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GEOLOGICAL NOTES

Rock-soil transition in weathering of a porphyritic biotite granite

Joun Kuna RAj

No. 83, Jalan Burhanuddin Helmi 2, Taman Tun Dr. Ismail, 60000 Kuala Lumpur, Malaysia
Email address: jkr.ttdi.tmc@gmail.com

Abstract: Concentric layers of weathered materials around core-stones show the porphyritic biotite granite to
experience sequential, but gradational, changes in visible features, textures and mineralogy as it transforms from
‘rock’ into ‘soil’. The changes start with the opening-up of grain boundaries and micro-cracks (stage 1) followed
by their dark brown staining (stage 2) and the subsequent alteration (to sericite and clay minerals) of groundmass
plagioclase feldspar grains (stage 3). Biotite flakes are then bleached and altered (to chlorite and clay minerals)
(stage 4) before there starts alteration (to sericite and clay minerals) of groundmass alkali feldspar grains (stage 5)
and finally alteration (to sericite and clay minerals) of the alkali feldspar phenocrysts (stage 6). Quartz grains are
not altered during these stages of weathering, but disaggregate and reduce in size due to continual opening-up of
grain boundaries and micro-cracks. Increasing stages of weathering are marked by decreasing dry unit weights, dry
densities and uniaxial compressive strengths, but increasing apparent porosities. The transition between ‘rock’ and
‘soil” occurs during stage 6 when all plagioclase, and most alkali feldspar, groundmass grains have been altered as
are some alkali feldspar phenocrysts. Stage 6 is marked by large apparent porosities (>18%) but low values of dry

unit weight (<20.81 kN/m?), dry density (<2,122 kg/m®) and uniaxial compressive strength (<1.8 MPa).

Keywords: Porphyritic biotite granite, weathering, rock-soil transition

INTRODUCTION

The changes in mineralogy and texture that occur
when rocks are weathered have been investigated with
the aid of various chemical and petrological methods as
well as laboratory index tests or assessed indirectly in
the field (Bell, 2000). Several indices have been derived
to quantify the changes in purely geological properties;
some of them applied to correlate with, and indirectly
determine, the engineering properties of weathered rock
(Irfan, 1996). A review of the various methods used to
characterize the weathering of rock is given in Martin &
Hencher (1986) as well as Irfan (1996), and Bell (2000).

Several workers have applied essentially physical
criteria to characterize the weathering of rock as Melton
(1965) who used staining and friability of rock fragments
to identify the degree of chemical weathering, and Ollier
(1965) who proposed a similar scale based on friability
alone to describe the weathering of granite. Onodera et
al. (1974) used the number and width of micro-cracks
as an index of the physical weathering of granite, while
Uriel & Dapena (1978) proposed a void index to quantify
the degree of physical weathering of granite. [liev (1966)
proposed a coefficient of weathering for granitic rock
based on ultrasonic velocities in fresh, and weathered
rock, whilst Irfan & Dearman (1978a) proposed a

micro-petrographic index based on the ratio of primary
to secondary minerals, micro-cracks and voids, to assess
the grade of weathering of granite. After an extensive
testing program, Irfan & Dearman (1978b) concluded that
the quick absorption, Schmidt hammer, and point load
strength, tests were reliable field tests for determination
of a quantitative weathering index for granite. The main
limitation in the use of such physical criteria to define the
degree of weathering is that they can only be applied to
material that is still sufficiently cohesive to be regarded
as rock (Thomas, 1974).

Chemical analyses and calculation of various
elemental, compound or molecular ratios, have also been
widely used to define the state of weathering of rock
material. Irfan (1996) applied several of these indices in
the assessment of weathered granites in Hong Kong and
concluded that the silica-to-alumina ratio as well as the
Parker index (Parker, 1970) and the mobiles index (Irfan,
1996) were good indicators of the degree of weathering.
Duzgoren-Aydin et al. (2002), however, applied thirty
different chemical indices of weathering in their study
of a weathering profile over crystal-vitric tuff in Hong
Kong and concluded that application of these indices to
directly scale changes in the physical state of rock material
may not be warranted due to the complications involved.
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Duzgoren-Aydin & Aydin (2006) in a comprehensive
re-assessment of chemical weathering indices for felsic
igneous rocks in Hong Kong furthermore, concluded that
chemical weathering indices were not be as useful in
determining weathering grades as was originally thought,
though they could be used as tools to detect chemical
heterogeneities.

In weathering profiles over granite, different stages
of weathering of rock material are often present at
similar depths, as in the concentrically developed stages
of weathering around core-stones and core-boulders
(Dearman, 1974). Dearman (1976), and Lee & de Freitas
(1989), have thus, emphasized the need to differentiate
between “weathering of rock material” and “weathering
of rock mass”. Martin & Hencher (1986) have also
pointed out that weathering profiles are characterized
by heterogeneous earth materials at various stages of
decomposition and/or disintegration as weathering
processes are rarely sufficiently uniform to give gradual
and predictable changes in mineralogical and textural
properties.

In an earlier publication Raj (1985) has described the
characterization of the weathering profile developed over
porphyritic biotite granite at Km 31 of the Kuala Lumpur
- Karak Highway. In the publication, Raj (1985) briefly
described the different stages of weathering of bedrock that
developed around core-stones and core-boulders, and that
extended inward from discontinuity planes in the bedrock
mass. In this short note, the concentric rings of weathered
materials around core-stones are further discussed in order
to define more clearly the transition between ‘rock’ and
‘soil” in the weathering of the porphyritic biotite granite.

METHODOLOGY

Several core-stones were first collected from the
weathering profile over porphyritic biotite granite at Km
31 of the Kuala Lumpur - Karak Highway (Figure 1).
These litho-relicts were taken to the laboratory where they
were diamond-sawn into slabs of variable thicknesses. The
concentric rings of weathered materials around the rims of
the slabs were then examined with a hand lens to identify
differences in visible features as staining, colour, texture

Figure 1: Geology Map of Genting Sempah area, Pahang & Selangor (Haile et al., 1977).
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and appearance of mineral grains. The extent of alteration
of feldspar phenocrysts and groundmass grains was also
determined following the method of Irfan & Dearman
(1978b) (Table 1). Thin-sections were then prepared of the
concentric rings of weathered materials and a petrological
microscope used to identify changes in texture and
mineralogy of the phenocrysts and groundmass grains.

Variations in visible features as well as textural and
mineralogical changes were then used to define different
stages of weathering of the granitic bedrock. This
procedure of identifying different stages of weathering
follows that of earlier workers as Ruxton & Berry (1957)
who defined stages of weathering of granitic rock material
in terms of staining and alteration of mineral grains as
well as the friability of material. Baynes et al. (1978),
Irfan & Dearman (1978a) and Dearman et al. (1978)
furthermore, have adopted a similar procedure to define
different stages of weathering of granite in southwest
England on the basis of separate assessments of the effects
of physical disintegration and chemical decomposition.

Small tetrahedral blocks of the different stages of
weathering were also sawn-out from the slabs and their
unit weights, densities and apparent porosities determined
by the saturation and buoyancy method of ISRM (1979).
Several of these tetrahedral blocks were also loaded to
failure in a compression machine following standard
procedure in order to determine uniaxial compressive
strengths (ISRM, 1981).

GEOLOGICAL SETTING

The weathering profile at the slope cut at Km 31 of
the Kuala Lumpur — Karak Highway is developed over
porphyritic biotite granite (Figure 1). This bedrock forms
part of the eastern lobe of the Late Triassic (199-210 Ma)
Kuala Lumpur Granite (Ng, 1992) and has given rise to a
fluvially dissected, hilly to mountainous terrain of steep
slopes and narrow, deep valleys. The bedrock continues
to outcrop to the west over a distance of about 10 km,
but to the east, is in contact with a sequence of schists,
and sedimentary and volcanic rocks, that occur as a roof
pendant within the Main Range Granite (Haile et al.,
1977). The granitic bedrock is strongly jointed and cut

by a number of moderately to steeply dipping faults of
variable strike. A number of epidote and quartz feldspar
veins with tourmaline as well as aplite and leucocratic
microgranite dykes are also seen within the bedrock.

The grey bedrock is medium to coarse grained and
usually porphyritic with large alkali feldspar phenocrysts
(up to 4 cm in length). The essential minerals are quartz,
alkali feldspar, plagioclase feldspar and biotite, whilst the
accessory minerals include apatite, tourmaline and zircon.
Quartz occurs as anhedral crystals, filling interstices in
the groundmass and sometimes forms small phenocrysts.
The alkali feldspars include microcline, orthoclase and
perthites, and occur both as phenocrysts and as fine
to medium grained crystals in the groundmass. The
alkali feldspars sometimes contain quartz, biotite and
plagioclase inclusions. The plagioclase feldspars, of
an albite to andesine composition, are usually found as
euhedral to subhedral, fine to medium grained crystals
in the groundmass and are often sericitized. The biotites
occur as fine to medium grained, generally euhedral
crystals and are found both as disseminated grains and
as aggregates within the bedrock material. Close to the
faults, hydrothermal alteration of the plagioclase feldspar
and biotite grains has occurred.

RESULTS

Stages of weathering

Variations in visible features as well as textural and
mineralogical changes allowed differentiation of six
generalized stages of weathering of the porphyritic biotite
granite (Tables 2 and 3). These stages of weathering, as
illustrated in Plate 1, start with the opening-up of grain
boundaries and micro-cracks (stage 1) followed by their
dark brown staining with secondary iron oxides and
hydroxides (stage 2). The groundmass plagioclase feldspar
grains then start to alter (to sericite and clay minerals)
(stage 3) before there is bleaching and alteration (to chlorite
and clay minerals) of biotite flakes (stage 4). There is
then the alteration (to sericite and clay minerals) of the
groundmass alkali feldspar grains (stage 5) before there
starts alteration (to sericite and clay minerals) of alkali
feldspar phenocrysts (stage 6). Quartz grains are not altered

Table 1: Extent of alteration of feldspar grain (after Irfan & Dearman, 1978b).
(Material from probed feldspar grain rubbed between thumb and finger).

Feel Description Interpretation
Gritt Partially Feldspar grain altered to sericite & clay
Y decomposed along micro-fracture & cleavage planes only
Powdery Completely  Feldspar grain entirely altered to mainly
(Silky)  decomposed = sericite & some clay
Completely  Feldspar grain entirely altered to clay &
Clayey .
decomposed some sericite
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during these stages of weathering, but do disaggregate
and reduce in size due to the continual opening-up of
grain boundaries and micro-cracks.

Physical properties of different stages of
weathering

Physical properties of samples from the different
stages of weathering are gradational in nature though there

JOHN KUNA RAJ

are some differences between stages (Table 4). Unaltered
(stage 0), and stage 1 weathered, bedrock material is
characterized by large dry unit weights (>25.63 kN/m?)

and dry density (>2,613 kg/m?), but low apparent porosities

Table 2: Stages of weathering of the porphyritic biotite granite.

(<2.1%). Stage 6 weathered bedrock material, however, is
characterized by relatively low dry unit weights (<20.81
kN/m?) and dry density (<2,122 kg/m?), but large apparent
porosities (>18.4%).

Stage

Hand specimen description

Thin-section description

Yellowish ‘rock’ material with open grain boundar-
ies & micro-cracks. Some brown stains. Ground-
mass feldspar grains all appear altered (gritty to
clayey). Some feldspar phenocrysts altered (pow-
dery to gritty). Quartz grains & some feldspar
phenocrysts appear unaltered. ‘Rock’ material has
weak fabric & can disaggregate when dry samples
are agitated in water.

Yellowish rock material with brown stains along
some grain boundaries & micro-cracks. Stains
prominent close to bleached biotite flakes. Quartz
grains & alkali feldspar phenocrysts appear unal-
tered. Groundmass feldspar grains (=50% of all
feldspars) are altered, yellow & gritty to powdery.

Brownish grey rock material with brown stains
along grain boundaries & micro-cracks. Most essen-
tial mineral grains appear unaltered with vitreous to
sub-vitreous lustres. Many feldspar grains (=30% of
all feldspars) are white to yellow & gritty.

Dark brownish grey rock material. Brown stains
along grain boundaries & micro-cracks. Essential
mineral grains appear unaltered with vitreous to
sub-vitreous lustres. Some feldspar grains (=10% of
all feldspars) are white to yellow & gritty.

Brownish grey rock material. Brown stains along
some grain boundaries. Essential mineral grains ap-
pear unaltered with vitreous to sub-vitreous lustres.

Grey rock material. Essential mineral grains appear
unaltered with vitreous to sub-vitreous lustres.
Some open micro-cracks.

Grey rock material. Essential mineral grains (quartz,
biotite, alkali feldspar & plagioclase) unaltered with
vitreous to sub-vitreous lustres. (Unweathered).

All groundmass plagioclase & alkali feldspar grains
are altered (to sericite & clay minerals). A few
alkali feldspar phenocrysts are similarily altered.
Biotite flakes all appear altered (to sericite & clay
minerals). Quartz grains appear unaltered. Grain
boundaries & micro-cracks are all open.

Brown stains along grain boundaries & micro-cracks,
often extending out from altered biotite flakes. All
plagioclase, & most alkali feldspar, groundmass
grains are altered (to sericite & clay minerals).
Quartz & alkali feldspar phenocrysts appear unal-
tered. Grain boundaries & micro-cracks are open.

Brown stains along most grain boundaries &
micro-cracks. Most essential mineral grains appear
unaltered. Most groundmass plagioclase grains are
altered (to sericite & clay minerals). Some bleached
biotite flakes. Many open grain boundaries &
micro-cracks.

Brown stains along most grain boundaries &
micro-cracks. Most essential mineral grains appear
unaltered. Many groundmass plagioclase grains are
altered (to sericite & clay minerals). Many open
grain boundaries & micro-cracks.

Brown stains along some open grain boundaries
& micro-cracks. Essential mineral grains appear
unaltered except for several sericitized plagioclase
grains.

Essential mineral grains are unaltered. A few sericit-
ized plagioclase grains. A few open grain boundar-
ies & micro-cracks.

Essential mineral grains (quartz, biotite, alkali
feldspar & plagioclase) are unaltered. A few sericit-
ized plagio-clase grains. Tight grain boundaries &
micro-cracks.
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Table 3: Variations in visible features, textures and mineralogy during weathering.

. . . Secondary
Essential (Primary) Minerals Minerals
Grain .
Stage | boundaries & Ground- Alkali Feldspar % o
micro-cracks mass Felspar s Silt Size | Clay
Plagio- Ground- Pheno- Grains Biotite | Quartz (Sericite) | Size
clase mass crysts Altered
Most open
6 with yellow All All altered Afew ~70% All Unaltered | Abundant | Some
. altered altered altered
stains
Some open
5 with brown All Most Unaltered ~50% Many Unaltered Many | Afew
. altered altered altered
stains
Most open
4 with brown Most Some Unaltered ~30% Some Unaltered Some A few
. altered altered altered
stains
Many open Some
3 with brown altered Unaltered Unaltered ~10% Fresh | Unaltered A few A few
stains
Some open Unal-
2 with brown | Unaltered | Unaltered Unaltered 0% tered Unaltered A few None
stains
1 A few OPeN- | rnaltered | Unaltered Unaltered 0% Unal- Unaltered A few None
No stains tered
0 Tlgh?' No Unaltered | Unaltered | Unaltered 0% Unal- Unaltered A few None
stains tered

Plate 1: Weathering stages 1 to 5 around core-stone.
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Table 4: Physical properties of different stages of weathering.

