a representative
Ue 18 given in Appendix I.

133 Sedentary soils on volcanic rocks.

m“r%ila of the Yong Peng Series are found to
laty on a wide range of terrain class, on undu-
h,«:& rolling and hilly terrain with soil depth
are ¢ Ng shallow on the steeper slopes. The soils
®veloped on tuffaceous parent materials
of dacitic and rhyodacitic composition.
noe of these soils are quite extensive in
mase I area but rather limited in the Phase
textyne: These soils are characterized by clay
iy 5 o:;ia: mgn:loped coar;; s:‘irnctures.
stence strong clayskin development
“Melally in the B horisoms. y

lay {he surface soil is a friable brown sandy
bluekyom With weakly developed fine subangular
Be ¢, Structures. Beneath this horizon ia fria-
hﬂ'ln?, firm and very firm yellowish brown to
®h yellow "gritty clay” with well developed
t&nﬂ coarse gubangular blooh; structures
% ®nd to become prismatic. The colour may
%1““1‘0 er in some profiles, and the firm
"!N!:t veryd mnloon'd Clayskins ;ro mod e~
rongly developed, A band of clos
Sure Dodular Jaterite in a clay matrix unual..].l;
to 1;1; 30 to 45 inches depth, and is us

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

T.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 farent 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. Beneath is a friable stro
brown fine sandy clay to clay with well develo
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,
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 iz a friable brown fine
sandy clay with weakly developed fine subangular
blocky structures. The underlying subsurface
horizon (Ae/AB) is a friable to firm brownish
yellow clay, with moderately developed medium sub-
angular blocky structures. The subsoil horizons
consist of brownish {ellow to reddish yellow fimm
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
ocours 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 structures commonly referred
to as the non-hardened plinthite.

The 8is 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
occupying hill-top positions, in undulating and
rolling terrain, e most characteristic feature
is the occurrence of a thick, compact laterite
horizon at a doogth of between 10 to 20 inches from
the surface. ten, the surface is littered with
laterite boulders.

The topeoil normally of 1-3 inches thick, is
ised of friable dark brownish yellow fine

clay loam to sandy clay loam, with weakly
to moderately developed fine subangular blocky
structures. This is underlain by a strong brown
sandy clay to clay with moderately developed medi-
um sub. ar blocky structures and firm consis-
tence, Consistence increases in its degree of
firmness, 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
exact depth to which this laterite horizon extends
is not known, but it &8 certainly of more than 3
feet. Elsewhere in Malaya the laterite horizon

com
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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 Bungor Series. Close association of these two
different soils probably result from the close
interbedding of shale and quartzite, from which
they are derived. Serdang soils are also found
associated with solls 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 olay, possessing weakly
to moderately well developed fine and medium sub-
angular blocky structures. Beneath this, the soil
changes gradually to a moderately firm parent
material horizon in which small pileces of sandstone
and shale are found.

7.3.5 On metamorphic rocks.

Erang Series lateritic FPhase.

Thie is a shallow to moderately deep soil
develo from schist parent material. The soil
is of ited extent and is found on undulating
and rolling terrain.

The topsoil is a friable strong brown silty
clay with moderately developed fine subangular
blocky structures. This is underlain by an eq
friable soil of yellowish red silty clay with
moderately developed fine and medium subangular
blocky structures. Usually in nomal Prang
Series, the subsoil is of considerable thickness
(Wong, 1966; Law, 1967) but in this lateritic
phase, its thickness is greatly reduced by an
intervening band of closely packed nodular and
fragmental laterite set in clay matrix, Usually
this band occurs at 24 inches depth, thus resulting
in a soil of moderate depth only.

B. Alluvial Soils.
7.3.6 On older alluvium

Harimau Series

The soils of the Harimau Series are moderately
deep to deep on undulating and rolling terrain,
being shallower on steeper slopes. The solls are
formed on materials transrrt and deposited
under littoral-estuarine fluvial conditions during
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-
portant to note that sollas of the Harimau Series
found in this area are always located below the
250 feet contour.

Ample evidence have been recorded during the
course of the survey in the 5, Sayong area in
particular, to show that the Harimau Series lies
unconformably over an older peneplaned shale sur-
face. This is especially obvious at places where
80il profile are relatively shallow. Peneplana-
tion must have occurred prior to the rise of sea-
level during the FPleistocene.

Close to the Rengam Series areas however, it
is very unlikely that the Harimau Series is wholly
of older alluvium origin, Part of it must have
been developed from resorted colluvial granitic
parent material which probably occur near the base
of granite hills,

The topsoil consiates of a friable dark
yellowish brown loamy sand to sandy loam, with
nodtrntolfymdmloyod fine subangular blocky struc-
tures. 8 is underlain by a friable yellowish

brown to yellow sandy clay loam or sandy clay with
weakly to moderately developed medium subangular
blocky structures, At depths of 38 to 50 inches
there usually occurs a compact gravelly horizon
whose thickness varies from a few inches to two
feet. Gravels within this horizon usually show
pronounced roundness and are mainly comprised of
quartzite and mudstone (Null et al, 1965; Dumanski
and Ooi, 1966). Granite gravels are also found,
but rather rarely. At several soll pits, the
gravelly horizon overlies shale parent material
of different pedogenie origin. Very often, the
boundary between these two different pedogenie
horizons is demarcated by stonelines consisting
of iron stained shale fragmemts. The effective
depth of the Harimau Series therefore depends
very much on the thickness of the gravelly hori-
zon and at what depth it occurs.

In most profiles, there is some degree of
grain size variation of the sand fraction of the
subsoil. In many, it is found that there is a
gradual coarsening of grain size down the profile.
In others, such occurrence can be traced for only
a short distance down the profile, after which
there is an abrupt change towards the finer grade.

Close resemblences of the Harimau Series to
that of the Rengam Series created a lot of diffi-
culty in mapping. The grain size distribution
shows much more fine sand and coarse sand and les¢
clay than the Rengam Series, although separation
by field estimation in some profiles is rather
difficult. For practical purposes, the following
eriteria have been found to be useful in dietin-
guishing the Harimau soils from those of the
Rengam:=-

a) Occurrence of gravels and coarse sand

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

These are acid soils, with pH (H20) ranging
between 4.1 and 5.1; the organic matter, carbon
and nitrogen contents are highest in the Ah hori-
zon and decrease very sharply in lower horizons.
A1l these values are low and comparable to those
in the Rengam Series.

The "easily soluble" potassium values are
very low and similar to those of the Rengam Serith
while the "easily soluble" phosphorus median
values are slightly higher in the subsoils in the
Harimau Series,

The exchangeable calcium is higher in the
subsoils of the Harimau Series, while the magne-
sium however is noticeable lower than in the Re
Series; the exchangeable potassium is limited to
lower values, although the sodium is similar.

The CEC is slightly lower than the Rengam
altho the base saturation is similar, The iﬂ'
pH, CBEC, base saturation, and exchangeable cation’
indicate weathered and leached soils; and the
effect of an extra cycle in the weathering is
indicated by the lower magnesium and potassium
walues when compared with the Rengam Series, a

sedentary soil which has undergone only one cycl®

of weathering.

Ulu Tiram Series.

from the Harimau Series, this is ano~
ther soil developed on older alluvium., Soils of
the Ulu Tiram Series are of moderate depth and
are found on rolling terrain. The profiles
resemble those of the Harimau Series in the u
portions, but have much coarser subsoils.

The topsoil is characterized by a friable
dark brown sandy loam, with moderately develo
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CHEMICAL PROPERTIES
RENGAM SERIES

(15 Profiles)

FIGURE 7.4
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CHEMICAL PROPERTIES
RENGAM COARSE SANDY CLAY PHASE

(13 Profiles)

FIGURE 7.5
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medimm crumb structures. Underlying this is a
friable yellow to olive yellow sandy clay loam,
vith moderately developed fine and medium sub-
angular blocky structures, This horizon seldom
exceeds the 20 inches (50 cm) depth limit, and is
usually found overlying a firm and gravelly hori-
zon of great thickness. The gravels which form
the major portion of this horizon are mainly of
rounded quartzite and mudstone.

7:3.7T On suh.rocunt alluvium,

Eolyrood Series

The Holyrood Series is developed on a low
lying terrace composed of coarse sandy subrecent
alluvial deposits. The topography of the terrace
is nefirly level to gently sloping.

The surface layer consists of a dark greyish
brom fine loamy sand, with weakly developed fine
subangular blocky structures. It overlies a light
grey coarse loamy sand to sandy loam subsoil which
has a weakly developed coarse blocky structures,
&d loose consistence. This horizon grades to a

::;.Ihpale grey undifferentiated loose sand at

1.3.8 On recent alluvium.

Biverine 41)uvium.
This is a broad mapping unit to include all
:0118 formed on recent riverine alluvium which
= inperfectly drained. They are of variable
%uposition, usually pale yellow to grey in colour,
h ble and exhibit weakly developed files,
m: is boc:ge such areas mtsubjec to ng;ﬂ.n.r
' occupying slightly higher poeitions
«% the £100d plains, the flood waters do not ocover
lbo:: freas for long. Mottling is a common feature
the permanent water table, which is generally
ub‘lﬂ. 20 inches depth. The texture is very varia-
» from sandy loam to sandy clay or clay.

Lol 1yvign.

-t These soils are very diverse in properties
ﬂhnotcriaﬂ.u, but are always f along
\3““‘{0 channels in positions that are subject
mm‘ odic and often prolonged floodings, They
dagne W1y sited on the lowest areas of the flood
hu-n*:o” where the water table is consistently
Chargg the surface, so that the one main unifying
,m“‘tﬁ‘istio is the poor to very poor drainage
foung of these so0ils. These soils are often
83sociated with the Riverine Alluvium.

logges 22001ated with the Local Alluvium, in water-
q,.anoonditions of the valley bottoms of
o0 the ® systems are some organic soils, formed
hoveyy, coumulated organic debris.
Bade t, are very narrow and no attempt has been
'linj,,o map these out. The organic soils are
tl’“ts and mucks, containing more than 65
ok and between 65 to 35 percent of organic
Tespectively, measured by loss on ignition.

1 ‘Ehil Series is developed on recent riverine
Or low terraces along major or semi-major
Hygpy 1t is commonly associated with Local and
a8 ¢ Aluvium, occugnng the better drained
"'001:: flat to undulating terrain. The close
lon with the Local and Riverine Alluvium,
it u.:’-‘ ¥ith its rather limited occurrence, make
0 ngy i‘t 1l¥ouible even at this level of survey
.“t out as a separate unit, Thus for ugina
the Yeal these soils are included together wi
locateq 874 Riverine Alluvium. These soils are
- :.h“:'inlx along the S. Linggiu, S, Johor and

lam,!%: Surface soil is a friable dark brown
lopeg L0 to sandy clay loam, with weakly deve-
ar blocky and orumb structures, The

These areas

matt

subsurface soil is a friable, light yellowish
brown to yellowish brown sandy to fine sandy clay
loam with moderately developed subangular blocky
structures. The soils are generally porous and
well drained.

T7.3.9 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.,
is about 4,5; CEC varies from 11 at the surface
to 4.5 m.eq/100 gm. at depth., Percentage base
saturation is about 5 at the surface and 3 at
depth.

Sand e 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 subangular
blocky etructures. This is underlain by a friable
reddish yellow sandy clay loam to sandy clay with
weakly to moderately developed fine subangular
blocky structures.

T.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, mining activity 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 represent the original make up
of the solls 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
limited along the 8. Tengkil and its tributaries,
3. L u and in the central part of the Panti
Forest Reserve near Kota Tinggi.

T7.3.11 Steepland.

This un‘iit includes :i.‘l. land ocwrr:.liis n;uv;
the steepland boundary, e line separating lan
with w:&go slopes of less 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.
Adlthough the Steepland areas are kmown to be of
pultable media for various crops. Soil erosion
can be very severe and rapid under the influence
of high and intensive rainfall, especially so
when such areas are newly cleared for Emﬁn‘ or
exposed. Such areas should be left under a per-
manent forest cover.

T.3.12 Boil distribution.

The soil pattern is rather simple where
soils are developed on igneous rocks and on older

T T



alluvium. The Rengam Series and phases cover TABLE 7.4 SOIL DISTRIBUTION

38.4 percent of the region, occu the greater
portion of the area weat of the 5, u, and i
in the Southeast corner. The Harimau Series are Percent
located mainly in the South and cover 12.3 percent of :
of the region. Symbol Mapping Unit Acreage total
The river valleys and flood plains are filled '
%;hetgvg:u;ﬂ Moa% ﬁluv%un (8.1 g;xu;t). RGM Rengam Series 106,650 32.9
e ee whic not recomme or
agricultural development are centred around Gunong RGM/c E:E’og:ﬂ" » °:““ 12,815 3.9
Blumut, Gunong Muntahak and Bukit Tajem (17.4 per- J yaan
cent). RGM/f Rengam Series five sandy 5,275 1.6
The remaining 23.8 percent of the region are clay phase
aour«i by ::'11: mo‘valogatg on i:otu.m:n'.u-;:}-. and JRA Jerangau Series 535 o2
volcanic ro . e pattern more complex
bocanse of the complex nature of the parent rocks. I o- Masai Series 1,065 -3
Table 7.4 shows the soil distribution and Y6?  Yong Peng Series 11,690 3.6
Figare 18 in the Atlas distribution patternm. YGP/md Yong Peng Series 295 ¥
moderately deep
MUN Munchong Series 50 <1
MIN/md Munchong Series moderately 500 B |
DRY  Durian Series 2°°P 24,490 7.5
MCA Malacca Series 265 .
BGR Bungor Series 4,165 ¥
SDG Serdang Series 8,205 2.5
SDG Serdang Series mode- 1,995 .6
rately deep
SPG/S  Serdang Series shallow 9,635 3.0
9DG/md~ Serdang Series moderate- 320 ol
BGR 1ly deep - Bungor Asso-
clation
SDG/md- Serdang Series moderate- 1,365 48

/md 1y deep - Munchong Series
moderately deep Association

DRN-BGR- Durian - Bungor - -
MUN Association 2,480 1.4

PRG Prang Series lateritic 485 % |
phase

HMU  Harimau Series 37,160  11.4

HMU/md Harimau Series mode- 2,800 98
rately deep 3

UTM Ulu Tiram Series 508 5.

HYD Holyrood Series 1,670 1,

RVA - Riverine - Local 21,750 6.7 ==

LAA Alluvium Association

LAA Local Alluvium 4,450 1.4

COL/¢ Colluvium (Granite 425 .8
derived)

COL/S8 Colluvium (Sandstone- 830 %
ghale derived)

DLD Disturbed Land 3,200 1.0

Total: 324,550 100.0
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CHAPTER 8
LAND _EVALUATION

8.1 Introduction.

The Terms of Reference require planning for

a maximum diversified cropping pattern, based on
climatically adaptable crops.

There are various classification systems by
vwhich the suitability or capability of land
resources can be indicated on the basis of their
physical and chemical properties., The systems
considered in this study are listed below:

a) WONG, I.F,T. Soil Science Division,
Research Branch, Division of Agriculture,
Min, of Agric. and Co-operatives,
Malaysia, January, 1970. A Soil
Suitability Classification for Malaysia,

b) KLINGEBIEL, A.A., and MONTGOMERY, P.H.
Agricultural Handbook 210. Soil
Congservation Service U.S. Dept, of
Agriculture. September, 196?.
Land-Capability Classification,

¢) DENT, F.J., Soil Survey Division Report
No.76, Land Development Department,
Ministry of National Development,
Bangkok, April, 1969.
General Land Suitability For Crop
Diversification in Peninsular Thailand.

d) GALLUP, D.L., SRILAK KASHEMSANTA AND
AVUDH PIMPAND., Soil Survey and Land
Classification Div. Report No.60 (1967)

¢ Land Development Department. Soil Survey
Interpretation Handbook For Northeast
Thailand. Part II Land Capability
Classification.

e) Natural Resource Capability Section,
Economic Planning Unit, Prime Minister's
Department, Malaysia (1967).

Land Capability Classification in West
Malaysia, An Explanatory Handbook.
(with Supplmnt?.

son of Some (Class

The clsitoa.ion 8 stdaﬂlopo by Wong
;1112?0) is intended to cov{r East and West Malaysia.
8eneral principles adopted for this system are:

"(1) the criteria used for the assessment
of a soil should be the properties
currently possessed by that soil;

the seriousness of a limitation should
be a function of the severity with which
crop growth is inhibited; and

the puitability of a soil for crop
growth is better when a wider range of
erops can be cultivated on it than on
1t another soil."

the aboy
8 e principles are followed, then the
tff.i'lm Classified according to the crop selec-
Soi)y Miting factors currently found on these
and a4 1018 system does not consider in which vay
¥hat expense these limiting factors can be
dogree 55 DUt is concerned with indicating the
Srop o of seriousness of the limitations affecting

viela .:]:g:{.m and crop growth on a sustained

Malapen® S01l Suitability Classification for
Luaty op ™ t; similar, i i approach to land eva-
1]

8'2

(2)

(3)

the Land Capab Classification
St B el ren (300,
to argy es indicating the kind of 1imitations

P selection and grovth.

The system does not claim to be a soll suita-
bility classification for specific crops e.g. i,
tapioca, cocoa, sugar cane, oil palm, rubber etec.
Specific crops require specific interpretations
of the soil mapping and terrain class unitas.

The Land Gagnbuity Classification developed
by Klingebiel and Montgomery (1961) groups soils
and terrain characteristics according to their
degree and seriousness of limitations to obtain a
sustained crop production and also according to
their risks of soil damage if mismanaged. There
are eight capability classes and the risks of
soil damage or limitation in use become progres-
sively greater from Class I to VIII. Bach 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
Othera can be introduced if required.

Dent (1969), in his General Land Suitability
for Crop Diversification in Peninsular Thailand,
follows similar principles of group s0il units
into suitability groups as wonf (1970) and
Klingebiel and Montgomery (1961). Dent uses a 5-
class system and includes wet rice cultivation in
Class IV of his system. Bubclasses to indicate
the kind of limitations are not used.

Gallup, Srilak Keshemsanta 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 erops and paddy. The gt section is
divided into 8 classes the second into 5 classes.
Subolasses to indicate the kind of limitations
are used for both sections of the classification

mt“o

e Land Capability Classification developed
by thsh‘ﬂntml Rl::ma Capability section of the
Economic Pl hit (1967) is a more comprehen-
give system and ludes mining land as Clase I;
only Class II and III are agriocultural classes,
Class IV and V are used for forest and reserves
respectively. Gene rally the same basic principles
are used for the Classes II to IV as the systems

described earlier.

603
ot, consideration had to be
bility o:.;cila rﬂ- a din::i:l
ttern, am as well aspere a
58 crcpg.:st is a different and more comprehen-
sive system than Wong's (1970) Soil Suitability
(lassification for Malaysia had to b'o donl:zad.
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 8 cific interpretations of soil and
terrain mru

In this pro
ven to the sui

ecrops determined
This emphasis on spsclele cToR CCNeecribed

could be e ised for this

on the optimum soils and t

which certain oro
yields.



To simplify the system, crops with similar Main Group Crops and
soil requirements have been grouped together and

with the same growing period have been

Crop Group
Coding

Criteria

groups

combined further to form main groups. Table 9
gets out the optimum criteria for each gro3 of
crops. These criteria have been established in
close co-operation with the Soil Science Division
of the Division of Agriculture, Malaysia. It nust
be emphasized that the criteria used are those for
gsoils 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 climatioally adaptable
crope have been included in the table.

Main Group Crops and Criteria
Crop Group 4
Opning Pulses,
Maize,
Sorghum.

Slope: 0 t o 2°

Drainage: Well; moderately
well; imperfectly well;
and poorly drained

Effective soil depth: Over
30 om (1 ft.)

Soil texture: heavier than
sandy clay loam.

Workability: No etones; 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 ? mhn-{
em at 259C in top (1 foot) GROUP B 53

of soil. Semi- Grasses
2: Slope: O to 6° Tops e
Ground nuts : Very well, well,

Vegetables
'  moderately well; and
Zodaoee. imperfect. \

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 cm (2 f£t)

Thickness of peat layer:
Less than em (1 £%)
Over 120 cm (4 ft) for
most vegetables.

Salinity: Less 4
mmhos/cm at 2?311:1 top
60 cm (2 feet) of soil.

3: Slope: 0 to 6°

Drainage: Very well, well,
moderately well and
imperfeoct.

Rffeotive soil depth:
over 60 em (2 £t)

GROUP A 1:

Annual Rice
Crops

- Bt -

Soil texture: excluding
pands and poorly strue=
tured heavy clays. ]

Workability: no stones; |
no other restrictions,
apart from texture.

Depth to acid sulphate
layer: over 90 cm (3 £t)
Thickness of gea‘t layer: |
Less than 30 om (1 f£t)
only tapioca on more
than 30 em (1 £t).
Salinity: Less t 4 !
mhn?/'en at zsggnin top |
90 em (3 £t) of soil.

Slope 0 to 6°
: Very well, w
moderately well, and
imperfect. ;
Effective solil depth:
over 30 cm (1 _
Soil tedture: excluding
%ona:y aam:m and lighter
extures poor;
structured heavy g;yl.
Workability: no stones;
no other restrictions
apart from texture.

Depth to acid sulphate
layer: over 60 cm (2ft)

Thickness of peat layer:
Less than can (1£t)

Salinity: Lees than 4
mmhos/cm at 25°C in top
60 am (2 f£t) of soil.,

Slope: 0 to 12°

Drainage: Well, moderatell
well and imperfect, and
poor for some species.

Soil texture: gemerally
excl sand and Y
sand; & limited number
of species can thrive o
sand and loamy sand.

Effective soil dlg‘thl
over 30 cm (1ft

Workability: no etones; i
other restrictions apar
from texture.

Depth to acid sulphate
layer: over 60 em (2 ft)

Thickness of peat h'ﬁr'

<

table for ;m:l.ng. S

Salinity: Le x
-hol%u .?z?@u‘.-t
60 em (2 £t) of soil.



Main Group Crops and Criteria Main Group Crops and Criteria
Crop Group Crop Group
Coding Coding
63 Slope: 0 to 12° Thickness of peat layer:
Bananas,  Drainage: Well, moderately Tess than 90 cm (3 ft)
Sugar cane, well and imperfect. Saﬁgﬂ.ty: Less t%n 2
Ramie, g os/cm at 25°C in top
PADATRs . o e d e R iakbe 150 om (5 ££) of soil.
m:“::“" PO 10: Slops: 0 2? 20°; (Bamboo
ective so epth: 0 A
over 90 em (3 ft) a. Coconut
b, Cinnamon Drainage: Very well to
Workability: no stones. c. Rubber moderately well,
Depth to acid sulphate d. B:::il Soil texture: excluding
layer: Over 90 cm (3 ft) .. Sen sandy loam and lighter
Thickness of peat layer: S DA TYeTEres (WBOADY Tor
Less than 30 om (1 £t) g. Gm:.n vory lov demsnding)
Salinity: Less than 2 4o
mmhoa?cm at 25YC in top k. Bamboo lt::::ig ::1136;]311:
90 em (3 £t) of soil.
Workability: stony soils
71 Slope: O to 12° are qufl.ﬂt:g for most
orops o 8 group.
Pinea e, Drainage: Ve ell to
o imperfeot.ry ' Depth to acid sulphate
So11 texture: exolu:gg ::::.::':115".:‘ 5 :)
0 8 and lighter. laye
te:ﬂns. Leas than om (3 £t)
EL L depth Salinity: Iess than 2
0:2:1; ::1%1 :’g} ! 1-53“/0?5‘;&%5% in top
Workability: no stones ”
Some crops such as coco-
Depth to acid sulphate nut in this group can
layer: Over 60 cm (2 ft) strive under h:l.x"
Thickness of ra.t 1}”“ salinity conditioms.
3:.‘;;:3?“‘ i 113 Slope: O to 25°
Salinity: Less than 2 Forest Drainage: no restirictions
mhos%m at 259C in top under (buboo.v:gw well to
60 cm (2 £t) of soil. ::;ﬁ?ﬂ“ imperfect).
=~  Spil texture: no restric-
ROUP @ 8: Slope: 0 to 12° gm with tions, although light
Cofftee, Drainage: Very well; well tion, *“*g‘;mum'ﬂlue L
g““' sal soderately Weli, bamboo certain forest tree
Cibrus,  Soil texture: excluding included.  grooieg
Gambier, Senty lows b M Bffective soil depth:
Avocado. g bt over 60 cm (2 ft)
Effective soil depth:
over 120 cm (4 2t) FOERARIAL s B SUpLiow-
Workability: no stones. Depth .%‘6 sul b I-;)""{‘
Depth to acid sulphate over om . no
layer: Over 150 cm (5 £t) applicable for mangrove)
Thickness of peat layer: Thickness of peat layer:
Less than Sg.cn (2 £t) restrictions.
less than (3
U2 20.E 1y :
mmhos/cm &
. Salinity: Less 4
15 (5. £0) of S0 o /on a5 §390. 1n Sop
9: Slope: 0 to 20° 150 om (5 £t).
0i1 palme, : Well to mode- 12: No restriction.
Arecanut, rately well. Evigal
toen, o411 texture: excluding m
¥ pandy loam and lighter reserves.

textures.

Bffeoctive soil depth:
over 120 om (4 ft).
Workability: stony soils

are uolgdod.

De to acid sulphate
hg::l W:: 150 ﬂph(5 £1).

Notes to Table 9:

tural research advances the
nm.c):r:*.h;gl ::13 have to be revised,

b) Peat 18
ignition of more

o matter with loss on
65 percent.

o)lloilﬂthsp!etlbthSurluam
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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 recommended 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
Soil 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 -
253 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 drainage. This to some extent will
be a continuing soil limitation. The depth of
peat before drainage is transient only. The
nature of the peat will also be important. In
future classifications some distinction should be
made between humified peats and raw, poorly humi-
fied peats especially since the latter are
usually woody. The characteristics of the peats
in the Project Area are further discussed in
Section 6.,2.9, Organic Soils.

8.4 Land Use Potential Classification
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 d Use Potential Maps (Maps
No. 9 , 10 , 11 and 12 ),

To avoid accelerated erosion after forest
clearing, shallow soils on slopes steeper than 12
degrees have been excluded or designated marginal
for agricultural development. It must be empha-
sized that in deciding the depth criteria for
soils om Bloghm terrain considerable weight has
been put on the remaining depth of the soil 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
steep slopes will introduce serious erosion due
to back-cutting of the terraces. The protection
of soils on slopes steeper than 20 degrees has been
discussed in Chapter 5 Geomorphology, Section
5.4 Erosion.

8.4.2 Soil series suitability for crop groups.

In the following paragraphs each soil series
ocouring in the Project Area is diescussed, ite
important characteristics given and the selected
erop groups listed for each slope range, a -
priate to each soil series. Marginally sultable
crops (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 unaforial efforts if the

rojected yields and profitability are to be main-
ained, No serious soil limitations exist where
land is classified as "suitable".

A comparative rating for each crop group
based on performance on any ular soil 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
gsoll 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.).

b4 Series

On dacite and rhyodacite. Yellowish
brown to reddish yellow; sandy clay loam to
clay; moderately to well developed fine and
medium subangular blocky structures; firm to
very firm consistency; deep soil (Over 100
em or 40 inches).

This series is generally compacted and
coarse structured from a depth of 25 to 45
em (10 to 18 inches), a lateritic layer if
present, only occurs below 100 cm (40 inches).

Slope range Crop Group Selection
2~ 6° (4), 5, (6), 7, 9, 10
6= 12 5, (6), T, 9, 10

12 - 20° 9, 10
20 - 25° forest and bamboo, 11
Over 2’5° forest reserve, 12

The compactness and generally heavy tex-
tures precludes %this soil from a wide range
of crops, resulting in a crop group selection
which is practically the same as that for .
Yong Peng Series, moderately deep phase.

Xong Peng Series, coarse phase

The profile of this phase of the Iong
Peng Series soils is similar to the Yong Peng
Series described above, the difference bel
that quartz grit occurs within a depth of
om (24 inches).

This soil has a similar agricultural
potential as the Yong Peng Series.

Yong Peng Series, mederately deep phase

The series description is the same as
for the Yong Pang Series above, but due to
the occurrence of lateritic stones and gravel,
this phase is a moderately deep soil (50 to
100 em or 20 to 40 inches).

This series is generally compacted and
coarse structured from a depth of 25 to 45 cm
(10 to 18 inches), the lateritic r which
cmonlg occurs commences at a de of about
60 cm (24 inches) and varies in the thickness
from 5 to 30 cm (2 to 12 inches).

Slope range Crop Group Selection
2- 6° (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 compactness, shallowness and Lrno—
raﬂ heavy textures preclude this soil from
a e range of crops, and it is also margi-
nal for groups 4, 6, 9 and, sometimes, 10
especially from a managerial point of view.
Ite shallowness oreate problems with
terracing, especi on slopes between 12

and 20 degrees therefore group 9 has been
excluded for this slope range.
Eulal Serles ;

On olitic tuffs or rhyolites. Pale

yellowish wn, strong brown at depth; loam

- 5%




to silty clay; subsoil firm, compacted, with
weak angular blocky structure.

Slope range Crop Group Selection
2- 6° (4), 5, (6), 7, (9), 10
6 - 12° 5, (6), 7, (9), 10
Y B (10)
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

Rooting of the natural vegetation is
shellow due to compactness of the soil bet-
ween 50 and 100 cm (20 and 40 inches), Hence
the soil is regarded as moderately deep, and
is only suitable for a narrow range of crops.
Groups 4, 6, 9 and, sometimes, 10 are mar-
gina.lly sultable. On slopes between 12 and
0 degrees the soil is often shallow, less
than go em (20 inches), therefore, group 9
is excluded on this slope range.

Small areas of Kulail coarse phase have
been mapped in the Tanjong Penggerang Region.
This phase contains coarse sand at a depth of
approximately 60 cm (24 inches). The crop
group selection is the same as the Kulai
eries mentioned above.

derangau Series

On biotite - hornblende granite and
granodiorite., Strong brown; fine sandy clay
to clay; well developed fine and medium sub=-
angular blocky structures; friable; deep soil
(depth over 100 em or 40 inchea).

Zlove range  Crop Group Selection

2 - 60 29 3| 4, 5; 6. 7' 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

Physically a soil with negligible limi-
tations to crop growth, only slope limiting
crop selection.

Rengan Series.

On granite., Yellowish brown to reddish
llow; sandy clay; weakly to moderately deve-
Oped fine and medium subangular blocky struc-
tures; friable; deep to very deep soil (depth
over 100 em or 40 inches);

Slove range  Crop Group Selection
2 - 60 §S)| 3' 4! Se {6)’ 7! {3). 9:
6= 12° 5, (6)y T, (8); 9, 10
12 = 20° 9, 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

! Iimitation mainly on slope; however the
§roups 2, 6 and 8 are omidogod mar, due
© unfavourable physical soil conditions,
Such as weak to moderate developed siructures
{ng, ‘noreasing firmness at around 50 om (20

h.ﬁ;"' For group 2 the texture is too

Bengan Series, coarse sandy clay phase

nnwo? granite, m-uximtpnow ﬁ; ngdith
coarse sandy 0 clay;
ye to moderate dl:z:l.npomiul and
poarse subangular blocky structures; friable
toming firm with depth; deep to very deep

sl v

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, T, (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 em (20 inches) depth.

= c
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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
to v deep soil (depth over 100 cm or 40
mm.r{.

No true impenetrable layers ocour but
the compactness of the soil restricte rooting
of natural vegetation to the top 50 em (20
inches) of the profile.

Slope range Crop Group Selection
2 - 60 {2), (3)! 4! Sp {s}n 7. (8),
9, 10
6 - 120 5, (6), T, (B)I g, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

Cro 2, 3, 6 and 8 are mar
due to uﬁrﬁgﬁui piwii.nl soil conditions.
Further limitations are on slope.

