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Abstract: The Miri-Bekenu coastline is formed by Neogene clastic rock formations that are poorly consolidated.
These formation outcrops are shaped by weathering elements of tropical rainfall, wind and coastal erosion, and
deformation processes such as tectonic uplift, structural faulting and folding. The geological monuments of the Miri
area such as the iconic Tusan Beach “Drinking Horse” cliff structure generally withstand weathering degradation and
coastal erosion poorly. Further to this, housing projects, road constructions and encroaching new plantations had their
share in destructing geological landmarks. In this article, we discuss the case study of the “Drinking Horse” starting
from its creation, the impact of weathering elements and coastal erosion, plus human interferences that resulted in
its ultimate demise. Nonetheless, due to its seaward-dipping sedimentary layers (including thin clay-rich beds), it
was predestined for gravity sliding. Coupled with pounding erosion, the cliff inevitably collapsed and any prior
preservation effort carried out to protect the structure would have been in vain.

Keywords: “Drinking Horse”, Bekenu, Miri, Pantai Bungai, Tusan Beach

INTRODUCTION

The Tusan Beach (coordinates: 04007°32.1” N,
113049°25.9” E) with rocky cliff facing the South China
Sea is located in the district of Bekenu, some 40 km SW of
Miri accessible via the Coastal Road towards Bekenu (Figure
1). The beach is a popular geotourism site (Andriansyah et
al., 2016; Kessler & Jong, 2018), as well as for petroleum
geology related excursion with excellent exposure of massive
sandstone layers often used as analogue for the subsurface
petroleum reservoirs (Wannier et al., 2011; Kessler & Jong,
2018). On Thursday night, 20" February 2020, the iconic
Tusan Beach “Drinking Horse”, also famously known
as “Horse Head Drinking Water” (Dayak Daily, 2020), a
locally well-known tourist hotspot and cherished landmark
(Figure 2), unexpectedly collapsed. There is nothing left of
the famous sight except for a pile of rubble. In this article,
we investigate the factors for the shaping of “Drinking
Horse”, and discuss the impact of weathering elements and
marine coastal erosion that ultimately resulted in its demise.

LOCAL STRUCTURAL SETTING
The prominent “Drinking Horse” cliff structure,
formed by Neogene massive channelized sandstone and
claystone sedimentary layers, was sculptured by the
onslaught of tropical rainfalls, wave and wind erosions,
as well as by longshore currents. The cliff section between

Miri and Bekenu (Figure 1) has shown itself being

particularly vulnerable to erosion for the following reason:

»  The formation consists of a sequence of Neogene and
poorly consolidated rocks, it dips with a relatively
gentle angle of 10° (South of Miri) to a steep vertical
90° (North of Bekenu) facing the South China Sea,
with the effect that longshore currents incise the
coast layer-by-layer into the rock formation (Figures
3 and 4). Near the Tusan cliff section, including the
“Drinking Horse” structure, the seaward dip angle is in
the order of 35°; with the strike/dip of the sedimentary
layers as measured by Andriansyah et al. (2016)
reportedly N225°E/35°. Pounded by coastal currents,
waves and affected by bio-erosions (Dodge-Wan &
Nagarajan, 2019; 2020), as well as scoured by wind
and rainfall, the cliff section became unstable. Finally,
gravity sliding (thin layers of mudstone between the
massive sandstone are also facilitating land-sliding) led
to its ultimate collapse. Interestingly, it was reported
in the local press that “Building of access road could
have hastened Horse’s demise” (Borneo Post, 2020),
hence human interferences may have had a detrimental
impact to the destruction of the cliff section.

*  Furthermore, the cliffs are weakened by the effects of
structural folding and faulting, with tectonic pulses
affecting the area until the Holocene (Kessler & Jong,
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Figure 1: Aerial photograph showing the position of the “Drinking Horse” evolved from “Headland 2” on the actively eroding
coastline between Miri and Bekenu. Index maps show the location of Tusan and Tanjung Batu beach areas. The seismic section
shown in Figure 9 is located offshore of Pantai Bungai.

Figure 2: Photo of the “Drinking Horse” taken around 2012. At this time it looked rather like a water-drinking boar. The rock
section is formed by 35° N dipping clastics, with a prominent body of mid-size, cross-bedded sandstones with minor interbedded
claystones. The roof of the horse is capped by a marine abrasion terrace that originated at the end of the Pleistocene (see Figure
7). Note the bottom part (mouth piece) of the area was affected not only by wave action, coastal current incision, but was also
prone to biological weathering by isopod Sphaeroma triste (Dodge-Wan & Nagarajan, 2020).

Warta Geologi, Vol. 46, No. 2, August 2020



THE SHAPING AND DEMISE OF THE TUSAN BEACH “DRINKING HORSE”, SOUTHWEST OF MIRI, SARAWAK

Figure 3: Longshore current and wave actions have eroded the bottom section of the rock face causing the collapse of the
overlying section.

Figure 4: The seaward-dipping clay sections form ideal gliding surfaces, and particularly after strong rainfalls the rock face
becomes unstable and collapses.

2014a & b; 2015a & b; 2017). The geological map in
Figure 5 and the profile sections shown in Figure 6
indicate the amount of tectonism in this rather young
and active basin. In the profile of Figure 7, we see the
coastal section as being the northern leg of a tectonic
zone characterized by strike-slip faulting and thrusting.

Observing the cliff section over a period of some
12 years, one recognizes how fast the coast is being
eroded, in the order of 2 m/year. Looking towards
the sea, one notices a shallow greenish shallow-
water zone which reaches more than a kilometre
out into the sea and indicates a zone of previous

Warta Geologi, Vol. 46, No. 2, August 2020
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Figure 5: Simplified and updated geological map of northern Sarawak with active thrusting and folding (from Jong & Kessler
(2019), modified after Barrett & Kuek (1986) based on Liechti et al. (1960)).
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Figure 6: Re-drafted geological sections by Shell of older geological field sections. The “Drinking Horse” lies at the NW end of
Profile No. 3 with approximate locations of Figures 7 and 9 indicated (from Barrett & Kuek, 1986).

RO
Figure 7: Tectonic profile section in the vicinity of the Tusan cliff area, which shows seaward dipping of the formation underlying
the Pleistocene terraces. Note the approximate location of profile section is at the NW end of Profile No. 3 in Figure 6.
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abrasion by wave action (Figure 8). Furthermore, on
an old seismic line (Figure 9, Line 1141 acquired
in the early 60’s), we can see abrasion/erosion on
the eastern end, and deposition (as onlap) in the
NNW.

and has been uplifted in the Tusan area by some 20
meters (Kessler & Jong, 2014a). Minor terraces are
indicative for an uplift that may even continue to
present day (Figure 10).