Sample Stage of Dry Unit Weight Dry Density ~ Apparent Porosity

Number Weathering (KN/m?) (kg/md) (%)
Al 0 25.71 2,621 1.8
A2 0 25.65 2,615 2.1
A3 0 25.90 2,641 1.1
A4 0 25.95 2,646 0.9
AS 1 25.65 2,615 2.1
A6 1 25.63 2,613 2.1
A7 2 25.37 2,586 2.4
A8 2 25.34 2,584 2.5
A9 2 25.14 2,564 35
A10 2 25.30 2,580 3.0
All 3 23.64 2,411 83
Al2 3 23.83 2,430 7.6
Al3 3 24.48 2,496 5.8
Al4 3 24.60 2,508 54
AlS 3 24.31 2,479 6.5
Al6 3 23.96 2,443 7.8
Al7 4 2291 2,336 12.2
Al8 4 22.83 2,328 12.5
A19 4 22.63 2,307 12.9
A20 4 22.68 2,313 12.4
A21 4 22.38 2,282 12.6
A22 4 22.50 2,294 12.4
A23 5 22.00 2,243 14.7
A24 5 21.90 2,233 15.1
A25 5 21.93 2,236 14.3
A26 5 21.80 2,223 15.2
A27 5 21.95 2,238 14.2
A28 5 21.98 2,241 14.5
A29 6 20.61 2,101 19.2
A30 6 20.73 2,114 19.0
A31 6 20.81 2,122 18.4
A32 6 19.86 2,025 21.8
A33 6 19.50 1,988 20.7
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Stages 2 to 5 weathered bedrock bedrock material
furthermore, show intermediate and decreasing values of
dry unit weight and dry density, but increasing values of
apparent porosity (Table 4). Stages 2, 3, 4 and 5 weathered,
bedrock material are thus characterized by dry unit weights
ranging from 25.14-25.37 kN/m* through 23.64-24.60
kN/m?* and 22.38-22.91 kN/m? to 21.95-22.00 kN/m’,
respectively. Their corresponding dry densities range
from 2,564-2,586 kg/m?, through 2,411-2,508 kg/m? and
2,282-2,336 kg/m?® to 2,223-2,243 kg/m?®, respectively.
Values of apparent porosity decrease distinctly from stages
2 through 3 and 4 to 5 with values of 2-4 %, 5-9%, 12-
13% and 14-16%, respectively.

Uniaxial compressive strength

Samples of the different stages of weathering show
gradational changes in uniaxial compressive strengths,
though there are differences between the various stages
(Table 5). Unaltered (stage 0), and stage 1 weathered,
porphyritic biotite granite is characterized by large
uniaxial compressive strengths (>94.1 MPa), whilst stage
6 weathered bedrock material is characterized by very
low strengths (<1.8 MPa).

Stages 2 to 5 weathered bedrock bedrock material
furthermore, show intermediate, but decreasing values
of uniaxial compressive strength (Table 5). Stages 2, 3,
4 and 5 are thus characterized by uniaxial compressive
strengths ranging from 53.5-67.6 MPa through 22.2-46.1
MPa and 7.5-14.5 MPa, to 3.2-4.6 MPa, respectively.

DISCUSSION

As weathering proceeds, a ‘rock’ material will become
increasingly decomposed and/or disintegrated until
ultimately a ‘soil” is formed (Bell, 2000). The terms ‘rock’
and ‘soil’ material have been defined in various ways,
though for geotechnical purposes, the best definitions
are those by Terzaghi & Peck (1948). Terzaghi & Peck
(1948, p. 4) have simply defined ‘soil” as being “a natural
aggregate of mineral grains that can be separated by such
gentle means as agitation in water”, whilst ‘rock’ would
not be able to be so separated.

In the reduction process of a rock to a soil, various
stages can be recognized, though it is almost inevitable
that the boundaries between the stages are gradational
(Bell, 2000). This has been shown in the present study
where six sequential, but gradational, changes in visible
features, textures and mineralogy can be differentiated
in the concentric rings of weathered materials formed
around core-stones of the porphyritic biotite granite (see
Section 4.1).

Stage 6 weathered bedrock material represents the
transition between rock and soil material for it comprises
natural aggregates that can be disaggregated when dry
specimens are agitated in water (Table 2). In this stage,

almost all the plagioclase, and most alkali feldspar,
groundmass grains have been altered (to sericite and clay
minerals) as are a few alkali feldspar phenocrysts (Table
3). Strong bonds between individual mineral grains that
existed in the earlier stages of weathering are thus no
longer present in the stage 6 weathered bedrock material.
Alteration of the groundmass feldspar grains has thus led
to the loss of bonds between individual grains.

The rock - soil transition furthermore, is gradational in
nature as shown by differences in the physical properties
of samples from stage 6 weathered bedrock material (Table
4) and the decreasing uniaxial compressive strengths
(Table 5). Interestingly enough, the samples from stage
6 weathered bedrock material samples with their low
uniaxial compressive strengths (<1.8 MPa) would be
classified as extremely weak to weak rock materials in
existing classifications of earth materials as those by
ISRM (1983) and TAEG (1989).

CONCLUSION

Concentric rings of weathered materials developed
around core-stones show the porphyritic biotite granite to
experience sequential, but gradational, changes in visible
features, textures and mineralogy as it transforms from
‘rock’ into ‘soil’. The changes start with the opening-up
of grain boundaries and micro-cracks (stage 1) followed
by their dark brown staining (stage 2) and the subsequent
alteration (to sericite and clay minerals) of groundmass
plagioclase feldspar grains (stage 3). Biotite flakes are
then bleached and altered (to chlorite and clay minerals)
(stage 4) before there starts alteration (to sericite and clay
minerals) of groundmass alkali feldspar grains (stage
5) and finally alteration (to sericite and clay minerals)
of alkali feldspar phenocrysts (stage 6). Quartz grains
are not altered during these stages of weathering, but
disaggregate and reduce in size due to continual opening-
up of grain boundaries and micro-cracks. Increasing
stages of weathering are marked by decreasing dry unit
weights, dry densities and uniaxial compressive strengths,
but increasing apparent porosities. The transition between
‘rock’and ‘soil” occurs during stage 6 when all plagioclase,
and most alkali feldspar, groundmass grains have been
altered as have been some alkali feldspar phenocrysts.
Stage 6 weathered bedrock material is characterized by
large apparent porosities (>18%) but low values of dry unit
weight (<20.81 kN/m?) and dry density (<2,122 kg/m®) as
well as low uniaxial compressive strengths (<1.8 MPa).
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Table 5: Uniaxial compressive strength of different stages of weathering.

Sample Number  Stage of weathering  Uniaxial Compressive Strength (MPa)

Bl 0 174.30
B2 0 151.10
B3 0 128.30
B4 1 101.30
B5 1 94.10
B6 2 67.70
B7 2 53.50
BS 3 46.10
B9 3 44.79
B10 3 37.41
Bl 3 29.85

BI2 3 26.65

B13 3 2221

Bl4 4 14.50

BI5 4 11.48

B16 4 10.04

B17 4 9.26

BI8 4 8.11

BI9 4 7.52

B20 5 4.56

B21 5 4.40

B22 5 4.29

B23 5 3.93

B24 5 3.66

B25 5 3.18

B26 6 1.82

B27 6 1.79

B28 6 1.48

B29 6 1.42

B30 6 0.82

B31 6 0.29
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Abstract: Sabongida is characterized by lots of abortive boreholes which are often shallow as a result of the complex
nature of shale formation in the area and limited application of integrated geophysical techniques before drilling
of boreholes. The presence of shale formation in the area makes it extremely difficult to drill productive boreholes,
while the existing hand dug wells are always shallow due to the difficulty in digging deeper wells, this and other
factors motivated the choice of the study location for the purpose of proffering solutions to solve the perennial water
problem in the area. Twenty-two (22) vertical electric soundings data (VES) using Schlumberger array with the aid
of Ohms mega resistivity meter were conducted with electrode spread of AB/2 =215 m and eleven (11) 2D electrical
resistivity tomography data (ERT) using ADMT — 600 S - X equipment were acquired. ERT was conducted using
20 m as the length of each profile with 300 m in 10 profile lines and 400 m as the depth of probing. The result of
the VES interpretation shows three to five geo-electric layers while the geo-electric section revealed the aquifers to
consist of sandstones with varying thicknesses. Two groundwater potential zones were delineated as shelly sandstones
and clayey sand. The different color band indicates the different layers within the ground as the soil resistivity varies,
blue indicates low resistivity values, green - yellow indicates moderate resistivity values while high resistivity values
are brown - red. The results from the 2D images indicate the low resistivity regions, suggesting aquifer is within
the depths of 150 to 300 m. Thus, the recommended depths for drilling of productive boreholes are 180 to 210 m

and 270 to 300 m in Sabongida.

Keywords: Electrical, resistivity, 2D, tomography, shale, aquifer, water scarcity

INTRODUCTION

Groundwater has undoubtedly gained increased
recognition in developing parts of the world today.
Groundwater availability is determined by the presence
of hydraulic qualities of groundwater bearing units, while
portability is determined by hydrogeochemical properties
and contamination/pollution vulnerability (Obiadi et al.,
2016). Water is regarded to be a necessary resource for
survival; hence its significance cannot be overstated. It
is however disturbing if this all-important resource is
becoming more and more scarce or difficult to explore
(Christopher, 2006). According to Rosen & Vincent,
2014, water scarcity is especially acute in developing
countries, where figures suggest that 67 % of the rural
population lacks access to safe drinking water. This is
due to the fact that people in rural regions rely on surface
water from lakes, streams, ponds, and rivers to survive.
Surface water bodies, on the other hand, are unreliable
due to high evaporation rates, which are common in

high temperate regions, and they are often polluted and
infected with waterborne diseases (Gyau-Boakye et al.,
2008). Treatment is required to supply water from these
sources, primarily for home use, especially in small towns
(Rosen & Vincent, 2014). People in impoverished regions
who cannot afford such treatment utilize the waters as
they are, resulting in epidemics of water-borne diseases
including diarrhea, guinea worm infestation and bilharzia.

Due to the fact that groundwater is difficult to locate,
arange of geophysical methods complimenting each other
are required to offer data on its occurrence and location.
Thapa et al. (2008) proposed that many criteria such
as lithology, slope, lineaments, hydro geomorphology,
land use and land cover should be understood in order
to estimate groundwater potential zones of a region. Soil
information is also crucial for determining groundwater
potential zones. Coarse soils, for example, are generally
permeable, but fine-grained soils have a lower permeability
(Amaresh et al., 2006).
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Geophysics can be used to map groundwater resources
as well as assess water quality (Hewaidy et al., 2015).
Gravity, magnetics, seismic, electrical resistivity, electrical
resistivity tomography, and electromagnetic approaches
are just a few of the geophysical techniques that have
been used to prospect for groundwater (Reynolds, 1997).
The electrical and electromagnetic surveys have shown
to be very useful in groundwater studies by Soupios et
al. (2005). This is because many geological formation
attributes that are important in hydrogeology, such as
porosity and permeability of rocks, may be linked to
electrical resistivity and conductivity signatures. Many of
these geophysical approaches have since been employed
to characterize groundwater, but the electrical method
has once again proven to be the most successful (Eke &
Igboekwe, 2011). This is why this study seeks to use the
vertical electric sounding (VES) and 2D electric resistivity
tomography in the search for groundwater potential zones
in a predominantly shale formation in Sabongida, Langtang
South Local Government Area of Plateau State, Nigeria.

In groundwater resource mapping, geophysical
techniques are used for mapping out subsurface geological
structure in which groundwater occurs (Araffa, 2012).
Sabongida is characterized by lots of abortive boreholes
which are often shallow as a result of the complex nature of
geology of the area due to the presence of shale formation
and, limited application of integrated geophysical
techniques before drilling of boreholes. The presence of
shale formation in the area makes it extremely difficult to
drill productive boreholes while the hand dug wells are
always shallow due to difficulties in penetrating the shale
formation. Based on Soupios et al. (2005) and Ekwe et al.
(2006), the vertical electrical sounding (VES) approach has
been effectively employed in groundwater exploration and
the computation of hydraulic properties such as hydraulic
conductivity and transmissivity, with very effective and
efficient results. Ojo et al. (2007) stated that the use of
vertical electrical sounding (VES) technique has proven to
be useful in achieving good lateral coverage for mapping
aquifer units and drilling productive boreholes. (Onimisi
et al., 2013) used electrical resistivity surveys to identify
and locate good groundwater potential area. According
to Igboekwe (2005) and Igboekwe et al. (2006), vertical
electrical sounding (VES) is a geophysical technique
for determining subsurface geology. It has also been
frequently utilized for determining aquifer potential in
borehole drillings. Emenike (2001), Onwuemesi & Egboka
(2006) and Okoro et al. (2010) have also been successful
with the vertical electrical approach. (Tizro et al., 2010)
used VES to determine aquifer depths, transmissivity of
rocks and soils, and the geometry of aquifers, geologic
formations, and hydro stratigraphic sequences. Raouf &
Mesalam (2016) studied the limestone karst system’s
topsoil of west Iran, while Odoh et al. (2012) used an
integrated array of geophysical approaches to prospect for

groundwater in a fractured shale aquifer of Kpiri-Kpiri,
Ebonyi State, Southeast Nigeria. Also, Nejad etal. (2011)
utilized electrical resistivity method to study subsurface
layers and determine aquifer features.

Electrical resistivity tomography is a non-destructive,
non-invasive, portable, and environmentally benign
technique with a wide range of applications in engineering,
environmental science, and subsurface geology (Metwaly,
2012). As stated by Griffiths & Barker (1994), to better
understand complicated subsurface formations, electrical
resistivity tomography was invented. It is utilized to obtain
high-resolution images of subsurface electrical resistivity
patterns. It is also used to evaluate how apparent resistivity
is distributed horizontally per depth. When used in
geological mapping and groundwater investigations, 2-D
electrical resistivity tomography has proven to be effective
(Zhou et al., 2004, Hsu et al., 2010 and Rao et al., 2013).
Even in the presence of geological and topographical
difficulties, electrical resistivity tomography (ERT)
provides a more accurate 2-D resistivity model of the
subsurface, where resistivity variations in the vertical as
well as horizontal directions along the survey line are
recorded continuously (Loke et al., 2013). According
to Yang et al. (2002), Hauck et al. (2003), Cheng et al.
(2008) and Crook et al. (2008), 2D ERT approach is a
more effective and powerful way for studying shallow
subsurface electrical structures in a variety of situations.
Groundwater exploration and prospecting, engineering
geophysics and environmental site evaluations have all
made substantial use of electrical resistivity tomography
(eg., Hossain, 2000; Suzuki et al., 2000; Demanet et
al., 2001; Adepelumi et al., 2006; Gokturkler et al.,
2008; Andrade, 2011). Using 2D electrical resistivity
tomography, Alshehri & Abdelrahman (2021) investigated
the groundwater supply of the Harrat Khaybar area in
Saudi Arabia, determining the water bearing formation
to be sub-basaltic alluvial sediments and basaltic flows.
Niculescu & Andrei (2021) used electrical resistivity
tomography to image sea water intrusion in the coastal
aquifer of Romania’s Vama Veche resort, showing
abnormal zones that were 45—49 m deep and delineating
potential salt water intrusion channels in the area. 2D
electrical resistivity tomography play a very important
role in environmental studies, one typical example is by
Ugbor et al. (2021) that studied the influence of leachate
plumes on groundwater around dumpsites.