Masal Series.

On fin te and granodiorite,
Effective soil depth g‘“z‘; to 50 em (10 to
20 inches) due to the occurrence of a late-

rite layer up to 90 om (36 inches) deep.

This layer, ever, is and bouldery,
not massive, and is penetrable g primary
roots. Laterite stones and boulders commonly
cover the soil surface.

Siope range  Crop Group Selection

g Sige 4 5, T, 10

6 =:12° 10

12 - 20° (10)
20 - 25° forest, 11

over 25° forest reserve, 12

Iimitations to crop selection are effec-
tive soil depth and slope. The occurrance
of lateritic stones and boulders restriots
soils cultivation. On elopes between 12 and
20 degrees terracing becomes geible due
to soil depth, therefore group 10 is margi-
nally suitable.



Erang Series

On basic schist or hornfels., Yellowish
red; friable siln:i clay to clay; well deve-
loped fine and ium subangular blocky struc-
tures with weak horizonation. Laterite may
be present at depth, a deep soil (depth over
100 cm or 40 inches).

Slope range Crop Group Selection
2 = 6° (2)9 3, 4, 5, 6, T, 8, 9, 10
T 5, 6, 7, 8, 9, 10
12 -« 207 9, 10
20 - 25° forest, 11
over 25° forest reserve, 12

Limitations to crop selections is on
slope only.

Prang Series, lateritic phase

This soil is similar to the Prang Series
described above but a compacted, nodular la-
teritic band occurs at 60 cm (24 inches)
depth, friable; a shallow soil (25 to 50 cm
or 10 to 20 inches deep).

Slope range Crop Group Selection
2 - 6° 4, 5, 7, (9), 10
6 - 120 5: Tn (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 crops. Group
9 and 10 are marginally suitable for this
reason.

Seremban Serdes.

On quartz - mica schists intermixed
with phyllites and vein quartz.
found on undulating to hi terrain.
Greyish brown to yellowish brown friable to
firm fine sandy clay loam overlying reddish
yellow to yellowish red firm fine sandy clay.
Structures are moderate medium subangular
blocky. Quartz gravels and angular pebbles
togother with laterized pieces of parent
material commonly occur between 50 and 100
em (20 and 40 inches).

Slope range Crop Group Selection

2 - 6° 2, (3), (4), 5, 7, 10
6= 129 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-
e moisture could be too low for certain
ecrops. Due to its shallowness, the groups 3
and 4 are marginally suitable, group 9
unsuitable since laterite often occurs above
50 om (20 inches) depth.

Batang Merbau Series.

On schists. A friable yellowish brown,
8ilty clay loam overlying a firm clay loam
to silty clay with weak subangular blocky
structures; mica is often present in the
frof:lll. Normally a moderately %ﬂp soil

50 to 100 em or 20 to 40 inches).
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Crop Group Selection
2- 6° {2}. (3),0(4). 5, (6), T,

6 - 12° 5, (6), 7, (8), 9, 10
AR L 9, 10
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

A soil suitable for a limited range
of croga. it is marginal for ups 2, 3, 4,
6 and B8 due to unfavourable pﬁ;zical noi.'L
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-
merates. Textures are generally coarse
sandy loam to sandy clay loam or sandy clay
dernding on parent material., Colours vary
between strong brown, yellowish brown or
brownish yellow; weak to moderate fine and
medium subangular blocky structures; profil
:fri:blg throughout. Depth over 100 cm (40
inches).

Slope range g Se
2 - 60 (2): 3! 4' 5’ (6), 7, (B)'
9, 10
RO L s 5, (6), 7, (8), 9, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

A deep, friable and commonly sandy 8o
with a low available water capacity for
crops when the sand fraction is coarse.
Groups 2, 6 and 8 are marginal due to this
low water holding capacity. There are no
other physical limitations except slope.

ang Series 3 BT AY phase.
This soil is similar to the Serdang
Series described above, the fine sand frac-

tion however is much higher, Textures vary
between fine sandy clay loam to sandy clay.

Slope range _
2- 6° 2, 5. 4,5, 6, Ty B, % 10
6= 27 5, 6, T, 8, 9, 10

12 - 20° 9, 10
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

This phase of the 5 Series has
higher available water cnmigy and is th

fore suitable for a wide range of crops.

Serdang Series, moderately deep phage.
The description is the same as for
Serdang Series above. 45011 depth is be
50 and 100 em (20 and inches), due to th
xglmca of partly weathered parent mate~

Slope range Crop Group Selection
B, B 2}y 3v s B (6), 7, 10
6 - 12° 5, (6), T, 10
12 = 20° forest and bamboo, 11
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12



Crop Group selection is limited by depth
of soil and available water capacity. Groups
2 and 6 are marginal.

Sexdang Series, shallow phage.

The description is the same as for the
Serd Series, but soil depth is less than
50 cm (20 inches),

Slope range Crop Group Selection
2 - 50 59 (5)
6~ 12° 5, (6)
12 - 20° forest, 11
20 = 25° forest reserve, 12
over 25° forest reserve, 12

Soil depth is the overriding limiting
factor for crop group selection,

Eedah Series

On quartzite and conglomerate ridges.
Sandy loam to sandy clay; stro brown; weak
to moderate structures. Laterite concretions
and laterised shale pieces may be present
vhen interbedded shales occur in the parent
material, The series only ocours on slopes
steeper than 20 degrees.

This soil series is only suitable for
group 12 forest and other reserves.

Bungor Series.

On shale and sandstone. Brownish
yellow to yellowish brown; fine sandy olay
loam to fine sandy clay; moderately to well
developed fine and medium subangular blocky
:tmturu: continuous clay skins; friable;
1;:{ tc)o very deep (depth over 100 cm or 40

ea),
Slope range Crop Group Selection
2-¢° gg). 3, 4 5, (6), 7, 8, 9,
6 - 12° 5, (6), 7, 8, 9, 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11

Over 25° forest reserve, 12

Groups 2 and 6 are termed marginal due
mcu 80il characteristics such as

Bwgor Series, moderately deep phase.

The desoription of this fh“ of the

8 T Series is the same as that for Bungor
8 montioned above., Laterite or laterised

2 t material occurs between 50 and 100 om
and 40 inches),

2~ ¢° (2), 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

Crop limitations only due to depth of
& Soil, otherwise the crop g::{ uzlution
]

th
m‘,.;:ue?ltorthonmgor 8 des-

Rals Brang Sertes.

Mm shales or shales interbedded with
"llo:““' Yellowish brown to brownish
fine samy clay loam; weak to moderate
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subangular blocky structures; consistency
friable becoming firm with depth; shallow to
moderat deep soil. (Lese than 100 cm or
40 inches).

The parent material consist of shale
and vein quartz is reached within 3 feet
depending on slope. On steep terrain this
soil is very shallow.

Slope range Orop Group Selection
2 - 6° (2), (3), (4), 5, 7, (9), 10
6 - 12° 5, 7, (9), 10
12 - 20° forest and bamboo, 11
20 - 25° forest reserve, 12
Over 25° forest reserve, 12

This soil is moderately deoiloa 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. General
ocoup; upper glopes and associated with
Apek S 8. Pale yellow to light grey,
friable fine s loam, overlying a yellow
firm and compacted fine sandy clay loam sub-
gsoil, which mottled, The t material
is light grey with reddish mottles and is
gticky. BSoil depth is very variable and
ranges from shallow to moderately deep and
deep.

Slope range Crop Group Selection
2= &Y (4), 5, 7, 10
&= 12° 5, 7, 10
12 = 20° forest and bamboo, 11
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

This series is erally a shallow soil
with a compact and often coarse-textured sub-
soil suitable for only a narrow range of
ecrops. Group 4 is marginal due to the varia-
ble soil depth.

Mareng Series, deep phase.

The desoription is the same as for Marang
Series mentioned above; but the compacted sub-
soil occurs below 100 cm (40 inches),

Slore range  Crop Group Seleotion

2« ¢ 2,8, & 8,6, 7 9 10
6 - 12° 5, 6, T, 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-
table for a wide range of m?. although
gtructures are weak and therefore soil
aggregates may be unstable which could make
it o marginally suitable for the cultiva-
tion of annual crops.

Kemuning Series.

On carbonaceous shales and sii; ntm;,

rally only occurring on er alopes o
g% to steep terrain., Gre brown uni-
form clay loam to clay; firm in consistency
and moderate medium subangular blocky struc-
turau.) Soil depth seldom exceeds 90 om (36
M.. -



Slope range Crop G Select

PR g, 5, 1,10

‘6 =127 5. TaulO

12 L2o% forest and bamboo, 11
20 = 25° forest and bamboo, 11
over 25° forest reserve, 12

A moderately deep and heavy textured
soil, often stony, with a low available water
capacity, and hence unsuitable for many crops.
Its 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; moderately deep soil. A
band of laterite 6 to 9 inches thick may oc-
cur at a depth of 50 and 100 em (20 to 40
mohaa).

A moderately deep soil due to compact-
ness of the heavy clay horizon in the subsoil.

Slope range Crop G i
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
D (-] ee .

The description is as for Durian Series,
but soil depth is over 100 em (40 inches).

This phase of the Durian Series Soils
has the same crop 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 cm or 4 feet
depth); silty clay loam to silty clay;
moderate to strong fine and medium bloc
structures, with moderate clay skins; able
top but increasing in firmness with depth.

Slope range Crop Group Selection
T 2, 3, 4, 5, 6, 7, 8, 9, 10
6«12 5, 6, 7, 8, 95 10
12 - 20° 9, 10
20 - 25° forest and bamboo, 11
over 25° forest reserve, 12

Physically this soil has no limitations
and is suitable for a wide range of crops
(Chandapillai and Yeow, 1969), the only
limiting factor being slope.

Munchong Series, moderately deep phase.

Description as for Munchong Series above,
but 50 to 100 em (20 to 40 inches) deep, due
to0 nodular laterite and fragmented parent
material.

Slope range Crop Group Selection
2 = 6% 2, 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

- 8] e

Limitations mainly on soil depth and
slope. Group 9 is marginally suitable, but
is excluded from this soil on slopes between
12 and 20 degrees since terrace construction
ig restricted due to soil depth.

Apek Series.

On silty 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 nommally
less than 90 cm (36 inches).

Slope range Crop Group Selecti

2l e (4), 5, 7T, 10

6 = 42% T

12 .= 20" (10)
20 - 25° forest and bamboo, 11

Over 25° forest reserve, 12

Only suitable for & narrow range of
orops due to its compactness and relatively
ghallow rooting depth. Group 4 is marginal-
ly suitable,

Pohoi 8.

(n carbonaceous shales, Brown or olive
brown clay loam to fine sandy clay, with
moderate medium blocky structures, becoming
coarser with depth; consistency is friable
but becomes firmer with depth, ILaterite and
shale fragments may be present (depth over
100 em or 40 inches).

Slope range Crop Group Selection
2 - 6° 2, % 4,5 6,178,910
6 =127 5, 6, Ty 8, 9, 10
12 ='20° 9, 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

Physically a soil with few limitations,
suitable for a wide range of crops. Limi-
tations mainly on slope.

Malacca Series.

On shale., The top 25 to 50 em (10 to
20 inches) is a strong brown, firm, sandy
clay to clay with moderately developed medium
subnnfﬂ.a.r blocky structures. This overlies
at a depth of less than 50 em (20 inches) a
thick, massive, compacted laterite band. The
soil surface is characteristically covered
with lateritic stones and boulders.

Slope range Crop Group Selection
2 - 6° 5, (10)
6= 12° forest, 11
$2.m.20% forest, 11
20 = 25° forest reserve, 12
over 25° forest reserve, 12

The shallow, compacted laterite precludes
thie soil from most crops. Group 10 L mar-
ginal due to depth of soll, Soil depth is
also insufficient for terracing on steeper

1

.

On argillaceous sediments (shales). The
top 30 to 45 cm (12 to 18 inches) is friable,
y clay loam, yellowish or strong brown
with weak to moderate subangular blocky struc-




tures. This overlies a laterite band of less
than 60 em (24 inches) thick, consisting of
well rounded nodules changing to angular and
gsubangular fragments, embedded in a yellowish
red to red fine sandy clay or silty clay
natrix, with moderate medium subangular bloc-
ky structures. The laterite band overlies a
variegated parent material of massive clay.

8 range Crop Group Selection
2- 6° 2, (3), (4), 5, 7, (9), 10
(0 ¢ = 5, T, (9), 10
12— 20% (10)
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

A shallow soil less than 50 em (20
inches) deep, unsuitable for many high deman-
ding perennial crops and marginal for some
gemi-perennial crops. Groups 3, 4 and 9 are
narginal, while group 9 has been excluded and
10 termed marginal for the 12 to 20 degrees
slope range.

Harimau Series.

(n older alluvium. Yellow to yellowish
brown; sandy clay loam to coarse sandy clay;
veakly to moderately developed fine and
nedium subangular blocky structures; friable;
noderately deep to very deep.

Slope range c G Select

2~ 6° (2), 3, 4, 5, (6), 7, (8),
g9, 10

6 - 12° 5, (6), 7, (8), 9, 10

12 - 20° 9, 10

20 - 25° forest and bamboo, 11

Over 25° forest reserve, 12

The physical characteristics are ve
8imilar t o those of the Rengam Series aoﬂs.

veries moderately deep phase.

The description is the same as for
farimay Series above, but the depth is bet-
¥een 50 and 100 cm (20 and 40 inches). In
Johor Tengah the older alluvium derived soil
0¢curs as a thin capping lying on older land
Surfaces, which commonly consist of shale.
t61‘1'cty. gravelly or stony horizon occurs

8% the shale surface, and this horizon gene-
fally obstructs rooting.

Slope range Orop Group Selection
2~ ¢° (2)s 3, 4 5, (6), 7, (9,
6~ 12° 55 (6)y Ty (9)s 10
kg (9), 10
20 - 25° forest and bamboo, 11
Over 25° forest reserve, 12

tet tﬂw coarse nature of this series res-

m::t 8 rooting and available moisture, thus

qul uding a number of crops with high re-

!ui?m 8. Groups 2, 6, and 9 are marginally
able for these reasona.

Q4 2iran gerses.

of qpen,Older alluvium. The profile consiste
+ l'iablnt 24 inches of yellowish brown,
veak : sandy loam to sandy clay loam with
toans . ‘ructures, overlying a firm, compact,
depty {204y loam or gravelly loam. The

18 50 %0 100 em (20 to 40 inches).

Slope range = Crop Group Selection

0~ 2% 4, 5, 7, (10)
2 - Go 4. 5’ 7! ('0}
6=~ 12° 5, 7, (10)

12 = 20° (10)

The coarse and compact nature of this
series 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,

Tempoi 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).

Slove range €
0 a8 4, 5, (6), 7, (9), (10)
2- 6° 4, 5, (6), 7, (9), (10)
6 - 12° 5, (6), 7, (9)s 10
12 - 20° (9), 10

A soil which has certain characterise-
tics similar to the Harimau Series, but its
texture is heavier and drainage poorer.
Groups 6 and 3 and sometimes are marginal
for these reasons.

Holyrood Series

On sub-recent alluvium, Very friable,
1lowish brown weakly developed sandy loam
i: sandy clay loam,

Crop Group Selection
0 - 2° (2)y 3y 44 5, (6), 1, (10)

2.6 (2), 3, 4, 5, (6), 7, (10)
6 - 12° 5, (6), 7, (10)
The very sandy texture -kurit.cu:hout
management, a poor medium for cro
PO e Pos this reason the groups 2, 6 and

0 are classed as marginal, this series is
however suitable for sugar cane.

lunas Series.

On sub-recent alluvium. This soil is
associated with the d Series and
occurs in depressions where the water table
is high. It is a ¥::I.o grey sandy loam to
pandy clay loam with weak structure.

0 - 2? (3), (4), 5 (7
B (3), (4), 5 (T)
6 - 12° 5, (7)
The very sandy texture and mrog;ihm

eries a poor medium
mfhgl:u carefully managed.

Local Alluvium

recent alluvium. A poorly drained
soil %gh min::]‘- t::*:?;i but w
heavy; varying )f gleying
Lu;{ us flooding.

e to fre and serio
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-
cesafully grown on the following slope range
0-2 degrees : 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
provided the soil texture is not too coarse
for the required crop.

Riverine 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. Liable to occa-
sional flooding.

Slope range Crop Group Selection
0 - 20 €1;' (2}’ 3, 4, 5, (6), T,
9), 10
2= 6°

(2), 3, 4, 5, (6), 7, (8),
9, 10

On the 0 to 2 degrees slope range, rubber
which is included in group 10 should be re-
garded as marginally suitable due to its deep
rooting habit. Coconuts however are sultable
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 drainage
and flood-protection the crop group selection
could be as follows:

g ~2 1, 2, 3 4, 5, (6)3 T, (3)9
g9, 10
2-6 2' 3, 4. 5’ 6' T. 8, 9. 10
Eranji Series

On marine alluvium, end located as nar-
row fringes along the coast and estuaries.
The profile consists of a thin top of friable,
dark greyish brown organic clay with weak
structures, overlying a permanently waterlog-
ged sreanish:froy pticky and structureless
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-
gion this soil is unsuitable for agricultural
development. It is marginally suitable for
controlled forest exploitation and suitable
as forest reserve,

Budua Series

On old beach ridges, which run el
to the present beach. The top soil is loose
asand stained with humus, over. a light
grey to white horizon and in turn o\r-rﬂm
a slightly compacted and cemented iron-humus
horizon. A soil very low in nutrients and
imposing special problems to crop growth,

Bugila Series

This series occurs in assoclation 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 s or loamy sand, in tum
overlying an iron-stained horizon generally
above the water-table, which commonly is
very high, Peat of varying depth occure in
the lowest 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 ranze Crop Group Selection

0% 2% 5, (1), 10a, 10
" 5, (7), 10a, 10£
Organic Clays and Mucks

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-
face horizon exceeding 6 inches and with a
loss on ignition between 20 and 35 percent.
These soile are similar in appearance to
mu.cali, 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
erop group selection is the same as for
Local Alluvium.

Slope range Crop Group Selection

I L (1), 5
After drainage:

0 -2° 2, 3, 4, 5, 6, T, (8), 9, 10
Reat

Peat consists largely of decomgoued
plant material, with a loss on ignition of
above 65 percent. The peat on the east coast

. of the Penggerang area is very acid and gene-
rally sand although areas with heavier tex-
tures occur. There are three depth phases:

shallow (25 to 50 em or 10 to 20 inches of
zeat), moderately deep (50 to 100 cm or 20

o 40 inches of peat) and deep (over 100 om
or 40 inches of peat).

Peat, shallow phase.

Slope range Crop Group Selection
=2 forest reserve, 12

Peat, moderately deep phase.
Slope range Crop Group Selection

D w2 forest reserve, 12
Peat, deep phase.

0-3 foreat reserve, 12

The agricultural potential is very low
due to sand, which underlies the peat over
a majority of the project area, also the
humification is very poor and acldity very
high. In com on with the peats on the
West coast, the Bast coast peats are of a
much poorer quality. (Chapter 6, Soils,
Section 6.2.9). st the peat on the east
coast of the Tanj Penggerang Region is
definitely unsuitable for tree crog:, it is
nevertheless recomm that 1imited crop
and drainage trials be established to exa-
mine whether this area can possibly be used
for annual and semi-peremmial crops.

8.4.3 Land use potential mapping.

The combined information provided the

Soils and Terrain Class Maps has formed the basis
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for the construction of the Land Use Potential
Maps. The accuracy of mapping is therefore largely
dependent upon the accuracy of the Soils and
Terrain Class Maps, The Land Use Potential Maps
vere compiled from the 1:63,360 Soils and Terrain
(lass Maps and no reduction of the Land Use Poten-
tial Maps has been carried out.

For ease of map reading Crop Groups have been
combined to form six main units. These are:

(1) Suitable for annual and semi-perennial
cropa.

(2) Suitable for annual, semi-perennial
and perennial crops.

(3) Suitable for semi-perennial and pere-
nnial crops.

(4) Suitable for peremnial crops.

(5) Suitable for forest under controlled
exploitation with regeneration or for
reserves.

(6) Existing developed land, including
disturbed mining land.

These six units are identified by different
colours on the maps and can be re ed as simple
mapping units., By definition Unit 6 is not a Land
Use Potential unit. Crop groups within these main
units have been identified by their crop group
code (Table 8.1) and mapping units within the main
units indicate where crop group changes occur.

Only the extent to which soil and terrain
conditions will permit any of the crops mentioned
in Table 8.1 to be grown is illustrated on the
land Use Potential maps. Which of them should be
developed, the rate of development and the ulti-
mate scale of any enterprise can only be decided
after an analysis of other constraints, such as
market prospects and the availability of technical
knowledge.
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IENGAH AREA

AT
2/30, B17, MC177, MC178, 35.

BT

7/69.

10

29/67, 1/69.
"

18/63.

¥
60/63, 78/63, 28/68, 22/60, 4/34, 32/68, 18/38,
1449,
1
104/61, 135/61, 1/62, B1/62, 24/67, 31/67, 107/67,
135/67, 37/68, 109/68, 20/64, 139/61, E10, 39/68,
5/67, A459, A257.
Qr
157/67, 53/65, 28/65, 53/66, 168/67, 146/61, 138/60,
. %2/62, 22/60, 18/63, 90/63, 20/64, 91/63, 49/64,
. 37/66, 178/66, 195/66, 88/67, 89/67, 106/67, 127/67,
| 161/67, 12/68, 13/68, 43/68, 72/68, 99/68, 100/68,
' 101/68, 125/68, 147/68, 96/60, 97/60, T1/59, 75/60,
| 4/37, A182, A125, A113, 43/65.
BT
8/61, 25/61, 13/62, 3/62, 57/62, 32/66, T1/66, 231/66,
14/62, 8/62, 25/67, 11/68, 125/68, 110/68, 111/61,
112/61, 170/6%, A359, A142, A154.
st
76/60, ES5.
o

179/68, 232/68, T/39, 194/61.

r

19/63, 96/67, 129/67, 136/67, 121/68, 145/68, 11/61,
162/62, 192/61, 104/66, 1/51, 66/62, 20/66, 104/66,
| 147/66, 7/62, 19/67, 99/67, 123/68, A165.

W

183/55, 18/57, 3/60, 49/67, 12/36, 69/59, 131/60,

| 115/67, A86, A94, A109.

i1

11/53, A69, A43, A366, A2, A12, A49, A53, AS4, A5,
A8, K64, A65, A66, AT1, AB1, A22, A45, ATT.
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TENGAH 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 valuea .25 EPCY
Bedrock type

No pits or boreholes
Average depth

Grade of ore

'Ore' tonnage volume
Overburden depth

Other constituents
Mining application
Principal mineral
Remarks

AT AT BT
5/235 36/23 37/23
B251 B251 B251
MC172 MC166 MC167

67 43
72

1‘%

48

BT BT

38/23 21/68

B251 B15
MC168

48 237

27

17

0.06

WG

BT
17/66
B205

735
37
21

Fil

HT

5/36
A445

1000
76

HT
7/30
A437

45
20

bl
39/68
A459

180
41
22

0.23
22

IT
45/68
A385

0.03

Schist

[ |

Map blocks

Proapecting area no.
Geol. survey file no.
Mining cert. licence mo.
S4ze of area (acres)
Fumber of boreholes
Average depth (Ft)
Average value (KPCY)
Number of values .25 KPCY
Bedrock type

No pits or boreholes
Average depth

Grade or ore

'"Ore' tonnage volume
Overburden depth

Other constituents
Mining application
Principal mineral
Remarks

JT KT KT
40/68 142/68 1/2/36
A380 A380 Ad44

306 210 2680

19
21
il

Clay/Sand

270

Nl

T MT
29/28 50/61
A406 A167

MCT15

1450 725

10 58

28

53/62
A179
MCT767
750
25

16
0,076

Clay

80/63
A237

554
64

15
0.065

we

17/63
A218

750
51

16
0,087

WG

22/60
A205

666
29
30

0.24
17

MT
12/68
A376

400
14

Nil




IENGAH AREA

Map blocks MT MT MT MT MT MT MT MT MT MT
Prospecting area no. 60/68  3/64 15/36  4/67 28/61 26/66 11/67 23/67 1/68 37/68
Geol. survey file no. A3T6 A229 A1 A34T7 A168 A299 A307 A311 A343 AT
Mining cert., licence no. MCT767

Size of area (acres) 50 650 360 140 T2 500 730 295 300
Fumber of boreholes 3 30 300 50 52 56 84 193 48 61
Average depth (F1i) 24 16 Nil Trace 28 13 17 13 20 18 18
Average value (KPCY) Nil 0.24 0.07 0.036 0.19 N1 0.09 Fil  0.04
Fumber of values .25 KPCY 18 1 19 1 Nil
Bedrock type Kong W.Schist Clay G G G wG G
Fo pits or boreholes

Average depth

Grade of ore

'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral

Remarks Southern Estimate lnti-tc,

area sel- ‘015 6.6'

ected for nl.ll" oo

PT PT PT

Map blocks MT MT MT MT MT PT PT
Prospecting area no. 23/40  4/51 199/61 103/61 48/61 127/61 46/64 67/64 115/68 131/61
Geol, survey file mo. A33 c4 B10 BT B E8  A257 Bi2 AT AT
Mining cert. licence no.
3ize of area (acres) 2000 750 600 T50 110 630 3: Sf: ?;:
lumber of boreholes 69 99 24 43 g :: 2: a b 2
Average depth (Ft) 13 17 26
Average value (KPCY) Nil Trace Fil 0.0026 Fil 0.028 N1 Ni1  0.083
Fumber of vajues .25 KPCY 5 " & < “
Bedrock type Clay G we

Ho pits or boreholes
Average depth

brade of ore

"Ore tonnage volume
Overburden depth
Other constituents
Mning application

:““‘ﬁipal nineral Pe %
potential wn
--'_-——

=45 e



TENGAH AREA

Map blocks PT PT PT PT PT PT QT QT Qr QT
Prospecting area no. 40/63 66/61 89/60 B1/63 37/64 15/65 9T1/59 43/66 46/66 128/66
Geol. survey file no. A214 A140 4120 A234 A245 A270 A138 A308 A2T2 A282
Mining cert. licence no. MC698 ﬁ% MLO1516 MCT786 MC468 MCT97
MCB03
MCB804
Size of area (acres) 750 650 750 750 750 450 350 480 400 750
Number of boreholes 40 40 18 T 139 61 30 76 44
Average depth (Ft) 15 33.9 26 18 15 23 19 29 19
‘.m value (m!) Nil 0.033 Fil 0.116 0.303 0032 0.1 0.24 il
Number of values .25 KPCY 25 14 58 37 13 30
Bedrock type Clay wG e} Kong  Clay Kong Clay L[
No pits or boreholes |
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks
Map blocks QT QT QT Qr QT QT QT QT QT Qr
Prospecting area no. 57/67 146/61 17/69 42/63 143/60 13/63 19/63 17/64 54/64 18/64
Geol. survey file no. A341 A182  A464 A222 A132  A221 A247 A224 A240 A238
Mining cert, licence no. MC729 MC68BO MCTiT
Size of area (acres) 220 542 350 400 750 284 750 480 350 740
Fumber of boreholes 57 89 133 37 59 39 26 53 114 96
Average depth (Ft) 13 20 21 21 19 16 17 14 17 26
Average value (EPCY) 0.005 0.118 0.26 0.8 0,36 0.19 0.016 0.09 0,21 0.26
Number of values ,25 KPCY 19 84 12 32 5 1 8 29 48
Bedrock type Vo Clay Clay Clay L[ G White sand Clay WG  Clay
No pits or boreholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks Lﬁg‘ lcrthnrn ﬂouth»rn
loloctod
lcloct.d for mining.
for mining.
e




IENGAH AREA

Map blocks QT QT QT QT QT Qr QT QT qQr RT
Prospecting area no. 16/66  146/66 150/68 216/68 218/68 3/41 18/60 171/60 3/33 141/59
Geol. survey file no. A259 A287 A374 A388 A378 A38 A110 AN A155
Mining cert. licence no. M2655 MC
v 5
8ize of area (acres) 288 4 580 215 609 750
Fumber of boreholes 23 87 16 64 24 170 67 17
Average depth (Ft) 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
Humber of values .25 KPCY 52 2 23 7 10
Befrock type Kong Kong Kong WG we we ve Clay
Fo pite or boreholes 32
Average depth 8
Orad 38.5%
e of ore o
'Ore' tonnage volume
Overburden depth
Other constituents Sn 0p
Mining application
Principal mineral Pe
Below com-
i mercial grade.
Fap blocks RT RT RT RT RT RT RT RT RT RT
Prospecting area mo. 41/63 12/65 B/62 45/64 18/66 60/65 1/66 59/68 57/68 36/68
Geol, survey file no. A216 A249 A213 A230 B192 A290 A265 A3T5 A361  A358
Mining cert, licence.no. MT19  MCT60 ﬁ% MC700
8ize or area (acres) 500 380 650 7588 200 600 151 700 220 622
' 140 -
Tmbor of boreholes 90 85 75 ﬁ 42 214 48 2 &
19 16, 13 19 17
Average depth (Ft) 24 14 23 15, 15 24 19
l“ng. value (KPCY) 0,31 0.30 0.26 8-§ 0.3 0.07 0.19 ?051 Nil Trace 0.03
1 3
Tumber of values .25 KPCY 56 25 4 25 3 27 16
Bedrock type Clay W  Clay Wilo sliy Ve Ring . Nhacde¥ Sney O

%o pits or boreholes
Average depth
® of ore
'Ore! tonnage volume
Overburden depth
oonstituents
*ning app1scation

Principal mineral

———
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ZENGAH AREA

Map blocks RT RT RT RT RT RT RT ST T Lo
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 A% ABO A226 igzg A289 A195 BS AT A1T70
Mining cert. licence no. MCTi18 MC662 MC614
Size of area (acrea) 658 152 1?8 178 T30 740
Fumber of boreholes 31, 14, 69 137 14 32, 40 220 9% 43 42
Average depth (Ft) 19, 20, 19 12 19 12, 16 23 14 22 12
Average value (KPCY) 0.28, 0.34 0.055 0.05 0.13 0.08 0.116 0.12 il
0.22 0.18

Number of values .25 KPCY 16, 11, = 2 2y 10 18 21 5
Bedrock type ¥G W, Eong Ve Eong Clay 3 (1
No pits or boreholes
Average depth
Grade of ore
‘Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
s o Lo
Map blocks by or T uT uT uT uT uT ur ur
Prospecting area no. 90/61 91/61 195/61 125/61 137/60 142/60 32/61 36/61 121/61 147/61
Geol. survey file no. A172 A1T74 A166 A156 A130  A128 A187 A139  A145 A146
Mining cert. licence no.
Size of area (acres) 694 400 600 750 T50 750 450 620 350 750
Number of boreholes 50 " 9 22 56 39 15 14
Average depth (Pt) 13 14 8 17 23 20 33 26
Average value (EPCY) 0.08 Nil Trace Traces Nil 0.08 §il
Fumber of values .25 KPCY 3 2
Bedrock type Clay G Schist Clay e
No pite 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

Map blocks VT vr VT vr VT vr vr vr wT wT
Prospecting area mo. 75/63 238/66 B86/66  9/66 211/66 35/64 14/6T 155/68  4/69 6/69
Geol. survey file no. A130 A306 A278 A268 A309 A226 A344 A368 A389 A393
Mining cert. licence no. MCT18
Size of area (acres) 750 T40 750 645 350 450 680 T50 680 150
Fumber of boreholes 56 44 29 94 35 79 50 58 40 22
Average depth (Ft) 23 14 19 20 18 15 24 19 20 22
Humber of values .25 EPCY 0.01 25 9 9
Bedrock type VG VG Eong we Clay Kong Clay Clay Clay
No pits or borsholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other conetituents
Mining application
Principal mineral
Remarks
Map blocks WT wT WT wT ¥T wT Dp Dp Dp Dp
Prospecting area no. 29/60 29/62 23/64 1/64 T9/61 30/60 5/60 32/61  1/67 158/67
Ge0l. survey file mo. A115  A184  A231  A219 A153  A136  A129  A187  A318 A329
Mning cert. 1icence no.
8ize of area (acres) 550 300 350 520 550 485 450 500 280
Ruber of boreholes 58 7 W R W 40 #“ 127 19 18
Average depth (P¢) 20 25 19 13 18 25 37 2 19 38
Iverage value (KPCY) Traces 0,362 0.03 0,57 Nl  0.04 Trace °-';: -
Nunber K 82
"‘m::r:lm. i Vo c:z Kong Clay laterite WG V.Schist V.Schist Clay Kong
o pits or boreholes
Average depth

¢ of ore
'Ore' tonnage volume

en depth
Other oonstituents
application

ipal mineral
Remaricy
e ——




IENGAH AREA

Map blocks Dp Dp s Xr XT WT WT RT
Prospecting area no. 164/68 173/66  6/55 31/55 T4/60 183/55 78/57 114/61
Geol, survey file mo. A369 A312 AT9 ABT A135 AB6 A94 A162
Mining cert. licence no. MC615 MCB21

Mmca22
Size of area (acres) 80 280 820 250 335
Number of boreholes 24 60 23 30 29 10
Average depth (Ft) 35 14 28 40 ;g 1
Average value (KPCY) 0.06 0.06 Nil 0.56 8.332 0.1
Number of values .25 KPCY 1 3
Bedrock type Kong Clay WG Clay We
No pits or boreholes 16 21
Average depth 15 20
Grade of ore 60%

?.203

'Ore' tonnage volume 1.5 M tons
Overburden depth :
T22k Ha’

Other constituents
Mining application
Principal material Fe

3 H Values
A mc:ﬁod .

WL



PENGGERANG REGION

A'P

61/65, 46/60, 60/60, 72/60, 136/60, 102/66, 5/61,
126/66, 140/66, 172/66, 3/67, ?/67, 118/67, 156/67,
103/56.