In summary, we observe a combination of tectonic

*  The coastline is also characterized by pulses of uplift ~ forces and (the by far more important) combined erosional
and the formation of abrasion terraces. The most processes which shaped and continue to shape the
prominent terrace was formed in the latest Pleistocene, = morphology of the coastline.

Figure 8: Looking towards the sea from the Tusan cliff area, one notices a shallow greenish shallow-water zone which reaches
more than a kilometre out into the sea indicating a zone of previous abrasion and erosion by wave action.

Deposition Inflection Point Abrasion/Erosion

any il d RATYE

Figure 9: On an old seismic line (Line 114, acquired in the early 60’s), we can see abrasion/erosion on the eastern end (Pantai
Bungai), and deposition in the NNW basinal area. The abrasion platform of Figure 7 corresponds to the area of truncated seismic
event. Note the approximate location of the section at the NW end of Profile No. 3 in Figure 6 (from Barrett & Kuek, 1986).

Warta Geologi, Vol. 46, No. 2, August 2020
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SHAPING THE “DRINKING HORSE” AND ITS
DEMISE

In 2009 (Figure 11), the “Drinking Horse” as we
knew it later, did not exist. The so-called “Headland 2”
(Figure 1), stood out as a square block mainly formed
by sequences of channelized sandstone with interbedded
claystone layers. Waves and currents had already carved
out a rock pillar, which collapsed around 2010.

Around the same time, longshore currents started
to scour the promontory (Figure 12), and created caves
which grew in size over time (Figure 13). By 2012, as the
erosion processes continued, the caves became bigger and
roof sections within the caves collapsed (Figure 13). In

Holocae Tarace

Headland 2

addition, the effect of bio-erosion, which is occurring in
the Tusan beach area, is also mentioned by Dodge-Wan
& Nagarajan (2019 & 2020).

Over the years, more roof section collapsed, and the
previous two separate caves had coalesced to form one
large cavity (Figure 14). In the picture taken in 2017
(Figure 15), we understand how fragile this geological
landmark had become. Then, in early 2020, the inevitable
happened - the “Drinking Horse” collapsed overnight on
20" February, perhaps also triggered by road construction
to the cliff area (Borneo Post, 2020; Dayak Daily, 2020;
Figure 16). Sadly, the lifespan of the “Drinking Horse”
was a mere 11 years since its creation in 2009.

End Plastocme Tarace

Figure 10: The most prominent terrace
® formed in the latest Pleistocene, and
*4 has been uplifted in the Tusan area
by some 20 meters (Kessler & Jong,
2014a). Minor terraces are indicative
for uplift pulses that may even
continue to present day.

Figure 11: In 2009, the “Drinking
Horse” as we knew it later, did not
exist. The so-called “Headland 2”
- stood out as a square block mainly
formed by sequences of channelized
sandstone layers. Waves and currents
had already carved out a rock pillar to
the right, which collapsed ca. 2010.

Warta Geologi, Vol. 46, No. 2, August 2020
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Figure 12: The mechanism of
longshore currents resulted in
severe coastal erosion along the
Miri-Bekenu coastline.

| Figure 13: In 2010, longshore
currents and bio-erosion started to
scour the promontory, and created
caves which grew in size over time.

Warta Geologi, Vol. 46, No. 2, August 2020
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Figure 15: Over the years, more roof section collapsed, and the previous two caves had coalesced to form one large cavity. In
this picture taken around 2017, we understand how fragile this geological landmark had become (photo credit: Curtin University
Malaysia).

Warta Geologi, Vol. 46, No. 2, August 2020
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Figure 16: In 2020, the inevitable happened - the “Drinking Horse” collapsed, perhaps triggered by development measures and road construction (photo credit: Left, Curtin
University Malaysia; Right, Borneo Post).
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DISCUSSION

Could the “Drinking Horse” be saved? Despite the
fact that geotourism has benefitted Miri, and likewise local
kampung economics to some extent, the area geotourism
potential was not recognized for many years. This seems
to have changed a while ago, but development plans and
actions to save and preserve geological features such as
the iconic “Drinking Horse” have come a bit late. As the
years passed, one after another geological monuments
fell down, or were bulldozed for the sake of housing
development and road construction projects, or gave way
to new plantations.

Apart from the “Drinking Horse”, one good example
for this was the destruction of a world-class outcrop
in Sungai Rait, which is now inaccessible due to the
construction of a chicken farm (Figure 17), in addition to
falling prey to degradation by weathering and vegetation.
If on same occasions we believe that the geological
monuments of the Miri area could have been saved
such as the famous Airport Road Outcrop (Wannier et
al., 2011; Kessler & Jong, 2018), in others such as the
“Drinking Horse” it would have been nearly impossible
to preserve it. Only the placement of large boulders in a
demi-circle could have prevented waves and longshore
currents from scouring the monument, however there are

no access roads to bring the necessary amount of rock.

As remarked by Kessler & Jong (2018), until today
there is little consciousness and conservation effort in
respect to the potential touristic values of these geological
monuments. Their preservation would require a masterplan
spearheaded by the Miri City Council, in collaboration
and with the support of the State government and Tourism
Board to promote their geotourism potential, in addition
to sustainable sponsorship of the local private industries
to maintain these geological monuments.

CONCLUSIONS

The morphology of the Miri-Bekenu coastline
is formed by Neogene clastic rock formations that
are poorly consolidated. These are shaped by coastal
and bio-erosions, rainfalls and wind actions, and
deformation processes such as tectonic uplift, structural
faulting and folding. Geological monuments of the
Miri area are prone to rapid erosion. Further to this,
housing and encroaching plantation projects had their
share in destructing geological landmarks. The call
for their preservation is imminent, and would require
thoughtful considerations by the Miri City Council to
promote their geotourism potential, and with sustainable
sponsorship of the local private industries to maintain

Franz L Kessler

Figure 17: The world-class rock escarpment suitable for petroleum geology-related excursion at Sungai Rait (see Kessler & Jong,
2018) has given way to a chicken farm and degraded by weathering and dense vegetation.