LOCATION AND TOPOGRAPHY

The study area is located in Plateau State, Langtang
South Local Government Area, in the north-central part
of Nigeria. It lies within latitudes N 08° 43’ 45" and N
08° 44’ 15" and longitudes E 009° 42" 15" and E 009° 43’
45" on a scale of 1:10,000. It is extracted from Shendam
South-west Sheet 212 with an aerial extent of 25 km?
(Figure 1).
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Figure 1: Location Map of Sabongida, North Central Nigeria.

The area is accessible through Yelwa—Shendam—
Yelwa—Sabongida and Zamko-Mabudi Trunk ‘A’ and
Trunk ‘B’ roads with many rural roads and footpaths
linking the area to Sabongida. The roads are in a bad
shape and this made it difficult to access the community
for any groundwater exploration work. There are lots of
footpaths and cattle tracks connecting the study area and
other open sources of domestic water. The area lacks basic
social amenities like electricity, medical care facilities,
potable water and road network. The absence or lack of
these basic necessities makes life difficult to the general
population of the locality.

The relief of the study area is characterised by
undulating planes that has been affected by erosion
and weathering. The area is composed of lowland with
few denudated low laying conical hill with flat tops.
Laterization is also observed along most of the river
channels which are situated in low elevated areas. The
low-lying hills are easily noticed because the hills have
been greatly reduced to almost near horizontal plain. The
streams and rivers normally dry up during the dry season
leaving behind mud cracks and stagnant ponds but they
flow during the wet or rainy season when the ground is
sufficiently recharged by rainfall. The area experience
scarcity of water during the dry season. The water flow
majorly from the north to the south during the rainy
season. The rivers have many tributaries at various points
due to the topography of the area.

GEOLOGY OF THE STUDY AREA

The study area is part of the Central Benue trough
which is located between the NE-SW trending rift valley
estimated to extends to 1000 km long and about 150 km
wide (Obaje, 2004). The area is predominantly underlain
by a shale formation (Figure 2). The Awgu Formation
in the Central Benue trough plainly indicates the end
of marine sedimentation (Offodile, 1976; Ofoegbu,
1990). Sandstones, siltstones and coal beds make up
the formation, which includes bluish-grey to dark-
black carbonaceous shales, calcareous shales, shale and
limestones, sandstones, and siltstones. The major outcrop
of the coal-bearing Awgu Formation is mentioned by Obaje
(1994) and it does not extend to Sabongida in Langtang
South in Plateau State. The Lafia Formation which is
the youngest formation in the Central Benue trough
does not extend to the Sabongida area, the formation
was deposited under continental condition (fluviatile) in
the Maastrichtian and lies unconformably on the Awgu
Formation. (Obaje, 2004) subdivided the entire Central
Benue trough into six stratigraphic units, they are Albian
which include the Gboko Formation referred to as the
Asu River Group (Offodili, 1976; Nwajide, 1990) which
are overlain by Cenomanian Awe and Keana formations.
The Cenomanian—Turonian Ezeaku Formation overlies the
Keana Formation. The coal rich Agwu Formation which
is late Turonian — Early Santonian overlies the Ezeaku
Formation and is covered by the Campanon - Maastrichian
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Lafia Formation which is the youngest formation (Obaje,
2004). The predominantly Agwu Formation is associated
with conglomerate of laterite overlying shale (Plate 1A).
The thickness of the conglomerate ranges from 1.5 to 3
m, the conglomerates serve as good materials for road
constructions and also serve as overburden aquifer in
shallow wells.

The lateritic formation is an unconformity between
the Agwu Formation and Lafia Formation. The lateritic
conglomerate is the period of the unconformity. The
conglomerate deposition resulted during the change in
water surge from low to high current. This conglomerate
can also serve as water bearing formations, one typical
example is the Kerri-Kerri Formation of the Chad basin.
Unconformity separates the Agwu Formation from
the Lafia Formation and this confirmed the fact that
either the Lafia Formation does not extend to the study
area or it may have been eroded. The thickness of the
conglomerate tends to increase northwards which explains
why the communities situated northwards have little water
scarcity compared to those situated southward where the
conglomerates thin out. Carbonaceous shales, calcareous
shales, shaly limestones, sandstones, and siltstones make
up the Agwu, the formation found here is the whitish
type (Plate 1B), which means they were deposited at the
shallow part of the Central Benue trough and therefore
susceptible to oxidation.

Sabongari has no visible outcrops and the formation
is relatively undeformed because there are no major

structures observed during the geologic mapping. The
outcrops seen are from the burrows pit excavated by a
construction company.

MATERIALS AND METHODS
Vertical electrical sounding (VES)

Ohm mega resistivity meter was used for carrying
out the vertical electrical sounding (VES) and ADMT
600S - X equipment for electrical resistivity tomography
(ERT). A total of 22 vertical electrical soundings and 11 2D
electrical resistivity tomography points were carried out.
The use of the electrical resistivity method as a geophysical
tool for exploration is based on the movement of electric
current through the ground and rock material (Aning et
al.,2014). To allow electrical current to travel through the

Plate 1: (A) Typical bed of conglomerate (unconformity period)
overlaying shale formation, (B) Whitish grey shale deposited
in an oxidizing environment.
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Figure 2: Geological Map of Sabongida.

Warta Geologi, Vol. 48, No. 1, April 2022




SoLOMON NEHEMIAH YUSUF, HILNAN CHRISTOPHER DRENKAT, CHARITY MAMZA AZI

ground, a rock must have some electrical resistance and
the ability to store electrical charges (Aning et al., 2014).
Vertical electrical sounding (VES) was used to determine
the vertical geologic variation of resistivity in the area
using a Schlumberger configuration. The relative spacing
of the current and potential electrodes is maintained, and
the entire spread is gradually increased around a fixed
central point. On the earth’s surface, four electrodes in
the sequence A M N B are set in a straight line, with AB
> 5 MN. The apparent resistivity (a) measured with a
Schlumberger array, where AM is the distance between the
positive current electrode A and the potential electrode M
on the earth’s surface. When two current electrodes A and
B are utilized, the potential difference (V) between two
measured electrodes M and N is detected, the apparent
resistivity can be written in the form:

pa =7 AV/Ix [ ((AB/2)2 — (MN/2)2) / MN] or
pa=mn K AV/I (Eqn. 1)

The apparent resistivity (p) is determined by the
electrode array geometry, as defined by the geometric
factor (K) (Reynolds, 1997).

2D electric resistivity tomography (ERT)

2D electrical resistivity tomography (ERT) is a
technique for imaging the subsurface bulk electrical
resistivity distribution. It enables the mapping of the
Earth’s electrical resistivity distribution, allowing for
subsurface heterogeneity estimation (Slob, 2004). When
current is injected into the ground using two current
electrodes, the ground surface (layers of materials with
different individual resistivity) may be measured, allowing
the subsurface resistivity distribution to be determined
(Herman, 2001; Loke et al., 2013). The critical part in
ERT is computing the resistivity pseudo section (Everett,
2013). The observed apparent resistivity is used to match
the pseudo section in ERT imaging. The ERT measurement
can be converted into high-resolution resistivity images
in 1-D, 2-D, and 3-D. ERT is regarded better than other
electrical approaches since quantitative findings are
obtained by using a regulated source of specific dimensions
(Telford et al., 1990). Geological characteristics such
as mineral, fluid content, porosity and degree of water
saturation also have a significant impact on electrical
properties (Loke et al., 2013; Aizebeokhai et al., 2015).
The potential difference is converted into resistivity of
the subsurface strata (Reynolds, 1997). 2D methodologies
of electrical resistivity tomography was discussed in
detailed by (Gharibi & Bentley, 2005; Chambers et al.,
2007, 2011; Magnusson, et al., 2010). For the purpose of
this study, the instrument ADMT 600 S - X is used for
ERT. It is a geophysical instrument comprising of two
electrodes, connecting cables and a main frame with touch
screen or a sensor probe which could be used in place of

the electrode. A measuring tape is used to measure the
distance of the spread on the ground. The principles of
the instrument is based on electrical resistivity method
which is measured through the potential electrode and
the result presented as 2D images (electrical resistivity
tomography) with various color to represent different
formation as the resistivity changes.

RESULTS
Vertical electrical sounding (VES)

In this study, 22 vertical electrical sounding (VES)
measurements were taken. The resistivity values, layer
thickness, and depth of the VES survey data collected from
various places within the research region were analyzed
and the results presented in Figures 3, 4, 5 and 6. 9.1 %
of the curves in Sabongida are Q type and 40.9 % are
HK curves while the dominant field curves in the study
area are H type curve making up to 50 % of the curves.
Qualitative interpretation of electrical soundings revealed
a general view on the lateral and vertical variations in
the apparent resistivity and geology of the study area.

The results of interpreted curves are presented
in Table 1. In terms of electrical resistivity, igneous
and metamorphic rocks have higher resistivity values
compared to most sedimentary rocks such as shale and
sandstones. The resistivity values of the first layer ranges
from 70 to 750 Qm and the thickness ranging from 1.6 to
6 m, this indicates that the layer consists of a lateritic cap.
The second layer with apparent resistivity value ranging
from 15 to 220 Qm and a range of thickness from 3 to
33 m, this layer is of clayey sand and shale formations.
The third layer on the other hand ranges from 1 to 65 Qm
and the thickness ranges from 10.5 to 160 m.

2D electrical resistivity tomography (ERT)
Eleven (11) profile lines were conducted, each
covering a horizontal length of 20 m with a probing depth
of 300 m, except for profile number 11 that has a depth
of 400 m. The distance between the probes (sensors) is
2 m and the result is presented as a 2D image which is
known as electrical resistivity tomography with each color
representing the range of resistivity values in ohms -
meter (Qm). The results of all the 11 profiles conducted
within the study area are presented as electrical resistivity
tomography, the Y axis is representing the depth while
the X - axis represents distance on the ground. The blue
color represents range of resistivity values which are
conductive in nature with low resistivity values (water
saturated, shale or loose sediment) while light green to
red color represent geologic materials that are average to
high resistive materials or consolidated in nature. In most
cases the low resistivity is attributed to factors such as
the porosity, permeability, water content, temperature and
clay in the soil. Figure 7(P1) shows green color indicating
sandy formation from 0 to 170 m with pockets of high
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Figure 5: Vertical electrical sounding curves of VES 13 - 18.

Figure 6: Vertical electrical sounding curves of VES 19 — 22.
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Table 1: Vertical electrical sounding locations, coordinates and geoelectric parameters.

. Coordinate Resistivity ((Qm) Thickness (m)

S/No |  Location

Lat. Long. 1 2 3 4 5 2 3 4
1 VES 1 08°44°10.8” | 009°42°54.3” | 180 | 23 38 | 34 33 160
2 VES 2 08°44°16.5” | 009°42°54.3” | 70 15 29 3 35 8.5 97
3 VES 3 08°44°09.5” | 009°42°5.0“ | 200 | 40 48 | 6.5 16 85
4 VES 4 08°44°16.3” | 009°42°43.1” | 90 65 17 5.5 7.5 4 7 18 80
5 VES 5 08°44°21.3” | 009°42°46.5” | 600 | 70 4 8 35 | 55 90
6 VES 6 08°44°10.9” | 009°42°37.0” | 200 | 55 15 17 35 | 55 85
7 VES 7 08°44°04.2” | 009°42°30.1” | 95 30 6 6 35 | 155 95
8 VES 8 08°43°59.2” |009°42°31.4” | 150 | 130 18 5.5 6.5 2 7 16 85
9 VES 9 08°43°45.0” | 009°42°25.6” | 340 | 70 11 17 35 8.5 95
10 VES 10 08°43°42.8” | 009°42°42.7” | 360 | 50 1 4 25 | 65 75
11 VES 11 08°43°21.3” | 009°42°37.9” | 750 | 200 | 65 25 30 35 8.5 47 88
12 VES 12 08°44°04.8” | 009°42°54.2” | 450 | 130 | 30 4 12 3 6 18 82
13 VES 13 08°43°59.5” | 009°42°56.5” | 300 | 90 35 8.5 95
14 VES 14 08°44°00.4” | 009°43°03.9” | 230 | 60 10 35 | 75 68
15 VES 15 08°44°01.6” | 009°43°09.1” | 130 | 110 | 25 7.5 85 | 28 | 82 16 78
16 VES 16 08°44°06.3” | 009°43°15.3” | 170 | 120 | 42 13 13 1.6 | 69 | 105 | 90
17 VES 17 08°44°14.4” | 009°43°14.9” | 440 | 100 | 24 20 42 | 158 | 75
18 VES 18 08°44°09.6” | 009°43°03.2” | 200 | 90 28 69 | 88 | 35 | 125 | 13 89
19 VES 19 08°44°11.0” | 009°43°33.8” | 650 | 60 11 19 75
20 VES 20 08°44°18.5” | 009°43°32.2” | 700 | 200 4 13 65
21 VES 21 08°44°13.37 | 009°43°23.9” | 140 | 162 | 30 8 9 1.8 | 82 19 95
22 VES 22 08°44°20.3” |009°43°22.2| 160 | 220 | 40 7 85 | 28 | 187 | 235 | 85

resistive lateritic sand on top and toward the end of the
profile with resistivity values ranging from 215 to 315
Qm and, a thin layer of laterite intercalated with shale
of 30 m thick. Figure7(P2) revealed thick layer of shale
of 100 m which is overlain by sand/lateritic material and
a thin resistive horizontal lateritic material on point 20.
Figure 7(P3) present thin layers of shale/sand formation at
different depth levels with resistivity values ranging from
115 to 220 Qm. Deposits of sand/lateritic materials with
resistivity values of 255 to 360 Qm at 150 m. The over
burden materials are predominant lateritic with resistivity
values of 360 to 465 Qm with thickness of 60 m.

The electrical resistivity tomography in Figure 8(P4,
PS5 and P6) are characterized by thick overburden lateritic
materials of 90 m and resistivity values ranging from 160
to 345 Qm. Thin layers of shales were observed in P4 at
150 and 180 to 230 m depths and a wide layer of sandy/
lateritic materials were revealed at 240 to 300 m with
resistivity values ranging from 100 to 265 Qm.