AP

10/59, 207/60, 5/63, 59/65, 22/67, 24/67, 67/69,
67/68, 10/29, 60/65, 45/66, A174, A201, A362,

B'P

193/66, 39/67, 159/68, 59/58.

BP

61/58, 60/58, 62/58, 66/58, 160/61, 161/61, 131/66,
187/66, 239/66, 41/67, 18/67, 67/67, 95/67, 148/67,
55/68, T3/68, 119/68, 99/59, A173.

CaP

116/60, 193/61.

CP

210/66, 3/34, 3/39, 40/55, 35/55, 48/65.

DP _

/62, 235/66, 18/39, 403/49, 1/51, 3/51, 1/52, /51,
/53, 5/52, 2/53, ?/53, 43/62, 68/62, A214, A23, AS3,
A52, A56, A60, A61, A64, A65, AT3, A68, A116.

EP

7/63, 66/64, 57/66, 7T8/66, 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.

op
3/63, 21/67, 5/29, 3/30, 1/35, 2/33, 82/62, 44/63, 71/66,
C11, A428, ML358, ML319, ML381, ML322, ML323, ML324.

PP

197/66, 189/68, 194/68, 157/68, 117/61, 138/67, 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, 17/67, 33/67, 68/67, 166/6T, 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.

up

45/68, 20/68, 8/30, A384, A438B.

122/66, 145/66, 208/66, 113/67, 132/67, 133/67, 34/68, v

41/68, 14/68, 86/68, 200/66, A296.

P

246/66, 66/67, 183/61, 10/62, 33/62, 10/6T,
ap :

214/67, 10/56, 4/57, A92.

HP

1/62, 139/67, 6/39, 13/39, 3/49, 8/54, 1/54, 47/60,

:efso. 87/60, 76/63, A21, A22, A45, AT6, ATT, A121,
122,

Ir

%5/66, 125/66, 127/66, 204/66, 206/66. 217/66, 85/67,

97:;53. 124/68, 122/68, 149/68, 42/61, 98/59. 21/40,
62,

P

21/64, 57/66, 206/66, 60/67, 195/67, 178/61, 152/68,
208/68,

p

21/68, 217/68, 226/68, 29/54, 201/66, 3/68, 56/66,
u7/66, a78, A298.

Lp

::/61. 34/67, 58/67, 405/68, 2/52, 3/52, 4/45, 29/54,
Sf::' 405/68, 109/60, 115/60, 119/60, 75/60, 18/62,
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139/60, 2/61, 212/66, 9/67, 63/67, 151/61, 163/67, 165/67,
A150, 56/68, 146/68, 163/68, 209/68, 14/66, 125/62, A260.
W

161/68, 1/52, 91/62, 117/62, 132/62, 1/30, 6/49, 9/53,
12/58, 62/60, 51/61, 7/63, A6T, A6, AST, AG6.

Y

28/67, 32/67, 60/68, 62/68, 233/68, 80/62, 48/64, 13/58,
A320, A376.

b/

Anl



ZENGGERANG REGION

Map blocks A'P AP A'P A'P A'P A'P AP A'P A'P A'P
Prospecting area no. 33/63 9/65 20/66 T1/59 55/62 11/58 5/63 6/63 104/56 92/50
Geol. survey file no. A206 A263 A2T1 A148 A183 A359 A201 A202 A93  A107
Mining cert. licence no. 423 798 327 766
Size of area (acres) 750 747 620 950  T40 250 750 750 200
Fumber of boreholes 88 55 34 84 31 40 82
Average depth (P¢) 14 23 22 21 28 31 31
Average value (KPCY) 0.23 Nil 0.14 0.405 N1 Nil Trace
Number of values .25 KPCY 38 - 9 55 - il Nil
Bedrock type WG - WG L[] we Clay ]
No pits or boreholes 83 107
Average depth 15 15
Grade or ore 65%
'Ore' tonnage volume
Overburden depth
Other constituents p=0.11
a=0.
gn-0.0f
Mining application
Principal mineral Pe Fe Fe
Remarks H tin Low e Low grade
values per- e Fe
mit area deposit deposit
extended.
Map blocks AP AP AP AP AP AP B'P BP BP P
Prospecting area no. 33/67 36/67 37/61  5/63 5/30 11/30  19/62 64/58 94/60 35/61
Geol. survey file no. A330 A353 A356 A212 A435 A432 A185 A104 Al144 A32
Mining cert. licence no.
Size of area (acres) 300 332 367 650 15 750 135 72
Number of boreholes 25 30 25 7 116 176 6 18
Average depth (Ft) 36 27 28 30 1 8 2
Average value (KPCY) 0.03 0,003 0.01 0.04 Nil Traces
Number of values .25 Kpey - - - 13
Bedrock type Clay Clay WG WS Wi
No pits or boreholes 41
Average depth 41
Grade of ore
'Ore' tonmnage volume
Overburden depth
Other constituents
Mining application
Principal mineral Fe Fe
Remarks No analyses
-5




PENGGERANG REGION

Map blocks czp cP P op Dp P op EP EP BP
Prospecting area no. 61/60  3/39  5/60 26/67 2/29 121/62 B1/66 100/66 179/66 23/67
Fecl. survey file no. D159 A450 A129 A327 A4 A196 A2T7 A279 4302 A314
Mining cert. licence no.
Size of area (acres) 350 485 340 1000 750 700 750 750 750
Humber 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 N1l 0.01 0.03 Fil & Fi1 &
Trace Trace
Number of values .25 EPCY Nil
Bedrock type WG Kong | [ WG e
fo pits or boreholes 182
Average depth T
Grade of ore T 3
’ yds
] 1
Ore' tonnage volume T"é*ﬂ:3
Overburden depth
Other constituents
Mining application
Principal mineral Pe
Remarks Dauvi Iron Mine
workable deposit
of low grade material
¥ap blocks EP EP EP BP EP FP HP HP HP HP
Prospecting area no. 110/67 192/66 174/66 199/66 203/66 214/66 29/65  2/68 182/68 2/38
Ge0l. survey file no. A335  A300  A313  A373  A301  A304  A251  A370  M456  A455
Mining cert. licence no.
Size of area (acres) 640 750 748 750 610 750 300 "1 5%0
Fumber of boreholes 17 34 42 17 34 16 = L, 3 69
kverage depth (Ft) 23 18 16 13 14 16 30 15 37 35
Average value (KPCY) griio : 0.0% 0.05 Traces 0,069 ﬁcf Nil 0.32 0.24 Traces
Fusber of values .25 KPCY 3 19 3
Bedrock type Red Block Weathered later- W3 WO ve oy s |
Clay Sand Schist ite
%o pits or borenoles
Average depth
Grade of ore
'Ore' tommage volume
Werburden depth

Other constituents
¥ining application
rincipal mineral
Remarkg

———
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PENGGERANG REGION

Map blocks HP HP HP HP HP HP HP HP HP HP
Prospecting area no, 17/53  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 A180 A169 A181 A336 A232
Mining cert. licence no. ML466
Size of area (acres) 230 1250 899 500 200 750 63 650
Number of boreholes 40 21 29 112 36 27 38 48 15
Average depth (Pt) 1 19 18 23 16 14 14 16 14
Average value (KPCY) 0.5 Trace 0.03 0.02 0.18 0.01 Ni1l  0.05
Number of values .25 KPCY 18 1 1 4 1
Bedrock type (] Clay F &8 WG Clay WG Clay
ore
o pits or boreholes 26
Average depth 61
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral Fe
Remarks High en
value re-
corded in
area.
Map blocks HP HP HP IP IP IP Ir Ir IP IP
Prospecting area no. 24/65 17/66 41/66 132/66 98/66 175/66 152/67 T5/68 54/69 12/30
Geol. survey file no. A266 A267 D242 A340 A281 A322 A333 A% A463 A414
Mining cert. licence no. Mc824 MC826 MC292
MCB25 Mcs27
Mc8a28
MC829
Size of area (acres) 480 642 150 370 750 720 680 692 25,&1?
Number of boreholes 34 53 21 32 92 23 13 35 23& 22 247
Average depth (Ft) 16 15 8 14 12 16 19 13 Ha :2
Average value (KPCY) 0,004 0.21 0,08 0.23 0.27 Traces 0.38 0.175 00;%
0.15
Number of values .25 EKPCY 16 2 7 54 12 2
Bedrock type Yellow-grey Clay G Kong Clay WG WG Kong e
No pite or boreholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other conatituents
Mining application
Principal mineral
Remarks Only small 58 acres contains
prospected gelected 0.17 Kpey
6467 pikuls.
et
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PENGGERANG REGION

Map blocks IP IP Ir IP Ir JP JP JP JP JP
Prospecting area no, 13/29 118/68 47/67 13/40 142/62 2/65 23/65 123/66 3/39 4/39
Geol. survey file no. A386 A357 A454 A294 4250 A256 A293 A19 A20
Mining cert. licence no. %44:%
8ize of area (acres) 610 T30 750 620 ToO T20 150 150
Mumber of boreholes 30 50 25 70 24 56 T 17 43
Average depth (Pt) 15 20 13 17 25 19 12 38 14
Average value (KPCY) § 0,08 Traces Traces 0.023 0.22 Traces 0.25
Fumber of values .25 EPCY 34 10
Bedrock type Sandy- Sandy- va V6  Eong ve ¥o
Clay Clay

¥o pite or boreholes
Average depth
Grade of ore
'Ore' tonnage volume
Overburden depth
Other constituents
Mining application
Principal mineral
Remarks
Kap blocks JP JP JP JP A b 2 P P P P
Prospecting area mno. 740 47/61 38/63 44/68 32/61  B/55  3/63 244/66 245/66 9/29
Geol. survey file mo, 429 A4 A199 A352 A320 AB3 11 c13 c14 ’;41;
Mning cert. licence no.
8ize of area (acres) 320 150 243 400 600 300 55 750 340
Tmber of boreholes 23 14 51 s 24 5 4 49
Average depth (Pt) 19 23 16 2 4 40 & ” 3
Average value (EFCY) 0.04 0.408 0.13 0,23 F1 :ﬂ O-fl 0.03

. 1 12 1 12
Humber o:,:mn 25 KPCY ! s e e e
o pits or boreholes
Iverage depth
Grade of ore

'Ore' tonnage volume
Overburden depth
Other gonstituenta
¥ining applieation
Principal mineral
l..m

e ——



PENGGERANG REGION

Map blocks . MP MP MP MP oP oP PP PP PP PP
Prospecting area no. 230/68 165/68 219/68  3/70 245/66 244/66 225/66 65/67 127/6T 199/68
Geol. survey file no. ~ A392 A363 A3T9 A466 Cci14 ci13 A310 A328 A%32  A364
Mining cert. licence no. MCB45 MC844
Size of area (acres) 360 722 600 680 340 750 7217 460 350 443
Number of boreholes 34 90 30 66 21
Average depth (Ft) 3 20 19 24 15
Average value (KPCY) 0.03 0.03 Nil Fil-
Trace
Fumber of values .25 KPCY 14
Bedrock type Clay Clay Kong Sand-
Clay
No pits or boreholes 23 66 1M
Average depth 9
Grade or ore 49.4 55,05 53.86
Alp03 Al0% Al150%
'Ore' tonnage volume 463K£47 142,535
Overburden depth
Other constituents 8102-8% 5102-4.70%
Pep038% Fep03-12.14%
Mining application
Principal mineral A1 Al
Remarks Ramunia Bauxite Ramunia
Bauxite
Map blocks QP QP QP QP 8P SF SP 3p TP 7
Prospecting area no. 2/67 131/67 65/68 36/69 143/67 1/57 2/57 43/60 55/67 2/68
Geol. survey file no. A346 A337 A362 A46T A48 A102 A114 A317  A350
Mining cert. licence mno. MC628 MO629
Size of area (acres) T00 650 750 T20 150 200 3000 750 540
Humber of boreholes 15 54 85 62 67 26 36
Average depth (Ft) 14 17 24 32 18 17 117
Average value (KPCY) Fil Nil Ni1 Rl Nil N4l EQ
Number of values .25 EPCY Nil
Bedrock type Clay Sand + Clay Sand + W.Shale
Clay Clay
No pits or boreholes ﬁ 4 6 7
Average depth A1203-30%
Grade of ore 55 53
'Ore' tonnage volume
Overburden depth
Other constituente
Mining application
Principal mineral Al Fe Fe A1 - en
Remarks Pukit Bukit Bauxite
Penawar Twatow trace-
tin-nil
——

- T4 -




IENGGERANG REGION

¥ap blocks TP TP P P uP P 1):4 (1) 3 P op
Prospecting area no. 36/67 36/65 4/60 T1/59 2/63 20/61 22/68 25/68 15/68 151/60
geol. survey file no. A319 A91 A106 A125 A198  A149 A38T A390  A383 A126
Mining cert. licence no. MC624
 §ize of area (acres) 700 980 750 2447 60 390 278 600 800
Fumber of boreholes 23 16 65 42 T2
Average depth (Pt) 18 34 15 33 29 31
Average value (KPCY) Nil Fil  0.06 0.06 0.04 0.01
Fumber of values .25 KPCY Hi1 1 1
Bedrock ¢ n‘:iol:lﬂc Clay Clay Kong Eong
I Voleanic
o pite or boreholes 221 50 58
iverage depth 12
Grade of ore 55.34% 53%
41203 A129%
'0re' tonnage volume %m:. m 3
Overburden depth
Other constituents 3102-5%
Peo205-9%
Kining application
Principal mineral Fe At M A1
Mined & Ramunia
i) workout
¥ap blocks P 1) P upP v v v v v v
Prospecting area no. 33/235 21/29 23/48 47/59 88/59  3/60 28/60 49/60  3/61 3/60
feol, survey file no. A160 A418 Ad4 A101 A105 A109 A112 A119 A124 A108
Mning cert. licence no. MC163 MI480 ML248 MC591 M0609
fumber of boreholes 50 34 T2 15 108
iverage depth (Ft) 11 15 33 67 17
lverage value (KPCY) 0.26  0.49 Bl 0.33
humber of values .25 KPCY 10 40 21
Bedrock type Clay » i q 79 6
¥ pits or boreholes 25; 1; P
iverage depth
SB% 54% 35%
trade of ore 52;:3; A1205  A105 A0y
'0re' tonnage volume m w
Overburden depth 8
fe 102-13%
Other constituents $10p-7-47 5% Pe203-70%
Ynining application M A A1 At
ipal mineral ¥o
Romaryg Bauxite
ore
grade
————

=-T5 -



PENGGERANG REGION

Map blocks v v v v v v v v v v
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. A1T6 A158 A204 A211 A223 A345 A260 A283 A2T74 A339
Mining cert. licence no. MC635
Size of area (acres) 80 80 260 118 100 196 40 500 210 250
Number of boreholes 12 32 16 . 3 104 38 33
Average depth (Ft) 19 15 20 19 12 2% 21
Average value (KPCY) Fil 0.37 0.126 0.104 0.12 Trace 0.22
Number of values .25 EKPCY W. Tuff 1 2 1 17 Nil 13
Bedrock type Limoni~ L[] Eong Sand-
tised Clay
shale
No pite or boreholes 34 26
Average depth 7 9
Grade of ore 54% 54%
A1203  A1203
'Ore' tonnage volume m
Overburden depth
Other constituents §1029%
Pop035%
Mining application
Principal mineral A1l Al
Remarks Ramunia Some High
Values shown
Anglo-Malayan
Development Ltd.
Map blocks v v v v v v v w X X
Prospecting area no. 54/67 20/68 244/68 34/69 34/65 28/67 145/67 49/61 157/61 33/30
Geol. survey file no. A305 A384 A462 A394 A326 A349 A355 A297 A164 A4
Mining cert. licence no. ML4TI
Size of area (acres) 132 323 67, 235 40 270 106 600 240 38
Number of boreholes 46 48, 53 25 17 81 35 55
Average depth (Ft) 36 19, 19 13 33 22 37 %
Average value (EPCY) 0.06 g:gg 0.25 N1l ;’1&0. 1 ml
Fumber of values .25 EPCY 1 35 15
Bedrock type Eong  Kong Clay  Kong Clay
No pits or boreholes 3
Average depth 8
Grade of ore zgo;
"Ore' tonnage volume 5
Overburden depth
Other constituents
Mining application
Principal mineral A A1
—

- 76




PENGGERANG REGION

¥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  60/62 133/62
Geol, survey file no. A51 A50 A96 A103 A161 A13T  A165 A189 A203
Mining cert. licence no. ML511 MC619 MC4T6
Size of area (acres) 231 273 650 750 150 90 470 37
Fumber of borsholes 32 18
Average depth (Ft) 28 39
Average value (KPCY) Fil 0.006
Fumber of values .25 EPCY
Bedrock ¢ Clay Clay WG Bauxite

o Alluvial
Fo pits or boreholes 5 82 82 13 99 25
Average depth 5 9 5 8 43 1
Grade of ore 40% 57% Belected 55% 56% 58. 6%

A1305 A1203m area A1203 A1203 A1205
'Ore' tonnage volume 188K tong 18K tons ZEZEPH. 212*;“‘ .‘ll.%}.m
Overburden depth
Other constituents S102-11%
Fep03~ 3%
¥ining application
Prineipal mineral A1 A1 A1 AL A1 A1 A1
Re No com-
e mercial value lni.‘tﬁa

¥ap blocks : Y Y T X T Y Y T Y
Prospecting area no. 6/63 23/63 62/63 B3/63 6/64 203/64 25/65 6/65 1/66 22/66
feol. survey file no. A202 A197 A220 B151 A241 A163 A254 A246 A252 A2T5
Mining cert. licence no. ML4T8
Size of area (acres) 50 134 296 94 110 272 67 22 191
funber of boreholes 57 24 64 18 127
kverage depth (Ft) 37 22 8 60 47
kverage value (KPCY) 0.185 Fi1 0,03 0.004 0.31
Fumber values .25 KPCY 15 16 94
Bedrock type WG Clay Clay W.Clay ¥.Clay Clay Schist
No pits or boreholes 107 ;7; 32 5:
Average depth
rade of . 4% 55% 44.31% 56%

iz T A1203 A12035 A1205 A1203
'Ore' tonnage volume 16! 5t M B 18
Overburden depth
Other constituents 9402~13F 8102-14.2%

Fo,05-18% Po,05-18,37%
M
Pﬁhmn u;zplm::::i;a Pe Al Al Al Al
8

Remarks Insufficient Ore & 8.E.AB.Ltd. u:o':lcg.

unmarketable grade

—



PENGGERANG REGION

Map blocks

Prospecting area no.
Geol. survey file no.
Mining cert. licence no.
Size or area (acres)
Number of boreholes
Average depth (Pt)
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

104/67
A338

270
49
15

0.22
14

23/48
ML248

T2
32
0.51
38

s 4 T
47/64 2/63
B170 A198
630 2447
17:: 45
15
0.237
13
55%
l.-1|203
8102~ 9%
hzO,- 9%
AL

12/58
A96

131

51
4"

38%
A1203

8102~ 36%
Fo 05~ 4%

Some high value




PART 1II

APPENDIX B

PRODUCTION OF INDIVIDUAL MINES AND AVERAGE LABOUR FORCE
1966 - 69



1
5 965 1966 1967 1968 1969 b
Output Staff Output Staff Output Staff Output Staff Output Staff
148  Poh Nyen Tin Mine 860 32 677 32 197 ¢
152 Pelepah Kanan Mining Co. 3141 165 6741 - 6074 186 6421 182 6627
159 X280 Cheong Kongsi Ko.2 860 27 580 26 aTe 29 540 21 508 Closed
161  Wai Fong Kongsi Mine No.2 1019 24 754 28 - 26 403 =
166 %%:.T?’glhﬂing Tin Mg. Co. 8935 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 76 =
185 Chee Nam Kongsi No.1 686 135 124 -
187 gl;f: Heng Loong Mine Co. 986 25 556 25 508 26 3635 - 489
T aSpesmeeamtBod - ga TR M B ewoae o sae® P atig
191  Chong EKhoon Iai Tin Mine 330 19 216 =~
192 Pelepah Kanan Mining Ltd.
No.2 1134 =
193 Zoong Hing loong Tin Mining 873 45 805 35 1448 43 1666
195 Yik Kee Tin Mine 562 17 4“5 -
196 Eng Ewai Tin Mine No.2 585 28 541 28 405 28 421 27 Closed
201 Jars Meas Toomg BAmineUOISisths ot v (000 00y it 0Bt NP 2 386
202 Yap Chee Nan Kongsi No.2 18 8 346 33 69 -
203 %:l:fkil Mining Sydn, Ltd. 1638 45 1807 45 1297 15 1720 41 1273
206 Jongkil Mining Symd. IM. 00 w2 242 32 1182 40 1568 S8 1273
208 Seng Mining Co. Mine No.1 406 24 665 24 799 24 1184 30 238
220 Seng Mining Co. Mine No.2 1203 25 M 25 846 25 1249 32 1172
224 Seng Mining Co. Mine No.3 917 24 368 24 865 24 1249 32 7
209 Wai Pong Kongsi Mine No.1 264 28 725 32 267 18 643 39
228 Wal Fong Kongsi Mine No.3 627 30 1022 41 1504 30
230 giig.n?“,.g.ellty Co. Ltd. 338 - 311 25 62 -
235 Meng Wah Tin Mine R e
236  Pelepah Kiri Mining Co. |- -
240  Bng Ewai Tin Mine No.3 490 34 657 34 324 24 246 -
241 Tengkil Mining Sdn. No.3 2373 28 1552 28 1681 37 1394 30 864
242 Yuen Wan Loong Tin Mine Ltd. 621 §3.- =
252  Foh Woh Tin Mine 258 29 861 30 ™ 26 1117 26 5‘3 :
253  Chye Heng Ioong Mine No.3 269 - 374 15 466 18 ;ro: 30 losed
255 Sin Kian Huat Mining Co. Ltd, 434 22 1376 26 32 - 5
1311 3 984 33 842 34 991
257 Seng Mining Co, Mine No.4 592 24
88 24 492 24 362 18 302
258 Ngee Semg Tin Mining Co. 373 26 3
%60 Ting Soon Tin Mine 570 28 628 28 g
262 Loong Cheong Kongsi No.2 12 21 600 26 633 29 248 - ] Closed
Mine HOOB



¢ Fo. ik 1965 1966 1967 1968 1969 R
Output Staff Output Staff Output Staff Output Staff Output Staff

263 Berjaya Sharikat Lombong 258 =

270 Eng Ewai Tin Mine No.4 354 31 656 28 319 22 21 -

271 Johore Tin Mining Co. 3% 2% o Il 2 -

274 Hoe Peng Tin Mining Co. T 482 30 T42 - 516 22 34 - Closed
277 Tengkil Mining S5dn. Ro.4 289 21 1913 22 1657 33 1530 28 1089 -

W Sy enagrans Co. Ltd. 620 32 &5 - 706 29 Closed
288 Sharikat Lombong Bersatu 147 22 207 =

290 TYik Kee Tin Mine Fo.3 51 -

291 VWong Teng Heng Tin Mine 302 =

292 Kim Say Tin Mining Co. Ltd. 416 38 904 36 1267 38 1002 -

297 Pow Seng Tin Mines 172 32 624 23 1060 23 497 -

298 Wai Fong Eongsi Mine No.4 177 -

300 Lombong Tin Mining Co. Ltd. 100 28 226 29 T20 - 870 -

304 Seng Mining Co. Fo.5 99 22 879 =~

305 Thien Foong Mining Co. 142 28 61 -

306 Yuen Choy Tin Mine Co. 349 16 287 =

307 Eng Ewai Tin Mine No.5 140 20 627 20 173 -

309 ig_‘::’jz‘*““ Mining Co. 1 24 486 31 609 24 325 - Closed
312 Hock Hin Tin Mining Co. Ltd. 108 20 286 20 552 20 2686 -

313 94in Yek Kee Tin Mine No.1 293 17 447 20 831 26 614 =~ Closed
314 84in Yik Kee Tin Mine ¥o.3 29 26 30 -

%17 Tung Soon Mining Co. No.2 444 28 645 30 172 -

%518 Heng Lee Sisek Tin Mine 16 17 181 - T4 31 T47T -

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 -

%27 Johore Bahru Mining Sdn.Bhd. 507 37 1230 35 707 =

329 o.l;xz Hing Ling Hak Kee Mg.Co. 376 22 250 =~

%32 Chye Seng Tin Mining Co. 276 28 453 42 340 -

333 Soon Brothers Tin Mining Co. 295 16 362 23 4 -

438 Johore Tin Mining Sdn. Bhd. 173 45 220 33 606 - Closed
340 Hup Seng Kung Mining Sdn.Bhd. 296 26 275 = Closed
342 Ngee Seng Tin Mining Sdn.Bhd. 20 1097 28 932 -

53 RN St 821 26 1517 -

350 Hup Seng Mining 48 =

353 iﬁ.“-:?;’““ Mining Co. 269 22 327 -  Closed
%56 Poh Nyen Mining Dev. Co. 208 32 381 - Closed
357 m: g:::g Tin Mining Sdn. 87 -

o~ e S 93 17 19 -  Closed
362 Ka Chong, Tin Mining Sdn.Bhd, 652 =

368 Wofong Minihg Sdn. Bhd. No.2 58 = Closed
371  Thian Pow Tin Mining e 2




& n 1965 1966 1967 1968 1969 Saan s
Output Staff Output Staff Output Staff Output Staff Output Staff
377 Seng Hin Tin Mine 27
2 Kota Tinggi Min
" Sgn. Bhd. ks 700 = 10550 12 Iron
674 Sin Kian Huat Mining
Co. Ltd. No.t
727 Eng Ewai Tin Mine
Sdn. Bhd.
766 Sharikat Metal Mining Co. 2800 - 4995 13 Iron
652 CHNGIERS Tewvns Owas 30181 63 84086 67 Iron
579 Tai Oon Kian Bauxite Mine 53504 - Bauxite
Ramunia Bauxite Ltd. 190957 165 88886 129 276737 128 387257 128 412680 Bauxite
467 S.E.,A. Bauxite Ltd. 488287 175 667863 201 505906 209 391789 226 643388 Bauxite
Beak Too Seang B.R.JAL. © user - 101965 (WS = A < Bauxite
661 Sungei Rengit Mining 19531 11 20,256 10 Bauxite
603 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) B43172 392 976016 424 885389 337 786042 354 1056068

Note:

Bauxite and Iron quantities are in tons,
tin is in piculs.

-81 -






PART II  APPENDIX C

TIME FOR PROSPEC
JOHOR TENGAH
. Map Ref, Future Land Desirable Priorities Desirable Prioritie
~ Number Location Use For Prospecting If Mined 4 g{m.d
land Use
1 3. SEBOL Agriculture Now
2 Section of S.SAYONG & As poon as possible Iand mined
some small tributaries Agriculture Now after results of will, for nﬂ“
prospects practical pur-
3 Part of S.CHENAS system Agriculture Within 3 years poses, become
4 Upper reaches of S.JENGELI Agriculture Within 5 years ::E nt:;' vi.uibtz
5 Lower reaches of S.JENGELI Agriculture Now m:‘{g 23_
mion of treat-
ment costs.
6 Upper reaches of S.LINGGIU Catchment area Now Should mined Will affect
& Reservoir out by 1977 quality of water
with possible
escalation of
treatment costs
IARJONG PENGGERANG
¥ap Ref. Future Iand Desirable Priorities Desirable Priorities Effect on
Number Location Use For Prospecting If Mined Racol?:ndod
IAnd. {-]

S. CHEMANGAR and
Upper 8. LEBAM

Upper reaches of 8.
PAPAN & S. PAPAN KECHIL

U
S

r reaches of 8.
ILI KECHIL

Headwaters of 3. PANTI

Catchment Area
Reservoir & Now
Water Works

Agriculture &

Possible alter- Now
native source

for water

supplies

Agriculture &

possible alter- Within 3 years
native source

for water

supplies

Agriculture Within 5 years

Should be mined
out by 1977

Should be mined
out by 1977

Small area - should

be mined out by
1975

area - should

Small
be mined out by
1977

As for (6) above

land mined over
will

poses, become
atnrii-. Quality
ofwater will be
affected with
ossible eaca-

tion of treat-
ment costs.

land mined over
will, for all
practical pur-
poses become
aterile.
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OQVERBURDEN sondsione boulders, sol ,clay, efc...

DOHOL METASEDIMENTS OVERLYING LIMESTONE sitstones, sandy mudstones efc...

UPPER SUMALAYANG LIMESTONE medium grey, pols grey to almos! white , massive limestones.

LOWER SUMALAYANG LIMESTONE block dium grey, bedded limestones with argill portings

DOMOL METASEDIMENTS BELOW LIMESTONE _dark grey fo black indurted sholes and mudstones
often with colcorsous bands and lenses.

Cakculated tonnoge of limestons shown on profiles.

::_ L, Rock outcrop, shown on profiles.

1810
LA

o

48 mile post

4
46 mile post
TO KOTA
TINGGI
Scale 1= | Mile .




{. INTRODUCTION

The work was carried out in the
18th to August 22nd, 1970. The aim o

goriod July
the project
vas to investigate a Imown limestone occurence on

Gunong Sumalayang, situated some 17 miles north-
wast of Eota Tinggl (Fig.1), to establish whethe
a commercially exploitable ﬁepoait occured in the
area,

The limestone was discovered by officers of
the West Malaysian Geological Survey in the course
of their routine regional mapping programme. TIts
sconomic viability as a cement raw material, has
mbably been tested by Pan Malaysian Cement, who

e investigated the area in the laest two years.

The importance of a cheap source of carbonate
for increasing the pH of certain soils, parti-
cularly those under study in the South Bast Johor
Project area and the mglicstim for crop diver-
sification, have been the subject of previous
papers and discussions with representatives of
the various government departments concerned.