Warta Geologi, Vol. 46, No. 2, August 2020
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these geological monuments. However, in the case of
the “Drinking Horse”, any effort of protecting was
proven to be in vain.
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Abstract: The occurrence of columnar jointing is commonly associated with volcanic rocks and a rapid cooling
environment. We recently discovered well-preserved columnar dacite on the road cutting slope in the eastern part of
Tawau town, Sabah. This paper briefly describes the occurrences and morphology of columnar dacite in the study area.
Columnar dacite exhibits entablature feature since it has thinner and chaotic columns. The hexagon side dominates
the columnar joints with minor pentagons to heptagon sides. Columns for dacite are much smaller compared with
columnar basalt Tawau. The formation of columnar joints was influenced mainly by external fluid where the water
flow on top of the cooling lavas makes it cool rapidly.

Keywords: columnar dacite, entablature, Tawau, rapid cooling

Abstrak: Kejadian kekar turus biasanya berasosiasi dengan batuan volkanik dan persekitaran yang cepat menyejuk.
Penemuan terbaru dasit turus yang terpelihara secara baik telah dijumpai pada cerun pemotongan jalan raya yang
terletak di bahagian timur bandar Tawau, Sabah. Kajian ini menjelaskan serba sedikit berkaitan dengan kejadian
dan morfologi dasit turus di kawasan kajian. Dasit turus menunjukkan ciri-ciri ‘entablature’ memandangkan ianya
mempunyai turus yang lebih nipis dan tidak teratur. Kekar turus lebih didominasi oleh sisi hexagon selain turut
menunjukkan sisi pentagon ke heptagon. Turus untuk dasit adalah lebih kecil jika dibandingkan dengan turus basalt di
kawasan Tawau. Formasi kekar turus lebih banyak dipengaruhi oleh cecair luaran memandangkan air yang mengalir
pada bahagian atas lava yang sedang menyejuk boleh mengakibatkan penyejukkan cepat.

Kata kunci: dasit turus, entablature, Tawau, penyejukan cepat

INTRODUCTION

The occurrences of columnar basalt in Tawau, Sabah
is considered as a fascinating and spectacular scenery that
attracted many tourists to visit this area. Columnar jointing
is not usual; however, it does occur around the world with
different rock types. In East Malaysia, columnar basalt
are exposed in few locations such as Tawau, Tatau and
Kapit (Lim, 1988; Nur Iskandar, 2006; Sanudin et al.,
2010; Moul & Noweg, 2018). Unlike columnar basalt
in Tawau, the exposure of columnar jointing in Sarawak
is not vast. Around the world, only a few places report
the exposures of columnar jointing that consists of felsic
volcanic rocks such as St. Mary’s Island, India (columnar
rhyolite; Melluso et al., 2009), Atsumi Japan (columnar
dacite; Goto & Tsuchiya, 2004) and Papuk Geopark,
Croatia (columnar rhyolite; Balen & Petrinec, 2014).

Usually, columnar jointing is associated with igneous
bodies, which can be divided into columns and a network
of polygonal fractures (Hetényi et al., 2012). The fractures
are formed during the cooling-induced contraction of lava
which leads to hydrothermal fluid circulation (Lamur et
al., 2018). Recently we discovered an outcrop of columnar
dacite on the road cutting near the Tawau town area. The
columnar dacite has different morphology compared to
columnar basalt in Tawau. This paper will briefly describe
the occurrences and morphology of columnar dacite.

GEOLOGICAL SETTING
Sabah is located in the northern part of Borneo and
is considered part of the Eurasian Plate or Sundaland
Block (McCaffrey, 1996; Simon et al., 1999; Hall, 2012).
Sabah basement rocks consists of the Mesozoic crystalline

ISSN 0126-5539; e-ISSN 2682-7549
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basement (Hutchison, 1988) and overlain by a Cenozoic
sedimentary rock (Hall, 2013). In the Early Miocene, a
collision between northern Borneo and the South China
continental margin led to Sabah orogeny and ceased the
subduction of the Proto-South China Sea (Rangin et al.,
1990; Hall, 1996; Hutchison, 1996; Hall & Wilson, 2000;
Hutchison et al., 2000). During the Late Miocene, plutonic
magmatism started to intrude into the Crocker Formation
to form Mount Kinabalu (Cottam et al., 2010; Hall, 2012)
due to extensional thinning of the crust during the Early
Neogene (Hall, 2013). Cottam et al. (2010) suggested
that the forming of plutonic intrusion during the Late
Miocene is not related to subduction.

The occurrences of volcanic rocks are mainly focusing
on the eastern part of Sabah. Semporna Peninsula is
divided into Mesozoic oceanic crust, the Middle Miocene
volcanic arc, and Plio-Pleistocene volcanic arc (Sanudin et
al., 1995; Hutchison, 2007). Volcanic rocks in Semporna
and Dent Peninsulas are related to the northward
subduction of the Celebes Sea (Hall & Breitfeld, 2017).
The formation of the Sulu Arc was related to the subduction
of the Proto-South China Sea (Rangin & Silver, 1990). The
Sulu Arc can be traced onshore on Semporna and Dent
Peninsula (Chiang, 2002) and extended westward of the
Semporna Peninsula towards the Zamboanga Peninsula
(Garwin et al., 2005). Southeast Sulu Sea volcanic rocks
characterized by N-MORB/island arc tholeiite (IAT)

transitional features, and island arc tholeiitic (Spadea et
al., 1991, 1996). However, calc-alkaline lavas features
are dominant in the north Sulu Sea (Spadea et al., 1991,
1996). Neogene volcanism occurs across Tawau, Kunak,
and Semporna on the Semporna Peninsula (James et
al., 2019). Macpherson et al. (2010) explained mantle
resembling Ocean Island Basalt (OIB) might occur in
the Semporna Peninsula, throughout the Sulu Arc and
the South China Sea. However, the subduction-related
signature is more dominant in Semporna Peninsula
volcanic rocks (James et al., 2019). Volcanic rock at
other places such as Kunak shows features of MORB
(James et al., 2019). Trace elements geochemical on
subduction related volcanic rocks from Semporna shows
mixture tectonic significance of island arc and plate margin
basalt, while OIB-like and MORB volcanic rocks fall
under continental setting (James et al., 2019). The study
area is located in Tawau, southeast of northern Borneo
(Figure 1A). In the Tawau area, most eruptions occurred
through cinder cones (Macpherson et al., 2010). Olivine
basalt at Taman Bukit Tawau, Tawau, is considered the
youngest phase of magmatism, which shows the age of
Pleistocene based on Thermoluminescence age dating
(Takashima et al., 2005) and zircon U-Pb dating (Yi-Ju,
2018). The occurrence of olivine basalt may be formed as
a monogenetic volcano as it came up from a deep-seated
magma reservoir (Takashima et al., 2005). Zircon U-Pb
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Figure 1: (A) Satellite image of Tawau located in southeastern of Sabah, East Malaysia. Figure taken from Google map.
(B) Locations of columnar joints in Tawau, Northern Borneo.
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dating shows that the age of columnar dacite is around
9.26 £ 0.26 Ma and indicates magmatic origin (James
& Ghani, 2019).