The electrical resistivity tomography in Figure 9
reveal laterite at the top of profile P7, and underlain by
a layer of sand with resistivity values ranging from 145
to 215 Qm. Thin layer of intercalation of shale/sand were
delineated at 150 to 300 m. Figure 9(P8) shows a thick

layer of sand of 0 to 140 m which is separated by a thin
layer of resistive lateritic material. A thin layer of shale/
sand formation of 70 m thick with resistivity values of
115 to 175 Qm were recorded. Figure 9(P9) presents a
resistive lateritic/sand formation of 120 m thick which
is underlain by lateral layer of shale/sand of 30 m at 180
m and 270 m.

The electrical resistivity tomography in Figure 10
(P10) revealed a thick layer of sand as the overburden
formation in the area with resistivity values of 135 to 180
Qm, and thin resistive horizontal materials suggesting
lateritic materials. Thin layer of shale/sand is interbedded
within lateritic materials at 260 m with resistivity values
ranging from 180 to 240 Qm. The electrical resistivity
tomography in Figure10(P11) are characterized by thick
shale/sandy formation of 160 to 180 m, 240 to 300 m,
320 to 340 m and 355 to 370 m with their resistivity
values ranging from 70 to 150 Qm.

DISCUSSION
The geology of the study area is predominantly
underlain by late Cretaceous Agwu Formation. The Agwu
Formation was deposited in a marine environment and
are structurally controlled in the NE-SW direction, and
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Figure 8: Electrical resistivity tomography of profile P4, P5 and P6.
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Figure 10: Electrical resistivity tomography of profile P10 and P11.
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consists mainly of shale, shelly limestone, sandstone and
siltstone (Agumanu, 2011). At some locations, the Agwu
Formation is overlain by Agbani Formation which is
sandstone in nature with an exposed thickness of 45 m.
The shelly nature of the area is responsible for the difficulty
in locating optimal drilling points for groundwater
exploration in Sabongida. Most of the hand dug wells
within the area are shallow and dry up during dry season,
creating water scarcity in the community. There are no
functional and productive boreholes in Sabogida because
all the failed wells were drilled at a very shallow depth,
thereby not reaching the potential aquifer (water bearing
formation) in the area. The analysis of the results from the
geophysical survey identified three different lithologies.
The lithologies encountered from the surface to the depth
are various lateritic formations (lateritic sand, laterites)
with high resistivity values of > 500 Qm; a shale layer
with low resistivity values of <40 Qm, and the third layer
is of silt stone/shale formation which are the zones of low
to moderate resistivity ranging from 50 to 185 Qm and
these are the saturated zones or productive groundwater
zones otherwise known as the aquifer in the area.

The electrical resistivity tomography (ERT) over
Sabongida revealed deeper lithologic information
compared to the vertical electrical sounding due to the
electrode spread of AB/2 =215 m used in this study. The
ERT probed 300 m depth with better, clearer and easy
to interpret 2D images in terms of the different geologic
information in Sabongida. Low resistivity values observed
in Figure 7(P1) at the depth of 160 to 200 m suggest
saturated layer of sandstone which is a good drilling point
for a productive borehole. Figure 7(P2) is characterized
by thick shelly layer from 90 to 180 m with resistivity
values ranging from 90 to 225 Qm, this location if
carefully screened will yield adequate groundwater to the
community and end water scarcity. Figure 7(P3) revealed
different layers of shale/sandstone/siltstone with resistivity
values of 115 to 325 Qm, this is in agreement with the
local geology of Sabongida (Agumanu, 2011) which is
characterized by thick sediments of Agwu Formation.
Figure 8(P4, P5, P6) revealed high resistive conglomerate
of laterite which are reddish in color. A thin lateral layer
of shale/sandstone/siltstone with low resistivity values
varying from 55 to 225 Qm with the thickness of 15
to 35 m were detected, thus these profiles may not be
suitable for drilling productive boreholes in the area, with
the deepest layer occurring at 270 to 290 m.

Thin layer of low resistivity materials of shales/
siltstone/sand at 150 and 270 to 300 m, possible drilling
site is recommended at point 4 (Figure 9(P7)) and should
be drilled to the depth of 300 m, the borehole will tap
water from different layers of sandstone/siltstone at 150,
210, 240 and 270 to 300 m. P8 in Figure 9 shows large
area dominated by green color indicating the presence
of low to medium resistivity rocks which is influenced

by porosity, clay or water contents. Productive boreholes
are recommended at 180 to 210 and 270 to 300 m depths
of profile P9 of Figure 9. Thick layer of low to medium
resistivity was observed in Figurel0(P10) and a thin
lateral layer of shale/sandstone/ siltstone at 150 and 260
m, while thick layer of shale/sandstone were revealed
at different depth levels in Figure 10(P11), suggesting
possible productive site for drilling a borehole for the
community.

CONCLUSION

The Sabongida community depends largely on
surface water than groundwater sources due to previous
abortive boreholes drilled as a result of the complex
nature of the geology. This is because the water bearing
formation is underlain by a thick shale bed in the area.
The results of vertical electrical sounding and 2D electrical
resistivity tomography have proved their credibility
beyond reasonable doubt to locate possible drilling site
in the community. Water scarcity in Sabongida would
be a thing of the past if strict compliance to the results
and recommendations are followed. It is concluded that
there is a good prospect of groundwater if the aquifer is
properly located and the screen properly placed during
drilling. Groundwater bearing formations are delineated
and drilling is recommended to the depth of 150 to 300
m in the area.
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Abstract: Weathering profile characterization is one of the significant information in the interpretation of the condition
of rock. In addition, the tropical climate in Malaysia causes the deep—seated weathering phenomena of granitic rock.
The identification of weathering profile of granite can be made using in—situ Schmidt hammer rebound test which
is one of the non—destructive tests (NDT) that is widely used. In this study, the test is carried out on granitic rock
in Paya Terubong, Pulau Pinang. Based on the study conducted, the value for each of weathering grade of granite
can be identified. The value for fresh granite (Grade I) is greater than 55, slightly weathered granite (Grade II) is
ranging from 35 — 55, moderately weathered granite (Grade III) is ranging from 17 — 35 and highly weathered
granite (Grade IV) is less than 17. Completely weathered granite (Grade V) and residual soil (Grade VI) do not have
any Schmidt hammer rebound values. This method can be used as a very useful method in the field to determine
the degree of weathering of rock outcrops.

Keywords: Granite, weathering grade, weathering profile, Schmidt hammer rebound test

Abstrak: Pencirian luluhawa adalah salah satu informasi penting dalam menafsir keadaan suatu singkapan batuan.
Malaysia yang mempunyai iklim tropika yang telah menyebabkan fenomena luluhawa yang tebal dan dalam bagi
batuan granit. Pengenalpastian profil luluhawa granit boleh dilakukan dengan menggunakan kaedah ujian lantunan
tukul Schmidt in-situ yang merupakan salah satu kaedah ujian tanpa musnah (NDT) yang sering digunakan. Dalam
kajian ini, ujian lantunan tukul Schmidt dijalankan ke atas batuan granit di Paya Terubong, Pulau Pinang. Berdasarkan
kajian yang telah dijalankan, nilai lantunan tukul Schmidt bagi setiap gred luluhawa batuan granit dapat dikenalpasti.
Nilai bagi batuan granit segar (Gred I) adalah melebihi 55, bagi batuan granit sedikit terluluhawa (Gred II) adalah
dalam lingkungan 35 — 55, bagi batuan granit terluluhawa sederhana (Gred I1I) adalah dalam lingkungan 17 — 35, dan
bagi batuan granit terluluhawa tinggi (Gred IV) adalah kurang daripada 17. Manakala, bagi batuan granit terluluhawa
keseluruhan (Gred V) dan tanah baki (Gred VI), tidak memberikan nilai lantunan tukul Schmidt. Kaedah ini boleh
dijadikan sebagai kaedah yang sangat berguna di lapangan bagi menentukan tahap luluhawa singkapan batuan.

Kata kunci: Granit, gred luluhawa, profil luluhawa, ujian lantunan tukul Schmidt

INTRODUCTION

According to Moye, 1955 and Ruxton & Berry,
1957, weathering profiles in rocks are derived from the
geological classification for engineering applications.
Weathering profiles are characterized according to their
classified weathering grades. There are some properties to
be considered in classifying weathering grades. Indeed, in
volcano and sedimentary formations there are significant
lateral as well as vertical variations, where the original rock
type greatly influences the rate of weathering, according to

the view by Nahon (1986). According to Umar & Ibrahim
(1997), the range of velocities representing grades and
indices of weathered rocks and soils can be determined
from the in situ seismic surveys at the field. Weathering is
an essential process that reduces the mechanical strength
of rock material and rock mass at shallow depths from
the surface through chemical and physical weathering,
as stated by Arikan & Aydin, 2012.

However, defining weathering profile of an outcrop
requires identification and judgement of the geologist
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on site and can differ according to each individual’s
observations. When conducting engineering works, this is
important information for the desk study for engineering
planning which involves slope stability as well as other
engineering purposes. Slope failures, erosion, and
landslides often happen in areas that are strongly affected
by weathering, and weathering is an environmental factor
that impacts recent as well as historical sites (Arikan
& Aydin, 2012). In granites, the weathering profile is
always much deeper when compared to sedimentary and
metamorphic rocks. Most of the proposed weathering
profile models are concerned with granitic rocks according
to Koita et al., 2013.

According to Abad et al., 2014, one of the most
important challenges in the study of slope stability,
foundation, and excavation in rocks is understanding the
weathering grades. This issue is especially important in
tropical climates, where intense weathering produces thick
weathering profiles. Therefore, describing the weathering
profile involves an understanding of the weathering
process of rock exposures of an area. Therefore, many
studies have been conducted to achieve the classification
of weathering grades. Abad et al. (2014) stated that
weathering classification schemes are mostly proposed
based on some important factors such as the condition and
appearance of the rock material (e.g., its friability), the
weathered materials engineering properties, the condition
of individual minerals (e.g., the extent of micro-cracking),
the degree of staining of joint surfaces and/or the extension
of the staining from joints into the rock, and alterations
to the mineral composition (e.g., the appearance of new
minerals and disappearance of existing ones).

A study estimating the degree of weathering of
metamorphic rocks from Malaysia using Schmidt hammer
rebound test was conducted by Arifin et al. (2009) in which
the quantification of the weathering grade of rock material
is explained, and the linear relationship to the degree of
weathering is determined. Goh et al., 2017 states that a
mean of quantification of rock material strength can be
identified using the Schmidt hammer rebound test.

This study aims to estimate the degree of the
weathering grade of granite based on Schmidt hammer
rebound tests at Paya Terubong, Pulau Pinang. The area
covered is located on Penang Island, a northern island
of Malaysia. In this study, the Schmidt hammer rebound
values were used to estimate the grade of weathering. The
results of the study presents Schmidt hammer rebound test
values for the different degree of weathering grades within
the weathering profile of granite, as well as demonstrating
a useful method for the determination of the degree of
weathering in the field.

OVERVIEW OF STUDY AREA

The study area is located at Paya Terubong, Pulau
Pinang with coordinate of N 5° 21° 8.24”, E 100°
16> 33.16”. Based on the Department of Mineral and
Geoscience Malaysia (JMG) map of year 2006, the
granitic rock in Paya Terubong is composed of medium—
grained to coarse—grained biotite granite with microcline.
The geology of Paya Terubong forms part of the South
Penang Pluton (SPP) and comprises of coarse—grained
and medium—grained porphyritic muscovite—biotite
granite. Figure 1 shows the geological map of Penang
Island modified after IMG, 2006. Figure 2 shows the
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Figure 1: Geological map of
Penang Island (modified after
Department of Mineral and
Geoscience Malaysia (JMG),
2006).
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ikt

: P
t' e
Figure 3: Three blows of in—situ Schmidt
hammer rebound test done repeatedly at
each point.

Figure 2: Aerial photo of the study area. Circled areas indicate the
locations of in-situ Schmidt hammer rebound test done on granitic rock.

aerial photo of the study area taken using unmanned  Table 1: Weathering grade classification system suggested by

aerial vehicle (UAV). ISRM (2015).

The study area is divided into 3 locations named as Term Class Description
locatlon.A, IOC?ltIOn B and location C.. The ro?k outcrop Sound rock I No visible sign of matrix
at location A is 150 meters long with a width of 12 A .

. o . . (SR) weathering; some rock dis-
meters, at location B it is 95 meters long with a width coloration may be presented
of 10 meters and at location C, is 70 meters in length . .y .p .
and width is 8.5 meters. along main discontinuities.

Slightly II Discoloration of rock indi-
METHODOLOGY weathered cates beginning of rock ma-

The weathering grades of granite in the study area rock (SW) trix weathering and along
is defined through observation based on the weathering discontinuity surfaces. All
grade classification SyStem of ISRM, 2015 as shown in rock matrices can be discol_
Table 1. The weathering profile is divided into six (6) oured by weathering and can
weather%ng grades anq classiﬁs:d based' on the stgt'e of be slightly softer externally
weathering, the rock discoloration, and joint conditions. . L

- ) : than in sound condition.

Schmidt hammer test is a non—destructive method -
fo estimate the uniaxial compressive strength (UCS) of ~ Moderately I Less than half of rolck matrix
rock material. According to Aydin & Saribiyik (2010), ~ Weathered is decomposed or disintegrat-
the rebound hammer test is classified as a hardness test ~ rock (MW) ed to soil conditions. Sound
based on the principle that the rebound of an elastic mass or discoloured rock is present
depends on the hardness of the surface against which the forming discontinuous zones
mass impinges. or as corestones.

The in-situ $chm1dt hammeF rgbound test were Highly v More than half of rock matrix
conducted three times for each point in every grade of . -

) X ) weathered is decomposed or disintegrat-
weathering to obtain more accurate data. Figure 3 shows . ..

. . . . rock (HW) ed to soil conditions. Sound
the typical procedure in collecting the Schmidt hammer . )
rebound data or discoloured rock is present

Previous studies had proposed the approximate range forming discontinuous zones
values of Schmidt hammer rebound test to determine the or corestones.
weathering grade classification of granite. Table 2 shows Completely \Y All rock matrices are decom-
the comparison between each range of values proposed. weathered posed or disintegrated to soil

rock (CW) conditions. Original structure
RESULTS AND DISCUSSION of rock mass is commonly
The .resllilts cgmprise odf Ivlve.athe.rting iﬁ)lﬁée}sl of the preserved.
the stu the In—situ t
OUICTOPS It Fe STy atea and iae cHmIAt Rammet Residual VI All rocks are transformed
rebound values of every weathering profile. ) j ] .
Soil into soil. Geological structure

Weathering profile of the study area

The results of the tests on rock outcrops in the
study area can be divided into 4 weathering zones. The
analysis was carried out by constructing several graphs

of rock mass is destroyed.
There is a great volume of
variation but no significant
soil transport is present.
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Table 2: Comparison of weathering grade classification based on Schmidt hammer rebound values.