Purely from the point of view of reducing

the soil acidity the type of carbonate used is
imaterial. However, the cheapest source of car-
bonate is ground limestone (essentially calcium
earbonate). The relative merit of using dolomite
(calcium/magnesium carbomate), which in addition
provides the nutrient element magnesium, has been
the source of some controversy. Strictly speaking
dolomite contains a 1 : 1 ratio of caleium to
mgnesium. Treatment with this material is likely
fo provide more magnesium than is required

plants as a nutrient, and could result in a

up of the element in the soil with undesirable
results. In most areas of the world the accept-
able ratio of Ca/Mg is 8 or 10 : 1,

The Sumalayang Limestone is not a dolomite,
but work done by the West Malaysian Geological

oz has shown that the rock contains small
fmounts of magnesium. Thin sections show smll
trystals of dolomite and chemical analysis of two
samples has shown Mg0 contents of 0.24 and 0.53
rraant respectively. Analysés of samples taken
uring the present study give a better picture
?f overall magnesium content of the deposit
Table in Section 9 ). If the rock is guarried
for agricultural lime, quality control a is
¥ill determine the amount of magnesium which is
added to soils, and make it possible to
taleulate how much is required from other sources
% maintain the gptimum nutrient level of this

element .

A preliminary study of the area was made
the consultants' geologist assisted by 000106103
Survey Staff on the 4th and 5th of Jume, 1970. A
feport on this study was made to the Project
ring Committee (No.5 July 1970) and the present
lvestigation results from the follow up recommen-
fations made in that report.

We would 1ike to thank the Director of the
Se0logical Survey for providing staff to help with
stages of this investigation. In particular
for providing the services of Enche Hew Kiang Tho,
ogical Assistant, whose work in all aspects of

the study was excellent. We would also like to
the drillers, Drilling and Minerals Sdn. Bhd.
U4 the labour force from Sedili Kechil, who re-
ined cheerful in some difficult terrain and
Yeather conditions.

% LABOUR PORCE

The investigation was led by the consultants'
ologist, uith’.ge Geological Survey assistant as

second in command. The consisted of a

surveyor with two assistants. crew was
made up of 1 clerk, 1 foreman driller, 1 fitter, 3
drillers and 6 drilling assistants. The drilling

' supervisors paid periodic visits to the
site, The general labour force consisted of
10 to 14 men made up 1 cook, 1 man ble
for drill site and route preparation and 8 to 10
labourers. The latter were concerned with movement
of supplies, test pitting, rentis cutting ete. A
contract team of 7 men was used in the early stages
to renovate old timber roads, build bridges and to
ocut of the main pattern of rentis lines, prior
to commencement drm:luf;' An extra crew of
12 labourers was used in the first few days, to
carry supplies, erect camp and cut rentis.

3. METHOD OF INVESTIGATION

The immediate aim of the investigation was to
prepare a detailed geological map and of
the limestone area to a scale of 1" = 200', with a
view to estimating the amount of limestone in the
area, its structure and the amount of overburden
present.

To a detailed topegraphic map of the
area at scale would be an extremely lengthy
and cos operation. Therefore survey work was re-
stricted compass traversing of streams and old

timber tracks tied to a pattern of accurately
surveyed and levelled rentis lines. The profile
lines along the rentises are accurate but we must
emphasize that the form lines between them are

l'llil( ed, and 2‘;“ ntnh regarded as og:::-u“
1000"”-:':-{3;{11 lfu mq'ﬁ g‘:““pmtoly
equal to 500' 0.D.

The geologist and the cal assistant
tmcnd‘:nl recorded the gﬁ:ﬂu of all streams
and roads. All solid rock outcrope were noted and
described (see Section 4.2) and the more critical
outerope were plotted and levelled (see 'Hi ﬂ
The geological staff was responsible for otting
of results.

The surv levelled and surveyed the main
and mhlidimwrz;m lines, noting their intersection
with streams and roads.

The surface ical information was supple~
mented by 4 borahgg::?sﬁ pits and 2 trenches.

T ORI Ry

m. - . o
?gc:ﬁm tonnages and volume of overburden were
made from these figuree (see Section 5.2).
At an early s in the investigation it was

tra fort in the
decided to concen P P

able deposit.
other areas which
limestone but where no dr.

4. GEOLOGY

o firet discovered
The Sumalayang Limestone was
in 1966, by officers of the Geological
out

Fing Tenasatas & 453 ¥ Lo
.r:ginl-p
g‘1 nl:h: Fo. 125, (Gunong Blumut). In his

has been done.

ion of t which is sub-

ﬁ:.nzi:tg’ g'ﬁ:. present investigation. The re-

onal geol was described in pter 2 and only
g‘ details the limestone and the

-8’-



Geological Map of the Sumalayang Limestone

LEGEND
+@® Geologeal Obsarvations (see Taat]
-3 Pits and Tranches
o Borahols {wih sorfoce level & 00 ]
i Hock Oulerop

- 30° ‘Sedimenty - Dig ond Swite Direction
o7 Tute Deposit
—— Foult
—r— Outcrop Limits of Upper Mestive Limestone
- Owierep of Base of Lower Limestons with shaie perimgs
bl -iad Sirina Lines on Bose of Upper Mossve Limasions
©® Areey of Mein Ouicraps (see Test)
7 Reatis Lina
- Rentis Line Zars Point
—— Sreem
Timber Trock (vhowing Gradient)
—— Deill Traek
OO —— Form Lines
Brokan lines shaw inferred dale




metasediments will be given in this report,

4.2 Geclogical Observations

Observation numbers refer to localities shown
in Pigs. 2-15,

» Argillaceous metasediments in stream bed, brown
: veathered, bedding etrike and dip indetermingi:,

Cliff of ceous metasediments, shaley mud-
stone B/ 233% dip 46° N.N.E. Top 909', base
888' A

sUaldy

2’

Dark

s dip 4

iaony argillaceous metasediments B/S 2500

4. b argillaceous metasediments B/S 350°

Bro
dip 25° W,
5. Brownish weathered argillaceous metasediments

right bank of stream mext to large tufa deposit
tgg 972" A.0.D. B/8 350° aip SSQI.

6. Very dark grey argillaceous metasediments with
black l:bnutgne rive, 4' oxgoud at small water-
fall B/S 010°45%. 984' 4,0.D.

7. Brown weathered shaley mudstones in
B/S 2800 dip 700N,

Limestone olifr 12! high in dry stream bed
right bank of main stream, Dark grey limestone
fine grained with some argillaceous
B/S 240° dip 28°NW, Top 1057' base 1045' 4,0.D,
Fine dark limestone with chert bands and nodules,
This outcrop forms sm&l ntersn.ll and may be
faulted {228") B/S 260" aip 28°N, Top 1095
above (9). fine

10, Smll outerop in stream bed daak
grgined limestone with fusilinids B/S 260" aip
34°N. 1108' A.0.D.

1. Dark grey argillaceous matasodimtl with black
limestone lemees B/S 360 dip 55%,

12, Dark grey to black indurated
13, with black 1imestons bande and lenses. Forme
14, series of waterfalls in main stream,

15, Dark grey limestone B/S 2600 aip 240 my, Over-

ing argillaceous metasediments. Contact here
may be faulted,

16, Sma11 outcrops of pale grey limestone in stream
g;g Appears to be massive upper limestone,

stream bed

BQ

9.

shales and mudstones

ndeterminate,
17, C1122 of maseive med fum grey limestone., B/8
260° dip 30° WW. Top 1172' base |155: A.0.D.

18, C1if2 of magsive ey limestone B/S 240° 330NN,
Too 1119* bare TOf'y&.O.D.

19. Cliee o massive grey limestone B/S 2400 24w,
Top 1086 bage 10%"& 0.D

0. Mumerous outerops of mainly massive ¥ lime-
atone, &r{r‘

ower outerops with shale ings.
B/ 2203 dip 28%;, 220g 36%; 23 mW.
21, Dark ETey shaley mudstone with 1imestone ribs

8t small vaterfall,
atone boulders

2. Dark grey shaley

B/S 220 dip 3608w,
in stream nearby,
mdstone B/S 2100 aip 350my,
3. Massive grey limestone forms cliff, 16 visible
thi limestone and
Shaleg 51, dip 26°MW; 350° q1p 3508,
Bvidence from pitting and t shows this
outerop 4s faulted (fault bearing 0100 7).
4, ghoeoht. brown shaley Matonoa weathered,
N Vaterfall B/s 240 - 245 dip 380mv,
5 As (24) B/g 3300 dip 3508,
* Blagk indurated shale mudato with limest
one
lenses B/35 2500 dip 5:2'°n. 3

% A8 (26) B/3 2400 540my,

« Ag

28, Dark grey mudstone in strean bed, B/3 indeter-
minate,

29, Tuff in stream bed. >

30. large outerop of medium to pale grey massive
Iil-"bon. 1';73 0100 a4ip 30087 Top 1179' Base
1123" A.0.D.

3. Small outorope of massive grey limestone. Top
173" A.0.D.

Brown and mudstone forming waterfall B/S
2600 g4p 5?-:'5.

Brown mudstone B/S 3500 dip 60°W.

Outo of massive grey 1limestone B/S indeter-
-m::?' Top 1191' bage 1166' 4.0.D.

large outero magsive limestone, with
chert -mlaz.”m 3600 ﬁip’zow. Top 1201,
base 1168' 4.,0.D,
ive 1imestone
T 30 age 1060 A:0.D.

est outecrop 1092', base of
' 4.0.D.

Kumerous outcrops
B/S indeterminate,
ks (36) Top of
lowest ou:zrep I'%g =
Numerous outcrops of grey magsive limes
B/8 ds it to a.t:ngzgi ..":-:W of .3°°°
dip 2 1 d recorded,
m:hut m’&‘w’% ", PLoveat outcrop 859", o
Argillaceous mu;m&;. brovn weathered
stream bed, B/S 200° 36%.

Same an (39) B/S indeterminate. -
Grey fine grained limestone B/S indeterminate.
Dark grey to black shaley mudstone B/S 010°
dip Sﬂ{

Lithology and Stratigraphy

4.3
The rock succession is illustrated in the Key
%o llustrations following page 20.

of which
Rajah the Dohol Formation 5
the a0 Uinetvons Nosbes 12 4 odegenary JaSt
mromt:l.onnmoupo!lﬂﬂmu v
in addition to limest However, !“g con-
certainly in the area under ’mmﬂ.
sista essentially of uﬁum clay H of
The entire rock succession shows varying nder
low e regional utl.norgm (t.w:;';ﬂw.).
mqmm are gubjected to heat iderable
Exposures of the 1 argillites at a cons
depth below the limestone are not common
considered, that locality 24 (see Fig.
bably the lowest horizon oxzoﬂd- “'"um of
show small scale block jointing and co mudstones
deeply weathered chocolate coloured grey. Higher
the unweathered rock is probably chivds
in the succession these ash “ﬂ“}ww " The
harder, tougher, darker more ocalities
rocks in the bed of the Sunged Sedili (loealitiss
26, 27 and 42), ReSr She' Uade gamp B STy o
ther Rorth, at Tocalities 12, 13 and 14, They con-
ther north, at 1 es 2 "
sist of grey to black indurated shaley e eain small
which are often quite u%mg‘ e lotter,
are ;.;-'ﬂ.;%iﬂi; 2.: evidence in localities 12,
and 14,

39.

4'.
42,

g
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partings and conclusive dip and strike measurements
are diffiuclt to record, either from surface expo-
sures or from boreholes.

In general all the limestones are fine grained
with rare beds of medium grain size. The colour
varies between black and almost white.

Unlike the gradual transition seen at thebase
of the limestone, the upper boundary with the higher
horizons of the Dohol Formation is quite distinect.
The rocks immediately overlying the limestone are
different in character to those seen below it. In
general they are usually pale grey to golden brown
streaked, highly weathered sandy mudstones. In one
locality the overlying rock is probably a sandstone,
though no actual contact is visible., In another
tuff is thought to overlie the limestone. All the
overly pediments seen are highly weathered and
zuite soft., In the vicinity of area A (see Pig;s)

he top of the limestone can be defined from stream
exposures to within 15 or 20 feet. The occurence
of solid rock overburden, as opposed to unconsoli-
dated material, coincides with the development of
a pronounced steep slope feature trends north
near area A then sw north-east near the large
limestone outerop at locglity 30, From here the
feature is traceable north-east still it
dies out in the flatter high ground to the north of
area B, 'ﬂee latter is known to be underlain by
limestone (outcrops at locality 16). It is con-
sidered that the slope feature mentioned above, de-
fines the top of the limestone with reasonable
precision, in an area where there are no rock out-
erops whatever.

Most of the area underlain by limestone is
covered by colluvial overburden. This material
consists of large boulders of the Panti Sandstone
Formation with more rarely boulders of the Sedili
Voleanic Formation which overlie the Dohol For-
mation, The soils in the area are dominan
yellow brown sandy clays derived from these -
ders. Typical dark red limestone soils were found
only in the flatter high ground north of area B
(see Fig.2). 1In this area and also in the high
ground near area A, limestone vegetation, typically
of one storey, is thought to occur.

tly

The limestone area as a whole has sl

lower vegetation than the surrounding country.

is readily visible on the air photographs may
be due to the drier soil conditions created by
limestone, even when it occurs at some depth be-
neath the overburden.

4.4 Structure

Apart from one major element, a fault shown in
figure 2 trending north-west, the structure is es-
sentially that which was described in our guli—
minary report. In general the main area of lime-
stone indicated in figure 2 forms an asymmetrical
pitching anticline, with its axis bearing a proxi-
mately west-north-west. The rocks forming the
eAgtern 1imb of the anticline dip at approximtely
30°N.¥. (strike 230°), while those in the west show
a gc.ntler dip, 20% (strike 010°). Detailed indi-
vidual observations have been given in Section 4.2
of this report.

The major fault mentioned above affects the
eastern 1limb of the anticline, with the limestone
further west showing & lateral displacement towards
the north, The fault has only been observed in
pits (6 and 7 locality 23), where it is trending
Northwards with hade and downthrow to the west.

Xt locality 23, the argillites which are in lateral

j“!taposition with the limestones, are guite
ifferent in character to those which no

underlie the limestone/localities 6, 7 and B.H. 2.
ey are chocolate coloured (probably due to

weathering) shaley mudstones with small scale

block jointing (locality 243. They closely re-

semble the rocks seen in localities 2, 3 and 5 to

the north, which are thought to be some 80 ft.

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 occurence
of a steep slope feature north-east
on profile IIC (Fig. 12). Because of its possible
effect on the quantity of limestone available, we
have made no estimates north-east of rentis 1iB (see
s.ﬂtim 5.2).

Small faults have been observed at localities
9 and 15; it 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. BEvidence of
interbed movement within the limestone sequence is
VAN o p&ﬁii‘miﬁﬂ;ﬂ ( :rl; e & the 'gigh
W c par suma ue ]
carbugr:ontont gt the origninal argillites) being
fairly common.

That most of the accommodation movement resulting
from folding was taken up along the more argillaceous
horizona, 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 ground off and mixed with the
"Jubricant"”. The greater degree of fracturing and
recementation of limestones near argillaceous partings
is very striking in B.H. 2. The higher more massive
limestones show less evidence of small scale frac-
turing and recementation, possibly due to the absence
of shale partings.

4,5 A Note on Conditions of Sedimentation

Rajah mentioned the poesibility that the Suma-
mug imestone Member was a "reef knoll". This
cannot be confirmed however, as throughout the
succession, the study muiod no trace of any reef
building organisms. While the mode of formation of
the limestone is largely irrelevant to this investi-
gation, it does affect the type and iuali of lime-
stone which occurs in the area, and it is therefore
interesting to speculate about the condition of
gedimentation. The rocks could provide material for
a very interesting academic study of conditions of
sedimentation if more exposures become available as
a result of quarrying.

The rock sequence reflects gradually changing
conditions of sedimentation, from fairly deep water
in the case Ofrtﬂ.*:. argg.l;coo:lh udinun{:u::tgil-

water cular. or the upper A
g:ror A Imbm;:l.n of deposition was probably land-

locked (back reef or lagoonal facies), against a
low ly hinterland with sl h rivers providing
mainly ¢ pediment, The colour of the shales

is almost certainly due, at least in part, to finely
divided carbonaceous matter, probably land 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, has proba been "sweated" out during
me , micro (framboidal) te almost
certa oocurs in the darker argillites and lime-
gtones. B ic brachiopod and teropod shells
show no uﬂl broken shells; is would suggest
1ittle or no current action at the time of deposition.
These conditions are quite unacceptable to any reef
building sms. X 3
grad £111 of the basin eposition,
with an:incro:o; of oggoutod water conditions,
decreases in mud and pyrite, is quite striking from
the change in the type of limestone as one ascends
the succession. The upper limesiones may have been

—5—
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chamiclllg precinitated in fairly shallow water,
This could account for their pale colour and
seemingly high purity. The coarser silty and sandy
horizons in the Dohol Metasediments above the lime-
stone appear to continue the trend towards shallow
water conditions.

The commbnest fossils in the limestone are
fusilinids. They are sporadica distributed
through the darker limestones, but are more nume-
rous in the blacker more arg:naceous bands, It
is not known whether these bands, which would
appear to reflect bottom conditions at their least
favourable, represent a fa ourable periodfor this
type of animal, or whether they were killed off in
greater numbers due to the bad conditions. The
latter seems the more likely.

5. ECONOMIC GEOLOGY

Rajah in the memoir to sheet No. 125 suggests
that the Sumalayang limestone had important economic
possibilities., He mentions a cement or ornamental
stone industry. It is understood, that comparatively
recently the deposit was investigated by a team of
geologists from Pan Malaysian Cement. The results of
their findings are not known, but no evidence of
pitting or trenching was found anywhere in the area
during the present study. It is concluded that they
worked only on surface exposures, and that this evi-
dence suggested an absence of limestone in sufficient
quantities to support a large cement industry.

There is evidence around most outcrops of the
various investigations which have been carried out in
recent years. Lack of such evidence around most of
outerops in area A and the small outcrops in area B
(Locality 16) suggests that they have not been exami-
ned prior to this investigation.

The report on economic geology of the South East
Johor Project area does not support the view that the
limestone has any particular merits as a dimensional
(ornamental) stone., Certain of the lower horizons
show quite attractive black limestones with contrast-
ing white fossils and calcite veins. The upper lime-
stones on the other hand are rather unstriking, being
more uniform in colour, Obviously if a ?Lua.rr,y is
started for industrial lime, then those limestone
horizons which have a beautiful apperance, should be
considered as the raw material for an ornamental
stone, particularly in an area of the world which is
exporioming something of a building boom. However,
it would not be feasible to consider opening the
deposit purely as a source of dimensional stone.

5.2 Estimatior

The profiles shown in figures 3 to 15 are along
out rentizrlines. which have been accurately levelled
and pegged at 100 feet intervals. Apart from subsi-
diary rentis line ITE (Fig. 14), which was sited to
traverse a limestone outcrop, the other lines were
set at approximately 400 feet intervals, and are
zlthout intentional bias., It was ngttawﬁ:;-bt:n:iog-
n the time available to prepare a de
plan, which would have Denn the most ideal basis for
the survey. However, even within the limitations of
the observations made, it is considered possible to
make a realistic estimate of the tonnage of limestone
available in part of the area, We have rutrictedm
our calculations to that area which has been stud
in some detail by drilling. It would beidle to do
other than speculate about other areas at this at:soo
eholes were not drilled near every profile, bu
from the very constant dip angles recorded in 'bocl‘;;
holes and the etrike and dip directions recorded
outerops, it is reasonable to infer the limestone
structure in areas of no exposure.

The largest imponderable factor in the calcula-
tions, and an important one from an economic stand-
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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 Ponggernng Region has
shown overburden to 5 feet on tops of 18 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 Sumalayang area, however, these criteria do
do not a . It is obvious that the significant
factor, is not the ient 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, large amounts of colluvium
occur in certain areas. Borehole 4 shows 173 feet
of overburden. This is probabli exceptional and
maybe due to the fact that the hole is sited at
the foot of a prominent steeply sloping feature.
Elsewhere boreholes 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 development drilling
se of the investigation. Our calculations are
ed on a thickness of 80 feet, except in areas,
where there is definite evidence to the contrary.

Based on knowledge 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 (sees
Figs. 3 to 15).

The limestone has been divided, on its ap-
pearance in the field, into an upper and lower
series. The paler more massive upper limestones
probably have a higher calcium carbonate content
and have been observed in area A, the higher out-
crope in area B and the boreholes 3 and 4, (see
Fig. 2). The lower, dark, bedded limestone
gsequence probably contains less calcium carbonate
but sho be quite acceptable for agricultural
purposes., The base of the Sumalayang limestone is
shown at an inferred position in Figure 2 and was
set at 850 feet A.0.D. in Borehole 2. As has been
mentioned previously, the change from argillacecus
Dohol metasediments to limestone above is grada-
tional and therefore the mapped base of the lime-
stone is rather arbitrary.

Our calculations of limentone tonnage are
restricted to the area southwest of profile IIA,
Figure 10. A more tentative estimate is given for
the between profiles IIA and IIB. The cal-
culations do not include the lower bedded lime-
stones, and because the top of the limestone is
inferred in most of the area the calculations have
been made based on an upper outorop limit set some
100 feet inside that shown in Figure 2.

The shaded area shown in Mhiﬂu.} frofilou
(with oross sectional tonnage indicated) is that
which has been used in caleulations.

The tonnage of limestone assumes an average
unit weight of limestone (normally accepted as
146 1be per cubic foot), which is equal to 15.3
cubic feet per tons, For the purposes of the

sent caloulations we have used a figure of 16
cubic feet per ton.

Bach square inch on a profile (scale 1" =
200'), represents 40,000 square feet, which equals
40,000 cubic feet when multiplied by unity and at
16 cubic feet per ton equals 2,5

00 tons. The cross
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:=-



'wtxg
2

where W is the tonnage, t is the cross sectional
tonnage d is the average distance between
ad jacent profiles.

(1) Estimated tonnage east of Remtis Profile IA
W = 20,625 x 2;2

= 5,877,525 toms.
(41) Estimated tonnage east of Rentis Profile IB
W= 13,125 x 400
2

= 2,625,000 tons.

(i11) Estimated tonnage west of Rentis Profile IC
W = 20,975 x 480
2
= 5,022,000 tons.
(iv) Batimated tonnage east of Rentis Profile IC

W = 20,925 x 490

= 4,185,000 tona.
(v) Estimated tonnage west of Rentis ID
W=9,575x ﬂ-_g_o

= 1,915,000 tons.
(vi) Estimated tonnage east of Rentis Profile ID
¥ =9,575 x 400
2

= 1,915,000 tons.
(vii) BEetimated tonnage west of Rentis Profile IE
W =9,060 x %

= 1,812,000 tona.

(viii) Estimated tonnage east of Rentis IE west
of Rentis IIA

W = 1,710,750 tons,

Total estimated tonnage between Rentis Profiles IA
and 1TA = 25,000,000 tons

Botwesn Rentis lines IJA and IIB a further tonnage
of limestcone can be calculated. No holes were drilled
in this area, however, based on outocrop evidence, cross
psectional tonnages have been indicated on Profiles IIA
and ITH. From these figures the following calculation
can be made for this area:

W= 13,750 + 17,500 » 350
= 5,468,750 tons

5.3.2 Unconsolidated overburden

As has been mentioned above, a detailed eatimate
of the overburden in not possible from our investi-
tione. Methods of determining the amount of over-
urden are discussed in Section 6 of this report. It
is fair to assume an average overburden thickneas of
B0 feat ltcsg‘t in those areas where there is direct
evidence to the contrary. Overburden will be thickest
at the base of steep slopes and thinner on shoulderse
of hu}u and ridges, The overburden shown on the pro-
files (Figs. 3 tc 15) probably represents a fairly
acc pleture o e amount o er en present.
urate pict 1 th t of overburd sent

We estimate from these profiles, that the ton-
nage of limestone calculated sbove, will be covered
by t:gpronmtely 3,000,000 cubic yards of unconsoli-
da overburden.
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6. CONCLUSIONS AND RECOMMERDATIONS

The invest tion has revealed the presence
of an estimated 25,000,000 tons of massive gur.
limestone in one part of the area investigated
with a further 5,500,000 tons oceurring further
east. 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 over-
burden of Dohol sediments has not been estimated
but indications are that the limestone continues
at depth below this material. The latter in-
creases ra in thickness in some areas, due
to the coml effect of ateeply dipping ihl-
stone and a rapid increase in ground slope.
However, the material is quite soft and should
be ulii;r 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 geological
structure s sts that the high here is
underlain by limestone. Time and financial re-
strictions did not permit the drilling of bore=-
holes which would have been able to establish
whether the limestone occurs at a workable
thickness in this area. Present indications
guggest that the outcrops in the vicinity of
area D (Fig.2) are of the lower bedded limestones
and that the massive upger limestones will occur
on the high ground further to the north-west.
The etreams traversing this area were investi-
gated but no eolid rock outcropes were visible.
However, the vegetation in this area is similar
to that seen in areas known to be underlain by
limestone.

We recommend further inveastigation of the
ground between areas A and B (Fig.2), to estab-
1ish methods of working, face alignment, depth
of overburden etc. Traditionally further in-
vestigation would involve development drilling.
Holes could be drilled at 100 feet centres over
the entire area to determine overburden volume
accurately. This approach would necessitate the
removal of the vegetation from the area. A
detailed topographic survey could be carried out
at this time. An alternative method of deter-

overburden would be to use seismic re-
flection geophysical techniques. The seismic
velocities of limestone and overburden should
show a good contrast and make it possible to
determine the depth to solid rock ragoidly and
cheaply without remov: the vegetation. It is
desirable to leave existing vegetation and
drainage intact as long as possible if the area
is to remain stable, with minimum erosion and
possibility of landslip over the lifetime of the
deposit. e geophysical results would have to
be checked by drilling and we suggest the use of
a crawler tractor mounted, air flush drill. We
consider that the advice of an experienced quarry
engineer should be sought prior to the work
of the deposit. We make the following observa-
tiona concerning this aspect of the work. It
should be possible to establish a strike face
in area A (Fig.2). In most of the area strike
faces should be avoided if possible. The de-
posit is traversed by a series of parallel
gtreams which should be left undisturbed as long
as possible and therefore d1£ faces al
roughly north-west may be better. It be
necessary to clear a strip on the uphill slope
above any working facee; this will prevent
landslip into the quarry and contamination of




the limestone.

by the

iling

Stability of the slopes will be aided Borehole 2 -
dip of the limestone which in most

areas is contrary to the hill slope.

It is possible that detailed investigatioms to
the north-east will reveal further extensions of the

Surface Level:

-4y

Base of Overburden: =~
Base of Limestone: -

Borehole ends at:

deposit. To the south of area A the limestone is Depth Core
bably bounded by a fault which is followed by the Recovery
of the S, Sedili. An investigation of this
fault could reveal limestone further south. Rajah 0-2' o%
has recorded a small limestone outcrop on the south- 4! 40%
ern side of the fault near the drainage divide bet-
veen this river system and that of the S. Dohol.
Infortunately, time did not permit investigation of
this occurrence in detail. =6' 0%
7. BOREHOLE RECORDS =71 100%
Borehole 1 =~ Burface Level: - 986 Feet A.0.D. -9t o%
Base of Uncon- -131 100%
solidated Material:- 948 Feet A.0.D. 17 o
Borehole ends at: -~ 928 Feet A.0.D. 21 93%
Depth Core Description Remarke 241 ok
0-8" 25%  Coarse Yellow/Brown 0-38'6" over- -28" 100%
Sandstone burden and
stream debris =30 o%
-10* 45% Yellow clay with Top of lime- =351 1
Tuff and Sandstone stone 38' ”. 0:
pebbles =34 5
-16" 30% lr!:rokan gm shale
ragments 356"
-18! 208  Broken core shale ’5, s:
fragments ~40
22! 20%  Broken core shale -45"' e0%
fragments with
rounded sandstone -50" o
pebbles 5216 408
=251 18% g.'qkon :oro shale
gments
i o%
=34'6" 5%  Broken core shale ::O' 3%
fragments
am 304  Broken core shale 64" 96k
fragments
-38! 40% Broken core shale
fragments
~38'6" 90% Dark m{, fine
grained limestones
~40'8" 100% Dark grey limestone Dip 36°
with black argil- -65'3" 978
laceous partings
o - g Loesie
o TN
joints and stylolites o-70'3"  90%
=50'2"  100% Limestone similar, Shale ggﬂﬂﬂ
broken and rece- dips 3
mented with calcite Shale partings ..., g0
Pyrite in limestone are slicken-
and shale sided
~52'10" 100% Limestone similar,
Core contains black Dip 20° =T716" * 1008
cl.h:. mudstone
partings. large
calcite joints
58! 100%  Black calc. mud-
stone. Dark fine Dip 34°
I.n:‘ limestone
1imegtone wi pip 32° -80'10" 90

calcite joints

Description

Brown clay with sand-
stones, gritstone
pebbles

Yellow/red clay
Yellow/red clay
Yellow/red clay

Yellow/red clay 2'
Stiff brown clay 2'

Stiff brown clay

Broken pebbles of
quartzite and vein
quarts

Stiff brown clay

Stiff brown clay.
Broken vein quartsz.

84411 brown clay
and gravel

Stiff brown clay

Medium grey fine
limestone
coming finer
darker to 62'.
Caloite joints.
Some en core of
fine dark grey lime-
stone.
Fine fine dark grey
to balok limestone.
Numerous calcite
filled jointe.

Medium to dark grey
limestone. Rare

Dp”’c‘mlprtim

Broken core large cal-
c(n%t )rmu jointe

Fine dark limestone.
Calcite veins to 78'2"

043 feet A.0.D.
983 feet A.0.D.
868 feet A.0.D.
838 feet A.0.D.

Remarks

0-60" Super-
ficial deposits

Rare fusuli-

nids and ori-
noid oseicles
62'10"-63"2"

fusulinids

Core broken

Limonitic &
caleite joints
common.

Numerous fusu-
linids.

contorted black mudstone

at 73'6™., Numerous

argillac 8
prtings (b1 340).

small seale faulting

and
show

Medium grey fine grained

limestone. 4
mdstones at 80'3".
Numerous calcite veins
and jointe.

Dip 33°



Borehole 2 cont'd.

Depth Core
Recovery
-85'10" 100%
=95'10" 9e%
=100'10" 100%
-109'10" 98%
-118'4" 95%
-120" 90%
0-127'6" 98%
-137" 100%
-146'9"  100%
-149'6" 100%
-159'
-167" 95%
-177! 100%
-187" 100%
-196" 100%
=205"' 100%

Description

Mainly very dark grey
fine grained limestone

Medium grey fine
grained limestone
with argillaceous

ings, becoming
finer dark limestone
with argillaceous
streaks and partings
common.

Dark grey fine grai-
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. Calcite
veins and jointe

As above., Fusuli-
nids mainly in black
limestone and argil-
laceous bands

Dark fine grey lime-
stone, Calcite veins

Limestone similar,
broken & recemented.
Broken shale partings
calcite joints and

veins.
Lm! ne simi
arg H oo'lsm 3 8

and partings (almost
vertical)

Remarks
Large cal-
cite veins
& joints.

2" fusulinid
band 85'

Fusulinid
bands at B89'

Dips on arg&-
llsceous 307~
32

Dip 30°
Seattered
Brachiopod
shells. Gas-
teropod at 99'
4", Fusulinids
scattered

Fusulinids com—
mon to 105'4",
Dip 33%t 104'10"

110'5" - Fusuli-
nid band.112'10"
~ Fusulinid band

111'7" = Slicken-

gide. 117'10" -
Sl&ckannide Dip
34

Numerous slicken
sides Dip 32°
Fusulinids rare.