OCCURRENCES, MORPHOLOGY,
FORMATION AND FACIES OF
COLUMNAR JOINTS

The outcrop of columnar dacite is exposed at the
roadside near the Tawau town area (coordinate: 4°17.873’
N, 117°56.727" E) (Figure 1B). The outcrop is covered
with vegetation and palm plantation (Figure 2a and
overlain by dacitic lavas flow (Figure 2b). The height
of the outcrop is around 6 meters, and the width is not
more than 20 meters. Columnar joints have two jointing
facies which consist of a colonnade with regular columns
and near-planar sides and entablature, which have more
thinner, less regular columns with a curving side (Spry,
1962; Daniels et al., 2013) and chaotic columns to flow
top (Figure 2c). Columnar dacite in the study area shows
entablature signatures with thinner and curving columns

(James & Ghani, 2018). Columnar jointing dacite is
dominated by hexagon shape, with minor occurrences
of pentagons to heptagon shape, which also similar
to columnar basalt Tawau (Sanudin et al., 2010). The
formation of columnar joints is mainly influenced by
external fluid which results in highly rapid cooling due
to the water flow on top of the lava. Lamur et al. (2018)
demonstrate that columnar jointing forms well in a
solid-state volcanic rocks and further promotes advective
cooling in magmatic-hydrothermal environments.
Furthermore, a combination of large-scale constitutional
supercooling and thermal contraction processes may play
essential roles in developing the columnar jointing (Balen
& Petrinec, 2014).

PETROGRAPHY
The colour of the dacite is light greyish and slightly
weathered on the outer layer surface (Figure 3). Dacite
shows fine-grained, aphanitic, and porphyritic textures
(Figure 4a). The phenocrysts consist of plagioclase,

ENTABLATURE

COLONNADE

Figure 2: (A) Columnar dacite has characteristic of entablature. (B) Columnar dacite is overlain by dacitic lavas.
(C) Top columnar joint (entablature) which similar with columnar dacite. (Illustration after Daniels et al., 2013).

Warta Geologi, Vol. 46, No. 2, August 2020



ELVAENE JAMES, HENNIE FITRIA W. SOEHADY ERFEN, AZMAN A. GHANI, ANGELA VIDDA CHUWAT, GERALD EKO EJIGA

Figure 3: Dacite shows light greyish and slightly weathered.

quartz, hornblende, alkali feldspar, Ti-magnetite, and
minor orthopyroxene, enclosed by quartzo-feldspathic
groundmass or matrix. Plagioclase is subhedral with
sizes ranging from 0.1 — 0.4 mm, and albite twinning is
common. Some of the plagioclase showing weak foliation
(Figure 4c), zoning (Figure 4d) and alteration to sericite
(Figure 4e). Hornblende phenocrysts shows subhedral to
euhedral in shape and ranging from 0.2 — 0.6 mm, brown
(plane-polarize light), and strongly pleochroic (Figure 4b).
Hornblende also shows perfect cleavage exhibits two sets
of cleavage with the intersection of approximately 124/56
and has an inclusion of quartz (Figure 4d and 4F). The
margin of most hornblende phenocrysts is altered to a
secondary mineral such as biotite. Quartz phenocrysts are
subhedral to anhedral ranging from 0.1 — 0.15 mm, and
some appear to fill up the crack or spaces in plagioclase
and hornblende phenocrysts. The groundmass for dacites
comprises quartz, alkali feldspar, plagioclase, sericite,
and minor iron oxides.

MODE OF FORMATION AND MORPHOLOGY
OF COLUMNAR JOINTS

Columnar joints in volcanic rocks were formed during
the cooling process of hot lava. The resulting structures
usually cut the rock into either quadrangular, pentagonal,
or hexagonal prisms (Xia et al., 2020). The columnar
joints could vary from a few millimeters in diameters to
a few meters, while the length could extend up to dozens
of meters (Weinberger & Burg, 2019). The formation of
these columnar joints could be related to differences in
the contraction of the composite rock-forming materials

relative to the adjoining parts. The differences in
contraction develop as a result of the rapid cooling of the
lava, initiating tensile stress, which becomes higher than
the maximum stress that the material can withstand before
failure, which eventually starts the joints (Pollard & Aydin,
1988). The joint formation occurred from thermal stress
resulting from the contraction during the lava’s cooling
and solidification processes (Pollard & Aydin, 1988).
The formation is such that the joints’ tip usually follows
the solidifying front as the lava cools. As the surface
joints form, it propagates inward towards the center of
the material in a cyclic manner and leaves behind a trace
of the ordering process in a prismatic column formation
(Aydin & DeGraff, 1988). Budkewitsch & Robin (1994)
and Goehring & Morris (2008) inferred that the columnar
joint scaling is such that the column width is inversely
proportional to the cooling rate.

COMPARISON BETWEEN COLUMNAR
DACITE AND COLUMNAR BASALT IN TAWAU

Columnar basalt is discovered along the Balong
River in Tawau. The exposure of columnar basalt
does not associate with any types of volcanic rocks
in the Semporna Peninsula. The length column for
basalt is relatively more significant from half a meter
to almost 1 meter (Sanudin et al., 2010) (Table 1). On
the contrary, the length of the columnar dacite is less
than 25 cm. It appears that the diameter for columnar
basalt is more than twice bigger compared to columnar
dacite. Based on the observation in the field, columnar
basalt shows a colonnade feature with regular columns
and near-planar sides, while columnar dacites exhibit
entablature features. Both columns are showing pentagon
to hexagon sides.