Reference Weathering Grade Schmidt Hammer Rebound Range Value (R)
Brand & I N/A
Phillipson (1984) I >45
I 25—-45
v <25
\Y% No Rebound from Schmidt hammer
VI N/A
Yunus et al. (2010) I >54
II 37-54
I 17-37
v N/A
\% N/A
VI N/A

to identify the degree of weathering of the exposed
outcrops. The exposed outcrops in the study area show
several weathering profiles, as the following:

a) Weathering profile of grade II — III;

b) Weathering profile of grade III — IV;

¢) Weathering profile of grade IV —V;

d) Weathering profile of grade VI (residual soil).

Weathering profile of grade Il — I

This profile shows slightly weathered to moderately
weathered granite. The outcrop shows some discoloration
at the joint surface and slight disintegration of minerals
can also be seen. Figure 4 shows the weathering profile
of grade I — III. Meanwhile, the graph in Figure 5 shows
the in-situ Schmidt hammer rebound data collected at
the profile. The maximum rebound value (R _ ) and
minimum rebound value (R _ ) for this profile is 59 and
15 respectively.

Figure 5 is the result of the field test in which the
values of Schmidt hammer rebound is plotted vs the
position of blows in the study area, and it includes a total
of 155 blow numbers at different points with an interval
of 3 to 5 meters between each point.

Weathering profile of grade Il — IV

This profile shows moderately weathered to highly
weathered granite. Discoloration can be observed along the
outcrop and disintegration of minerals can be seen. Figure
6 and 7 show the weathering profile of grade IIT — IV and
graph of in—situ Schmidt hammer rebound data collected
on the profile, respectively. The maximum rebound value
(R, ) and minimum rebound value (R ) for the profile
is 39 and 11, respectively. The test was conducted at 98
locations to determine the degree of weathering.

& = & e R

Figure 4: Overview of weathering profile of grade IT — IIT at
circle A area of Figure 2.

Figure 5: Graph of in-situ Schmidt hammer rebound test
values vs position of blows, on weathering grade Il - III; R __
=59,R =15.

min
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Figure 6: Overview of weathering profile of grade III — IV at
circle B area of Figure 2.

o

e IV-Vat

o

Figure 8: Overview of weathering profile of grad
circle C area of Figure 2.

Schmidt Hammer Rebound Test on Weathering Grade 1II-IV
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Figure 7: Graph of in-situ Schmidt hammer rebound test
values vs position of blows, on weathering grade III - IV; R
=39,R =1L

X

Weathering profile of grade IV — V

This profile shows highly weathered to completely
weathered granite. Discoloration can be seen at most of the
outcrop and the minerals are highly disintegrated. Dents
on the surface of rock can be seen due to the impact of
in—situ Schmidt hammer rebound test. Figure 8 shows the
weathering profile of grade IV — V and Figure 9 shows the
graph of in-situ Schmidt hammer rebound data collected
on the profile. The maximum rebound value (R ) and
minimum rebound value (R __ ) for the profile is 17 and
11, respectively. There were 22 point of blow that classify
the degree of weathering in this zone.

Weathering profile of grade VI (residual soil)

This profile is identified as residual soil where all
the rock has completely disintegrated into soil. Figure 10
shows the weathering profile of grade VI (residual soil).
No graph is constructed as no in-situ Schmidt hammer
rebound data can be collected at the profile.

Based on the graphs plotted for each of the weathering
profile, the range values of in-situ Schmidt hammer
rebound test are proposed for each weathering grade of
granite. The values are interpreted based on the distribution
of Schmidt hammer rebound data on the following

Figure 9: Graph of in-situ Schmidt hammer rebound test
values vs position of blows, on weathering grade IV - V; R
=17,R =1L

X

Figure 10: Overview of weathering profile of grade VI (residual
soil) at circle A area of Figure 2.

weathering profiles. Several data that are considered
as random error are ignored from the proposed values.
Figure 11 shows the range of values of Schmidt hammer
rebound data for weathering grades of granite.

Previous researchers such as Brand & Phillipson, 1984
and Yunus et al., 2010 have stated the results of similar
studies as in Table 2. In addition, the determination of
weathering degree has also considered field observations
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Figure 11: Graph showing the range value of in—situ Schmidt hammer rebound test (R) for the different weathering grades.

Table 3: Proposed values of in-situ Schmidt hammer rebound test for weathering grade classification for granite at Paya

Terubong, Penang, Malaysia.

Term Weathering Grade Schmidt Hammer Rebound Test Value (R)
Fresh Granite (F) I >55
Slightly weathered Granite (SW) I 35-55
Moderately weathered Granite (MW) I 17-35
Highly weathered Granite (HW) v <17
Completely weathered Granite (CW) \Y No rebound
Residual Soil VI N/D

N/D : Not determinable

and also the classification of weathering degree by
ISRM, 2015 as in Table 1. The results of this study can
be concluded that the Schmidth hammer rebound values
for the different degrees of weathering in the study arca
are as follows:

(a) Weathering grade II — I1I,

R, =17-35R,=35-55
(b) Weathering grade III — 1V,

R,=0-17,R, =17 -35
(¢) Weathering grade IV -V,
R,=0-17

d) No rebound data for grade V.

Based on the range value of in—situ Schmidt hammer
rebound test on the weathering profile, the proposed
values of in-situ Schmidt hammer rebound test for each
weathering grade of granite are shown in Table 3.

CONCLUSION
The results of this study have successfully determined
the relationship between the value of Schmidt hammer
rebound values with the degree of weathering of the
study area. The results of this study can be used as a
method to determine the degree of weathering of a rock
outcrop. The degree of weathering of rock outcrops is
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one of the important elements in determining the level
of rock slope stability. Apart from determining the degree
of weathering by observation of the physical condition
of the rocks and minerals in the rocks, Schmidt hammer
rebound is an excellent method which can provide rock
strength values. This paper determined the relationship
between the in-situ Schmidt hammer rebound test and
the weathering grades of a granite weathering profile.
The results of this study indicate that Schmidt hammer
rebound test for Grade I is greater than 55, Grade 1II is
ranging from 35 — 55, Grade III is ranging from 17 —
35, and Grade IV is less than 17. For Grade V, there is
no rebound data that can be collected and Grade VI is
identified as residual soil.
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Abstract: Hot springs naturally are groundwater that emerges to the surface after being heated up by geothermal
activities. There are various classifications of hot springs according to the surface temperature. Still, in Malaysia, it
is referred to as the spring that is higher than an average body temperature or 40 °C and above. Two types of hot
spring origin are volcanic and non-volcanic sources. The Quaternary magmatic intrusion of Maria volcanic complex
in Sababh is the only volcanic-related hot spring. Meanwhile, Sungai Klah, Ulu Slim, Gadek, and other hot springs in
Malaysia originated from regional granite intrusion that slowly cooled down since the Triassic period. In Peninsular
Malaysia, there is a geological trend of hot springs distribution based on three different intrusion and localities of
granite batholiths: Eastern, Central and Western belts of granite. Tectonically, most of these hot springs are associated
with fault zones related to highly fractured and deep-seated fault areas with high permeability host rock, such as
Bok Bak Fault. Later it can conduit meteoric water to seep deep beneath the subsurface and be subjected to a high
geothermal gradient zone. High dissolved minerals in the hot springs are beneficial for balneotherapy, while the
excess heat and brine can be harnessed into electrical energy. The development of geothermal potential in Malaysia
is still unhurried compared to our neighbouring countries, for example, Thailand’s Fang Geothermal Power Plant is
a non-volcanic hot spring with a sound temperature of 130°C which can generate 300 kW of electricity. Lastly, effort
has been made by researchers in gathering the data on hot spring distribution in Malaysia which can be viewed with
just a click. A new app is developed for Android user named Malaysia’s Hot Springs that can be freely downloaded
from the ‘Apps Store’ in hope that the application can serve as hot springs tourism and publication reference purposes.

Keywords: Hot springs, Malaysia, geothermal

INTRODUCTION

Do you ever wonder why the temperature of
groundwater seeping to the surface, commonly called
hot springs, can reach up to a boiling point? Where is
the source of heat that influenced the temperature of
the water? How hot must the water be before it can be
classified into the hot spring category? And what is the
future of geothermal energy in Malaysia? Hot springs are
heated by the geothermal heat which originates from the
Earth’s interior. Geothermal energy through hot springs
is one of the renewable energy sources that could be
harnessed to supply electricity and generate heat. Many
hot springs have been found in Malaysia and therefore, the
need for more research on geothermal energy particularly
from hot springs is vital to fully maximise its potential
as an energy source that will benefit the economy of this
country in a long run.

DEFINITION

In general, a hot spring is a natural occurrence where
heated groundwater emerges on Earth’s surface. Its
temperature is higher than a body temperature and ranges
from 40 °C and above. Apart from the high temperature,
the water is also filled with very high concentrations of
dissolved minerals such as calcium, sodium, sulphate,
chloride, and silica.

SOURCE OF HEAT

The formation process of a hot spring can be answered
by investigating the source of its occurrence. An increase in
temperature happens due to the groundwater being heated
up by the intrusion of magmatic bodies. It then rises to the
surface through faults and fractures once it has absorbed
enough heat to become lighter than the overlying water.
This event is related to volcanic eruptions and commonly
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occur near volcanoes. Therefore, this type of hot spring is
classified as the volcanic origin. Hot springs of volcanic
origin can be found in East Malaysia such as in Apas Kiri,
Tawau, Sabah as shown in Figure 1. Current finding of
the geochemistry of Sabah and Sarawak hot springs can
be accessed in Anuar et al. (2021).

On the other hand, hot springs of non-volcanic origin
such as the hot spring in Sungai Klah, Perak, shown in
Figure 2, can be explained using the cooling magma and
geothermal gradient model (Baioumy et al., 2015). By
referring to Figure 3, the magmatic intrusions represent
the cooling magma that gives rise to the temperature of
the surrounding rocks. Over time, these granitic bodies
will be embedded in the Earth’s crust and continuously
distribute the heat after it is solidified due to the thermal
gradient. According to this model theory, researchers look
into these three components when analysing hot springs
of non-volcanic origin: location of the hot spring, the

Figure 1: An example of a hot spring of volcanic type origin
is Apas Kiri, Tawau Hot Spring, Sabah.

TS

Legend
River
W44 Circulation of cold water

#44  Circulation of hot waler

proximity to granitic intrusion and the distance to major
faults or fractured zones.

Generally, temperature increases with depth,
therefore, at greater depths where the rocks are so hot,
the heat will be distributed to the groundwater, which
will eventually make its way up to the surface through
faults and fractures. Thus, the heated water that forms
hot springs comes from the surface water that penetrated
the subsurface to a great depth where the temperature
is high, or from the groundwater stored in the aquifers.

In Malaysia, there are over 60 known hot spring
sites and more to be discovered (Chow et al., 2010).

-4
e 18
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Figure 2: An example of a hot spring of non-
volcanic origin is Sg. Klah Hot Spring, Perak.
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Figure 3: A schematic diagram illustrating the formation of hot spring of non-volcanic origin.
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The majority of these hot springs are of non-volcanic
origin due to the geographical location of Peninsular
Malaysia that is located far from the Ring of Fire and has
no active volcanic activities. The highest temperature of
hot spring water measured in Peninsular Malaysia is at
Sungai Klah Hot Springs, Perak where the temperature
can reach 100.2°C. You can even boil eggs in the water.

GEOLOGICAL DISTRIBUTION

The geological distribution of hot springs in Peninsular
Malaysia is shown in Figure 4. The distribution of hot
springs is concentrated on the west coast of Peninsular
Malaysia. It forms a northnorthwest-southsoutheast
(NNW-SSE) trend aligned with the main tectonic trend
of Peninsular Malaysia.

Researchers have found that most hot spring spots
are concentrated near the fault zones. Peninsular Malaysia
has numerous major faults, such as Bok Bak Fault, Bukit
Tinggi Fault, Kuala Lumpur Fault, Lebir Fault, Seremban
Fault, Kisap Fault and Galas Fault. These faults are
correlated with hot springs in Peninsular Malaysia within
the Eastern and Western belt. Hot springs are usually found
in the surrounding area of faults, which are fractured
rocks that are permeable, allowing water to flow within
the crust. The fluids coming from the highlands are caught
by the porous, highly fractured damage zone, which leads
them to the surface, explaining the relationship between
hot springs and fault occurrence (Taillefer et al., 2018).

This is explainable as fractures and faults act as
the pathway for meteoric water to flow deep inside the
subsurface where the temperature is intense. Hot springs
commonly exist in low-lying areas such as swamps,
riverbeds, and bedrock surfaces. Given that hot springs
occur in these accessible areas, it gives a massive
advantage for the developer in planning and utilising the
source for the greater good.

BENEFITS AND ADVANTAGES

Continuous efforts have been made in developing hot
spring areas into becoming a tourist spot as this heated
water has been well known for centuries for its health
benefits. One widespread practise in treating illness is
balneotherapy, where the body is immersed in mineral-
rich water. Hot springs water contains an abundance of
dissolved minerals such as sodium, calcium, sulphate,
chloride, and silica. This mineral-rich water is believed
to have soothing effects on the human body to relieve
muscle pain and stressed joints (Erfurt, 2011).

Soaking your body in the warm water of the hot spring
is also relaxing and brings tranquillity to your mind. Other
than health benefits, hot springs are used to heat spaces,
just like an electric heater but it is environmental-friendly
and cost-saving. Water from hot springs can also be used
for your everyday home purposes such as bathing and
washing clothes. On a larger scale, the steam coming

out of hot springs is helpful to rotate turbines that could
generate electrical energy.

GEOTHERMAL ENERGY

Geothermal is the terrestrial generated heat of the
Earth. It is derived from residual energy from Earth’s
formation and the decay of the radioactive elements in the
crust, then transferred to the subsurface by conduction and
convection (Tester et al., 2006). Throughout the process,
water is included as part of a water cycle that comes from
rain and snow seeping deep inside the interior portion of
the Earth’s crust. Upon heating, this groundwater could
rise again, emerged with high pressure and temperature
to the surface and known as a hot spring. Thus, it is
capable of harnessing energy called geothermal energy.
For centuries, people have been utilising this energy source
for home use, and it has now evolved into the source
for generating electricity. As a reference, our neighbour
country, Indonesia, has one of the largest geothermal
power plants, named Sarulla Geothermal Power Plant,
as shown in Figure 6. This fantastic project can supply
electricity to 2.1 million households and offset about 1.3
million tonnes (Mt) of carbon dioxide emissions a year
(NS Energy, n.d.). Thus, geothermal energy is a renewable
energy that is capable of generating a tremendous amount
of power supply with lesser pollution to the air!

Can hot springs of non-volcanic origin be utilised to
generate electricity? The answer is yes. Let us look into
one of the famous non-volcanic hot springs in Thailand
that can generate 300 kW of electricity, namely Fang Hot
Spring, located in the Chiang Mai province. The water
temperature can reach up to 130 °C - enough to generate
clean energy for distribution for daily use.