]
Big, 20+
Scattered Fusu-
linids.

Medium grey fine lime-

stone f argillaceous

streaks. 143'6"-12"

Pale greenish grey sili-

sceous mudstone.

Limestone similar

Limestone similar be- Fusulinid bands

coming fine dark with 153'6", 154'T7",

argillaceous bands & 155'8".

Fusulinids Dips 28°

Similar. 162'2" Small
faults

Similar to 175" with 173'8" Gastero-

argillaceous bands pod Brschiopod-

becoming dominant Dip 32

Calecite joints.

Mainly grey, green &

black mudstones and

shales, often mottled, Dip 34°

contorted or showing
elump etructures.

Borehole 3 - Surface Level: - 1,065 feet A.0.D,
Bagse of Overburden:1,023 feet A,.0,D,
se gf Massive
imestone: - 846 feet A.0.D,
Borehole ends at: - 779 feet A.0.D.
Depth Core Description Remarks
Recovery
0-10" 50% Stiff yellow brown
clay.
-12' 90% Grey to buff coarse
grained sandstone.

-18' o%

-42'6" 10% Clay and Sandstone.

=531 100% Yery pale grey fine

grained recrystallized
limestone.

616" 1m " " " " " "

_71 |6|| 1M L L] n L] L "

~T6"3" 100% wotw o AN W Occasionml
calcite

-86'T" 100% oM R e e yeinings
astybolites

-9' !8“ 1M L " " " " "

_,96!10!! 1m " " " " 1] "

-102" 1m " " " L " 102' 1lime-
stone be-
coming
darker

-107"1" 100% 108'-112' limestone

darker

-11212" 100% with fusulinids

-1172" 100% Limestone becomes Fusulinids

lighter to 113'7" rare.

L Then pale grey

limestone.

-122'2" 100% Pale grey limestone Dark Cal-
cite vein

-126" 98% Grey limestone

-131" 100% Grey limestone

-137" 100% Grey limestone Large cal-
cite veins

-143" 100% Grey limestone

-148" 100% Grey limestone

-153" 97% Grey limestone Fusulinide

£ 1521-153'¢
=157' 100% Grey limestone Scattered
fusulinide

-162'8" 86% Similar limestone Scattered

broken fusul inids:
0-167"10" 98% Grey limestone

=175 100% Grey limestone

-178! 100% Grey limestone 175'6"

v'4 Darker 1is*
stone wi
fusulinidé

-183'3" 100% Grey limestone be-  Fusulinid®

coming pale grey 181 '3"

-193'7" 100% Very pale grey

limestone

=198'10"  100% ey W

-2ml 1w’ " " L] L

-20812" IOO’ " n " "




Borehole 3 cont'd

L]
b Description Description cont'd
Depth Core Remeriy similar, maseive grey limestones.
-213'2"  100% Very pale grey i g e By e
ings. estone becoming
limestone darker t 0!,
_213!2!! 100* L] " L] " S 39
e SRS 8. DRILLING AND EQUIPMENT USED
219' dark grey to 7 Plant remains
black limestone  in shales. 1. Qeneral
shale partings & Pyrite common The drilling crew from Drilling and Minerals
calcite joints Slickensides Sdn, Bhd., Kuala Iumpur, arrived at the access
and veins common. Grap- timber road, approximately 3%+ miles from the first
hitic partings drill site at midday of July 22nd.
-228'2" 100% Similar Dip 28° tg{tyerndarr%gi.ng at the first site all work was
~23318" Similar Brachi & 8moo and efficiently carried out., The projected
b iy “Gﬂm‘:‘;;: 233?6n°p°d figure of 90 feet per three shift drilling wag
i achieved on most days. Core recovery in the lime-
-239" 100% Siﬁl&r calcite izg 6 Ara:ﬂ- stone was excellent and fully up to expectations.
i dipeg]';s i 1‘5'1'2:‘:1 dr;.]_}inf t;m1vgrk1ng 1;: three shifts,
cons o cler oreman driller, 1 fitter,
=244'2" 1004 Similar 3 drillers and 6 driiling assistantse. s
-249'4™ 100% Similar All holes were drilled vertically, total of
~254'6" 100% Similar 940 feet bﬂine drilled.
-25916" 100% Similar 2, Drilling Equipment
-264'6" 100% Similar %:t%ylgzhaﬁhesimm d;:uhnng machine -
0 ed w raulic swivel head and driven
‘270: > 100%  Similar 269" - 1 bip 38 by aPerkins P3 diesel engine.
-275'6 95% Similar One Mono Water Supply Pump driven by a Lister
-281" 95% Similar diesel engine.
-286' 100% Similar One Bean Royal Control Pump with Deutz diesel
engine.
Borebals 4 = = Burfuce level: ™ VR8N Bl 20 feet of H casing for collaring.
v .0.D.
= Base of Overburden: 990 feas A0 100 feet of NX (1.d.3.1/16") casing for hole
. - End of borehole: -~ 762 feet A.0.D. lining.
Depth Core Description Remarks 250 feet of BX (1.d.2.15/32") casing for hole
Recovery lining.
0-172'6"  20% gvgggluiden. ;la: gg: core re= 400 feet of BW (0.d.2.1/18") drill rods.
ol o seipili P o One NWF 10 feet Double tube core barrel with
coarse angular con- swivel head.
glomerate boulder One NMIC 5 feet Triple tube core barrel.
=-173'10" 95% Pale s{a miﬁm One BMIC 5 feet Triple tube core barrel.
et b RX casing bits and shoes.
-175'10" 80% " " " n Reduced to BX core BX casing bits and shoes.
~1B1'6" 100% " n " " NMIC core b}tﬁ (Step and Flat face) - core
-1951g" 100% " " " n Caleite vein 4' size 2.3/64",
~1981g" 95% z o " " NMIC Reamer Shells.
= ¥ NXF Core bits and Reamer Shells - core size
-200" 95% f il 2.1/8".
-201'6" 98% " " " i BMLC Core bits and Reamer Shells - core size
-207" o% Core bored away 1.25/64".
214" 86% Fine grey limestone NW, BW Reducer/Adaptors.
calcite joints and NX, BX Casing Caps.
veins Rod Bells and Taps.
-219' 90% Fine greylimestore Water and Lifting Swivels.
222" s ARV v el Sheave Block.
-232! 100% " . o m::“ b 1700 feet Plastic water supply hose.
237 100% " " " " " " 2000 p.s.i. pressure hose.
-246'3" 100% " " " 237-242' slightly Mud Tank.
darker with fusu- Mud Mixer.
1linids .
Macobar' Bentonite drilling mud.
inids 248'3",
=256'3"  100% ’ v > §§;‘a‘1 Jarring hammers.
-390° Individual "drawe" Ground casing clamps.
. not seen by geologist Miscellaneous small hand tools.

Core

by
logical assistants as

0=

SO0

Core boxes.



9. ANALYTICAL RESULTS

The chemical a is of samples from two
cores was carried by Geological Survey, Ipoh,
the results are reproduced here with nc‘h:nwlogao
ment to the Director of the Geological Survey.

8 1 55.0 0.04
8 2 54.5 0.56
8 3 54.6 0.54
8 4 55.1 0.27
55 55.1 0.21
8 6 55.0 0.32
- 53.4 0.92
S5 8 53.4 0.92
s 9 49.1 3.14
8 10 52.9 0.74
5 11 53.8 0.05
S 12 54.3 0.27
8 13 52.3 1.07
s 14 52.8 0.45
815 55.2 0.61
S 16 52.0 0.39
817 54.2 0.64
s 18 50.8 0.58
8 19 40.9 0.54
8 20 42.9 0.78
s 21 47.9 2.48
8 22 48.6 0.94
8 23 47.8 1.07
8 24 44.7 1.28
825 44.3 0.77

-9 -




PART III

GEOMORPHOLOGY, SOILS & LAND EVALUATION
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FIGURE |
SUNGEI SEMBERONG SAMPLE AREA

Scale: 1:25,000

Topographic Sheet No.l24b
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1. INTRODUCTION

River wvalley alluvium occupies rather large
areas of the Johor Tengah Region. Such alluvial
d:gosits are usually ver{ variable in composition,
and it is almost impossible to give much ication
of this variability in a semi-detailed soil survey.
To check the degree of variability within an area
of river walley alluvium, two small areas were
surveyed in detaill, The first, situated at the
junction of the 8. Semberong and S. Semberong Kiri,
was chosen to represent an area within which the
semi-detailed study has indicated alluvia with a
wide range of drainage characteristics. The second
area, in the valley of the 5. Dengar, about three-
quarters of a mile south of that river's confluence
with the 8., Kahang, covered an area which the semi-
detailed survey indicated was uniform, at least in
terms of drainage.

It must be pointed out, that Fig. 1, 2 and 3
of this Appendix have been drawn at field mapping
scale, i.e., 1:25,000. This is due to the fact that
no larger scale maps (e.g. 1:10,000) were available
for the field work. The above maps must therefore
not be regarded as claiming an accuracy appropriate
to 1:25,000 after reduction from a larger scale.

2. 5. SEMBERONG SAMPLE AREA

This sample area covers some 2 square miles of
alluvium and foothills (Figure 1). Some 11 miles of
rentis were surveyed, auior inspections being made
at 10 chain intervals. total of 72 aites were
examined and described. The survey revealed that
the area is a complex pattern of levees and back-
swamps associated with the S, Semberong and 8.
Semberong Kiri, and with two tributaries. Riverine
Alluvium soils are formed on the higher level levees;
these are heavy textured, wvarying from fine sandy
clay to silty c and clay. Drainage is imperfectly
to well drained, the better drained soils occurring
on the highest parts of the levees. In most cases,
the soils are rather compact, with a well developed
angular blocky structure which appears to have a low
porosity. The imperfectly drained members have &

permanent water-table at 60 cm (24 inches) or greater.

The soils above this level are strongly mottled in-
dicating considerable fluctuation of the water-table.
The well drained soils on the highest part of the
levee are fine sandy clays rather than silty claye

or clays. They are more friable and more weakly
structured with higher porosity than the finer
members.

Within the backswamp areas behind the levees are
soils of the Local Alluvium group and deep peat, the
latter occurring towards the base of the low hillse
surrounding the alluvium, Below the confluence of
the 8, Sembrong and S. Semberong Kiri, the S5, Sem-
berong has no well defined levees, and soils of the
Local Alluvium extend as far as the river bank, The
Local Alluvium soils are fine textured gleys with an

organic surface horizon of less than 15 cm (6 inches).

The sub-soil has a very high water content and very
1ittle cohesion, indicating permanent saturation. No
settling and compaction of the material has occurred.
A coarse phase member of this soil has tentatively
been organised. Soils of the Local Alluvium grade
very rapidly into the deep peat soils. These are at
least 100cm (40 inches) deep, very poorly humified
and rather woody. The water content is extremely

3. 8. DENGAR SAMPIE AREA

In the valley of the §. Dengar, an area of one
*quare mile vas examined at the same level of ao:;u
2). The soil pattern is very simple, wi
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three groups of soils in bands parallel to the river,
The Riverine Alluvium and Local Alluvium are -mﬁr
to those of the Semberong valley, described above,
The third group is the Organic Clay and Muck soils.
These are organic soils containing between 25 and 65
mont organic matter measured by loss on ignition.

are unconsolidated soils with very high water
contents.

4. S. PENGELI SAMPLE AREA

In semi-detailed surve the detailed vari-
ations Ii.ig.‘.ll a series which on;'be mapped are rather
limited, These differences can be important for
agricultural development, especially if annual orop-
Ping on a small-holder system is emis;g;d. To give
some indication of the variability wit a series
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
sguare miles is located at the confluence of the S,
Pengeli and 5. Sayong (Figure 3). The level of
detail was the same as for the other areas described
above i.e., auger inspection at 10 chain intervals
along rentis {5 chains apart. The survey revealed
that there are three distinct 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 the area examined,

this laterite band and shale material occur within
100 om (40 inches) of the surface. These soils have
been called a moderately deep phase of the Harimau
Series. The deeper Harimau Series soils have been
divided into the normal series soil and a friable
phase, The latter phase of the Harimau Series has
not been established by the Soil Science Division
of the Division of Agriculture, Kuala Lumpur and
should therefore be regarded as tentative. The
normal series has moderately structured, friable
surface horizon(s) of sandy clay loam to sand clay

, overlying at about 40 em (16 inches)
rather firmer and more coarsely structured sandy
clay sub=-soil horizons. In the friable phase, the
soil is weakly structured and friable to at least
80 em (32 inches). No reason for this difference
is known, other than the fact that the texture is
more generally sandy clay loam than sandy clay,
when soils are more friable.

Alluvial soils are generally not subdivided
into phases, but sub-division has been done tenta-
tively in this detailed . Thus the coarse
and compacted 8 of the Riverine Alluvium should
not be re as established in the West Malaysian
soil classification. The Riverine Alluvium/coarse
is a very sandy soil with textures lighter than
sandy loam, merging into sand at a depth of about
90 om (36 inches). The Riverine Alluvium/compacted
is a soil which hag a very firm comistency from a
depth between 15 and 50 cm (5 and 20 inches).

Series belonging to soils have been
discussed in detail early this Report (Chapter
6, Soils).
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PART 1III

APPENDIX F

SO0IL MOISTURE DETERMINATIONS



The amount of moisture which soils retain and
which is available for crog growth is related to
goil 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 cultivated land
especially when the crop is still in its early
stages of growth and the soil surface is bare,
These high soil temperatures can be reduced by
mulching and green cropping.

The ra of soil moisture which is important
to erop mﬁg 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) Calculations 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
s0il 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 absorb 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 days 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
similated by using tension of 1/10 or one-third of
an atmosphere. (pF figures 2.0 and 2.5 respectively).
Tn this project for coarse textured soils 1/10 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.

The moisture content of the soil is measured
on a dry weight basis. But for many purposes it
is more useful to know the moisture content by
volume of the soil; this can be calculated Gsing
the bulk density (B.D) or apparent specific gravity.
The bulk density is a means of expressing the weight
of dry soil per unit volume and thus includes the
space occupied by soil solids and the pore space in
a particular volume of soil. The bulk densities of
gsoils studied 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 obiain
moisture. When the permanent wilting point is re-
ached no water can be extracted. Between this mols-
ture content and field capacity the ease of extrao-
tion inoreases rapidly. The remaining water at that
wilting points varies in amount depending on soil
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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
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 holding
characteristics of a number of selected profiles.
In the f..:ble the following calculations have
been used:

a) AWC by weight percentage = moisture held at
-~ 1/10 or one-third of an atmosphere minus
moisture held at 15 atm.

b) AWC in volume percent = AWC in weight percent
times B.D.

¢) AWC in inches per soil horizon =
AWC Vol. percent x depth

100

Table 2 gives the average AWC in inches per
foot of soil. 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,
and Eolﬁood series have the est avail-

able water, followed by Yong Peng and imau
Series and Rengam Series, coarse sandy clay phase
with the lowest figures., Surprisingly Holyrood
Series has a similar AWC to the Rengam and Bungor
Series. The reason is that this particular Holy-
rood Series profile has higher than usual fine
sand and clay figures. The texture of the two

ed profiles is sandy clay loam. In other
words this Holyrood Series profile appears to be
heavier textured than its modal profile.

Table 3 illustrates wilting point, field cap-
acity and available water capacity for a number of
textural classea. The AWC figuree in this table
generally compare with those in Table 2.

Work done by Salter and Williams (1967, IV)
has made it possible to estimate an approximation
to the available water capacity on the basis of
the soil texture. The West Malaysian textural
classes have the silt fraction boundaries between
0,002 and 0.02 millimetres (Ieamy and Panton, 1966).
Therefore the equation used to work out the Awe"in
inches per foot is:

Y = 2,17 - 0.018a + 0.0072b.
In which Y = AWC (in/ft)
a = percent coarse sand
b = percent fine sand.

Table 4 illustrates the calculated values for
available water expressed in inches per foot, for
most of the sampled soil series. This table should
be regarded as an approximation o since insuf-
ficient work has been done to correlate the calcu-
lated AWC values with the actually measured values.
There is however general agreement between the
figures in Tables 4 and 2.

Table 5 lists the percentage of moisture re-
tained by a number of selected soil gg:uen at
pressures of 0, 1/10, 1/3, 1 and 15 a phere.

It is recommended that further studies are
carried out in respect of the agriculturally




1 2 3 4 % 6 7 8 9 1T | TR | - 4% 98 17 18 19

13
Percentage moisture rentention B,D AWC AWC AWC Soil Separates On original
on dry weight basis at pressure: g/ce I;. v;l. in. Percentage on fine earth Sample percent

Soil Site Sample Depth ) 110 1/3 1 15 PET  (May Silt Fine Coarse gravel stones
Series No. No. oms, atm. atm. atm. atm. atm. hori= ;o8 0,002 Sand Sand
%00 than ¢o 0,02 0.02

mm

TG  A152 A0O4B  15-54 40,0 31.7 29.5 29.2 21.61.4 T.9 11 .77 T3 T 1 Wil
A0D49 54-94 52,8 36,5 34.0 33.7 25.01.2 9.0 10,8 1.73 T 2 e 29 1

YPG  B029 BO022 11-32  49.7 44,9 42.7 42.4 30,8 1.3 11.9 15.5 1.32 77 8 10 1 Nil w1
BO023 32-67 53.5 44.9 42.6 42.3 3.7 1.2 10.9 134 1.79 23 57 10 1 w1 Nil

BO024 67-96  55.7 46.5 43.6 43.2 32.81.2 10.8 13.0 1.48 25 59 10 10 0,6 Nil

YPG C103 CO041 50-82  41.1 361 M6 2.8 24.21.3 10.4 13.5 1.76 25 48 8 24 1.4 il
C0042 B2-115 26.0 18,4 17.3 16,4 13.21.6 4.1 6.6 0,85 67 4 6 26 40.8 27

BGM  B337 BO0S5 014 B6,9 50.3 44.6 43.9 22,01.0 22,6 226 1.24 59 € 14 26 Nl (1
BOO9S 14-44  47.2 .7 32.6 32.3  22.71.4 9.9 13.9 1.64 61 4 e 1.5 1

BOOOT 44=-TO  45.6 35,5 33.2 32,7 23.T 1.3 9.5 12.4 1.26 30 37 10 28 4.5 0.6

BO098 T0=-106 45.9 33.7 31.4 31.2 23.01.4 9.4 13.2 1.87 30 37 T .« 2.4 1.9

RGM  B405 BO109 12-34 40,7 32.6 30,3 30,0 20,2 1.3 10.1 13.1 1.13 61 g 1830 4.2 Nil
BO110  34-T7 42,0 29,1 26,2 25.9 18.01.4 8.2 11.5 2.02 59 2 10 M 9.3 ¥l

BO111  T7-120 38,5 22,3 20.8 205 15.21.3 5.6 7.3 1.18 63 20 =L Fil

B BaB2 BO1B  22-42  29.7 17 15.7 4.6 10,813 49 6.4 051 M4 -0 Ry §il
BO139 42-80 29.2 16.4 15.5 14.8 9.1 1.3 6.4 8.3 1.24 44 ] 5 4 4 N1

ROM 4291 AO060 15-42  43.6 34.3 33.3 32,5 22,5 1.3 10.8 14,0 1.48 & 4 Bn=s Nil Nil
A0061 4275  44.7 37.2 361 4.3 2441 1.3 12,0 15.6 2.08 65 TN T T 1 1

ADD62  T5-101  37.9 27.3 27.0 26.1 19.2 1.3 7.8 10,1 1,02 67 8 T 3 i1

MSI  A199 A0037 15-48 38,7 28,1 25.9 25.6 17.6 1.4 8.3 11.6 1.5 48 3 10 42 1.7 §il
S0/ 45 DOUB 16-49 5.9 278 262 243 17.01.4 9.2@s 167 8 3 13 41 M1 Wl
BO149  49-100 36.4 28,2 271 264 1T.T 1.4 9.5 13.3 2.67 &5 R | Nl Fi1

POISO 100-152 34,7 29.7 28,6 27.7 18.4 1.5 10.2 15.3 3.13 47 it B N1 F1

R 0039 00025 O-10 49.9 36,5 33.6 306 16,5 1.1 170 18.8 0.73 45 T M %% m1 m
00026 10-47 40,8 31.9 30,1 28,6 18,0 1.3 12,1 15.7 2.29 52 . A Nl il

m ‘7"1@ 32-9 2503 2‘0& 25-5 15-0 105 8.8 1302 3-22 51 a I’ 16 Nl Nl

FEI  B11 BOOTS 11-38 35,5 27.9 25.9 242 16,3 1.5 9.6 1444 152 53 6 1B N Nil Nil
BOOT6 3868 3.1 29.8 26,1 24.6 18.21.6 1.9 12.6 1.48 54 . R | N1l Nil

B00T7 68338 1.9 27.6 26,1 247 18,516 T.6 12.2 3.% N 6 15 B m1 Nil

B CO18 00002 6-21 40,5 32.4 30,2 28.3 148 1.4 15.4 21.6 1.2T 45 & in 3D 2.4 M1
€0003 21-36 3.0 25,7 24.3 22,2 15.T 1.6 8.6 13.8 0.81 49 2 20 xR 3.4 wil

00004 36-67 31,0 26.3 25.1 23.6 18.3 1.5 6.8 10.2 1.24 &9 3 14 ¥ 188 Nl

00005 67-139 30,3 27.4 26,2 25.0 21,215 5.0 7.5 2.13 53 6 1y B 7.5 1

AD 114 B00S2 17-58 28,9 18.1 147 14e4 T8 1.5 10.3 155 2,49 26 £ %9 18 m
BOOSI S58-121 22,9 14,8 12.6 115 6.4 1.6 B4 134 3.32 A 4 3B 4 5.0 W1

23 3888 "5 23R ABE R %" RROFRBEHEYE PV 39T B




Total Depth Thickness Total aWC Average Laboratory
of sampled of AWC (Inchee) AWC textures of
Soil Series ite orizons sampled (Inches) r inch inches/ examined
0. inches) profile for oil foot of profile
led Depth soil
profile
Yong Peng r152 5.9 - 37.0 b3 % | 3.40 0.10 ol Sandy clay
to 8ilt loan
Yong Peng BO29 4.3 - 37.8 33.5 4.59 0.13 1.6 As above
Yong FPeng c103 19.7 - 45.5 25.6 2.61 0.10 1.2 Bﬁt loam to
clay
Rengam B337 0 - 41.7 41.7 6.01 0.14 1.7 Clihy to clay
oam
Rengam B405 4.7 - 47.2 42.5 4.33 0.10 1.2 Clay
Re coarse
clay phase B482 8.T = 31.5 22.8 1.75 0.07 0.8 Sandy clay ¥
clay loam
Rengam A291 5.9 - 39.8 33.9 4.58 0.13 1.6 Clay
Masai 4199 5.9 - 18.9 13.0 1.51 0.11 1.3 Sandy clay
Serdang, sandy
clay phase B545 6.5 = 59.8 53.5 T.4T 0.13 1.6 Sandy clay
Bungor €039 0 - 42,9 42,9 6.24 0.14 1.7 Sandy clay
to clay
Pohoi B211 4.3 =54.3 50.0 6.36 0.12 1.4 As above
Harimau co18 2,4 - 54.7 52.4 5.45 0.10 e Sandy clay
Holyrood v B114 6.7 - 47.6 40.9 5.81 0.14 1.7 Sandy clay
loam
Wilting Point Field Capacity Available Water Capacity
it % W
aih percen !aoggrofer percent ;gggroscr percen rgzzroger
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 2.3 0.4 8.5 1.5 6.2 1.1
Sandy loam 3.4 0.6 1.5 2.0 T9 1.4
Fine sandy loam 4.5 0.8 14.7 2.6 10.2 1.8
Loam 6.8 1.2 18.1 3.2 11.3 2.0
811t loam T.9 1.4 19.8 3.5 11.9 - 15 |
c].“' loam 10.2 1.8 2105 3-8 11.5 2.0
Clay 14.7 2.6 22.6 4.0 7.9 1.4

+ 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, and clay within 3.1 one textural group (such as within loam soils), there
is also a variation in the water comstants; however, for purposes of simplification
an average value is given in this table.
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available water in the various soil series not

ia but
also in the north where climatic conditions are

only in the southern part of West

different.
TABLE 4
i gr.9:-1n. LER CAP
(after Salter & Williams)
No. 0 - 12 inches 12 =24 inch 24 -
Soil Series profiles Average Range 1v.r|¢.4 Rl;;- “‘:“.BG m 25'21 Remarks
: inches
Yong 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
Rengan 11 1.70  1.50-1.80 1.60  1.35-1,75 1.50 1.30-1.70  4.80
e Thase 3 1440 1.15-1.60 1,10  1.05-1.20 1,00 1.10-1.00  3.50
ey iiarhase 10 1.T5  1.60-1.85 1.75  1.65-1.80 1.T5 1.65-1.05  5.25
Masai / 4 1.50 10“"‘1.” - - - - - shallow ::n
et

sm ‘ 1.56 1.5&'.?0 1.‘, 1.‘0—1.15 1-5‘ 1.20-!.” ‘.75
Serd
g < Deoecr 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
Marang 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
Pohoi 5 2,03  1.75-2.21 2.01  1,75-2.15 1.90 1.65-2.20 5,94

8 ‘ 21=2,17 1.1 0.61-2,00 - - - shallow soil
Malaces L DY Rl 7 3 - o
Tavy 4 2.00 1.75-2.20 1.57 0.88-2,00 1.28 0.75-1.80  4.85
Earimau 8 . 1.65-2.15 1.60  1.35-2.15 1.60 1,25-2,00 5.00
Holyrood 5 1.50  1.25-1.75 1.57  1.30=1.75 1.42 1.30-1.60  4.49




TABLE 5

SOIL MOISTURE ANALYSES
S;::':le I{):ﬂh D?tty ?crgn:::go miut}n ranmt!.un &a.uisht but:a at pr:gam?
et
A199  MASATI SERTIES
A0037 15-48 1.413 38.7 28.13 25.9 25.6 17.6
4152  YONG PENG SERIES
A0D4B  15-54 1.429 40.0 31.7 29.5 29.2 21.6
A0049 ~ 54-94 1.211 52.8 36.5 34.0 S2.T 25.0
B029  YONG PENG SERIES .
B0022 19=32 oo 5 14304 49.7 44.9 42,7 42.4 30.8
B0023 32-67 1.244 53.5 44.9 42.6 42.3% 31.7
B0024 67-96 1,220 55.7 46.5 43.6 43,2 32.0
B114  HOLYROOD SERIES . .
BO052 ., 17=58 . 1.532 28.9 18.1 14.7 14.4 7.8
BOO53 58=121 1.61 22.9 14.8 12.6 11.5 6.4
B337  RENGAM SERIES
BO095 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
B0O09T 44-70 1.336 45.6 35.5 33.2 2.7 23.7
B0098 70-106 1.381 45.9 53.7 31.4 1.2 23.0
B405  RENGAM SERIES
BO109 12-34 1.343 40.7 32.6 30.3 30.0 20.2
BO110. . 34=T7 1.381 42.0 29.1 26.2 25.9 18.0
BO111 ¢ TT=120 1.336 38.5 22.3 20.8 20.5 15.2
A291 RENGAM SERIES
ADO6OM  15-42 1.25 43.6 34.3 33.3 32.5 22.5
61M 4275 1.31 44.7 37.2 36.1 34.3 24.1
62M  T5=101 1.30 37.9 27.3 27.0 26.1 19.2
B211 POHOI SERIES
BOOT5M 11=-38 1.47 35.5 27.9 25.9 24.2 16.3
76M  %8-68 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
B482 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 clay 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
€018  HARIMAU SERIES
€0002M 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 15.7
M 36-67 1.48 31.0 26.3 25.1 23.6 18.3
5M  67-139 1.47 30.3 27.4 26.2 254 21.2
Cco39 BUNGOR SERIES
CO025M 0-10 1.12 49.9 36.5 33.6 30.6 16.5
26M  10-47 1.%32 40.8 31.9 30.1 28.6 18.0
2TM  47-109 1.50 32.9 28.3 26.8 25.5 18.0
€105  YONG FENG SERIES
CO041M  50-82 1.36 41.1 36.1 34.8 32.8 24.2
42M  82-115 1.67 26.0 18.4 17.3 16.4 13.2
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APPENDIX G
IRACE ELEMENTS

INTRODUCTION

Most chemical elements have been shown to
be present in animal and plant tissues, and in
soils and rocks.

The term trace element was nrpliod by
early workers to those chemical elemente which
occur in small amounts relative to the amounts
of the main constituente of the material.
the many chemical elements detected in

biological tissues, an essentidl iological
role has been established for a rity.

These wi.l.l 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 life and co por nese,
zinc, boron and molybdemum r the 1ife of
higher plante.

Originally most trace elements were de-
rived from the igneous rocks forming 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 horizons 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
;:!..;?ents are incorporated into the organic

gon.

Plants and animals depend upon the soil
for the supply of all micronutrient elements.

t obtains all its nutrients from a
parti r 80il whereas animals, due to their
mobility, may derive their nutritive require-
ments from a variety of plants growing on
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
ntho soi.l to supply their essential micronutrient

ements.

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 so

DISCUSSION OF ELEMBNTS

Table 1 shows, for a number of soil
samples collected in the Tanjong Penggerang
Region, the in concentrations en-
countered for trace elements, their mean

1'

b)
o)

a)

2’

value, the limiting concentration reguired 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 er 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

Soils derived from acidic rocks, sandstones
and shales are normally low in cop 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.

A1l soils are low in copper (content less
ﬁ)ﬂ is deficient) but 30-0 dorI:vg from

ve 8l er values. ngam
-%QL; ﬂhtho Serdang Series

the molybdenum content is higher
than normal. The low copper values in these
soile may be vated the comparatively high
molybdenum contents since molybdenum is known to
induce copper deficiency in ruminants.

2.2 Qobalt
Cobalt is an essential element for all ru-
minants but hae not yet been proved necessary
for the growth of higher plants.
Soils with a total cobalt value lesa 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 ocour on v acid
soils low in total se contents, Total
manganese is not a good indication of the
quantity available for plant growth but a lower
1limit has tentatively been placed at 20 ppm for
general guidance for deficiency levels.

Leeper (1935) found that 10 ppm of muy
reducible ma se was the critical value and
Sherman et alia (1942) placed the limit at around
15 ppm of easily reducible manganese.

2.4 Zinc

Zinc deficiency is common on acid leached
soils and some organic soile., The particular
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 that
of total zinc induced

oﬂ- conta 25 ppm
cﬁohw ﬁ;ﬁm crops.

2,5 Molybdenum

Strongly leached soils are usually low in
molybdenum., Further more the molybdate anion
is o nbaor‘bod s0il colloids at a pH
bolw 6. and consequently acid
soils high totnl. uantit of moly-
bdenum, t tba amount available for plant
grovrt.‘n is often insufficient.

than 5
shales
Series (
(BO109=-BO111




Molybdenum values are variable and it is
enum deficiencies may ocour

possible that molybd
Some rather high values oceur

on some soils.

and should be considered in relation to the low
copper content of the soils.

2.6 QOther Trace Elements,

Values are generally low to average. The
elements lead, nickel and chromium are
turally only of interest when the conce

icul-
ration

in the soil is sufficiently high to produce toxic

symptoms in growing erops.

Tin values are higher

than normal but this is to be expected since tin
bearing alluvial deposits occur at various points
within the Project area.

TABLE 1

RANGE OF TRACE ELEMENTS IN SOILS OF THE TANJONG PENGGERANG REGION

Range in
m.