CONCLUSION

The columnar dacite occurrences in Tawau, Semporna,
shed some light on the columnar jointing associated with
supercooling magmatic-hydrothermal environments.
Even though the vicinity of the study area is surrounded
by felsic volcanic rocks, the columnar jointing is only
exposed in these small scales. The possibility of finding
another columnar jointing of different types of rocks might
be possible since columnar basalt occurs in the Tawau
area. Based on the characteristics of columnar dacite, it
has an entablature signature with thinner and curving
columns. Columnar jointing dominated by hexagon sided
with minor pentagons to heptagon sides. The columns
are much smaller compared with columnar basalt Tawau.
The general mineralogy of columnar dacite is consists of
fine-grained, porphyritic, and aphanitic textures.
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Figure 4: (A) Dacite shows fine-grained, aphanitic, and porphyritic textures. (B) Hornblende phenocrysts showing brown in
colour, and strongly pleochroic under the plane polarize microscope. (C) The weak foliation of plagioclase can be seen in dacite.
(D) Plagioclase showing zoning in dacite. (E) Some of the plagioclase phenocrysts showing alteration of sericite. (F) Hornblende
phenocryst has the inclusion of quartz.
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Abstract: The geological record of the Kuching Zone extends back in time to more than 300 million years ago.
The rock units in the area records a complex history of sedimentation, magmatism and tectonism in the Mesozoic
and Cenozoic times. Pre-Upper Carboniferous metamorphic rocks are the oldest rock. Exposure of the younger
metamorphic rocks of Late Mesozoic have been assigned to various formations with uncertain protoliths and origin,
and have been interpreted to be related to Cretaceous-Cenozoic accretionary setting. Some of the significant events
that have occurred include the deposition of clastic sediment with volcanic flow and pyroclastic during Carboniferous
to Triassic, and deposition during Jurassic-Cretaceous was siliciclastic-typed sediment. Cretaceous granitoid intruded
this sequence before deposition of paralic siliciclastic sediment of Cretaceous to Miocene age. Although the geology
of this zone is relatively well studied, many of the interpretations are still debatable due to the complex geology
and insufficient biostratigraphic data and dating of the igneous and metamorphic bodies. Several major unresolved
issues still remain unanswered. This paper highlights the current understanding and unresolved issues of rock units
in Kuching Zone, proposes an updated stratigraphic framework which incorporating igneous and tectonic events,
and an updated geological map integrating information from previous published reports and new field investigations.

Keywords: Geology, stratigraphic framework, Kuching Zone, West Sarawak

INTRODUCTION

Sarawak can be divided into three (3) different
tectonostratigraphic zones, which are; Kuching Zone
(West Sarawak), Sibu Zone (Central Sarawak) and Miri
Zone (East Sarawak). The rock units become younger
and display a decrease in stratigraphic and structural
complexity towards the eastern part (Haile, 1974).
Kuching Zone is interpreted to be the northward extension
of West Borneo Basement in Kalimantan into Sarawak
(Madon, 1999). This zone and the West Borneo Basement
are included into the ‘West Borneo Block” which was
interpreted as part of the Sundaland continental terrane
(Hutchison, 1989). The earliest geological study in this
research area was a survey carried out in 1845 by Hiram
William, a geologist sent by the British Admiralty (Tan,
1993). The early scientific studies in West Sarawak were
influenced by the richness of ore minerals.

The rock units in the research area records a complex
geological history due to sedimentation, magmatism
and tectonism during Mesozoic and Cenozoic times.
As mentioned by Tan (1986), undated Pre-Upper
Carboniferous Kerait Schist and Tuang Formation were
considered to be the oldest rocks in this zone due to
similarities with the Pinoh Metamorphic in Kalimantan
(Tan, 1986). Exposures of the younger metamorphic rocks

of Late Mesozoic age have been assigned to various
formations with uncertain protoliths and origin, and
have been interpreted to be related to the Cretaceous-
Cenozoic accretionary setting. During Jurassic until
Cretaceous, deposition of siliciclastic sediments occurred.
This sequence was later intruded by the Cretaceous
granitoids before the deposition of Cretaceous-Miocene
paralic siliciclastic sediments. Triassic sedimentary rocks
and the occurrence of volcanic rocks indicate magmatic
activity from the Triassic to Early Jurassic. Breaks
in the sedimentary records are represented by major
unconformities which are apparent between the pre-Upper
Carboniferous and Carboniferous-Permian rocks, between
the Carboniferous-Permian and Triassic rocks, between
Triassic and Upper Jurassic rocks, and between the Upper
Cretaceous and Lower Tertiary rocks (Tan, 1986).
Numerous geological researches of different aspects
had been carried out in the Kuching Zone, yet the
interpretations are still debatable. This report highlights the
current understanding and unresolved issues of this zone
by utilizing previous published reports. All stratigraphic
and geological events data of the area were integrated
to reconstruct and update the stratigraphic framework
of the region. Field investigations were conducted at
outcrops along Jalan Lundu-Bau, exposed along the
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newly constructed Pan Borneo Highway. The results are
incorporated into the updated geological map of the zone.

METHODOLOGY

In this paper, we reviewed and evaluated previous
published reports to highlight the current understanding
and unresolved geological issues related to this region.
Data and information for stratigraphy and tectonic of the
Kuching Zone were compared, contrasted and integrated
to reconstruct an updated stratigraphic framework,
incorporating igneous and tectonic events. Field
investigations were conducted to update the geological
map based on the current exposed outcrops.

RESULTS AND DISCUSSION
Current understanding and unresolved issues

Even though there has been much research conducted
in Kuching Zone, some of the interpretations are still
questionable. This research reviews the previous published
reports and has identified some of these issues. Table 1 lists
the major rock units occurring in this zone, summarizing
the current understanding and unresolved issues.

Stratigraphic framework

The reconstruction of stratigraphic framework of
Kuching Zone (West Sarawak) proposed in this paper
involved data from stratigraphic and tectonic events.
For stratigraphic analysis, four (4) sources have been
evaluated, which are stratigraphic columns generated by
Tan (1986), Tate (1991), Geological Survey of Malaysia
(1995) and Hutchison (2005), as shown in Figure 1.

The stratigraphic column by Tan (1986) differentiate
the occurrence of rock units in three different areas —
eastern, central and western. The Sebangan and Serian
Volcanic Formations were not included. Stratigraphic
gaps, igneous rock unit and tectonic events were not
defined. The types of lithology are shown, however the
boundary and contact for the different rock formations
were not included. Tate (1991) has conducted a research
to investigate the correlation of rock units in Sarawak and
Kalimantan. The stratigraphic column includes rock units
of different areas in Sarawak and Kalimantan. However,
his table lacks some formation, which are Sebangan,
Sejingkat, Serabang and Kayan Sandstone Formations.
Kerait and Tuang Formation were placed under one unit

Table 1: The current understanding and unresolved issues on the geology of Kuching Zone.