The initiative to turn this area into Fang Geothermal
Power Plant started in 1989 by the Electricity Generating
Authority of Thailand (EGAT) and it is still well-maintained
now. According to Richter (2016), the 300 kW geothermal
power plant uses binary cycle technology. It distributes 1.2
million kWh per year as it is linked to the local distribution
grid system of the Provincial Electricity Authority (PEA). A
binary cycle power plant is a type of geothermal power plant
that allows cooler geothermal reservoirs. It is a closed system
that uses a second working fluid with a much lower boiling
point than water. The geothermal fluid in the form of water
vapor and working fluid such as hydrocarbon go through a
heat exchanger, where the working fluid converts to vapor and
drives the turbines. The cooled water vapour is then released
back into the underground reservoirs so the new cycle can
begin. Over the years, the hot spring area has expanded into
multipurpose facilities such as recreational area, spa, bathtub,
and bathrooms to attract visitors worldwide. In Figures 7
and 8, our team collaborated with an industrial partner to
visit the power plant in 2018. It amazed us that Thailand
has been developing these geothermal resources for years
and can supply sufficient energy for the country.
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Figure 4: The distribution map of hot springs in Peninsular Malaysia. Source: Arifin (2017).
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Figure 6: An aerial image of the 330 MW Sarulla geothermal
power plant located in North Sumatra, Indonesia.
Source: Richter (2018).

DATA WITHIN REACH

This is an era where every piece of information is
attainable with just a touch. ‘Malaysia Hot Springs’ is a
mobile app that contains data on every hot spring in Malaysia
such as its location, temperature and the distribution of hot
springs in Peninsula Malaysia as shown in Figure 5. This app
is beneficial and convenient for researchers to collect first-
hand data of their study area such as its water temperature
and location. A user can easily access the information by
downloading the app, and it is free!

CONCLUSION

Hot springs are a natural occurrence where
groundwater is heated up at great depths and brought to
the surface through cracks, fractures, and faults. The heated
water has a temperature higher than our body and is filled
with remarkably high concentrations of dissolved minerals.
These properties make hot springs famously known to
have healing and soothing effects on the human body,
thus contributing to hot springs development as one of the
geo-tourism attractions. With about 60 hot springs of low
to medium temperatures in Malaysia, geothermal energy
can be explored and utilised as a renewable energy source.
Therefore, further geoscientific investigations should be
considered and carried out in supporting the development
plans of geothermal energy. It is hoped that Malaysia will
fully utilise and generate electricity from it in the future.
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Geological highlights of Brunei Darussalam (North Borneo) with
focus on the “Borneo Amber” record

Laszlo Kocsis
Date: 14 December 2021
Platform: Google Meet

Abstract: Since 2014 we have been conducting research on Brunei’s Neogene deposits. During our field surveys
we discovered some exceptional fossil assemblages. Here, the already published and most remarkable remains are
shown to give a taste of ancient biodiversity of the region. Mollusks, cartilaginous fish among them the famous
Otodus megalodon, late Miocene turtle remains, and microfossils such as pollen and foraminifera will be briefly
discussed. Most of these fossils come from the middle to late Miocene shallow marine deposits of the Miri and Seria
formations. These beds, however, and also almost all other sedimentary succession in Brunei, often contain fossilized
tree resins (amber) as well. These remains are very common and can be fairly abundant in certain layers. Amber
comes with different size and color, some are transparent, and others are completely opaque. Often they show the sign
of bioerosion, while others contain trapped insects. We collected a large amount of amber, and selected specimens
together with modern tree resins were characterized and investigated with different methods (e.g., physical properties,
FTIR, 8'C). Most of the results point to maturation differences among the samples, while the FTIR spectrum of over
60 analyzes revealed that all the Brunei ambers were produced by dipterocarp trees Dipterocarpaceae), and no fossil
Agathis (Araucariacea) resin has been detected. This is in agreement with the lower abundance of the gymnosperm
taxon in the forests of Borneo compared to that of the widespread dipterocarps. From the late middle Miocene to late
Miocene a slight decreasing trend in average 6'°C values was detected that can be explained by gradual changes in
local environmental conditions (e.g., more precipitation) and/or by increased amount of less mature specimens among
the younger samples. In contrast, the Pliocene samples yielded the highest 83C values that may link to cooler-drier
climate with increased seasonality, probably reflecting the spread of glaciation in the northern hemisphere.

Comments: This talk took place online, using University of Malaya’s Google Meet facility. The talk was recorded,
and can be viewed at this URL:
https://drive.google.com/file/d/1 WT0-HkNswsOSdIi5 XPI74im4Q49Knwzg/view?usp=sharing

We had twelve in the audience. The talk covered a lot of ground. Amber is commonly found in Borneo in the
Cenozoic sedimentary record, often associated with coal, and also found reworked on modern beaches. Modern tree
resins are also commonly found and continuously produced in the region, and can be mixed up with amber. Telling
the two apart can be done using physical characteristics, for instance, amber has stronger fluorescence than modern
tree resins when exposed to UV light. The talk also covered the geochemistry of both amber and modern tree resins
- amber has distinctive FTIR and carbon isotope signatures, as well as distinctive organic geochemistry.

Amber is very often found “across the border” in Sarawak and Sabah, as well as in Kalimantan, so this is an
avenue for possible future research. The University of Malaya Geology Department is equipped to participate in this
research, since we have a well-equipped organic geochemistry laboratory as well as a Micro-CT which can be used
to image and model insects and other organisms or biological particles (pollen?) preserved in amber.

Further reading:

Laszl6 Kocsis, Anwar Usman, Anne-Lise Jourdan, Syaimaa’ Haji Hassan, Nurhazwana Jumat, Dalina Daud, Antonino Briguglio,
Ferry Slik, Laszl6 Rinyu & Istvan Futd, 2020. The Bruneian record of “Borneo Amber”: A regional review of fossil tree resins
in the Indo-Australian Archipelago. Earth-Science Reviews, 201, 2020, 103005, ISSN 0012-8252.

https://doi.org/10.1016/j.earscirev.2019.103005.

https://www.sciencedirect.com/science/article/pii/S0012825219302004.

Prepared by:

Dr. Nur Iskandar Taib (UM, Retired)
Councillor, Geological Society of Malaysia
28" February 2022
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The Devonian-Carboniferous boundary in Perlis,
NW Peninsular Malaysia: Recording changes in fossil fauna,
palaeoclimate and depositional settings

Meor Hakif bin Amir Hassan
Date: 16 December 2021
Platform: Google Meet

Abstract: The Sanai Hill B outcrop, exposed at Kampung Guar Jentik, Beseri district, Perlis, exposes one of the
best-preserved Devonian-Carboniferous boundary successions in Malaysia. A new geologic map for the locality
is presented, which is based on better exposure of the outcrop due to active quarrying, and was constructed using
a combination of aerial drone imagery, three-dimensional photogrammetry, Google Earth satellite imagery and
traditional field methods. The sedimentary strata include the Silurian Mempelam Limestone, the Lower Devonian
Timah Tasoh Formation, the Upper Devonian Sanai Limestone, the Lower Carboniferous Telaga Jatoh Formation
and the Lower Carboniferous Chepor Member of the Kubang Pasu Formation. The Devonian-Carboniferous boundary
is marked by the contact between the Sanai Limestone and the Telaga Jatoh Formation. It shows an abrupt change
from carbonate to siliceous (chert) deposition, with the contact represented by a paraconformity. This unconformity
can be correlated to the Devonian-Carboniferous unconformity in the Kanthan Limestone of Perak. It can also be
identified in many sections throughout the Western Belt, including in southern Thailand, Langkawi, Kedah, Perak
and the Selangor-Kuala Lumpur area. The unconformity can be linked to a eustatic sea level fall at the end of the
Devonian.

Comments: This talk took place online, using University of Malaya’s Google Meet facility. The talk was recorded,
and can be viewed at this URL:
https://drive.google.com/file/d/Imd8§jD Y Spp-FWNIIDwb9OnfgCLLKwt86/view?usp=sharing

The talk was centered around development of the understanding of the Paleozoic section exposed in Perlis, as
more outcrops became available over time. The Sanai Limestone was initially thought to be part of the Ordovician-
Silurian Setul Limestone (mainly exposed in Langkawi), but was revealed to be of Late Devonian age through the
study of conodonts and the presence of homoctenid tentaculitoids. There was a lot of interest from the audience,
particularly those from the petroleum sector, since drill core retrieved from the Malacca Straits reveals similar rocks.
It will take further examination of fossils to determine whether this is the same section. Over 70 people attended
this talk, including several from the petroleum industry, and students, mainly from UMK and UM. Dr. Hafzan Eva
from UMK asked the students from her class to attend the talk. Since there is much interest on this subject, GSM
will organize a seminar on the Paleozoic section of the Western Malay Peninsula in the near future.

Further reading:

Amir Hassan, M.H., 2021. The Devonian-Carboniferous boundary at Guar Sanai, Kampung Guar Jentik, Perlis: An updated map
and stratigraphic section. Bulletin of the Geological Society of Malaysia, 71, 57 - 69.

Amir Hassan, M.H., Mustafa, Y.A., Zakaria, M.Z.Z. & Ghani,A.A.,2015. Firstrecord of Homoctenus (Tentaculitoidea, Homoctenida)
from the Late Devonian of northwest Peninsular Malaysia. Alcheringa: An Australasian Journal of Palacontology, 39(4), 550-558.

Amir Hassan, M.H., Aung, A-K., Becker, R.T., Rahman, N.A.A., Fatt, N.T., Ghani, A.A. & Shuib, M.K., 2014. Stratigraphy and
palacoenvironmental evolution of the mid- to upper Palaeozoic succession in Northwest Peninsular Malaysia. Journal of Asian
Earth Sciences, 83, 60-79.

Aung, A.K., Meor, HA.H. & Ng, T.F., 2013. Discovery of Late Devonian (Frasnian) conodonts from the “Sanai limestone”, Guar
Jentik, Perlis, Malaysia. Bulletin of the Geological Society of Malaysia, 59, 93-99.

Prepared by:

Dr. Nur Iskandar Taib (UM, Retired)
Councillor, Geological Society of Malaysia
28" February 2022
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Distinct element modelling in rock engineering

Boon Chia Weng
Date: 19 February 2022
Platform: Zoom / Facebook Live GSM

The above talk was delivered by Dr Boon Chia Weng (Gamuda) on 19" February 2022, via Zoom/Facebook
Live. Some 25 members participated. An abstract of the talk is provided below:

Abstract: The use of the distinct element method is increasingly becoming more widespread in civil engineering
projects. The theory and algorithms of the distinct element method were explained in the first half of the presentation.
Subsequently, the use of distinct element method (DEM) for jointed rock analysis was being demonstrated. The
presentation placed emphasis on capturing the key geological structure of the rock, so that the failure mechanisms could
be reflected correctly in the models. Examples were drawn from underground openings and slopes. The presentation
included a discussion of the circumstances for which the geological structure could influence the rock bolt forces
and reinforcement mechanisms around underground openings. Similarly, for slopes, the presentation showcased
how the joint orientation, joint shear strength and boundary conditions of a slope could influence its kinematics.

We thank Dr Boon for his support and contribution to the Society’s activities.
Tan Boon Kong

Chairman, Working Group on Engineering Geology
28" February 2022
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Rock slope stability analysis: The selection and modelling issue

Rini Asnida Abdullah
Date: 22 March 2022
Platform: Zoom / Facebook Live GSM

The above talk was delivered by Ir Dr Rini Asnida Abdullah (UTM) on 22" March, 2022, via Zoom/Facebook
Live. Some 45 members participated.

The talk presented some case studies on rock slope failures, including several interesting videos on plane failure,
toppling, and rock falls. A case study on rock slope stability analysis in a slate quarry in England was taken from the
speaker’s Ph.D. thesis in the Univ. of Leeds, UK. Analysis and modelling of rock slope stability include kinematic
analysis utilising stereonets, and softwares incorporating the Finite Element Method (FEM) and the Distinct Element
Method (DEM).

We thank Dr Rini for her support and contribution to the Society’s activities.

Tan Boon Kong
Chairman, Working Group on Engineering Geology
6™ April 2022
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The causes of landslides

Darryl Fong Chew Chung
Date: 13 April 2022
Platform: Zoom

The above talk was delivered by Ir. Darryl Fong Chew Chung (G&P) on 13™ April, 2022, via Zoom. Some 30
members participated. An abstract of the talk is provided below.

Abstract: The safety of buildings on hillsites is often a worrying concern especially during heavy or prolonged rainy
periods. This talk aims to explain how and why landslides occur. It also provides examples of safe and sustainable
hillsite developments.

We thank Ir. Fong for his support and contribution to the Society’s activities.
Tan Boon Kong

Chairman, Working Group on Engineering Geology
14" April, 2022
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Ringkasan Laporan aktiviti Kumpulan Kerja Kuarternari dan

Geologi Marin — Persatuan Geologi Malaysia — 2021
Sepanjang tahun 2021, Kumpulan Kerja Kuarternari dan Geologi Marin yang dipengerusikan oleh En. Abdullah
Sulaiman telah menganjurkan beberapa aktiviti di bawah Persatuan Geologi Malaysia dan juga program kerjasama

bersama Institut Geologi Malaysia.
Maklumat program yang telah dianjurkan di bawah kelolaan kumpulan adalah seperti di bawah:

GSM FB Live - Kumpulan Kerja Kuarternari dan Geologi Marin & Unit Promosi GSM

Penceramah : Dr. Kamaludin Hassan y of Malaysia (GSM) T
Topic: The Quaternary and Climate Change

Topik : The Quaternary and Climate Change
Tarikh : 23 Ogos 2021

Masa : 1000 - 1200

Medium : FB Live & Zoom

Jumlah peserta/ tontonan : 781 tontonan
Pautan video : https://fb.watch/ajvB65jYtE/

Dr. Kamaludin Hassan

Ringkasan program: Program telah dimulakan dengan ucapan aluan oleh .

. . . . _ = 23rd AUGUST 2021
moderator bagi memperkenalkan Dr. Kamaludin Hassan. Seterusnya sesi telah {)@} o ¢ 10.00am-12.00p.m
dikemudi oleh Dr. Kamaludin di mana beliau telah berkongsi pengalaman juga i N * Facesook Live Gsm
dapatan kajian beliau berkaitan deposit kuartenari dan perkaitannya dengan
perubahan iklim yang menjadi topik hangat masa kini. Sesi ini diselang-selikan dengan pertanyaan dari para peserta
juga perkongsian para peserta terhadap topik yang dibincangkan. Sesi telah dirumuskan dan ditutup oleh moderator
sekitar jam 1200 tengahari.