Limit of Normal Range

Element Mean Value Detection in soil ppm
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
Vanadium 30-~300 94 2 20-500
Molybdenum 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 4 2 5=1000

Notes to Table of Trace Element Contents

1, The following chemical symbols are used
for the elements:

Pb
Ga
v

Zn
Cu
T4
Ni
Co
Mn
Cr
Mo
Sn

2. The sensitivity of each element is given

Lead
Gallium
Vanadium
Zine
Copper
Titanium
Nickel
Cobalt
Manganese
Chromium
Molybdenum
Tin

and represents the lowest concentration
detectable by the method used.

3. Blements sent in concentrations less
than the g:;sitivity have been omitted.
These include: bismuth and silver.

4. Values for the normal range in soil are

5.

taken from Swaine (1955).

Iron, which is regarded as a macronutrient
element, occurs in most soils in the range
10,000 = 40,000 ppm. Other macronutrient
elements such as potassium, calcium and
magnesium also occur in comparatively high
concentrations even in very impoverished
mineral soils.



Pit.

Sample No. Pb Sn Ga v Mo Cu Zn T4 Ni Co Mn
0439, SERDANG SERTES

€0109 10 20 20 40 5 5 50 2000 10 5 16
C0110 13 30 40 60 10 5 100 6000 13 5 60
co111 13 20 40 60 8 16 100 4000 16 5 30
o112 13 40 50 50 R 2 100 6000 10 5 30
c422 RENGAM SERIES

co11 13 40 40 40 5 2 50 4000 B 5 20
co114 10 30 40 40 - 2 50 3000 5 5 13
00115 10 30 40 50 6 2 50 2000 8 5 16
A199, MASAI SERIES

A0036 13 16 40 40 5 2 50 4000 5 5 20
A0037 16 20 40 50 5 2 50 4000 6 5 16
40038 16 20 50 20 5 2 50 4000 6 5 16
A0039 13 13 40 60 3 2 50 3000 8 5 40
A0040 13 16 50 100 5 2 50 5000 10 5 30
A217, MALACCA SERIES; doep“shan

A0041 60 40 200 2 5 200 8500 30 5 50
A0042 50 40 40 200 2 10 100 8500 30 5 30
A0043 0 40 40 200 2 5 160 8500 30 5 40
B337, RENGAM SERIES

B009S 10 16 50 40 13 2 50 3000 6 5 30
B0096 s 5 40 30 10 2 50 2000 5 5 16
BO097 5 13 30 40 10 2 50 1600 5 5 16
B0098 5 10 30 30 10 2 50 1300 8 5 16
B405, RENGAM SERIES

B0O108 13- 16 40 40 3 2 50 2000 5 5 16
B0109 16 30 50 85 10 2 200 3000 10 5 20
B0110 16 30 40 50 8 2 100 2000 13 5 16
BO111 16 .20 50 60 8 2 100 3000 10 5 20
B419, BUNGOR SERIES

BO11% 16 5 16 60 2 2 100 4000 20 5 10
BO114 16 5 16 60 2 2 100 4000 20 5 13
BO115 20 16 20 130 2 2 100 5000 30 5 20
BO116 20 10 20 100 2 2 100 4000 30 5 16
BO117 16 10 20 130 2 2 50 4000 40 5 13
BO118 10 40 30 10 5 20 100 5000 10 5 20
B435, OSERDANG SERIES; fine sandy clay phase

BO119 10 30 20 40 2 2 100 4000 10 5 16
B0120 13 40 30 40 5 2 100 4000 10 5 20
BO121 16 40 20 50 5 2 100 5000 10 5 30
BO122 16 40 40 50 5 2 50 6000 10 5 20
B445, DURIAN SERIES

BO12% 130 160 40 300 5 20 200 20 5 30
BO124 20 160 40 300 5 10 200 8500 30 20
BO125 50 130 40 200 2 16 100 8500 20 20
BO126 130 160 50 300 5 30 200 30 20
B468, MAIACCA SERIES

BO128 6 20 40 130 2 5 100 8500 5 50
BO129 13 20 40 85 2 5 100 6000 5 40
BO130 16 16 40 100 5 5 100 8500 5 50
B481, SERDANG SERIES; fine sandy clay phase

BO13% 16 5 20 50 2 5 50 4000 10 13
BO134 13 5 20 50 2 4 50 4000 20 10
BO135 20 i 30 200 5 5 50 8500 ;o 20
BO136 16 5 20 130 5 5 50 0 5 13
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AERIAL PHOTO-INTERPRETATION



APPENDIX H

AERTAT PHOTO-INTERPRETATION.

1. INTRODUCTION

Stereoscopic examination of aerial photo-
graphs is a standard technique in most soil and
land use surveys. It can, if used with dis-
cretion, add considerable knowledge concerning
the physical characteristics of a survey area
and accessibility: it can also provide the soil
survey teams with a tool with which the accuracy
of the soil units can be considerably improved.

Under dense jungle conditions the value of
aerial photo-interpretation could be reduced by
the iu:ngle cover, which tends to mask the
smoother slope features (TAMS and Hunting Tech-
nical Services Ltd., 1967). With reference to
the Jengka ‘I‘riugle Survey it must however be
emphasised that the value of the aerial photo-
graphs reduces considerably with the increase
of the survey density. PFurther very important
factors related to the success of an aerial
Ihoto-interpretation are the experience and

ocal reference level of the interpreters.

It must be emphasised here again that
aerial photo-interpretation is only a tool used
in soil, land use and other surveys (Vink,
1961), and is therefore never the end result
of such a survey; carefully planned field
checks are always required.

As stated earlier in this report (Part III,
Introduction and Chapter 5 Geomorphology)

the aerial photographs have been very useful

in that considerable time could be saved in

certain aspects of the survey.

The aerial photo-interpretation map was
drawn on a scale of 1:25,000 and no reduction
was carried out. These maps have not been re-
produced to be included in this report, but
"will be" handed to the Soil Science Division,
Div, of Agriculture for future reference.

2. DECEE&O! OF THE AERTAL PHOTO-INTER-

The following section discusses the legend
devised for this study. The soil series were
not correlated with the aerial photo-interpre-
tation units. It was felt that in general
adequate information to draw the soil boundaries
was available on the 1:25,000 scale topographic
maps. In certain parts of the Tanjong Pengge-
rang Region the photographs gave better support
to mapping than the to phic maps; this
was especially the case the east of the
peninsula, where in some parts of the peat
swvamp area the topographic maps gave insuffi-
cient or incorrect information.

The basic unit of the legend is the land
type. Iand types with similar terrain features
and suspected to be formed on the same parent
rock have been combined to terrain units; drain-
age patterns are also important features of the
terrain units. It was found however that the
differentiation between Terrain units A, B and C,
mentioned below, is indeterminate and types of
8lope would not vary greatly between terrain
unitse.

3, THE LEGEND (Revised)

Zerrain Unit A

Undulating terrain with rounded, sub-conical
hill forms and a aub-rs:ut:ﬁulu dra pattern,
This terrain unit is as to be fo on

Granitic parent rock,

Terrain Unit B

Undulating terrain, with conical hill forms
and regular drainage pa{terna less clearly ex-
pressed, This unit is assumed to be found on
sedimentary and metamorphosed parent rock.

Terrain Unit C

This unit is intermediate between A and B.
During the preliminary interpretation it was
thought that undulating terrain that could not be
differentiated into units A or B would be classed
as C,

Sub-divisions of Terrain Units A, B and C
Landtype A1 (Bi, C1): the elevation of the sum-
mite is over 200 feet. The hills in this
land type have average slopes of over 12
degrees with summits of around 5 degrees. |
The valleys are incised with short steep
slopes over 25 degreea., Higher, isolated
steeper hills are denoted Al (H) or Al(x)
as appropriate (see below).

Landtype A2 (B2, C2): The elevation of the sum-
mite is between 130 and 200 feet. In this
land type the average slopes range between
6 and 15 degrees, with hill tops between 3
and 5 degrees. ’i'he incised valleys have
short steep slopes over 20 degrees.

landtype A3 (B3, C3): The elevation of the sum-
mits is less than 130 feet. The average
slopes in this land type range from 4 to 8
degrees. The short slopes of the incised
valleys are less than 12 degrees.

Landtype A4 (B4, C4): Initially, the broad valley
areas, found principally in A1(B1 and C1)
landtype, which could include the lower hills,
colluvial slopes and some alluvium., After
the first field period this was modified to
include footslopes o , the lower hills and
colluvium seemed to fit more easily in land-

type A3.

Terrain Unit H

Conical hills with straight to concave slopes,
generally isolated. Assumed to be formed on ex-
trusive igneous rocks.

Landtype H1: High cones, peaks higher than 250
feet, steep topography.

Landtype H2: Lower cones, elevation between 130
and 250 feet; moderately steep topography.

Landtype H3: Very low cones, elevation less than
130 feet; gentle topography.

Landtype H4: Very low undulating areas, with
elevation less than 50 feet between cones,
and with negligible slope.

Zerrain Unit R

High ridged, rugged terrain on sedementary
rocks., Dra ’is generally sub-parallel to
sub-trellis, but could be variable.

Iandtype R1: The elevation of the summits is 1
generally above 300 feet, slopes are steeper
than 12 de s, but mostly steeper than 18
degrees. inage patterns are dense.

landtype R2: This landtype is similar to R1itb:: J

with a less dense drainage pattern and
also less dissected.
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Landtype R3: Lower ridges, with elevations
between 130 and 300 feet. Slopes m1::|-e|1:|a.b13-
range between 6 and 15 degrees,. e ter-
rain is rugged and dissected.

Landtype R4: The footslope areas within the
Terrain Unit R, including broad valley
areas, these may include colluvial slopes
and alluvial valleys, as well as some ow
convex areas.

lerrain Unit T

This unit includes all alluvial terraces
and has been identified with the aid of the re=-
comn;isaancu soil map (Null, Acton and Wong,
1965).

Landtype T1: High terraces, elevation over 130
feet,land surface strongly dissected by
gully erosion, which was the main distin-
guishing characteristic on the aerial photo-
graphs, slopes over 12 degrees.

Landtype T2: Medium high terraces, elevation 50
to 150 feet. ILand forms are s r to that
of A2, from which it is difficult to distin-
guish., The terrain is less dissected and
generally less steep than T1. This type
has a parallel drainage pattern.

Iandtype T3: ILow terraces, elevation less than
50 feet. Identified in flood plains (e.g.
around Kota Tinggi) by being slightly raised
above these plains, with lighter colour tones.
Such areas cannot be distinguished under
forest.

Terrain Unit F

This unit consists of freshwater alluvium
;nd would generally be poorly to imperfectly
rained,

Landtype F1: Narrow valleys, width up to about 15
mm on 1:25,000 scale maps. Generally mnon=-
peaty.

landtype F2: Broader valleys; which may be peaty.

landtype F3: Main river valleys; levees etc.
Generally mnon peaty.

landtype F4: Main river valleys; back swamps,

Generally peaty.

Iuandt{ﬂpe F5: Transitional to Terrain unit M, this
ndtype is brackish,

lerrain Unit M

This unit consists of mangrove swamps; saline
8lluvium., Terrain unit M has not been sub-divided
into landtypes.

lerrain Unit §
This unit includes all beaches and sub-recent
beaches,

landtype S1: The present day beach.
lang 82: Recent beach, adjacent to present
t{ggoh: light colour tone except in the shales,

which are peaty.

landtype S3: The sub-recent beach is either adjacent
t{" Landtype 82 or separated from 52 wthm;:tgzr
permanent swamp (Terrain unit W). IJ:t1 ;
case 93 can be recognised by crescentic oﬂl“
roughly parallel to the present cou:&m‘:m i
also has a different canopy from the ;lo
swamps (or light colour tone if cleared).

lerrain unit ¥

to oo This unit includes the freshwater (a8 ”.3:‘3 A
0 ga t i e
“NMLf'u’?uﬁﬂm. en the forest cover is of

;.::eondm nature. They are expected to be deep

Iandtype W1: The canopy is uneven and colour
texture is moderately coarse.

Landtype W2: The canopy is lower then in W1 and
uniform in a e. Colour tones are dark
and nodoutog fine textured.

Landtype W3: The canopy is lower than V1 and W2

and uniform in appearance. Colour tones are
light 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 completed. So some local terrain
ledge has been included.

Note:

- 102 =



g i

BOINEREEC L wd N R e
ﬁxm. Fou Foubi Nl e

SRR B et e LAY e ,;g?.,
bt o e 20 SUARICIERT LA

L=t b’ﬂf&rﬂu“ L]
> bﬂ:inwrhnqc b PR =T I
; T LY 4 atedadleg-iis Hu«ﬁ:-»\.-m -
qlt’um itk X8 h"fﬁm i i pewre ) : R bl Apimos gt B4 0 LE
LESpr e ity ﬂﬂu i W i g ENeT S R A SOy SR T Sy 1o
Tl Wi hnrlw, seagel . Mpike : A Badod wf Niawiin 27

'.w 8! ‘Il"uﬂ e !i%ff' Mﬂlﬂ # or Semiric Sen —"‘.’J

W &7 SaiioY mIakdy Mip voleks Lo
silems - DoasPE 5 .
'TLQ <cank Mm‘

A ¢ > & \ it fon waile B2 e AL
B e el
}' o ¥ . + .5 _.' -

-#H;i wor;ﬂg’*wmm‘m ”"":"‘“_
w:nr i:uhe.'dza ,.f-f:’# T e 28

E S e o ()
M eaGlt wen acabizhross!
o S -;WW‘ o, o
WL il ‘.'..',.-!' '!""K"m”’e

:*spt hiatt of mmakfedrion wa ba
‘g's:m:ﬂ X -.tw:d Brif a0 Usilpys
A v Wiom i iy

T i m CAETEY GRopeidXud el
B notaole £aed mwms’

Sy
ey ',;}a- “ﬂ
THOaLE 8 .f::rg,t u! *!‘t
«-mw taaboute SlGALEY -nw'
g 2L, THATG «imon.-

-‘-: : Asss il '-':'."

'3\31'.--\- HELTE e
hlests 5 sub«nm 4
-:imdﬂ.'ﬂ fulow i
NASY e,:*-'su.n; .a.un i fiog

r T, ~_~-u,—n‘_w‘r..;&_s% G ned

. i Kiniks % —_

1% - n.-w"‘r;]- “?s}hig j‘## i-‘i
RL» Toant eedthre e L el 35t
. ' = Sgotend LoV ygantegt

T .Jan&u.@u& )N AN drnel

A=l .. *-yg W’Ir : o F= A 1.';',- e
o X E "r dodse [hixg weairog ol
agein : Yo _ - g egolom el 2IlW el
SR =i 3 =k 74 . NP iR - g <77 AETT S :.-udhdz'a R eEy
¢ AN hlu."hm o 20 i Y ndoen dnubide (aew
.é...&z:-#r.:u\kb*m L ' 5 s -':uur-q.-,.ww ,1
. Sabak oy v .M.ttﬂ 2 RS FReVieR ?.'_ - JIR
s flth xalo maene MJ!W ¥ ’ _ RPNE. 7700 Bt Mt (g qa,%. :
=B e “..' Sl P - N - ' e ST X "w? St Skl
ARG, T T : P R il at =Y ' wn, ' tao Bag
4”’5#2
tXug o
Tha2
gl
1m4es
Tt
| SRS
{5

- ‘ﬁqlﬁhvaWM‘!li
u’""”* oo ”"{ "W 3T




APPENDIX I
SOIL PROPILE DESCRIPTTONS.

TANJONG PENGGERANG REGION

The following profile descriptions of a
number of soll 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
801l 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'

Ref ce: 131b; 204093
Topography: Gently sloping 15°
Parent Material: Volecanic
Soil Series: Yong Peng
Vegetation: Mature rubber
Drainage: Well drained

for Specifi t
0=11 om

Brown to dark yellowish brown (10IR 5/3-5/4);
heavy silt loam; moderate medium subangular
blocky structure; moist and friable; few

pores; abundant roots; few fine mica. Clear
irregular boundary to:

11-32 cm

Reddish yellow (7.5YR 6/6-6/8); clay loam;

blocky structure;
few pores, and many fine

moderate coarse
moist very firm;

cracks; few roots; few fine quartz grit;
few patchy clay skins. Smooth diffuse
boundary to:

32-6T7 cm

Reddish yellow (7.5YR 6/6-6/8); heavy clay
loam; moderate coarse a r blocky struc-
ture; moist very firm; ew pores and many
fine cracks; few roots; few fine quartz
grit; discontinuous weak clay skins; smooth
diffusé boundary to:

67-96 em

Reddish yellow (7.5YR 6/7-6/8); clay; mode-

rate to atronf medium angular blocky struc-
ture; moist firm; many pores; few roots;

' few fine quartz grit; discontinuous moderate

clay skins; abrupt smooth boundary to:

96-140 em

Reddish yellow (7.5YR 6/8); silty clay;
structureless; moist extremely firm; few
pores; few roots; abundant indurated
laterite stones; few fine mica. Clear
smooth boundary to:

140-160 cm

Red (5YR 5/8); silty clay; weak fine sub-
angular blocky structure; moist firm; few
pores; few roots; abundant laterite gravel
and stones; few very hard, fresh quartz
gravel up to 7 em in diameter; few fine mica.

Note: s0il moisture analysis carried out on
three horizons between O and 67 om,,
also sampled for trace element analyses.

gite No: B667

Map Reference: 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 blocky
structure; moist very friable, abundant pores
and roots. Clear and smooth boundary to:

12-52 cm

Strong brown (7.5YR 5/8); fine sandy clay loam;
moderate, medium and fine subangular blocky
structure; moist very friable, abundant pores
and roots. Clear and smooth boundary to:

52-96 cm

Reddish yellow to strong brown (7.5YR 6/8-5/8);
clay loam to fine sandy clay; moderate medium
subangular blocky structure; moist friable;
abundant pores and roots; discontinuous weak
clay skins, few fine quartz grit.. Smooth
diffuse boundary to:

96-150 cm

Reddish yellow to strong brown (7.5IR 6/8-5/8);
clay to clay loam; moderate medium subangular
blocky structure; moist firm to friable; many
goraa and roots; discontinuous weak clay skins;
ew fine quartz grit.

Site No: B337
Map Reference: 131d; 322008

Topography: Gently sloping even midslope 10°
Parent Material: Granite

Soil Series: Rengam

Vegetation: Cleared and burned for FLDA scheme

Cover crop Callopogonium

Drainage: Well drained
Description for Specified D
0-14 cm

Yellowish brown (10YR 5/4); heavy fine sandy loam;
moderate medium subangular blocky structure; moist
firm; few pores and many fine cracks; many roois;
few fine quartz grit; many pieces of charcoal.
Clear and smooth boundary to:

14-44 cm

Yellowish brown (10YR 6/7); heavy fine sandy clay
loam; moderate medium subangular blocky structure;
moist very firm; few pores and cracks, many roots;
many fine quartz grit; discontinuous weak clay
skins; organic staining on pedfaces; Smooth,
diffuse boundary to:

44-T70 cm

Yellowish brown (10YR 6/7);
coarse prismatic structure;

sandy clay; etrong
moist firm; few

pores; many roots; continuous strong clay
many medium quartz grit, Clear wavy boundary to:
T0-106 em

Yellowish brown (10YR 6/7);

gritty clay; strong
coarse prismatic structure;

moist firm to very
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. Tellowish red (5YR 5/8);

firm; few pores, few roots:
clay skins; abundant coarse quarts;
rite gravel and boulders.

Note: Sampled for soil moisture and trace
element analyses.

Site No: B482

Map Reference: 131d; 339999

Zopography: Hilly, steep upper slope 26°

Parent Material: Granite

Soil Serleg: Rengam, coarse sandy clay phage

Vegetation: claare% and burned jungle (FLDA

acheme‘
Drainage:

fow late-

Well drained
t ied D

0-22 cm

Tellowish brown (10YR 5/8); sandy o
moderate medium and coarse subangular
moist friable; many pores and
roots. OSmooth diffuse boundary to:

22-42 cm

Reddish yellow (7.5YR 6/8); coarse sandy clay;
moderate coarse subangular blocky structure;
moist friable; abundant Eores, many roots;
discontinuous weak clay skins; abundant medium
and coarse quartz grit. Smooth and clear
boundary to:

42-80 cm

Strong brown (7.5YR 5/8); gravelly clay, weak
coarse angular blocky structure; moist firm;
few pores and roots; discontinuous moderate
clay skins; abundant coarse quartz grit.
Smooth diffuse boundary to:

80-130 cm

loam;

other features as 42 -
80 cm horizon.

130-180 cm

Yellowish red (5YR 5/6); gravelly clay loam;
very weak coarse angular blocky structure;

moist very friable, many coarse distinct
yellow mottles; few pores and roots; abundant

coarse quartz grit; many granite stones.

| 8ite No: (665
ap Reference: 132; 496840

A e I o

Parent Material: Granite, probably colluviated

foi) Series: Rengam, fine sandy clay phase
ation: 014 open secondary jungle

Drainage: Well drained

i
0-16 cm

Dark yellowish brown (10YR 4/4 and 5/4); fine
8andy loam; moderate medium crumb structure;
Boist friable; abundant pores and roots.

th clear boundary to:

16-63 cm

%?gd)ilh yellow to brownish yono:&’f& - lm
} heavy sandy clay loam; W coars
“erv{loonyntmtw-: moist firm; many
Pores and roots; continuous moderate clay skins;
;{R‘r fine quartz grit. Smooth diffuse boundary

- 63<115 om

Yddish yellow (7.5TR 6/8); heavy sandy clay

continuous moderate

weak coarse subangular bloc structure
:ntg‘b :tg-:’,' .nqy.pona, ::ziroota? m'.nni::::mo'ul
Smg diffuse boﬁndar,r to: o e

115=152 op

Reddish yellow (7,5TR 6/8); sandy o
fine subangular blocky .‘h-ﬁnt'un; lolgt‘ r'x';f
few pores and roots; continuous s clay
skins; many medium quartz grit, few laterite
gravel,

Site No: 4199

Map Reference: 1320; 460008

ZTopography: Gently sloping 59 mid-slope
Parent material: Igneous rock

Soil Series: Masai

Vegetation: Logged primary jungle

Drainage: Well drained

3
0=15 cm
Dark yellowish brown (10YR 4/4); sandy loam;
weak medium subangular bloc structure; moist
very friable; many s, a ant roots; many
fine quartz grit. Smooth diffuse boundary to:
15-48 cm

Brownish yellow (10YR 6/8); sandy clay loam;
moderate medium subangular blocky st cture;
moist firm; abundant pores, many roots; dis-
continuous weak clay skins; many fine quarts
grit. BSmooth diffuse boundary to:

48-68 cm

Reddish yellow (7.5YR 6/8); 1light clay; moderate
medium sul r blacky structure; moist firm;
many pores, few roots; discontinuous moderate clay
skins; abundant medium quartz grit. Smooth
abrupt boundary to:

68-90 cm

Reddish yellow (7.5YR 7/8); sandy oclay; weak
medium subangular blocky structure; moist very
firm; many g::aa; few roots; discontinuous
veak clay skins; many, medium quarts grit;
abundant laterite stones and boulders (up to 25
em diam). Smooth abrupt boundary to:

90-150 °m

Reddish yellow (7.5TR 6/8); coarse sandy clay;
very m{ bangular bloc tructure st "
% dgo:ntmom ' voax clay

very firm; few pores;
abundant

skins; many medium quarts grit;
laterite stones.

Note: Sampled for trace element analyses.
Site No: 4207
Map Reference: 132, 435988

Topography: Hilly, 15° lower slope
Parent Material: ©Shale and vein quarts
Soil Series: Batang Merbau

Vegetation: Open, older secondary jungle
Draipage: Moderately well drained

Desoription for Specified Depths
0-5 cm
yellowish brown (10YR 4/4); very fine sandy
loam; weak to‘::dontotﬁ:;l:?mr blocky
ve many ']
ST atant bootas mazy fine misk.  Sescls 8ibfuse
boundary to:
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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 c¢m

Brownish yellow (10YR 6/6);
moderate medium su blo
many medium distinc

silty clay; weak to
structure;

moist firm; red brown mot-

tles; few pores and roots; abundant fine mica;

abundant coarse gquartz; laterite quartz

g;-:vel and some laterite ders at bottom of

p L]

Site No: CO050

Map Reference: 131d; 247105

Topography: Steep 22° near crest of spurr

Parent Material: Sandstone

Series: Serdang

Yagetation: TYoung, immature rubber, dense
cover crop

Drainage: Well drained

Description for Specified Depths

0-10 cm

Yellowish brown (10YR 5/6);
weak medium subangular blocky structure;
very friable; abundant pores and roots.
Smooth diffuse boundary to:

10-28 cm

::d:::;ng 'brg:n (7.5TR b15/ 2.
um subangular ocky;
abundant pores and roots.

light sandy loam;
moist

sandy loam; moderate
moist very friable;
Smooth diffuse

boundary to:

28-68 cm

Yellowish red (5YR 5/6); sandy loam; moderate
medium subangular blocky structure: moist fri-
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); heavy sandy loam;
moderate medium subangular blocky structure;
moist friable; abundant pores, many roots;
discontinuous clay skins; few micaeous 1ate-
rite grit. BSmooth nbrupt boundary to:

100-136 cm

Yellowish rea (5YR 5/8); stony sandy clay loam;
structureless; moist

friable to firm; abundant pores many pores; few roots;
many roots; weak discontinuous clay skins; abundant mottles;

16-49 cm

Brownish yellow (10YR 6/6~6/8); fine sandy clay
loam; moderate coarse subangular blocky structure;
moist friable; abundant pores, many roote; very
weak discontinuous clay skins; few fine quarts
grit and mica. Smooth diffuse boundary to:

49-100 em

Brownish yellow (10YR 6/7-6/8); fine sandy clay;
moderate coarse nnguhr blocky structure; moie
firm to friable; Eoru and roots; discon-
tinuous moderate clay skins; few fine quarts
grit and mica. Smooth diffuse boundary to:

100-152 cm

Brownish yellow (10YR 6/8); sandy clay; weak to
moderate angular blocky structure; moist firm;
abundant pores, few roots; discontinuous clay
skins; many fine gquartz grit and few fine mica.

Note: Sampled for soil moisture analysis.

Site No: CO022

Map Reference: 131b; 238088
Topography: Undulating sloping 20-25°
Parent Material: Conglomerates

Soil Series: Kedah

Vegetation: Young, immature rubber, cover crop
mecania

Drainage: Well drained
on for 8 fied De
0-T7 cm

Very dark greyish brown (10YR 3/2); very fine
sandy loam (heavy); moderate medium crumb

structure; moist very friable; abundant pores
and roots; clear smooth boundary to:
T-40 em

Yellowish brown (10YR 5/6); heavy sandy loam;
weak coarse subangular blocky structure; moist
friable; abundant pores, many roots; few fine
quartz grit. Diffuse wavy boundary to:

40-65 cm

Light brownish grey (10YR 6/2);
sandy clay loam; weak coarse sul blocky
structure; abundant pores, few roots; weak
discontinuous clay akg.na many small quartz

sandy loam to

micaceous laterite stones; few laterized parent rock.quartz stones.

Site No: B545

Map Reference: 132; 484938

Topography: Gently sloping 2°, near top of low hill

Darent Material: Sandstone

Soil Series: Serdang, sandy clay phase
Vegetation: Logged primary jungle
Drainage: Well drained

Description for Specified Depths
0-16 cm

Brown (10YR 5/3); 1loam to fine sandy clay loam;
moderate, medium and fine subangular blocky struc-

ture; moiat very friable; abundant pores and
roots; few fine quartsz grit. Clear irregular
boundary to:

grit. Smooth dii’fusa boundary to:

65-92 cm

Strong brown (7.5YR 5/8); grity clay loam; weak

coarzg subangular blocky structure; moist "friable;
many coarse prominent red

weak diacontin.um clay s ; many
92-247 cm
Reddish yellow (S5YR 6/8); grity c loam; other

features of this horizon same as 65-92 cm.
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gite No: CO39

Nap Reference: 131d; 252096
Topography: Gently sloping 10°

Parent Material: Fine grained sandetone
Soil Serdeg: Bungor

Vegetation: Young, immature rubber, cover

crop mecania.
Drajnage: Well drained

Description for Specified Depths

0=10 em

Brown to dark brown (10YR 4/3); very fine sandy
loam to heavy loam; moderate to strong medium
crumb; moist very friable; abundant pores and
roote. Clear wavy boundary to:

10-47 cm

Yellowish brown (10YR 5/8); fine sandy clay
loam; moderate medium angular blocky struc-
ture; moist firm; many pores, few roots.
Smooth diffuse boundary to:

47-109 em
Yellowish brown (10YR 5/8); sandy clay loam
to clay loam; strong coarse prismatic struc-

ture; moist firm; many pores, few roots;
discontinuous clay skins; many fine quartz
grit. Smooth diffuse boundary to:

109-129 em
Strong brown (7.5YR 5/8): clay loam; strong

coarge prismatic structure; moist firm to
very firm; moderate discontinuous clay skins.

Note: Sampled for soil moisture analyses.

Site No: B230

Map Reference: 126f; 353238

Topography: Gently sloping 10°

Parent Material: Sandstone with quartizite

and some hard grey shale

So0il Series: FKuala Brang
Vegetation: 0ld Secondary jungle
Drainage: Well drained
Description for Specified Depths

0=12 em

Dark yellowish brown (10YR 4/4); fine sandy
loam; moderate to strong medium subangular
blocky structure; moist friable; many pores;
abundant roots; Clear smooth boundary to:
12«46 cm
Yellowish brown (10YR 5/4); <fine sandy c
loam; weak to moderate coarse blﬁ
structure: many Eoru and roo;:i n:: 61;:'
tontinuous clay skins; shale grit;
:gitm quartz grit. Irre r abrupt bound-
o:

46-80 em

Yellowish brown (10YR 5/5); stony silty clay;
structureless; moist very firm; few pores and
roots; moderate discontinuous clay ekins;

bany shale grit; abundant medium qmtg:rit:
few laterized quartzite and shale. Smoo
diffuse boundary to:

80-102 om

Tellowish brown (10YR 5/4 amd 5/8); loamy sand

and clay; structureless; moist very firm;

few pores, rare roots; moderate diematinu:iu:h

tlay skins. A mixed horizon of brown clay -
ighter weathered sandstone/quartzite, some O

it iron coated, Some of the quartz may be vein

quarts,

Site No: B676

Map Reference: 132; 597849

Zopography: Gently sloping 5%, upper slope
Parent Material: Sandstone and carbonaceous shale
S0il1 Series: Marang

Yegetation: Logged primary jungle

Drainage: Moderately well drained

Description for Specified Depths

0-5 cm

Dark greyish brown (10YR 4/2): heavy fine sand
loam; moderate medium and fine subangular bloc;y
structure; moist very friable; abundant pores
and roots. Clear irregular boundary to:

5-25 cm

Light grey to very pale brown (10YR 7/2-7/3); fine
sandy clay loam; weak to moderate su r blocky
structure; moist friable; abundant pores, few
roots; many coarse distinct grey mottles; few
fine quartz grit. Smooth diffuse boundary to:
25-58 cm

Light g:.y to very pale brown (10YR 7/2-7/3);
heavy sandy clay loam; weak coarse

blocky structure; moist firm; many pores, few
roots; weak discontinuous clay skins; few fine
distinet brown and many coarse distinct grey mot-
tles; few fine quartz grit. Smooth diffuse
boundary to:

58-87 em

Very pale brown (10YR 7/3); fine sandy clay;
weak coarse angular blocky structure; moist very
firm; few pores and roots; nnl mottles; weak
to moderate discontinuous c skins; few fine
and coarse quartz grit. OSmooth diffuse boundary
to:

87-115 em

Light grl{ (10YR 7/2): sandy clay; weak coarse
angular blocky structure; moist very firm; few
pores rare roots; weak discontinuous clay skins;
many fine distinct red and many medium distinct
grey mottles; many coarse quartz grit.

gite No: €598

Map Reference: 132; 551905

Topography: Gently sloping 4°, midslope

Parent Material: Sandstone

Soil Series: Marang, deep phase

Vegetation: 0ld secondary jungle on edge of -0ld
clearing

Drainage: Moderately well drained, water-table
at 100cm, after heavy ru'.i.n.