Carboniferous metamorphic basement

Current understanding:

e  Kerait Schist was older than Terbat Formation due to its metamorphic characteristics and it is more strongly deformed

(Pimm, 1965).

e Based on the discovery of the schists, it is believed that the protolith is sedimentary rocks of deep marine turbidite

environment (Hutchison, 2005).

Unresolved issues:

e  There is no proper age dating conducted to this metamorphic basement (Tan, 1986; Tate, 1991). The Pinoh Metamor-
phic is also undated and assumed to be Paleozoic (Breitfeld et al., 2017), thus the interpretation is unsatisfactory.

e  Their contacts have never been reported.

Upper Triassic rock units

Current understanding:

e  The sedimentary formations represent sediments derived from a landmass that was dominated by the active Serian
Volcanic arc and deposited in adjacent neritic seas (Hutchison, 2005).

e  Serian Volcanic Formation is reported to be interfingering with the Triassic Sadong Formation (Wilford & Kho, 1965)
and is therefore concluded to be Triassic (Breitfeld et al., 2017).

e  Jagoi Granodiorite reported as I-typed granitoids (Ting, 1992) and local alteration resulting in silicification, sericitiza-
tion and chloritization (JICA, 1985).

e Sadong Formation is interpreted to represent an estuarine to neritic deposit with periodic brackish water influence
(Lietchi et al., 1960 and Wilford & Kho, 1965) interpreted as Triassic due to discovery of Krusin flora with Cathyasian
affinity (Kon’no, 1972).
Unresolved issues:

e Jambu Volcanics are lithologically similar to the Serian Volcanics (Tate, 1991), however their relationship remains
unknown.

e  Age dating and reported a wide range of ages for the Jagoi Granodiorite (Breitfeld et al., 2017).

e A strong unconformity between the Sadong Formation and Terbat Formation is still doubted and Hutchison (2005),
suggests that the contact maybe locally faulted.
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Upper Jurassic and Cretaceous formations

Current understanding:

e  The Sadong Formation overlies the Serian Volcanic Formation at the eastern part; to the western part of the research
area, the Sadong unit is overlain unconformably by Pedawan and Bau Limestone Formations (Hutchison, 2005).

e  Foraminifera was identified in the Bau Limestone Formation and this fauna indicates a general Upper Jurassic age and
marked uniformity over a wide area (Bayliss, 1966).

e  Bau Limestone Formation is considered to be continental shelf deposit, supported by the discovery of corals (Hutchi-
son, 2005).

e  The Pedawan Formation generally overlies the Bau limestone and contains contemporaneous volcanic material (Wil-
ford & Kho, 1965 and Supriatna et al., 1993) it indicates a switch from a calcareous shallow marine environment to a
clastic-dominated deeper marine depositional environment (Breitfeld et al., 2017).

e  Pedawan Formation reported had undergone strong thermal metamorphism of the pyroxene hornfel facies (Tan, 1993).

Cretaceous formations

Current understanding:

e  The shale of mélange matrix has yielded radiolarian and eleven (11) taxa have been identified (Jasin & Madun, 1996
and Jasin, 2000) and suggests the Serabang Formation as Serabang Complex.

e The Sejingkat Formation shows strong similarities with rock units in Lupar Valley, and has been suggested to be of
Mesozoic age, probably Early Cretaceous (Tan, 1979).

Unresolved issues:
e  Longrange radiolarian ages reported was found in the chert. Thus, the age of Sejingkat Formation is uncertain (Wilford, 1965).

e  The existence of Sebangan Formation is questionable due unexposed outcrops. There is no fossil reported and no age
dating was ever done.

Upper Cretaceous and Tertiary formations

Current understanding

e  Three palynological zones were erected for the Kayan Sandstone (Muller, 1968). The presence of bivalve fossil, and
the discovery of pollen indicates that the formation is a delta deposit of Late Cretaceous to Early Eocene age.

e Lithological variations of Silantek Formation were reported and thus, proposed three distinct members: namely the
Basal Sandstone Member, Temudok Member and Upper Silantek Redbed Member (Tan, 1982).

e  Fossils that can be found in Silantek Formation are bivalves, echinoids, foraminifera, gastropod, nano-fossil, and sev-
eral type of plant fossils.

e  Plateau sandstone in the Bako peninsular, interpreted the succession to be deposits of alluvial sandy braided channel
system with high bedload. Johansson (1999) proposed a new name, the Bako Sandstone which is a sub-group of the
Bako Sandstone Group.

Unresolved issues:

e  Silantek Formation was interpreted to overlie unconformably upon the Sadong Formation and Serian Volcanic Forma-
tion; however, no contact has been reported (Hutchison, 2005).

e  The relationships between the Tertiary Kayan, Silantek, Plateau Sandstone and Bako Formations have never been
discussed.

Cretaceous plutonism

Current understanding:

e  Cretaceous plutonism consists of granite, gabbro, dolerite and hybrid rocks, where hybrid rocks are formed by exten-
sive reaction produced by gabbro and Cretaceous intrusion (Kirk, 1968).

e  Plutonic rocks are mostly confined to the southern section of Kuching zone.
Unresolved issues:

e  The calc-alkaline series in West Sarawak reported was formed by predominantly felsic plutonic rocks. However, the
tectonic significance is unknown (Hutchison, 2005).

Tertiary intrusive

Current understanding:

e  The Tertiary and Cretaceous intrusive rocks in Kuching Zone are probably genetically related. They show geochemical
characteristics corresponding to both high-K calc-alkaline and calc-alkaline rocks (Tan, 1993).
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and the intercalation of Serian Volcanic with Sadong
Formations were not displayed. No unconformities,
igneous rock units and tectonic events are indicated.

The stratigraphic column by the Geological Survey
of Malaysia (1995) is a simple stratigraphic column
that included every zones present in Sarawak (Madon,
1999). There are no unconformities, igneous units and
tectonic events shown. Sebangan and Serian Volcanic
Formations are not included, and Kerait Schist and
Tuang Formation are considered as one-unit rock of
pre-Upper Carboniferous age. While, Hutchison (2005)
also attempted to compile data from previous research
into a stratigraphic column. He divided the Kuching
Zone into two different sectors, which are northern main
inland, and northern coastal sectors. The stratigraphic
column identifies the unconformities and determines the
stratigraphic gaps present, and also igneous rock units.
However, there is no description on tectonic events and
some formations are excluded — these are the Silantek
and Kayan Formations. However, this is the most updated
stratigraphic chart.