GSM FB Live - Kumpulan Kerja Kuarternari dan Geologi Marin & Unit Promosi GSM

Penceramah : Profesor Dato’ Dr. Mokhtar Saidin sint FaceBoOK LvE

- . . GEOLOGICAL SOCIETY of MALAYSIA (GSM)
Topik : Halatuju Geoarkeologi Negara 270605 2021/ 3.00P.M
HALATUJU GEOARKEOLOGI NEGARA

Tarikh : 27 Ogos 2021

Masa : 1500 - 1700

Medium : FB Live & Zoom

Jumlah peserta/ tontonan : 2100 tontonan
Pautan video : https://fb.watch/ajvyNEo7Fs/

1HEF INE. AN

Uk Prenyertal sir i sila LIKE facebook Cenlogical Sockety of Maayua IGSM) L
Nuirps Pt LIVE parts farikh dist.
PETAnYIIE WhATLARD 0176164750 LMAIL peslogicalinchery hgmad com

Ringkasan program: Program telah dimulakan dengan ucapan aluan oleh moderator bagi memperkenalkan YBhg
Profesor Dato’ Dr. Mokhtar Saidin. Beliau memulakan program dengan berkongsi latar belakang beliau dan juga
pencapaian beliau sepanjang beliau terbabit dalam bidang geoarkeologi di mana antara kemuncak pencapaian karier
beliau adalah pengenalan kepada tapak sejarah Lembah Bujang di mana ianya menjadi antara bukti penting kepada
peradaban manusia di tanah melayu pada ketika itu. Beliau juga berkongsi apakah halatuju bidang ini di masa
hadapan dan cabaran-cabaran yang harus ditangani bagi meletakkan bidang geoarkeologi marin pada tahap yang
lebih tinggi. Program ini telah diakhiri dengan sesi soal jawab bersama YBhg Profesor Dato’ Dr. Mokhtar Saidin.
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GSM FB Live - Kumpulan Kerja Kuarternari dan Geologi Marin & Unit Promosi GSM

PEREATUAN QFOL D0 MALAYEIA
- IGEOLOGICAL SOCIETY of MALAYSIA iEsMI]
L ey b —
TARSCH: 1T ST JOT1 [JUMAAT) / MASZA | 10 PAGH - T2 TENGAN MARI

Penceramah : En. Ruzairy Bin Arbi
Topik : Aktiviti dan Hala Tuju Arkeologi Marin Di Malaysia !

. AKTIVITI DAN HALA TUJU ARKEOLOGI MARIN DI MALAYSIA
Tarikh : 17 September 2021 Vet G e e oy G2
Masa : 1000 - 1200
Medium : FB Live & Zoom
Jumlah peserta/ tontonan : 898 tontonan
Pautan video : https://fb.watch/ajywMIebR1/

Ringkasan program: Program ini adalah kesinambungan dari program bersama YBhg Profesor Dato’ Dr. Mokhtar
Saidin, di mana pada kali ini wakil dari Jabatan Warisan Negara telah dipilih menjadi penceramah jemputan. Program
telah dimulakan dengan ucapan aluan oleh moderator bagi memperkenalkan En. Ruzairy Bin Arbi. Beliau memulakan
program dengan berkongsi latar belakang beliau dan juga pencapaian beliau sepanjang beliau terbabit dalam bidang
arkeologi marin bersama Jabatan Warisan Negara. Seterusnya beliau telah berkongsi pelbagai fakta dan undang-
undang berkaitan bidang arkeologi marin dan juga cabaran yang dihadapai oleh Jabatan Warisan Negara dalam
memelihara warisan arkeologi marin negara. Program diakhiri dengan sesi soal jawab dan perbincangan berkaitan
bidang arkeologi marin bersama para peserta.

GSM FB Live - Kumpulan Kerja Kuarternari dan Geologi Marin & Unit Promosi GSM

Penceramah : A.P. Dr. Edlic Sathiamurthy

Topik : Sundaland LGM to Present Day -
Land Connections & Disconnections, Changing Environment
& River Basin Arrangement

Tarikh : 23 September 2021

Masa : 1500 - 1700

Medium : FB Live & Zoom

Jumlah peserta/ tontonan : 780 tontonan

Pautan video : https://fb.watch/akLrz _zgND/

Ringkasan program: Pentas Sunda telah menjadi tumpuan para pengkaji dari serata dunia untuk lebih memahami
perubahan paras laut dan implikasinya terhadap kawasan sekitaran. Sehubungan itu pihak Kumpulan Kerja Kuarternari
dan Geologi Marin & Unit Promosi GSM telah menjemput A.P. Dr. Edlic Sathiamurthy untuk berkongsi hasil kajian
beliau berkenaan evolusi aliran sungai purba yang berkait rapat dengan evolusi perubahan dasar laut di sekitaran
Pentas Sunda. Program telah dimulakan dengan ucapan aluan oleh moderator bagi memperkenalkan A.P. Dr. Edlic
Sathiamurthy. Beliau memulakan program dengan berkongsi latar belakang beliau dan juga kajian dan kolaborasi
yang telah beliau lakukan sebagai seorang pensyarah dan penyelidik di Universiti Malaysia Terengganu. Beliau
telah berkongsi dapatan kajian yang telah beliau lakukan di kawasasn pantai timur Semenanjung Malaysia di mana
beliau telah berkongsi bukti-bukti aliran sungai kuno yang menjadi bukti kawasan tersebut pernah berada di daratan
suatu masa dahulu. Beliau mengakhiri program beliau dengan menjawab persoalan dan pertanyaan dari para peserta
yang hadir pada sesi tersebut.
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GSM FB Live - Kumpulan Kerja Kuarternari dan Geologi Marin & Unit Promosi GSM

Penceramah : En. Dhani Irwanto {Ef? iy
Topik : Decoding Plato’s Narrative to Find Atlantis ? -v} e
Tarikh : 15 Oktober 2021 SUNDALAND WEESAR g3
“DECODING PLATO'S
Masa : 0930 - 1130 NARRATIVE TO FIND
Medium : FB Live & Zoom EEwAE un D AT

Jumlah peserta/ tontonan : 2100 tontonan
Pautan video : https://fb.watch/akOilaBw9d/

e 2 TH It

Ringkasan program: Kesinambungan dari program berkaitan Pentas Sunda bersama A.P. Dr. Edlic Sathiamurthy,
pihak Kumpulan Kerja Kuarternari dan Geologi Marin & Unit Promosi GSM telah berjaya mendapatkan En. Dhani
Irwanto atau lebih mesra dengan panggilan Pak Dhani untuk berkongsi kajian beliau berkaitan mitos kota Atlantis
dan hubungkait kebarangkalian kewujudan mitos ini di Pentas Sunda suatu masa dahulu. Program telah dimulakan
dengan ucapan aluan oleh moderator bagi memperkenalkan En. Dhani Irwanto. Pak Dhani telah memulakan sesi
perkongsian dengan memperjelaskan teori—teori berkaitan kota Atlantis dan bagaimana ianya telah direkodkan
oleh pengkaji-pengkaji terdahulu. Beliau telah berkongsi dapatan kajian yang telah beliau lakukan di mana beliau
memperincikan setiap bukti yang telah beliau temui dan bagaimana ianya selari dengan catatan rekod oleh pengkaji
terdahulu. Beliau mengakhiri program beliau dengan menjawab persoalan dan pertanyaan dari para peserta yang
hadir pada sesi tersebut.

Disamping itu pihak GSM melalui kumpulan kerja ini juga turut menganjurkan webinar dengan kerjasama
pihak IGM seperti maklumat dibawah:

IGM GSM 3" National Workshop on Coastal and Marine Geology 2021

Tema : Towards Sustainable Coastal and Marine Management
Tarikh : 30 Ogos 2021

IR0 NATIONAL WORKSHOR
Masa : 0800 - 1700 ON COASTAL AND MARINE

Medium : Zoom GEOLOGY 2071
Jumlah peserta : 180 peserta .

Ringkasan program: Program 3™ National Workshop on Coastal and Marine
Geology, 2021, telah berlansung secara atas talian pada 30 Ogos 2021. Bengkel
ini adalah anjuran bersama Persatuan Geologi Malaysia (GSM), Institut Geologi
Malaysia (IGM), Jabatan Geosains (UTP), UTP-ERASMUS+ (MARE) dan telah
dikendalikan oleh Academy GEX. Bengkel ini telah dihadiri seramai 180 peserta
dari pelbagai latarbelakang termasuk para pelajar siswazah dan pasca-siswazah,
agensi-agensi kerajaan dan pemain industri yang berkaitan. Bengkel ini telah
dimulakan oleh ucapan aluan dari pengarah bengkel P.Geol. En. Mohamad Shaufi
Sokiman (M.I.G.M) (UTP) dan kemudiannya disusuli oleh ucapan dari penasihat
bengkel iaitu P.Geol. En. Abdullah Sulaiman (F.I.G.M) (JMG). Bengkel seterusnya
telah dibuka secara rasmi oleh P.Geol. En. Ahmad Nizam Hasan (F.I.G.M), Presiden
Persatuan Geologi Malaysia (GSM).

Mengangkat tema pembangunan lestari zon pesisir pantai, bengkel telah dibahagikan kepada 4 sesi di mana 3 sesi
teknikal telah dipecahkan mengikut tema iaitu sesi 1 — (Coastal & Marine Development from Geological Perspective),
sesi 2 — (Coastal Issues, Protection and Adaption), sesi 3 — (Coastal Resources & Sustainable Management) dan Sesi
4 (Panel Session). Sesi 1 telah dikemudi oleh P.Geol. Dr. Khaira Ismail (M.I.G.M) (UMT) bersama ahli panel yang
terdiri daripada P.Geol. Noran Alwakhir Shaarani (M.1.G.M) (JMG) (Coastal Geological Hazard Mapping), P.Geol.
A.P. Dr. Hasrizal Shaari (M.1.G.M) (UMT) (Coastal Pollution), P.Geol. Dr. Ferdaus Ahmad (JMG) (Engineering
Geology on Coastal Zone) dan Professor Madya Dr. Edlic Sathiamurthy (UMT) (Delta Environment).

Sesi 2 pula telah dikemudi oleh Dr. Effi Helmy Ariffin (UMT) bersama barisan ahli panel yang terdiri daripada Ir.
Iwan Tan Sofian Tan (Dr Nik & Associates Sdn. Bhd.) (Coastal Development Projects & Their Impacts to Coastal
Environment), Dr. Lee Hin Lee (NAHRIM) (Sea Level Rise & Impact to Coastal Environment), Dr. Khamarrul
Azahari Razak (UTM) (Coastal Hazards) dan Ir. Arman Mokhtar (JPS) (Integrated Coastal Zone Management).
P.Geol. Muhammad Mustadza Mazni (M.I.G.M) (JMG) telah mengemudi sesi teknikal terakhir iaitu sesi 3 dimana

CACADDMYBEX
B S .
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sesi ini telah mengumpulkan ahli-ahli panel yang terdiri daripada P.Geol. Dr. Dana a/k Badang (M.I.G.M) (JMG)
(Costal resources - Geosite & Geopark), Dr. A. Aldrie Amir (LESTARI — UKM) (Coastal Resources - Mangrove)
dan Prof. Dr. Wan Izatul Asma binti Wan Talaat (INOS-UMT) (Marine Spatial Planning) (Law & Regulation).
Bengkel diteruskan dengan sesi perbincangan panel yang telah dikemudi sendiri oleh P.Geol. En. Abdullah Sulaiman
(F.1.G.M) (JMG). Sesi perbincangan panel telah disertai oleh Prof. Dr. Wan Izatul Asma binti Wan Talaat (INOS-
UMT), Dr. A. Aldrie Amir (LESTARI — UKM) dan Dr. Khamarrul Azahari Razak (UTM). Sesi perbincangan panel
menyaksikan pelbagai komen dan pendapat telah dilontarkan oleh ahli-ahli panel berkaitan permasalahan terkini
dan jalan penyelesaian yang harus dan sewajarnya diambil bagi memastikan kelestarian pembangunan zon pantai
dapat dicapai.

Usai sesi perbincangan panel, para ahli panel dan peserta beralih ke acara penutupan bengkel yang telah dizahirkan
oleh P.Geol. Gs. En. Abd Rasid Jaapar, F.1.G.M, FGS, MIGRSM, selaku Presiden Institut Geologi Malaysia. Dalam
ucapan penutupan beliau, En. Abd Rasid Jaapar telah menekankan akan kepentingan penglibatan pelbagai pihak
dalam menjamin kelestarian pembangunan teutamanya bagi kawasan pesisir pantai di masa hadapan. Sesi seterusnya
diakhiri dengan sesi bergambar secara maya bersama para peserta yang hadir.

IGM GSM — SEMINAR ON COASTAL AND MARINE GEOLOGY

Tema : Issues and Challenges of Urban Development on Peatlands in Malaysia
Tarikh : 25 Oktober 2021

Masa : 0830 - 1700

Medium : Zoom

ISSUES AND

Jumlah peserta : 80 peserta CHALLENGES OF
URBAN
Ringkasan program: Program Issues and Challenges of Urban Development on DEVELOPMENT

ON PEATLANDS IN

Peatlands in Malaysia, telah berlansung secara atas talian pada 25 Oktober 2021.
MALAYSIA

Seminar ini adalah anjuran bersama Persatuan Geologi Malaysia (GSM), Institut
Geologi Malaysia (IGM) dan telah dikendalikan oleh Academy GEX. Seminar ini

telah dihadiri seramai 80 peserta dari pelbagai latarbelakang termasuk para pelajar ocTaser 25, 2021

(GMT +08.00) KUALA LUMPUR

siswazah dan pasca-siswazah, agensi-agensi kerajaan dan pemain industri yang PLATFORM : Z6OM APPLICATION
berkaitan. Bengkel ini telah dimulakan oleh ucapan aluan dari pengerusi bengkel
iaitu P.Geol. En. Fakhruddin Afif Fauzi (M..G.M) (JMG). Sesi kemudiannya -
dimulakan oleh ucaptama Dr. Lulie Melling, Pengarah, Sarawak Tropical Peat N
Research Institute (TROPI).
Mengangkat tema kepentingan pengurusan tanah gambut, bengkel telah dibahagikan kepada 2 sesi. Sesi 1 telah
dikemudi oleh P.Geol Dr. Khaira Ismail (M.I.G.M) (UMT) bersama ahli panel yang terdiri daripada P.Geol. Ahmad
Nizam Hasan (F.I.G.M) (GSM) — (Geological Assessment for Urban Development Planning Over Peatlands - Study
Case of Selangor State), Malaysian Peatland. Dr. Rohani Shahrudin (UMT) — (Biodiversity & Conservation: Where
Are We Now?), P.Geol. Dr. Mohd Hariri Arifin (UKM) (M.I.G.M).

Sesi 2 pula telah dikemudi oleh P.Geol. Mohamad Shaufi Sokiman (M.I.G.M) (UTP) bersama barisan ahli panel
yang terdiri daripada En. Wan Aminordin Wan Kamaruddin (JAS) — (Malaysian National Programme for Peatland
Fire Prevention), Ir. Som Pong Pichan (JKR) — (Challenges in Site Investigation for Geotechnical Design on Peat
Soils) dan Pn. Hasnida Zabidi (JMG) — (Kebakaran Tanah Gambut di Malaysia; Peranan JMG). Sesi diteruskan
dengan sesi soal jawab secara maya bersama para peserta.