Description for Specified Deptha
0=5 om

Brown to dark brown (7.5TR 4/2); loamy fine n::‘
weak fine crumb; moist loocse; a t pores
roots; clear wavy boundary to:

5-26 cm

Light h grey to light yellowish brown
(%f?mss)s heavy fine sandy loam; weak fine

bangular blocky structure; moist very friable;
::mﬁunt pores :L roots, Clear wavy boundary tos
26-60 cm

Light yellowish brown (2.5YR 6/4); fine
sandy loam; weak medium subangular blo struc-
ture; moist very friable; many pores roote.
Smooth diffuse boundary to:
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60-100 cm

L:Lﬁn_a gol owish brown to brownish yellow

/5); 1light fine sandy clay loam; weak
med ium suhangular blocky structure; moist
friiable: {:rea and roots; very weak
diucontin\wus clay skins, Smooth diffuse
boundary to:

100-120 cm

Light yellowish brown to brownish yellow (10YR
6/5): fine sandy clay loam; weak medium sub-
angular blocky structure: moist friable to
firm; weak discontinuous clay skins.

Site No: B308

Map Reference: 131b; 307086

Topography: Gently sloping 5°, upper slope
e ter : Shale

Soil Series: Durian

Vegetation: Logged primary jungle
Drainage: Moderately well drained

Degcription for Specified Depths

0=11 em

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); heavy silty
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; strong
coarse angular blocky structure: moist very
firm; few pores, many roots; moderate nearly
continuous clay skins; medium distinct
grey and reddish yellow mottles; few fine
shale grit and mica. rare medium quartz grit.
Smooth diffuse boundary to:

63-108 cm

Light yellowish brown (2.5Y 6/4); clay; strong
coarse prismatic structure; moist extremely firm;
few pores, and roots; strong nearly continuous
clay skin; few medium distinct grey and many fine
prominent red mottles; many fine shale grit and
few fine mica; few medium quartz. Smooth diffuse
boundary to:

108-143 cm

Light yellowish brown (2.5Y 6/4); clay; moderate
to strong coarse angular blocky structure; moist
very firm; few pores and roots; strong nearly
continuous clay skins; many medium prominent red
mottles; many fine and medium shale grit; few
fine mica. few medium quartz.

Site No: B211

Map Reference: 126f; 333250
Topography: Undulating sloping 13°
Parent Material: ©Shale

So0il Serieg: Pohol

Vegetation: Mature rubber

Drainage: Well drained
t S i D

0-11

Brown to dark brown (10YR 4/3); heavy fine sandy
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loam; weak medium subangular blocky structure;
moist friable; abundant pores and roots. Clear
smooth boundary to:

11=38 em

Yellowish brown (10YR 5/4); fine sandy clay loa.l,
weak medium subangular hloclq structure; moist

friable to firm; many pores and roots; weak dis-
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 clax. weak
coarse angular blocky structure; moist firm;
many pores, few roots; weak discontinuous clay
skins; few fine and medium quartz; rounded
laterite grit.

Note: Sampled for soil moisture analyses,

Site No: B231

Map Reference: 126f; 355241
Topography: Gently sloping 5%, ridge top
Parent Material: Shale

Soil Series: Malacca

Vegetation: Logged primary jungle

Drainage: Well drained
De 0. 3 D
0=6 cm

Dark yellowish brown (10YR 4/4);
weak moderate subangular blocky structure;
very friable; abundant pores and roots.
smooth boundary to:

6-25 cm

Yellowish brown (10YR 5/6); fine sandy clay 1
moderate medium subangular blocky sturcture; moia‘E
firm; 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 clay;
structureless; moist friable; many pores and roots;
few laterite stones and abundant laterite gravel.
Clear smooth boundary to:

44=72 cm

Yellowish brown (10IR 5/8); silty clay; structure-
less; moist firm; few pores and roots; moderate
to strong discontinuous clay skins; abundant late-
rite stones and gravel. Clear wavy boundary to:

72-96 cm

Strong brown (7.5YR 5/8); eilty clay; structuree
less; moist very firm; moderate discontinuous
clay skins; abundant laterite stones and boulders.

Site No: €035
Map Referemce: 131b; 256093
Topography: Gently sloping 13°, midslope

Parent Material: Phyllite with vein quartz, car-
bonaceous shale and sandstone
Soil Series:

Tavy
Vegetation: Young rubber, mecania
Drainage: Well drained
Description for Specified Depthg
0-~6 cm
Brown to dark brown (10YR 4/4); heavy very fine

fine sandy loam;
moist
Clear




sandy loam; moderate to strong medium crumb;
moist very friable; many pores, abundant roots,
Clear irregular boundary to:

6-28 cm

Reddish yellow to strong brown (7.5TR 6/8-5/8);
very fine sandy clay loam; moderate coarse angu-
lar blocky structure; moist firm; many pores,
abundant roots; very weak discontinuous clay
skins; few medium quartz grit. Smooth diffuse
boundary to:

28-54 cm

Reddish yellow (7.5YR-5YR 6/8); heavy clay loam;
weak to moderate coarse subangular blocky struc-
ture; moist firm; many pores and roots; few

medium quartz grit. Clear irregular boundary to:

54=155 cm

Yellowish red (5YR 5/8); clay; moderate medium
subangular blocky structure; moist firm, few
pores and roote; many laterite grit; many medium
quartz grit.

Bite No: CO18

Map Reference: 13%1b; 232087

Zopography: Very gently sloping 6°

Parent Material: 0ld Alluvium

Soil Series: Harimau

Vegetation: Young, immature rubber, mecania
Drainage: Well drained
Description for Specified Depths

0-6 em

Brown to yellowish brown (10YR 5/3-5/4); loam;
moderate medium crumb; moist friable; many pores
and roots. Smooth diffuse boundary to:

6=21 om

Yellowish brown (10YR 5/4-5/6); fine sandy loam;
moderate medium subangular blocky structure;
moist friable; few pores, many roots. Clear
irregular boundary to:

21=36 om

Brownish yellow (10YR 6/6); fine sandy clay
loam; moderate coarse angular blocky structure;
moist firm; many pores, few roots; many fine
quartz. Clear irregular boundary to:

36-67 em

Reddish yellow (7.5YR 6/8); clay loam; moderate
coarse su blocky structure; moist firm;

few pores roots; moderate discontinuous clay
8kins; abundant medium quartz grit.

67-139 cm

Reddish yellow (5YR IG/G}; clay; weak medium angular
blocky a{:ructura; moist firm; few pona! ng root-:

moderate discontinuous clay skins; a
quartz grit; soft laterite pieces.
boundary to:

139-160 cm

Pink and reddish yellow (7.5YR 7/4 and 5TR 6/6);
grity clay to clay loam; weak coarse

blocky structure; moist firm; no pores, no roots;

!oﬁ laterite pieces; many fine to coarse quartz
87-' .

Note: Sampled for soil moisture analyses.

Smooth diffuse

Site No: Bi114

Map Reference: 131b; 208141
Zopography: Nearly flat ridge top
Parent Material: Sub-recent Alluvium
Sodl Series: Holyrood

Vegetation: Mature rubber

Drainage: Very well drained

Description for Specified Depths

0-17 em

Dark greyish brown (10YR 4/2); loamy sand; moderate
medium subangular blocky structure; moist very fri-
able; few pores, abundant roots. Smooth diffuse
boundary to:

17-58 cm

Pale brown (10YR 6/3); light sandy loam; weak to
moderate medium su blocky structure;
moist very friable; few pores, few roots; few
pleces of laterized parent material. Smooth dif-
fuse boundary to:

58-121 cm

Very pale brown (10YR 7/4); sandy loam; moderate
coarse subangular blocky structure; moist very
friable; few medium distinct white mottles; few
pores and roots; very weak discontinuous clay
skins; few fine quartz grit. Clear smooth
boundary to:

121-140 cm

Very pale brown (10YR 8/4); grity loam, moderate
coarse subangular blocky structure; moist ve.
friable; few roots; very weak discontinuous
skins; many fine quartz grit.
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CHEMICAYL, AND MECHANICAL ANALYSES
YONG PENG B‘im
Pasak Sample Area
Site No: B029
Run/Photo No: 107N/T1
Percentage On on Percentages Basily 6N HC1 Soluble
———— Origimal ﬂr-d:y Sol.
Sample Soil
=
i ) Yo
g a F’g‘ @ - g g g
% & . 5 ds34 4 S 8 3
3 ] ° - B e Ba A gty ol
: 5 83 R Ve mgas
# o s -a £ § b gnm & & 4
e 200 TR O T E s . g sMgEE zor ;i #
S n e o E a g g % g ool 4 & % a a
g iggggﬁfagéﬂaﬂﬁuahwggugi
o A 2283 Didediond 8 8 R 5 onck z 8
B 26T O=11 BOO21 70 T 13 13 Nil Nil 4.4 3.7 13.6 3.69 2.14 0.18 12 24 n.a 119 6.00 3.95 1.29 2.2
sa 11-32 B0022 77 8 10 11 o " 4.6 3.8 12,0 1.58 0.92 0.10 9 12 * 69 6.57 4.15 1.21 2.4
8b 32-67 B0023 23 57 10 11 - " 4.8 3,8 11.5 1.10 0.64 0.06 11 10 * 58 6.69 6.60 1,12 2.4
sc 67-96 BO024 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 1.03 2.9
sd 96-140 BOO25 23 57 10 14 22.7 20.8 4.7 3.8 12.2 0.97 0.50 0.05 10 10 " T2 10.48 4.40 1,12 2.24
se 140-160 B0026 57 12 12 24 Wil ©FNil 5.1 4.4 11.9 0.%1 0.18 0,02 9 - Py 74 16.12 3,90 1.03 2,50
milliequivalents per 100 g soil
Depth Total Percentage
(em). C.B.C. Caleium Magnesium Sodium Potassium Ca+Mg+Na+K Saturation
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 4
3267 B8.39 0.08 0.03 0.03 0.02 0.16 2
67-96 8.T2 0.05 0,05 0.01 0.02 0.13 1
96-140 9.55 0.08 0.03 0.01 0.02 0.14 1
140-160 11.03 0.11 0.05 0.05 0.06 0.27 2

n.,a = not analysed.
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JERANGAU SERIES

Tanjong Penggunns Region
Site No: B667

Percentage 0;&121;-‘!:1 :I:uon Percentages 6N HO1 Soluhh;
i
: : Gl
! T
K| “ § gn ;’. TS

o p I s £ T -F
Flgr & ¢ .priit BRGE 2 s & 1f
ML L ggﬁsi EE Ei‘:%gé
b oasaaliodiaad PP o1iigld

RW 351 T 0-12 BO183 65 2 15 20 Nil Nil 3.8 3.5 not analysed not analysed 264 5.58 0.45 1.47 1.30
sa 12-52 BO184 67 21521 " " 4,4 4.0 not analysed not analysed 158 6.86 0.58 1.30 1.21
sb 52-96 BO185 67 2 1521 " " 4.6 4.1 not analysed not analysed 147 7.04 0,45 1.65 0.95
sc 96-150 BO186 69 4 1319 " " 4.9 4.3 not analysed not analysed 140 7.70 0.45 1.91 1.21

milliequivalents per 100 g soil

Sodium Potassium Total Percen

I{’gg{: C.B.C. Calecium Magnesium o Pe tage
0-12 23.70 0.16 0.19 0.21 0.16 0.72 3
12-52 6.58 0.16 Fil 0.81 0,05 0.39 6
52-96 6.42 0.11 Ni1 0.06 0.02 0.19 3
96-150 6.42 0.08 N1 0.09 0.02 0.19 3




RENGAM SERIES

Tanjong P rang Region
Site No: 337

Run/Photo No: 109N/183

Percentage g On Aﬁ-d on Percentages E;suy 6N HC1l Soluble
s Beil. o

8
g : . o ;
: : § .1 382t
5 s & g A5 48 i Snoea s
3 g 7y wpBa 8 ¢ S ¢
g 8 K] % gag“ o e BT R
8 ST yig ek Banbi b finnilg
PRI R

(=1 (] (T3 -—

& & moﬂéoﬁséﬁsaéaaaaa 55335

RWoT T 0-14 BO095 59 6 14 26 Nil ©FNil 4.6 4.0 not analysed not analysed 55.2 3.37 1.11 0.87 2.46
Sa 14-44 BO096 61 4 12 28 1.5 " 4.3 3.9 not analysed not analysed 36.8 3.74 1.30 0.87 2.38
8b 44-T0 BOO97 30 37 10 28 4.5 0.6 4.3 3.9 not analysed not analysed 36.4 4.34 1.70 1.03 2.46
Se T70-106 BOO98 30 37 7 31 22,1 1.9 4.3 4.0 not analysed not analysed 41.6 6.90 2.04 0.95 2.86
B4 106-153 B0O099 59 6 6 34 22.1 Nil 4.5 4.0 not analysed not amalysed 36.8 6.44 2.04 1,03 2.46

milliequivalents per 100 g esoil

Depth Total Percentage

(em) 0.2.C. Calcium  Magnesium  Sodium  Potassium  Ca+Mg+Na+K Saturation
0-14 11.44 0.16 0.11 0.06 0.29 0.62 5
14-44 7.74 0.16 0.03 0.09 0.19 0.47 6
44-70 6.75 0.14 0.03 0.08 0.14 0.39 6
70-106 6.42 0.11 Nil 0.03 0.07 0.21 3
106~153 4.28 0,08 " 0.08 0.07 0.23 5
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CHEMICAL AND MECHANICAL ANALYSES

RENGAM SERIES, coarse sandy clay phase
Tanjong Ptgggtrm Region

Site No: 2

Run/Photo No: 1108/26

Percentage - ::h 13%&:7 Percentages 6F HC1 Bollllilc:
;
b
E g g d gé'-g.
: : P ol EL. 151
= 4 F o WoEh. T Ste &
tach ad, SEEEE b FE
PR osasafilisgd i iilil

RW 338 T 0-22 BO137 40 7 31 25 14 Nil 4.5 4.0 not analysed not analysed 28 3,07 3.07 1.91 2.25
Sa 2242 BOI138 44 9 B8 41 23 4.6 4.0 not analysed not analysed 22 3.14 3.60 1,73 1.91
Sb  42-80 BO139 28 25 5 43 42 4.8 4.3 not analysed not analysed 14 3,71 3.75 1.73 2.77
Sc  80-130 BO140 36 21 7 42 45 4.6 4.0 not analysed not analysed 14 4.11 3.70 1.56 2.77
84 130-180 BO141 34 17 7 39 40 4.4 4.0 not analysed nmot amalysed 9 3.67 4.00 1.73 1.13

milliequivalents per 100 g soil

Depth Total Percentage
(em). 0,B.C. Calcium Magnesium Sodium Potassium  Ca+Mg+la+k Saturation
0-22 9.22 0.38 0.24 0.09 0.07 0.78 8
22-42 6.42 0.19 0.27 0.15 0.06 0.67 10
42-80 4.61 0.11 0.27 0.11 0.04 0.53 1
80-130 4.12 0.11 0.16 0.09 0.04 0.40 10
130-180 4.94 0.11 i1 0.06 0.02 0.19 4
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RENGAM SERIES, fine sandy clay phase
2
Site Ne: OGEs o eion

Photo FNo: 1135/111
Percentage . On rﬂ onry Percentages Eg:i:.ly 6N HC1 Soluble
Sample Soil
2
§ : :
Q L]
: : 2 g
£ § p 2,84 4 Z
3 o 3 - st 5a & g <
+ £ o B o e . D
* o + + OB A W * o
45‘ 25 o - § Lo g A m B ®
i 3§ g 5. pe%l BF 1
o' u.i L] e;l o g g g 8 o = ﬂ .& L o a
§E £ &5 2539 G: F 3 3§ i ciri=f 38 & 2
3 2 8 38 & e 38 ¥F¥3 R SRGt LR
RW 358 T 0-16 CO157 53 4 15 3% Nil Nil 4.6 4.1 not analysed not analysed 119 3.90 0.58 0.95 1.13
S9a 16-63 Co158 53 6 13 33 ™ " 4,9 4.2 not analysed not analysed 83 5.01 0.45 1,04 1.5
Sb 63-115 CO159 63 2 14 26 3 " 4.9 4.4 not analysed not analysed 86 5.35 0.68 1.04 1,56
Sc 115-152 CO160 67 2 9 27 15 . 5.1 4.6 not analysed not analysed 82 4.23 0.68 1.13 1.2
milliequivalents per 100 g soil
?op'gh Total Percentage
em). C.E.C. Calcium Magnesium Sodium Potassium Ca+Mg+Na+K Saturation
0-16 11.03 0.08 0.05 0.16 0.08 0.37 4
16-63 5.27 0.05 0.24 0.09 0.02 0.40 8
63-115 4.77 0.13 Nil 0.11 0.04 0.28 6
115-152 J3.95 0.05 0.03 0.09 0.01 0.18 5
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MASAI SERIES

Tanjong Penggerang Region

Site No: A199

Run/Photo No: 112S/28
Perce On P 3
ntage = l1:'3 on ercentages l;soll.‘!; 6N HC1 Bclubleﬁ
Sample Soil
S
L]
E g g ® » g g 5
K] % g 8 343" " NS ES
& » 28 el WL i iy ¥ ¥
s ] * OR (=Y Y » .
& % 3 = 3,3 8aa Ol B &
1. 3 4 7 R TR T S R
P 3 e = e L3 8 g o3 1i%
i ﬂsggég"ggsigﬁa: sgigg.
! F 94808 } 1yt RPN G 323 g ERT B3
RW 218 T 0-15 A0036 44 3 1543 0.7 Nil 4.5 3.8 not analysed not analysed134.0 4.29 2.91 0.89 2.33
Sa 15-48 A0037 48 3 1042 1,7 " 4.75 4.05 .. " "  100.0 5.54 3.27 0.76 1.93
Sb 48-68 A0038 59 2 935 27.4 ™ 4.85 4,1 " . " L 92,0 6.20 4,05 0.60 2,33
Sc 68-90 A0039 61 2 7 31 10.7 63.1 5.0 4.2 " L " "  108,0 10,65 3.19 0.64 1.53

34 90-150 A0040 53

110 36

17.5 12.2 5.15

4.3 "

48,0

6.65 2.12 0,72 10*3

D h
(om)

0-15
15-48
48-68
68-90
90~150

milliequivalents per 100 g soil

Total Percentage
C.B.C. Caleium Magnesium Sodium Potaseium Ca+Mg+Ha+k Saturation
9.7 0.14 0.19 0.14 0.13 0.60 .
5.76 0.05 0.49 0.32 0.11 0.97 16
4.61 0.24 0.24 0.26 0.10 0.84 18
5.10 0.16 F 0.12 0.09 0.37
3.79 0.08 Nil 0.12 0.07 0.27 T
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BATANG MERBAU SERIES
Tanjong Ps:gg;m Region
Site No:

Run/Photo No: 1128/30

Agric. Dept. laboratory No.

SBJP Sample Reference

Depth (em)

g

Fine Sand
Coarse Sand

g
m

o Aﬁ-::y Percentages la.:i:l:y 6H HC1 Soluble
Sample Soil

é o . . g g g

b 8 43T % ny O

8 8 el Sl ¥, TN¥

I & inn iR

vy o TR

) i ah ¢ 8 H 5 H

ERERE FHA R

n A o »§ = oMo 5 5. S

BW 219 T 5-52 A0034 42
8 52-110 A0035 47

539 14

6 23 26 16.3 4.5 5.0 4.1

1.1 Fil 4.8 4.0 not analysed not amalysed 44.8 2,09 9.81 0.97 1.9}
not analysed not analysed 48.8 4.4012,05 0,68 3.%0

milliequivalents per 100 g soil

Depth Total

(om). C.B.C. Caloium  Magnesium Sodium Potassium Ca-+Mg+Na+K
552 6.42 0.11 §il 0.21 0.13 0.45

52-110 4.30 0.08 . 0.04 0.09 0.21

Percentage
Saturation
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SERDANG Sllllfls

Pasak

f1ite ’ea:.pcwo
Run/Photo No: 1085/142

Percentage On on Percentages 8;:1:.1; 6N HC1 Soulble
Sample  Soil .

; . .
; : 1o 2 T3
1. % 4 ) 1y o HES ;A
£ S ¥ = gg Ba&S XY § gk g
ciad Ml BE L iHE B Sy
3 & sgf2 iz o2 ¢ cis §s§
o3 dedqdd da e Lh 4 93 1y 4 g

RV 58 T 10-28 C0O059 32 4 25 44 W1l Nil 4.4 4.0 not analysed not analysed 91 3,49 11.20 2.84 4,57
Sa 28-6B CO060 32 4 26 43 1.0 " 4,74.1 not analysed not analysed 82 4.57 12.60 1.55 5.95
Sb 68-100 COO61 30 6 28 41 1,0 ©» 4.8 4.1 not amalysed not amalymed 78 4.69 12.60 1.21 7.50
Sc 100-136 CO062 34 4 25 42 14.0 18.0 4.8 4,1 not analysed not analysed 89 7.66 12.60 1.64 6.29

milliequivalents per 100 g soil

Depth Total Percentage
(om) C.B.C. Calecium Magnesium Sodium  Potassium Ca+Mg+lla+K Saturation
10-28 Te41 0.10 0,08 0.03 0.04 0.25 . ]
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 ot 0.01 0.04 0.13 =
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SERDANG SERIES, sandy clay phase
Tanjong P rang Region
Site No:

5
Run/Photo No: 1128/%2

Percentage On pH on Percentages 6N HC1 Soluble

$

B

i : gy
2 é s 1 -?;é’:;
. K] § ik sl & Sdg
ol i 3 % 5 $ri3 i & § .
p Y S LR e ,géséié
- 5 TR » £+ Blhn " 2 p °
B % B ripiE §igos i £ f31 313}

RV 340 T 0-16 BO147 53 1 13 28 11 Nil 5.2 4.2 not analysed not analysed 63 3.52 0.45 1.04 2.25
Sa 16-49 B0148 48 3 13 41 ™ "™ 4.8 4.2 not amalysed not analysed 62 3.38 0.58 0.87 1.39
Sb  49-100 BO149 22 26 17 40 ™ " 4.7 4.2 not analysed not analysed 66 3.01 0.45 1.04 1.30
Se 100-152 BO150 47 2 14 35 ™ " 4.3 3.9 not analysed not amalysed 83 2.38 0.68 1.13 1.30

milliequivalents per 100 g soil

Depth Total Percentage

(em) 0.E.C. Calcium Magnesium Sod ium Potassium Ca+Mg+Na+K  Saturation
0-16 4.77 0.11 N1 0.15 0.04 0.30 6
16-49 6.09 0,08 " 0.11 0,02 0.21 3
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 4
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KEDAIl SERIES

Pasak sample Area

8ite No: CO022

Run/Photo No: 1073/70
Percentage On pH on Percentages Eas 6N HC1 Solub,
Original Air-dry So;.:.l’ e
Sample Soil
=2
g i
o ¢ ™)
! E T
3 5 §i o d449 4 S 8%
: o 8 s § wa .55" 2 g ¥
s E A ! : B g B d £
SRS i fog:] speEl 1§ i
# m o o o -] @ o o
i igggggaégﬁ'iﬁgfaizégﬂigs
. i ceaRs ® £33 8% ¥ g S3EitlE: 3
RW 30 T 0-7 COO0O7 37 4 26 36 Nil Kil 4.2 3.8 9.9 6.82 3,96 0.26 15 30 n.a not analysed n.a.
8a T-40 CO008 41 4 24 36 1.2 " 4,5 3.8 5.8 1.57 0.91 0.08 11 14 " not analysed n.a.
Sb  40-65 CO009 43 4 22 36 13.3 ™ 4.3 3.9 5.2 0.88 0.51 0,05 11 15 * not analysed n.a.
Sc 65-92 C0010 26 14 19 45 25.4 " 4.4 3.8 4.4 0.42 0.25 0.03 8 11 " not analysed n.a.
54 92-147 CO011 36 6 21 42 19.6 " 4.5 3.8 4.0 0.18 0.11 0.02 6 12 " not amalysed n.a.
milliequivalents per 100 g soil
Depth Total Percentage
(cm) C.E.C. Caloium Magnesium Sod dum Potassium Ca+Mg+Na+K Saturation
0=T 14.81 1.22 0.41 0.14 0.12 1.89 19
T-40 10.53 0.16 0.05 0.11 0.03 0.35 3
40-65 9.05 0.14 Fil 0.09 0.03 0.26 3
65‘92 6.91 0.08 0.06 0.11 0.03 0.30 4
92-147 5.76 0.14 0.03 0.11 0.03 0.31 5
F.a, = not analysed
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CHEMICAL AND MECHANICAL ANALYSES
Pasak sgnplc Area
Site No: CO039
Photo No: 108S/142
Percentage On pH on Percentage Easily 6N HC1 Soluble
Sample Soil
g
; : ; .
: : : g g 8
§ : g 2,944 S E3
K] % 5 4 @i 8aa g3 ¢
: o E - § E g A AW s g 3
§7 3 g gﬁ il
SE0G TR S LR U
> 4 H S '3 P 8 8 K 8 -
i 02 gagaf B lEiz b §Es sisiisiif
5 a » é o w A © .! § 8§ ® © of S& A A1 .
RW 32 T 0-10 ©€0025 45 7 34 16 N1l Nil 4.1 3.7 10.1 4.42 2,56 0,18 14 65 n.a not analysed not analysed
Sa 10-47 CO0026 52 4 32 17 *» " 4.4 3.8 6,3 0,90 0.52 0.05 10 21 " not analysed not analysed
1) 47-109 C002T 51 8 30 16 4,5 3.8 6.2 0.53 0.31 0,03 10 21 " not analysed not analysed
8¢ 109-129 00028 56 B8 26 15 " ' 4.3 3.8 7.0 0,53 0.31 0,03 10 15 " not analysed not analysed

milliequivalents per 100 g soil

Depth Percentage
(om) 0.B.0. Caleium Magnesium Sodium Potassium o.mn: Saturation
0-10 17.28 0.62 0.46 0.16 0.22 1.46 9
10-47 10.21 0.14 0.03 0.09 0.08 0.%4 3
47-109 T.74 0.08 Nil 0.05 0.06 0.19 2
n.a. = not analysed

- 119 -



gg.lnm BR;IS SERIES
Si‘tzoﬁz .gg; -
Run/Photo No: 1108/16
Percentage On PH on Percen
e, tages l;:i.}y 6N HC1 Soluble
Sample  Soil
Pt
b .
E a [ ] - .
% 5 g.r 3§ : g $ g
3 § 8 5d 2% q 58w
. '" ¢ x E B Adn a X 5 i
45. =) 3 = E 3 gn. -] h T i 3' li
SR AR 1y : g HI 1E 8
* ] oo - -
L &8 agggﬁggtg EEE..-,!':. S 3 2
¥ £ &d2a85 2233}) 8hateil P
RW 68 T 0-12 BOOTO 42 6 23 34 Nil Nil 4.6 4.0 not analysed not analysed 94 1.94 6.90 1.12 3,02
8a 12-46 BOOT1 44 T 17 37 1.0 2.9 4.8 4.1 not analysed not analysed 80 2.40 12.10 0,86 3.79
Sb 46-80 BOOT72 44 7 16 38 27.0 23.0 4.9 4.2 not analysed not analysed TT 3.06 12.75 1.21 4.40
Sec 80-102 BOOTS 44 6 13 42 27.0 11.5 5.0 4.1 not analysed not analysed 90 3.37 13.25 1.29 3.53

(om)

0-12
12-46
46-80
80-102

milliequivalents per 100 g soil

Total Percen
C.E.C. Calcium Magnesium Sodium Potassium Ca+Mg+Na+K Saturation
10,04 0.16 Nil 0.23 0.14 0.53 5
T.74 0.11 " 0.10 0.04 0.25 3
5.93 0.11 " 0.09 0.04 0.24 4
5.27 0.11 - 0.06 0.03 0.20 4




MARANG SERIES

Tanjong Pnggguin; Region
Site No: 76

Percentage on pH on Percentages 6N HC1 Soluble
Original Air-dry
Sample Soil
2
E (] . -
- &0
: : g ¢ B
1 g : digd & 8 &
3 5 b 2 < g
g + + g . g. .
. o + A W . o L]
B i ,i = E, + & o 4
gt & 3 g i . s 17* 3
St H ] O o -l 5 -
J {2} m o ~ o a o ! -] 1] m a
b g » S E-El B Y a 2 ® 8 g ©
By © o @ 2
Do 8F el ax iy §tigcEr i}
/] - | 5] o 0 AR o - B o = = o
RW 348 T 5-25 BO170 32 12 48 12 Nil Nil 4.6 3.7 not analysed not analysed 43 0.42 4,90 1.21 1.90
Sa 25-58 BO1T1 34 14 44 13 " " 4.7 3,8 not analysed not analysed 46 0.54 6.10 1.13 2.25
Sb 58-8T7 BO1T1 38 15 40 12 1 " 4.7 3.8 not analysed not analysed 47 0.64 7.55 1.30 4.16
8¢ 87-115 BO172 40 14 34 12 4 " 4.8 3.9 not analysed not analysed 46 0.51 8.20 1.13 2.68
Milliequivalents per 100 g soil
Depth Total Percentage
(em) C.B.C, Caleium Sodium Potassium Magnesium Caig+Na+K Saturation
5-25 5.76 0.16 0.13 0.05 0.05 0.39 T
25-58 5.93 0.13 0.06 0.02 §il 0.21 4
58-87 5.43 0.08 0.06 0.02 §il 0.16 5
87-115 5.60 0.08 0.09 0.06 Nil 0.23 4
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MARANG, deep phase
Tanjong Pe Region
Site No: C5

Run/Photo No: 1153/118

Percentage i 12"1:.;1 ArH on Percentages ha:i.}y 6N HC1 Soluble
Sample Soil S ———"
S
£ 3
5 g 3 : F
,E E g.oo ggg
K ¥ : L 98 2% 4 3 S
‘ : i3 giiiw § 3 %
4 o~y 2 “ & o i 8
BN S R R
§ 13 SRR R : 5 if g
ﬁ 4 b b, . = ] -~ '6'
LRI RN IR

BW 361 T 0-26 0144 36 6 34 24 Nil Nil 4.6 4.1 not analysed  not analysed 93 1.04 4.25 1.13 1,30
Sa  26-60 CO145 47 133 24 ™ " 5.1 4.1 not analysed not analysed 115 1,39 4.65 1.30 4.69
Sb 60-100 CO146 42 6 34 23 ™ " 4,9 4.0 not analysed  not analysed TT 1.45 4.55 1.04 3.38
Sc 100-140 CO147 42 6 33 24 " " 4,9 4,0 not amalysed  not analysed 82 1.51 4.70 1.30 2.68

milliequivalents per 100 g soil

Depth Total Percentage
(cm) C.E.C, Calcium Magnesium  Sodium  Potassium 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 5
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DURIAN SERIES,

Tanjong Pen%mng Region

Site No:

Run/Photo l‘o 1098/187
Percentage On pH on Percentages Easily 6N HC1 Soluble
Original Air-dry Seol.
Sample Soil.
ﬁ
E o > v
+ L]
g - z g ¥ g
2 C 4. 44 o Se B8 I
K : ; 3 . 4 22 & g5 TF 3
m - £ o b= L~ : > °
. o - . N1 A W . g‘ ‘
5 S 3 3 = g i S fn 1g N
@ ~
3 =t ] : P8 g i a8 E¥ %1 g
£ iy $29 1 3 18 2.5 2 45 %8 2
B 0F 5 §isiEiios ggpgoiudozy oo i o3&
-1 m O m MO :E m A o 5 8§ 8§ B 38 J& £ a4 & 58
RW 75 T O0-11 BO085 48 19 22 8 Nil FNil 4.45 3.8  not analysed not analysed 64 1,23 15,75 1.29 4.14
Sa 11-36 BOOB6 48 1923 8 " " 4.65 3.95 not analysed not analysed 44 1,33 17,60 1.12 5.43
Sb 36-63 BOOST 54 19206 " " 4,7 3.9 not analysed not analysed 38 1.49 18.75 1.03 5.43
8¢ 63-108 BOOB8 59 18 15 6 " " 4.85 3.95 not amalysed not analysed 35 1.81 20.50 1.,0% 5.17
54 108-143 BO0O89 54 27 16 4 " " 4.9 3.95 not analysed not analysed 40 1.78 22,75 1.03 6.12
milliequivalents per 100 g soil
Depth Total Percentage
(om) 0.EB.C. Caleium Magnesium Sodium Potassium Ca+Mg+Ha+K Saturation
0-11 9.05 0.27 0.03 0,06 0.16 0.52 6
11"36 6.42 0.11 0003 0.07 0-12 0.5) s
36-63 6.58 0.11 0.03 0.06 0.06 0.26 4
63-108 '5-27 0.11 m Olm 0.“ 0.23 ‘
108-143 5.76 0.11 Fil 0.07 0.10 0.28 5
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POHOI SERIES

Tanjong Penggerang Region

Site No: B211
oto No: 109H/193
Percentage On on Percentages Eas 6N HC1 Solubl
Original Aﬂ-dry goi'}y ST
Sample Soil
g
E A
ey o - -
£ - 2 B i o8
-] L] . - e
K| % 5 8 dq 39 4 B 88 0
. @ 8 o ngine & ¥ N iy
23 & s 7 E i i ke R S &
L []
2+ 8 3 o I JeF £ § utiy
: - <] g o o @—n a -
) o - ? o a = g W ] 9 o o !
e a E,' 5 .pa 5 E o - 'i 3 g ﬂa = 8 [ ] a o
$: 2 ARl i3 Ry RGiiE E 1
b a n O 0l o n A o S &8 =& of of [ °
RW 69 T 0-11 BOOT4 44 7 15 31 Fil Nil 4.8 4.3 not analysed not analysed 240 4.46 10.35 24.82 4.40
Sa 11-38 BOO75 53 6 15 31 " " 4.4 3.9 not analysed mnot analysed 152 5.32 12.25 1.12 5.08
8b 38-68 BOO76 54 5 15 31 " " 4.5 3.95 not analysed not analysed 148 5.89 10.85 1.12 5.17
Se 68-100 BOO77 57 6 15 25 " " 4.8 4.1 not analysed not analysed 157 6.17 11.00 1.03 5.51
84 100-138 BOOT8 57 6 1525 " " 4,6 4.1 not analysed not analysed 152 6.34 10,85 1.03 5.60
milliequivalents per 100 g soil
Depth Total Percentage
(em) C.B.0. Calcium Magnesium Sodium Potassium Ca+Mg+Na+K Saturation
0=11 11.19 1.16 0.11 0.17 0,08 1.52 14
11-38 T.41 0.16 Nil 0.15 0.08 0.39 5
38-68 T.24 0.14 b 0.07 0.04 0.25 3
68-100 6.42 0.08 0.03 0.07 0.04 0.22 -
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TABLE 17

AL A AL ANAL
MALACCA SERIES
Tanjong Penggerang Region
Bore No: B231
Run/Photo No: 1108/16
Percentage =2 On Aﬁ-::y Percentages B;:ily 6N HC1 Soluble
Sample Soil .
&
E ] . »
- o [ ] - ]
g : SN g8 » 8
a K g A: A8 @& e R
.s M OH .0 - . = .
2 g 3 % ol L ity A
: © £ e B " e At
& s, ,i E = § E 85 @ o & & &
1 g 'g En % g # < ?-\g EE a o i - E
p > 4 o8 o Bg 43 E4h o
A &355§§§*’E s 8 £f =i=f § 9 § ¢ §
3 2 & 8438 3Gl R E et e il ¢ 401
RW 75 T 6-25 B0O091 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 BO092 61 6 14 24 11.0 31.74.8 4.0 not analysed not analysed 224 8.28 9.54 1.55 3.45
Sb  44-72 BO093 67 6 8 20 24.0 4884.9 4.05 not analysed not analysed 246 9,54 10.85 1.12 3.19
Sc 72-96 BO094 65 4 9 24 38,0 2625.2 4.4 not analysed not analysed 328 16.51 9.10 1,03 3.10
milliequivalents per 100 g soil
Depth Total Percentage
(cm) C.B.C. Calcium  Magnesium  Sodium Potaseium  Ca+Mg+Na+K Saturation
6-25 8.56 O.11 Nil 0.06 0.06 0.23 3
25-44 T.57 0.11 Nil 0.09 0.06 0.26 3
44-T2 T.24 0.11 Fil 0.09 0.08 0.28 4
72"’96 5093 0.11 0l03 0009 0503 0.26 ‘
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TAVY SERIES

Pasak Sample Area

Bore No: (€035
Run/Photo No: 108S/142

Percentage °§ é:i:l g i;';dnry Percentages Ig:]:l..‘fy 6N HC1 Soluble
$
3 .
‘P g . - Ll
.g g o a..o - g 6 g
q It B 8 o9s3% = 2 .8. 9
5 I qi 1 2y
P o304 i & . 8§ 5yt e L
A s 5 3 s B o4 o 3°§§E E ig -
s P ° o 5 a ks 8 4 8 9 23:.& - g 2
B naggéﬁiggs-ggﬁ..':s §H§
.. AR BRSNS L A ¢ 3 8 Vpan :

RV 31 T 0-6 C0018 39 12 40 14 Nil Fil 4.1 3.7 7.3 3.24 1.88 0.17 11 49 n.a. not analysed not analysed
Sa 6-28 CO019 47 836 14 ™ n 4.4 3.5 4.9 0.82 0.48 0.06 8 18 n.a, not analysed not analysed
Sb  28-54 CO020 49 10 30 16 1.4 ™ 4.6 3.7 5.3 0.53 0.31 0.05 6 19 n.a. not analysed not analysed
Sc 54-155 C0021 43 12 25 25 7.7 1.1 4.7 3.9 5.3 0.24 0.14 0.03 5 10 n.a. not analysed not analysed

milliequivalents per 100 g Soil

Depth Total Percentage
(em) C.B.C. Calcium  Magnesium Sodium  Potassium  Ca+Mg+Na+K Saturation
0=6 13.83 0.70 0.30 0.14 0.14 1.28 9
6-28 > By 0.30 Ni1 0.11 0.06 0.47 6.
28-54 7.74 0.16 n 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: 107N/70
Percentage On on Percentages Bas 6N HC1 Soluble
— =B Opiathn) Lﬂ-dl‘:r Soﬁy
Sample Soil
g
E § . .
3 3
E 5 's @ . g g g
K] % e 8 24 3% 9. 2 En
& g B 8 6 84 4 23S ¥
B opikiaan 5 bd: i HE i
2 Sk ¢ i Tgyf . q 308 1:8
S g ek -l 259 8 8 a°3 = B g
o L - CHE- R = 2 mg =8 @ g 8 ©
§ d .28 8 3 §iS 2= 40 £ 2
5 O nM o nm.A © 5 3 = ?3 oM ©O ﬂ N O
BRW 29 T O-6 CO001 43 4 22 36 2.2 KNil 4.3 3.9 8.9 4,63 2.69 0.24 11 41 not analysed not analysed
Sa 6-=21 CO002 45 4 22 33 2.4 ™ 4.5 3.9 7.9 3.25 1.89 0,17 11 25 not analysed not analysed
Se 36-67 C0004 49 3 14 36 18.8 " 4.4 3.7 6.9 0.72 0.42 0.06 7 15 mnot analysed not analysed
8@ 67-139 CO005 53 6 13 33 7.5 ™ 4.5 3.8 6.7 0.32 0.18 0.03 6 14 not analysed not analysed
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 analysed not analysed
milliequivalents per 100 g soil
Depth Total Percentage
(em) C.E.C. Calcium Magnesium Sodium Potassium Ca+Mg+Na+K Saturation
0-6 13.66 0.81 0.41 0.16 0.14 1:.52 1
6=21 11.05 0.38 0.19 0.14 0.06 0.77 7
21-36 T.57 0.14 0.05 0.09 0.06 0.34 4
36-6T 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 4
139-160 5.76 0.11 Ni1 0.16 0.08 0.35 6
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HOLYROOD SERIES

Siput Sample Area
Bore No: Bi14
Run/Photo No. 1068/33

Percentage On pH on Percentages Easily 6N HC1l Soluble
ogﬂllpl. 13011 l

g
£ g ; i
E E é D . L] g g §
» e 48 H g .
s 3 g sigi a3 3 3
§ o eaig ; 3 §: H2 35 & ook b i
L s L jeME R B0
i ﬂa’g“EEggEfigsfgﬁa ‘5%;
$ agoﬁéoésaaiaéaaaégaE

RW 10 T 0-17 BOO51 22 6 37 40 Nil Nil 4.8 4.1 4.0 1.59 0,92 0.08 12 n.a n.a 108.8 0.34 0,80 1.29 1.98
Sa 17-58 BO052 26 4 36 39 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 1,29 2.16

8b 58-121 BOO53 24 4 35 41 5.0 ™ 5.0 4.2 2.7 0.29 0.17 0.02 9 n.a n.a 35,2 0.43 1.40 1,38 2.16
Sec  121-146 BOO54 26 4 29 46 22.6 ™ 4.7 4.1 3.1 0.21 0.12 0.02 6 n.a. n.a 41.6 0.45 7.57 1.63 2.84

milliequivalents per 100 g soil

Depth Total Percentage

(com) 0.B.0C. Calcium Magnes ium 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 N1 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 REGTON

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.
soil in 25 ml, distilled water or 0.01N KU1,

Carbon - Walkley & Black Method.

Nitrogen - Micro-Kjeldahl Method with a mix-
ture of selinium, copper sulphate and potas-
sium sulphate as catalyst.

Potassium (Easily Soluble) - extraction in N/2
acetic acid (10g sample in 100 ml acid) and
estimation with flame photometer.

Phosphorus (Basily Soluble) - leaching with a
solution of 2N NaCl and 0.2N HD1l, 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,

Exchangeable Calcium & Magnesium - titrate with
1750 versenate after separation of barium in
0.1F barium leachate.

Exe able Sodium & Potassium - determine on
extract by flame photometer,

Percentage Base Saturation - calculated as a
function of the total cations present in the
leachate.

RENGAM SERTES

Location: Rengam Forest Reserve,

Grid Reference: Map Sheet 124 - 665501.
Elevation: Between 50 to 100 feet, a.s.l.
Topograzhy: 7° slope on undulating terrain.
Vegetation: Primary forest.

Parent Material: Acid Granite derived.

Soil Profile:-
Ah 0 to 3 in. (0 to 7.6 cm)

Brown (OYR 4/3) friable coarse sandy clay;
strongly developed fine subangular blocky

;tmt‘aroa; many roots and pores; boundary
istinect.

AB 3 to 25 in, (7.6 to 63.5 em)

Brownish yellow (10YR 6/6) friable coarse sandy
clay; moderately developed medium subangular
blo structures; many roots and pores; patchy
clayskins; boundary dﬂmn.

Bt 25 to 45 in. (63.5 to 114.3 cm)

Brownish yellow (10YR 6/8) friable coarse sandy
clay; moderately developed medium subangular
blocky structures; discontinuous clayskins;
boundary distinect.

BC 45 to 60+ in, (114.3 to 152.4 em)

Yellowish brown (10YR 5/6) firm coarse sandy
clay to clay; moderately developed angular
blocky structures; continuous clay skins.

Depth (in.)

Percentage % pH Percentage

Clay
511t

Original Air-dry
S:lelplo

o

&
:
£

Coarse Sand
Gravel
Stone
Pigiiied
0.,01F EC1
Carbon
Nitrogen
C/F Ratio

Fine Sand

0-3 43 4 15 41 N4l Nil 4.2 3.8 2.18 1,27 .12 10
325494 14 37 " " 4.3 3.9 0.71 0.41 .04 10
25-45 51 6 10 36 " ™ 4,5 3.9 0.46 0,27 .04 7
45-60 55 4 13 32 " " 4,6 3.9 0.36 0,21 .03 7

- ‘29 -

Easily Exchangeable Cations
Soluble m.eq./100g Soil
X
g 43
ok de e oon v 1
M A o8 3 = ] P
N.D. 28 13.17 0.21 0.45 0.15 0.24 7
- i Gl ) b i © 5 e il 6 o e ¢ 45 St % b s,
oo 14 6.25 0,035 0,10 0.04 0,09 4
" 17 6.7 0.08 0.10 0.08 0.11 5
N.3. Clay 0.002 mm,
Bilt 0.002 - 0.02 mm.
Fine Sand 0.02 - 012 mm.
Om.. M 0.2 - 2.0 mm.
Gravel 2 = 10 mm.
Stone 10 mm,
tr = trace

N.D. = not done.



Location: Rengam Forest Reserve.

6rid Reference: Map Sheet 124 - 648406.
Elevation: 200 to 250 feet a.s.l.
Topography: © slope on rolling terrain.
Vegetation: Primary Forest.

Parent Material:

Soil profile:-
Ah O %o 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 distinet,

AB 3 to 11 in. (7.6 to 27.9 em)

Brownish yellow (10YR 6/8) friable coarse
eandy clya; moderate fine & medium sub-
angular blocky structures; many roots and
pores; patchy clayskine; boundary diffuse.
BtJ 11 to 26 in. (27.9 to 66.0 cm)
Brownish yellow (10YR 6/8) friable coarse
sandy clay with gravels; many pores; few

roots; discontinuous clayskins; boundary
distinct.

Cm 26 to 55+ in. (66.0 to 139.7 cm)

Yellowish red (5YR 5/8) firm coarse sandy
to gravelly clay; weak coarse angular blocky
structures; discontinuous clayskins,

Acid granite derived.

Percentage Percent pH

Percent
Original Air-dry. 2

Sample
. L=]
g ; E T o iy
= 4 qH R 5. 4 B
8 " 48 w 8
TE R g ¢

aiuaﬁaprq B 4 £ o=
A DM O -] m A o g‘ o = ?;
0-3 495 12 35 F§i1 Nil 4.6 4.0 3.54 2,06 +18 11
3-11 51 6 9 381.0 " 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
| 26-56 516 6409,0 " 5.0 4.3 0.26 0,15 .02 7

. PEas Exchangeable Cations
Solé%{e g m.eq./100g Soil 2
w0 8
3 :
o
B g <3 Eﬁ
Ay (=Y pqg t I +
v i SR T N TR Sy e
—
¥.D. 29 12.66 0.13 0.42 0.05 0.17 6
" 13 5.57 0.10 0.13 FNi1 0.02 4
" 20 6.75 0.10 0,29 0.05 5
N 71, 3.54 0,90 0,21 = 0.01 9
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YONG FENG SERTES

Location: Map Sheet 125.

Grid Reference: 724619,

Elevation: 100 feet a.s.l.

To phy: On undulating terrain.
Vegetation: Primary forest.

Parent Material:

So0il profile:

Ah 0 - 1 in. (0 to 2.5 cm)

Brown (10YR 4/3) friable sandy clay loam; weak
boundary

fine su blocky structures:
distinct.

Be 1 = 7 in, (2.5 to 17.8 em)

Yellowish brown (10YR 5/6) friable sandy clay;
moderate medium su blocky structures;
few pores; patchy clayskins; boundary indistinct.
Bt 7 to 42 in, (17.8 to 106,7 cm)

Yellowish brown to reddish yellow (10YR 5/6 to
7.51R 6/6) friable to firm grity clay; moderate

medium subangular blocky structures: few pores;
d:l.soonl;nimtzoua to continuous olayuk:ln-' ; boundary
indistinct.

Cm 42+ in, (106.7+ cm)

Dacite and rhyodacite derived.

Brownish yellow (10YR 6/8) very firm grity clay;
moderate coarse angular blocky structures; few
pores, patchy clayskins,

DURIAN SERIES

Location: Ha.g Sheet 125.

Grid Reference: 953348,

Elevation: ézgn{a::n;.z;l. &

Topogra 2 a rrain.
Vngetatm: Primary foreast.

Parent Material: Shale.

Soil profile:-
Ah 0 to 2 in., (0 to 5.1 em)

Brown (10YR 5/3) friable sandy clay loam; weak

fine subangular blocky structures; boundary distinct.
Ae 2 to 9 in. (5.1 to 22.9 ecm)

Yellowish brown (10YR 5/6) friable to firm grity

clay; moderate medium sul blocky structures;
few pores; patchy clayskins; boundary indistinct.

Bt 9 to 31 in, (22.9 to 78.7 om)

Brownish yellow (10YR 6/6) firm clay; strong medium
and coarse su blocky structures; many pores;
continuous clayskins; boundary distinot.

Ben 31 to 40 in. (78.7 to 101.6 om)

Compacted nodular laterite and angular quartzite
n&m in clay matrix; boundary distinct.

Cm 40+ in. (101.6+ om)

Strong brown (7.5YR 5/8) very firm clay; profus
oou-:f distinet yellow and yellowish red (10YR
& 5YR 5/8) mottles; moderate medium and coarse
blocky structures.

e
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BUNGOR SERIES

Location: Panti Forest Reserve.

Grid Reference: Sheet 131 - 091164

;olmtim 1 = 20&{:;1:.-.}5
pography: on ro errain.

Vegetation: Primary Forest.

Parent Material:
and sandstones.

Soil profile:
Ah 0 - 1 in. (0 to 2.5 em)

Dark yellowish brown (10YR 4/4) very friable

fine sandy clay; weak fine subangular blocky
structures; abundant roots and many pores;
boundary distinet.

Ae 1 - 6 in, (0 to 15.2 em)

Yellowish brown (10YR 5/6) friable fine sandy
clay; moderate fine to medium sunangular
blocky structures; many pores; patchy clay-
ekins; boundary indistinct.

Bt 6 - 17 in. (15.2 to 43.1 em)

Brownish yellow (10YR 6/6) friable to firm
clay; moderate to strong coarse and medium
sunangular blocky structures; many pores;
discontinuous clayskins; boundary indistinet.

Btv 17 = 56+ in, (43.1 to 142,2+ cm)

Brownish yellow (10YR 6/8) firm clay; strong
medium and coarse subangular blocky structures;
many pores; continuous clayskins; few faint
fine yellowish mottles.

Low-grade metamorphosed schist,

Location: Pantl Forest Reserve.

Grid Reference: Map Sheet 131 - 053152,
Elevation: 50 feet a.s.l.

Topography: 4° slope on undulating terrain.
Vegetation: Primary forest.

Parent Material: Sandstone and quartzite.

Soil profile:
Ah 0 - 1 in. (0 to 2.5 com)

Dark yellowish brown (10YR 4/4) very friable loamy
sand; weak fine and medium sul blocky atruc-
turu. abundant roots and pores; boundary distinet.
Ae 1 - 11 in. (2.5 to 27.9 em)

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 om)

Olive yellow (2.5Y 6/8) friable sandy clay loam;
weak fine su blocky structures; many roots
and pores; patchy clayskins; few fine faint red
mottles; boundary distinct.

Cen 35 - 45 4in. (88,9 to 114.3 cm)

Pieces of sandstone, schist and quartzite (1/2 to
2 in, in diameter) in a sandy clay matrix.

Ccu 45+ in. (114.3+ om)

Unconsolidated weathered fragments apd sandstone
and quartzite pleces.

Percentage c:srcant pil Percentage
Sample Soil
«'5 i P g : ol
o 3 ° o H:o: EEE‘E 5-:?: -al-u g E &
ﬂ - g + ﬂ'a =] Q.P !):E -g
r JE R85 FGHEBE : i g
5 o o =5 131 0 Oﬂd = 8:! o = ?5'
0-1 49 14 37 5 N1 N1 5.6 4.4 2.2 6.2 0,58 0.34 0.07 4.9
1-6 3 400N L e * 4,8 3.8 1,8 5.3 0.84 0,49 0,07 7.0
T WY W ey " 4.8 3,8 2,1 5.7 0,55 0.32 0.05 6.4
1T=56 - B3 30 29" % " " 5,0 3.9 2.4 6.4 0.41 0.24 0.04 6.0
Eas ble Cat
Sotanle g e ite soil __ﬂ_m_ﬂagghu_g_
o T °
$ R
~ ‘EE R & ¥
i E "33'- + 3 H ¢ g K]
. u;l 1‘. + Eg i
M A& oH o R ‘ bet g ﬂ
3% 28 6.91 1.%8 0.89 0.09 0.10 36 4.%4 3.27 1.72 7.84
15 18 17.90 0.27 0.08 0.08 0.04 5 3,20 8,20 1.03 2.9%
6 16 T7.08 0.19 FNi1 0.05 0.02 4 4.40 10.80 1.03 2.84
S 17 3%.13 0,19 ¢ N1 0,02 T 5.20 12.20 1.03 3.96
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EBANG SERIES LATERITIC PHASE

Location: Kluang Forest Reserve

Grid Reference: lhg Sheet 124 - 603557.
Elevation: 150 = 200 feet a.s.1.
Topography: 12 = 18" on rolling terrain
Vegetation: Secondary forest.

Parent Material: Schist.

BSoil profile:

Ah 0 = 5 in. (0 =~ 12.7 cm)

Tellowish red (5YR 5/6) friable silty clay

loam; weak to moderate fine and medium sub-
angular blocky structures; many roots, few
pores; boundary distinct.

Ben 5 ~ 29 in, (12.7 to 73.7 em)

Yellowish red (5YR 5/6) friable silty clay
matrix containing nodular laterite, which

increase in abundance and size with depth;
patchy clayskins; boundary distinct.

Bt 29 - 40+ in, (73.7 - 101.6 cm)

Yellowish red (5YR 5/6) friable silty clay;
weak fine and medium subangular blocky and
angular blocky structures, breaking into
mﬁu structures; patchy clayskine; faint
mottles.

U SERI
Location; Endau-Kota T Wild Life Reserve
Grid Reference: Map Sheet 125 - 870219
Blevation: égo to 150 feet a.s.1.
Topography: slope on undulating terrain.
Vegetation: Secondary forest.

Parent Material:

So0il profile:
Ah 0 to 2 in. (0 to 5.1 em)

Dark yollowish brown ( } OTR
sandy clay loam; weak fine
tures; abundant roots,
Aej 2 to 24 in, (5.1 to 61.0 em)

Tellowish brown (10YR 5/6) very friable coarse sandy
clay loam; weak fine su blocky structures;
many pores, few roots; boundary indistinct.

Bt 24 to 42 in. (61.0 to 106.7 em)

Tellow (10YR 7/8 - 8/8) fraible sligh gravelly
clay loam; weak fine to medium nbnngu?u blocky
gtructures; many pores; patchy clayskins; boundary
indistinct.

BC 42 to 60+ in. (106.7 to 154.2 cm)

Reddish yellow (7,5TR 6/8 - 7/8) firm gravelly clay
loam; moderate medium to coarse sul blocky
clayskins associated

Older Alluvium.

friable coarse

4/4) very
au blocky struc-

structures; few pores; tchy
with %z grains of 1/4 in., in diameter and
somewhat rounded.
Percentage Percent upE Percentage
Sample Seil
L] 3 E e E g3 o 43-
P 2 9 . . [F 8 3 § 4
b » E il T R Turi i:
s 3df 3 F:iFz: B8 i 8.8
=} D o oN O m [=] (=} :45 & (3} = (4]
0-2 24 2 21 58 2.2 N1 3.9 3.6 0.7 5.1 5.39 3.13 0.21 15
2-24 28 2 18 56 4,6 " 4.6 4.1 0.7 3.9 1.32 0.76 0.07 11
2440 30 4 16 55 8,0 4.6 4.0 0,6 3.5 0.86 0.50 0.05 10
Eas Bxchangeable Cations
Soléﬂc o m.eq./100g Soil
o ®
48
g "
E R 35
5 M +
M & of 3 g & $a n.a
58 8T Ti90 0.9 0.35 0.11 0.11 9
18 56 5,10 0,08 N1 0.08 0.07 5
1" 44 4,12 0.08 » 0.09 0.03 5

192

many pores; boundary distinct.



Endau-Kota Tinggi Wild
Life Reserve
Grid Reference: Map Sheet 125 - B02219
Elevation: 1 to 150 feet a.s.l.
Topography: on undulating terrain
Vegetation: Secondary forest.
Parent Material: Older Alluvium.
So0il profile:

Ah 0 to 2 in. (0 to 5.1 cm)

Dark yellowish brown (10YR 4/4) very friable

coarse sandy clay; weak fine su blocky
and granular 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

clay; to moderate fine and medium sub-
angular blocky structures; many roots and pores;
patchy clayskins; boundary indistinect.

Bt 12 to 27 in. (30.5 to 68,6 cm)

Strong brown (7.5YR 5/6) to reddish yellow
(7.5TR 6/6) firm coarse nuﬂ{ clay; weak to
moderate coarse subangular blocky structures;
patchy to discontinuous clayskins; gravels
consist of somewhat rounded quartz grains and
weathered clay pebbles; boundary distinct.

IIBt 27+ in. (68.6 cm)

Reddish yellow (7.5YR 7/6) firm gravelly clay;
moderate to strong medium and coarse suba
blocky structures; many pores; continuous elag-
skins; abundant coarse distinct red (2.5YR 4/8)
and white (2.5Y 8/1) and many medium faint
yellow (2.5Y 8/8) mottles.

x.B.

Horizon IIBt represents an old eroded surface,
closely resembling the Bt of the Durian Series.
The Harimau Series has developed on the older
alluvium deposited over the o0ld surface.

Percentage Percent pH Percentage
inal Air-dry
= Sample Soil
g g i Y f g
= i B EEE' g8 o g o
¥4 W = 52 @ -8 d
ﬂ + > 8 4243 - : H @ b F=] E
d 349 3§ §-8 a8 -5 288 38 E § £ »
A 0o n BB O 7] A (=] 345 HH & (3] = ‘5‘
0-2 4% 6 14 407 M1 UNIYS 3.7 73.6 21.7..10.9 B8.13 4.72 0.31- 1%
2-12 40 8 12 40 " - 4.2 3.9 1.0 5.2 1.57 0.79 0.08 10
12287 4T7.6.14 34 1.5 & 5.0 3.9 1.0 4.9 0.51 0.30 0.04 8
27+ 69 11 - 412 10 H49.9 * 4.8 4.8 1,5 7.5 0.32 0.19 0.02 10
Basily Exchangeable Cations
Soluble m.eq./100g Soil
4
® ®
o
g o
$ 42
- ﬂE
e 8
$ ka0 v 4
M oM od & » 4 &
63 41 17.94 0,27 0.29 0.11 0,19 5
16 37 6.75 0.16 N1 0,01 0.03 3
12 40 5.10 0.1 » 0.03 0,03 3
12 % T7.08 0.08 0.05 0.04 0.02 2
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U0 TIRAM SERIES

Location: Kluang Porest Reserve.

Grid Reference: Map Sheet 124 - 636542,
Elevation: 50 to 100 feet a.s.1.
Topography: 4° slope on undulating terrain.
Vegetation: Seconadry forest.

Parent Material: Older alluvium,

Soil profile;

Ah 0 - 7 in, (0 to 17.8 cm)

Tellowish brown (10YR 5/4) loome n.nd{ loam to
sandy clay loam; moderate medium crumbs:
nbuniant roots; boundary distinct,

Ae 7 -~ 11 in. (17.8 to 27.9 cm)

Tellowish brown (10YR 5/6) friable sandy clay loam;
weak medium subangular blocky structures; many
roots and pores; boundary indistinct,

Bty 11 - 22 in. (27.9 to 55.8 cm)

Strong brown (7,5YR 5/8) friable to firm sandy
clay loam with gravels; weak medium and coarse
subangular blocky structures; many roots and
pores; patchy clayskins; faint mottles; boundary
indistinet,

B 22+ in. (55.8+ cm)

Strong brown (7.5YR 5/8) firm stony clay loam;
mssive to weak coarse angular blocky structures;
pratchy to discontinuous clayekins,

Percentage Percent pH Percentage
—— OP S TA]. Alr-dry
Sample
b
-~ -
g E v o = g ;-o,'
— g b e H o o a
o o o g
-] [] ] ey 2 H
) - B s = a i =
: 3abi1i ! . g e s
a o [+ ] ] 0o o 2] [=] o [ 47 =
0=7
T-11 24 16 29 34 1 N1 4.5 3.8 1.08 0.63 0.06 10
11-22 28 10 28 34 6 " 4.4 3.8 0.88 0.51 0.04 13
2¢ 38715 2009 T AT 45 %0 0.46 0.27 0.02 13

Exchangeable Cations
;::ui%,lo g m.eq./100g Soil
o j 2
g 7
e E
e i
[~
M & oOH S » & 4 4
60 6.75 0,08 0.25 0.12 0.07 7
47 6,07 0,08 0.41 0,08 0.07 11
52 5.40 0.08 0.44 0,09 0.08 12
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APPENDIX K

GLOSSARY
GEOMORFHOLOGY free water and that held by soil excluding the effeots
b of salts, expressed on a gravitational scale,
Pohg of high 1::;: jutting out into the Argillaceous
86a or other expanse of water beyond the line of Claye in trast to = sandy),
coast, a headland, e s )
Colluvium
Swale Heterogenous sediments deposited at the foot
Swampy, linear depression, ofillﬂpu by gravitational Processes such as soil
P 8lips, slope wash eto.
Alluvium

The line 8eperating the waters flowing
into different rivers or river basins,
Strike

The horizontal course of a stratum,

Dip slope

The surface slope of ground when a E’o—
ximately parallel to the aﬁ of the :tr:
over which it lies.
Searp

The steep face of a hill,
Hummock

Low mounts.

Arcuate
Arched;
Fickpoint

A break of alope,
river profile.

bent like a bow.

partiocularly in a

Cirque

A matural theatre, or rounded hollow
or plain enoircle by hoida"a.
Rentis

Cut trace line.
Littoral

Seashore or the shore of lakes and rivers,
Warping

The surface undulations produced by slow
movements which cause one of the land

surface to be higher yet continuous with another.

80ILS
Eatamorphism

The destructive processes of me ism,
a8 opposed to the constructive Processes, or
anamorphism.

Breccia
Coarse angular fragments of roock cemented
together,

Loss on ignition

Loss in we
of soil previ

pF

t caused at to redness
drded at Mhsc.m
Common logarithm (to the base 10) of the

height in cms, of a column of water corres-
ponding to the free-energy difference between

Deposit of water-borne sediment in valleys and
on river floodplains, deltas, beaches eto,

Lattice structure

The order. arrangement of atoms in a orystal-
line material (:‘: in a clay lattice), 3

pH, soil

The negative thm of the hydrogen-ion
activity of ?-o:ll. a dofn of acidity ?;r
alkalinity) of a soil as determined by means of a
glass electrode (quinhydrone) or other suitable
electrode or indicator at a specific moisture con-
tent or soil/water ratio and expressed in terms of
PH scale,

So0il reaction

The degree of acidity or alkalinity of a
soll, expressed in terms of PH value. Descriptive
terms commonly used are:

$1RE8 Ik

. 0 D [} ao

5.6 to 6.0 medium acid

6.1 to 6.5 alightly acid

6.6 to 7.3 neutral

Te4d to 7.8 mildly alkaline

'8!.9 :o g.g l:ll.ﬂtﬂj’ l:l.k:::u

«5 to 9, strongly alkal
over 9,0 very strongly alkaline.

Great soil group

The ultimate unit of classification compris
801l families which have broad similarities in (i
parent material and in envirommental and horison
characteristics,

=137 =
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