All the four stratigraphic charts show some
differences; all charts do not incorporate the tectonic
events and the major igneous rock units, the Cretaceous-
Tertiary Intrusion and Jagoi Granodiorite.

Paleogeographic development studies conducted by
Tan (1986) has divided the Kuching Zone into five (5)
time spans. These are Carbonaceous-Permian, Triassic,
Jurassic-Cretaceous, Lower Tertiary and Pliocene-
Pleistocene. During Carbonaceous-Permian times, rock
distribution in the research area was limited; these rock
indicated the occurrence of warm shallow and deep water.
These rock have been uplifted and widespread subaerial
volcanism gave rise to Serian Volcanics during Triassic.
During Jurassic-Cretaceous age, Triassic rocks were
uplifted to form highlands. The Bau Limestone build-up
occurred within a shelf environment; further offshore,

pelagic sedimentation resulted in the Sejingkat Formation,
Serabang Formation and Sebangan Formation. Major
portion of the West Sarawak had been uplifted by the
Lower Tertiary and by Pliocene-Pleistocene, most of the
West Sarawak had been raised above sea level.

In this paper, we propose an updated stratigraphic
framework, which includes the rock units distribution,
unconformities, igneous rock units, alluvium and
significant geological events, based on the incorporation
of data from published reports.

Geological map

Field investigation were conducted on the outcrops
exposed due to the construction of Pan Borneo Highway
along Jalan Lundu-Bau. The results from this investigation
were integrated into previously published geological map.
There are six (6) previous geological maps of the Kuching
Zone identified which were generated by Haile (1954),
Wilford (1955), Lietchi et al. (1960), Tan (1979, 1993) and
Breitfeld et al. (2017). Maps produced by Haile (1954)
and Wilford (1955) are the early versions of detailed
maps of the area. Lietchi et al. (1960) published the first
geologist map of Sarawak, including Brunei and North
Borneo. The classification of rocks in these early maps are
based only on their lithology and age, without the proper
nomenclature of the sedimentary formations. Tan (1986)
carried out a detailed study on the geology of the zone
together with the classification of the rocks according
to sedimentary formation and their respective ages. Tan
(1979, 1993) mapped and categorized the igneous plutons
in this zone into Cretaceous Igneous and Tertiary Igneous.
He also mapped and classified the different sedimentary
formations within West Sarawak. Breitfeld et al. (2017)
updated the geological map of West Sarawak. However,
they did not include some sedimentary formations.

We incorporated new data from recent fieldwork into
the previous maps to produce an updated geological map.

Figure 2: An updated geological map of Kuching Zone (West Sarawak).
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Based on the mapping conducted, some areas at Jalan
Lundu-Bau exposed sections of the Kayan Sandstone
Formation. The outcrops showed thick cross-bedded
sandstone instead of alluvium; this contradicted the
information on lithology given from the previous maps.
Figure 2 shows the updated geological map of Kuching
Zone.

CONCLUSION

The geology of Kuching Zone is very complex, and
the interpretations concerning the geological history are
still arguable and not fully resolved. This paper compiled
and summarized the current understanding and unresolved
issues of this zone by utilizing previous published reports.
This paper has also incorporated stratigraphic and tectonics
data from the previous published report to produce an
updated tectonostratigraphic framework of Kuching Zone,
which incorporated significant geological and plutonic
events. This framework includes the distribution of rock
units, unconformities, igneous rock units, alluvium, and
significant geological events. A revised geological map
of Kuching Zone is proposed by integrating six (6)
published geological maps and updated with data from
field investigation, which were conducted at the outcrops
within Jalan Lundu-Bau exposed due to the Pan Borneo
Highway construction. The extension of Kayan Sandstone
Formation has been recognized, which this area was
previously mapped as alluvium. As for recommendations,
this paper propose detail biostratigraphic and structural
studies on the Kuching Zone (West Sarawak) to be carried
out in the future. These studies may help to resolve many
of the highlighted issues in this paper.

ACKNOWLEDGEMENT
This project is funded by the Yayasan UTP grant
(0153AA-H10). Special thanks to those who contribute
towards the success of this project.

REFERENCES

Bayliss, D.D., 1966. Foraminifera from the Bau Limestone
Formation, Sarawak, Malaysia. Geological Survey, Borneo
Region Malaysia, Annual Report for 1965, 173-195.

Breitfeld, H.T., Hall, R., Galin, T., Forster, M.A. & BouDagher-
Fadel, M.K., 2017. A Triassic to Cretaceous Sundaland-
Pacific subduction margin in West Sarawak, Borneo.
Tectonophysics, 694, 35-56.

Geological Survey of Malaysia, 1995. Annual Report 1995.
Geological Survey Department Ministry of Primary
Industries, Kuala Lumpur.

Haile, N.S., 1954. The geology and mineral resources of the
Luparand Saribas valleys. West Sarawak. Geological Survey
Department British Territories in Borneo, Memoir 7.

Haile, N.S., 1974. Borneo. In: Spencer, A.M. (Eds.), Mesozoic-
Cenozoic Orogenic belts: Data for orogenic studies.

Geological Society of London Special Publication, 4,
333-347.

Hutchison, C.S., 1989. Geological Evolution of South-East Asia.
Oxford University Press, England. 368p.

Hutchison, C.S.,2005. Geology of North-west Borneo: Sarawak,
Brunei and Sabah. Elsevier, Amsterdam. 444 p.

Jasin, B. & Madun, A., 1996. Some Lower Cretaceous radiolaria
from the Serabang complex, Sarawak. Warta Geologi,
22(2), 61-65.

Jasin, B., 2000. Significance of Mesozoic radiolarian chert
in Sabah and Sarawak. Proceedings Annual Geological
Conference 2000. In: Teh, G.H., Pereira, J.J. & Ng, T.F.
(Eds.), Geological Society of Malaysia, 123-130.

JICA., 1985. Report on the collaborative mineral Exploration of
the Bau area, West Sarawak. Published Report. BMG 97.

Johansson, M., 1999. Facies analysis of the Plateau Sandstones
(Eocene to early Miocene?), Bako National Park, Sarawak,
Malaysia. Journal of Asian Earth Sciences, 17(1-2),233-246.

Kirk, H.J.C., 1968. The Igneous Rocks of Sarawak and Sabah.
Geological Survey, Borneo Region, Malaysia, Bulletin 5.