Acara penutupan bengkel yang telah dizahirkan oleh P.Geol. En. Abdullah Sulaiman (F.I.G.M) (JMG) selaku Pengerusi
kepada Kumpulan Kerja Kuarternari dan Geologi Marin (GSM) dan Pengerusi Kumpulan Teknikal Pesisir Pantai dan
Geologi Marin (IGM). Sesi seterusnya diakhiri dengan sesi bergambar secara maya bersama para peserta yang hadir.

co-osGaMsTE PowRID T

Untuk perancangan masa hadapan, pihak GSM melalui jawatan kuasa kerja telah merancang beberapa pengisian
untuk tahun 2022 seperti dibawah:

1. IGM — GSM - Seminar Deep Seabed Mining (February 2022).

2.1GM - GSM 4" National Workshop on Coastal and Marine Geology 2022 (Perincian maklumat akan dikemaskini
dari masa ke semasa).

3. Webinar bulanan (Perincian maklumat akan dikemaskini dari masa ke semasa).

Disediakan oleh,
Mohamad Shaufi Bin Sokiman
Setiausaha, Kumpulan Kerja Kuarternari dan Geologi Marin — Persatuan Geologi Malaysia
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UNIVERSITY
OF MALAYA

E.H AL A L UMPUR

@sead};},_,ﬂi@

oulimast asia disasler prevention

Building capacity of geologists: Upskilling course on
Disaster Risk Reduction and Climate Change

An online upskilling course on Disaster Risk Reduction and Climate =
Change was jointly organized by The Geological Society of Malaysia  |wec.
(GSM), Institute of Geology Malaysia (IGM), Universiti Kebangsaan e
Malaysia’s Southeast Asia Disaster Prevention Research Initiative
(SEADPRI-UKM) and University of Malaya’s Geology Department.
The course, which took place on 18 December 2021 (Saturday) from 9
am-12 noon, targeted geology undergraduates from all local universities.
Registration was free-of-charge on a first-come-first-served basis.

The purpose of the course was to introduce disaster risk reduction
and climate change, which offers high potential for future employability
of geology graduates. The course coordinator was Dr. Lin Chin Yik (UM)
and lead trainers were Professor Dr. Joy Jacqueline Pereira (SEADPRI-
UKM) and Dr. Nurfashareena Muhamad (SEADPRI-UKM).

The course comprised three major topics. The first topic was on
concept and terminologies associated with disaster risk reduction and
climate change. This was followed by a snapshot of the contribution of
geoscience in building disaster and climate resilience. The final topic was
on the policy dimension of disaster risk reduction and climate change.
This topic covered the Sendai Framework for Disaster Risk Reduction
2015-2030, Paris Agreement 2015 and Glasgow Climate Pact 2021, as
well as National Policies and Commitments of Malaysia.

A total of 18 undergraduates from University of Malaya and
Universiti Malaysia Sabah attended the course. About half of them
were in their final year while others were from years one to three. A
post-course survey revealed that all the course participants thought that
the course was very well organized. Over 94% were of the view that
the presentation material was relevant and substantial with appropriate
examples; interactions were fair and equitable with constructive response
from the trainers. Over 80% of the participants found the presenters
effective, clear and concise with interactions that sustained their interest. Source of graphics: Pereira J.J., Ng T.F., Hunt
Overall, the participants found the course to be very helpful; several even  J. (2021), Climate Action. In: Gill J.C., Smith
suggested that the course be embedded as part of their curriculum. The ~ M. (eds.), Geosciences and the Sustainable
coordinator and trainers would like to express their appreciation to Dr. ~ Development Goals. Sustainable Development
Ng Tham Fatt (UM) for his guidance and Mr. Navakanesh Batmanathan ~ G0als Series. Springer, Cham. pp. 313-337,
(SEADPRI-UKM) for the technical support https://doi.org/10.1007/978-3-030-38815-7_13.

Prepared by Dr. Nurfashareena Muhamad (SEADPRI-UKM), Dr. Lin Chin Yik (UM) and Joy Jacqueline Pereira
(SEADPRI-UKM).
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Courtesy visit by GSM President to IGM-GSM Sarawak Chapter

Date: 31 March 2022
Venue: Kuching, Sarawak

GSM President, P.Geol. En. Ahmad Nizam Hassan, F.I.G.M. paid a courtesy visit to IGM-GSM Sarawak Chapter
led by P.Geol. Dr. Richard Mani Banda, F.I.G.M. on 31 March, 2022. He was accompanied by the Chairman of
Board of Geologists Malaysia, Dato’ Zakaria Mohamad, P.Geol. F.I.G.M., and IGM President, P.Geol. Gs. Abd.
Rasid Jaapar, F.I.G.M. The IGM-GSM Sarawak Chapter was established in August 2021 which aimed to oversee and
manage the activities or program towards the development and recognition of geoscience in Sarawak. A discussion
was held during the visit to discuss on the geoscience profession direction and opportunities in Sarawak. Among
other issues that have been discussed is the main event that will be implemented in Sarawak this year.

Prepared by:
P.Geol. James Bachat, M.I.G.M.
Secretary, IGM-GSM Sarawak Chapter

=55

The GSM President presenting a gift from GSM to the Chairman of IGM-GSM Sarawak Chapter.
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NEW MEMBERSHIP

Student Membership

1
2
3
4.
5.
6
7
8

9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.

Ahmad Abdillah Adnan

Ahmad Rashid Mohamed Yazid
‘Aliyah ‘Aqilah Azmi

Aryo Dwi Handoko

Awangku Akmal Ariff Awang Ariffin
Castor Luis Mejos

Chia Kean Wei

Chong Siew Ting, Michelle

Farhan Ashley Henry

Grisel Paola J Soto

Isaac Abraham Jeslis

Jennytah Julimin

Jessie Asyura Yick

Ketty Freddy

Linckorn Dorin Boging
Maathumeera Rakasegaran

Maha Letchummy Balasingam
Merlissa Nurfarahin Ab Rizal
Messy Elbert

Mohamad Azri Dawisani
Mohammad Azim Kharudin
Mohammad Hairie Md Johan
Mohammad Shahmiezan Ridzuan
Mohd Fahami Sazali

Mohd Noor Iman

Muhamad Amerul Mat Aron
Muhammad Adhwa Fathir Muhammad Firdaus
Muhammad Azhar Saminoon @ Saminggun
Muhammad Azimuddin Mat Rahim
Muhammad Irfan Nizam
Muhammad Nigmatullah Nazmi
Muhammad Noor Syahfiq Suyono
Noor Diana Sabdalleh

Noralyaa Syuhada Md Zain

Nur Adriana Wahid

Nur Ageelah Ajman

Nur Arifudin Nur Shidi

Nur Athirah Wahidah Ali

Nur Ezwani Eddie

Nur Fatin Hani Sjiaola

Nur Syafigah Rahman

Nur Zakira Imana Mohammad Fadly
Nurul Amiera Nadia Khairul Fitri
Nurul Hamizah Muhammad Rezel
Ollearry Chai

Qalisha Maisarah Shaharudin

Ros Amirah Mohd Alamin

48. Shahrul Ismadi

49. Shanisha Irdyani Zainal

50. Siti Norasyikin Laning

51. Siti Nur Aimie Fitri Che Ibrahim
52. Siti Nurmasturina Shohailly

53. Slez MC Hitterson Jonaidi

54. Tan Siaw Gi

55. Teh Yu Xuan

56. Ummi Umairah Taufik

57. Vishnuvartini Rasaya

Full Membership

Abd Majid Sahat

Mohd Razani Zakaria
Mohd Razif Salleh

Nur Rashidah Abdul Aziz
Shinthurathi Myandran
Soo Khok Ping

‘Wan Mohd Nazrullah

NNk L=

From Student To Full Membership

Ahmad Zuhairi Tusiman

Mohamad Fairus Hj Mohamad Talhah
Muhamad Ngafifi Md Lahuri
Muhammad Taqiuddin Zakaria
Nurazlin Abdullah

AIEIR S

From Full To Life Membership

Aimie Aisyah Othman

Faridah Hanim Abu Bakar
Khairul Azlan Mustapha

Kong Sher-Rine

Mohammad Yasir Mohd. Said
Mohd Rizal Lai

Muhammad Anasrullah Abd Rahim
Muhammad Fuad Razali

9. Sheila Rozalia Abdul Rashid
10. Suraya Hilmi Hazim

11. Umi Amira Jamaluddin

12.  Wan Mohamed Nizam Wan Isa
13. Zaitul Zahira Ghali @ Ghazali

e A ol e
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GSM-UMS Geology Club program

KOTA KINABALU — On January 15, 2022, the GSM-UMS Geology Club has organized an online talk,
entitled ‘Geotalk 9.0: Discovering the Hidden Gems — The Mining Industry’. This programme was participated by
the students with geology background from University Malaysia Sabah (UMS). Panelists invited are the alumni of
geology program of UMS, Mr. Edwin James and En. Shafitri Awang Kechil, who are now working in the mining
industry. This program was held to help students acknowledge the opportunities and job-scope of a geologist in the
mining industry.

BSEMAHEAN

 GEOTALK 9.0 . _GEOTALK 9.0

INDUSTRI PERLOMBONGAN- ' INDUSTRI PERLOMBONGAN- MENEMUI PERMATA TERSEMBLINYI

MENEMUI PERMATA TERSEMBUNYI

Fanel Jemputan

14 0 AR AR S

1B Ketaty Gaologi LMS

O ik gl e m/‘f@ O Kelab GeologicsMUMS ) |abc-.elooo1;’,;u:;.g{’
Poster of Geotalk 9.0: Discovering the Hidden Gems — The  Screenshot images of the participants of the programme on
Mining Industry. Photo by: kelabgeologi ums on Instagram January 15, 2022. Photo by: kelabgeologi_ums on Instagram

In addition, GSM-UMS Geology Club has also hosted the Geonight Programme of Session 21/22 on 21 January,
2022 that took place in Horizon Hotel, Kota Kinabalu. This programme was held to celebrate the outgoing year 4
members that are graduating this year. At the same time, this programme has given opportunity to the organizing
committee in polishing their skills in event management. Safety measures such as limiting the number of attendees
and following the standard operating procedures are practiced to obey the guidelines set by Kementerian Kesihatan
Malaysia.

Poster of Geonight Programme
Photo by: kelabgeologi ums on Instagram
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Photographs taken during Geonight Programme. Photo by: Isaac Abraham Jeslis

Lastly, all of the programmes were carried out smoothly, with positive feedbacks from the participants. We truly
want to host more interactive and beneficial geology-related programmes in the future in conjunction with GSM and
GSM-UMS Geology Club. Thank you very much.

Wong Yee Huey,
Vice Secretary
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Hari Interaksi Kelab Geologi UKM

Hari Interaksi Kelab Geologi merupakan sebuah program hari keluarga anjuran Kelab Geologi Universiti
Kebangsaan Malaysia, UKM yang melibatkan pelajar-pelajar geologi UKM. Objektif program ini dilaksanakan
adalah untuk merapatkan hubungan silaturahim antara pelajar junior dan senior bagi menggalakkan perkongsian
pengalaman dan ilmu antara satu sama lain. Program tersebut telah diadakan pada 22 Januari 2022 sekitar jam 9.00
pagi hingga 3.30 petang di Pantai Cahaya Negeri, Port Dickson, Negeri Sembilan. Seramai 31 orang peserta telah
mengikuti program ini.

Program ini dimulakan dengan aktiviti berkumpulan iaitu membina rupa bumi menggunakan pasir pantai.
Setiap kumpulan tersebut terdiri daripada pelajar junior dan senior yang saling bekerjasama untuk menyelesaikan
misi permainan tersebut. Setelah itu, para peserta memasuki sesi rehat, jamuan makan tengah hari iaitu barbeque
yang disediakan sendiri oleh ahli jawatankuasa yang bertugas. Aktiviti gotong-royong kemudian dilaksanakan secara
beramai-ramai dalam kalangan peserta dan ahli jawatankuasa atas tujuan bagi memastikan lokasi pantai yang digunakan
dalam keadaan baik dan bersih. Seterusnya, sesi sembang santai pelajar bersama seorang pensyarah geologi UKM
iaitu Dr. Mohd Hariri bin Arifin yang merupakan penasihat program ini turut diadakan dan aktiviti ini merupakan
aktiviti terakhir program. Semasa sesi ini, Dr. Hariri banyak berkongsi pengalaman serta nasihat yang bermanfaat
kepada para pelajar. Berikut disertakan beberapa gambar aktiviti yang telah dijalankan semasa program berlangsung:

Laporan disediakan oleh: Alya Batrisya binti Mohd Zeffry (Setiausaha Projek)
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Gambar 1: Aktiviti membina rupa bumi menggunakan pasir pantai secara berkumpulan.
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Gambar 3: Aktiviti gotong-royong, mengutip sampah dan mengemas peralatan program.
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Gambar 6: Sesi bergambar semua peserta dan ahli jawatankuasa bersama penasihat program.
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May 19-20, 2022: AAPG/PESGB Energy Transition Fo-
rum; London. Details are available at https://energytran-
sition.aapg.org/2022/.

June 20-22, 2022: Unconventional Resources Technol-
ogy Conference (URTeC); George R. Brown Convention
Center in Houston, Texas. Visit event website https://
urtec.org/2022/ for more information.

June 20-22, 2022: GeoConvention 2022 Hybrid Event;
Calgary, Canada. Find more details at https://geoconven-
tion.com/.

June 29-30, 2022: Asia Pacific E & P Conference; Lon-
don. More details at event website: https://asiapacific.
pesgb.org.uk/.

July 15-17, 2022: 4" International Conference on Perfor-
mance-based Design in Earthquake Geotechnical Engi-
neerin; Beijing, China. Check event website: http://www.
pbd-iv2021.com/ for further details.

July 27-28, 2022: 2™ Oil, Gas and Power Cambodia;
Phnom Penh. Visit www.ogpcambodia.com for informa-
tion regarding this event.

August 21-24, 2022: 9™ International Conference on
Geoscience Education (IX GeoSciEd); in Shimane, Ja-
pan. Further information about the event can be found at
https://www.geoscied9.org/.

August 28 - September 2, 2022: The International Meet-
ing for Applied Geoscience & Energy (SEG/AAPG IM-
AGE °22), Houston, Texas. Visit event website: https://
www.imageevent.org/ for details.

August 29 - 30, 2022: Central Australian Basins Sym-
posium IV - “Exploring Australia’s Resource Frontier”;
Darwin, Australia. Contact for information: cabs@pesa.
com.au or visit event website: https://agentur.eventsair.
com/cmspreview/cabsiv/.

September 12-14, 2022: MEDINA Conference and Ex-
hibition (Mediterranean and North Africa Conference);
Tunis, Tunisia. Please visit event organiser’s website at
https://medinace.aapg.org/2022/ for more details.

September 14-15, 2022: Lithium, Battery and Energy
Metals Conference; Perth, Australia. Link for the confer-
ence: https://www.ausimm.com/conferences-and-events/
lithium/program/call-for-abstracts/.

September 19-23, 2022: International Conference on
Physical Modelling in Geotechnics; KAIST, Daejeon,
Korea. Please check https://icpmg2022.org/ to learn
more about event.

February 28 — March 2, 2023: International Petroleum
Technology Conference (IPTC); Bangkok, Thailand.
Available link for further details: https://2023.iptcnet.
org/call-for-papers.
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