Kon’no, E., 1972. Some Late Triassic plants from southwest
border of Sarawak, East Malaysia. Geol. & Paleontol. of
S.E. Asia, 10, 125-178.

Lietchi, P., Roe, R.-W. & Haile, N.S., 1960. The geology of
Sarawak, Brunei and the western part of North Borneo.
Geological Survey Department British Territories in
Borneo, 1-429.

Madon, M., 1999. Geological Setting of Sarawak. The Petroleum
Geology and Resources of Malaysia. Petroliam Nasional
Berhad (Petronas), 275-290.

Muller, J., 1968. Palynology of the Pedawan and Plateau Sandstone
Formations (Cretaceous-Eocene) in Sarawak, Malaysia.
Micropaleontology, 14(1), 1-37.

Pimm, A.C., 1965. Serian Area, West Sarawak, Malaysia.
Geological Survey Borneo Region, Malaysia, Report 3.
Kuching.

Supriatna, S., Mragono, U., Sutrisno, D.K.F. Langford, R.P.
& Trail, D.S., 1993. Geology of the Sanggai sheet area,
Kalimantan. Geological Survey of Indonesia, Directorate of
Mineral Resources, Geological Research and Development
Centre, Bandung, 1:25000.

Tan, D.N.K., 1979. Lupar Valley, West Sarawak Malaysia.
Geological Survey of Malaysia Report 13.

Tan, D.N.K., 1982. The Lubok Antu M¢lange, Lupar Valley, West
Sarawak: A Lower Tertiary subduction complex. Bulletin of
the Geological Society of Malaysia, 15, 31-46.

Tan, D.N.K., 1986. Paleogeographic development of west
Sarawak. Bulletin of the Geological Society of Malaysia,
19, 39-49.

Tan, D.N.K., 1993. Geology of the Kuching Area, West Sarawak,
Malaysia. Geological Survey of Malaysia, Report 16.
Tate,R.B., 1991. Cross-border correlation of geological formation
in Sarawak and Kalimantan. Bulletin of the Geological

Society of Malaysia, 28, 63-95.

Ting, C.S., 1992. Jurassic-Cretaceous paleogeography of the
Jagoi-Serikin area as indicated by the Bau Limestone
Formation. Bulletin of the Geological Society of Malaysia,
31,21-38.

Warta Geologi, Vol. 46, No. 2, August 2020




NAJIATUN NAJLA MOHAMAD, ABDUL HADI ABD RAHMAN, MOHD SUHAILI ISMAIL

Wilford, G.E., 1955. The geology and mineral resources of West Sarawak. Borneo Reg. Malaysia Geological Survey
the Kuching-Lundu Area, West Sarawak, including the Ann., 147-152.
Bau mining district. British Borneo Geology Survey  Wilford, G.E. & Kho, C.H., 1965. Penrissen area. West Sarawak,
Memoir 3. Malaysia. Geological Survey Borneo Region, Malaysia,
Wilford, G.E., 1965. Geology of the Bako National Park area, Report 2, Kuching, 195.

Manuscript received 10 March 2020
Revised manuscript received 1 April 2020
Manuscript accepted 2 April 2020

Warta Geologi, Vol. 46, No. 2, August 2020



GEOLOGICAL NOTES

CATATAN GEOLOGI
DOI : https://doi.org/10.7186/wg462202004

Earth crustal analysis of Northwest Sabah region inferred from

receiver function method

ABDUL HALIM ABDUL LATIFF', FARIDAH OTHMAN

Geosciences Department, Universiti Teknologi PETRONAS, 32610 Bandar Seri Iskandar, Perak, Malaysia

‘Corresponding author email address: abdulhalim.alatiff@utp.edu.my

Abstract: Many methods are used to investigate the Earth’s crustal with the knowledge of geology and geophysics.
Earth crustal analysis beneath the Kota Kinabalu region, located in Northwest Sabah, was performed by using tele-
seismic earthquakes as sources. While Sabah geology is highly complex the understanding of its tectonic history has
remained ambiguous. The tomography of the Kota Kinabalu region is mainly influenced by the collision between
the South China Sea and Sabah margins during the Early Miocene which leads to crustal thickening. At present, the
subsurface properties, and structures underlying the Kota Kinabalu region are yet to be recognized. Thus, this study
aims to acquire the crustal properties beneath the Kota Kinabalu region through the deployment of a weak-motion
seismometer station within the Crocker Range, Sabah, Malaysia. Additionally, the work conducted is to determine
the thickness and velocity layer of the Earth’s crust up to the Moho boundary. Receiver function analysis was chosen
as the method to conduct this study where responses of tele-seismic earthquakes recorded at KKM station were
evaluated and processed through 2D rotation, iterative time deconvolution, signal-to-noise ratio analysis, stacking,
H-k analysis, as well as forward modelling and waveform inversion. A total of 916 time series data were retrieved
from International Seismological Centre (ISC)’s respiratory with only 184 receiver functions were incorporated in
this study whereas the remaining 732 receiver functions were deemed noisy and unfit for the next process. The
selected receiver functions have an earthquake magnitude greater than 6 mb with a signal-to-noise ratio of greater
than 5. The processing steps included in this study are conducted by using open-source computation programs such
as Seismic Analysis Coding (SAC) and Generic Seismic Application Coding (GSAC). From the 1-D velocity models
inferred from receiver function inversion, the subsurface structural framework and velocity anomalies within the crust
beneath the station were interpreted and analysed. With the additional information generated from H-k analysis, it is
interpreted that the Earth subsurface beneath the Kota Kinabalu region has the Conrad discontinuity at 26 km depth,
the Moho boundary at 40 km depth while the Lithosphere-Asthenosphere boundary was found at 66 km below the
surface level. Additionally, the velocity profiles within the Kota Kinabalu’s crust show alternating patterns with V,
has the range between 5 km/s to 7 km/s, and V has the range of 3 km/s to 4 km/s. The V, and V readings reached

8 km/s and 4.5 km/s respectively as it hits the Moho boundary at 40 km depth.

Keywords: Receiver function, crustal thickness, velocity structure, Kota Kinabalu

INTRODUCTION

Sabah is located on the NE of Borneo island in East
Malaysia where the Eurasian, Pacific, Philippines, and
Indo-Australian plates meet. It is centrally positioned
between three marginal basins which are Sulu, the South
China Sea, and Celebes (Balaguru & Hall, 2009). The
understanding of the tectonics of Sabah has always been
ambivalent due to its geological complexity, with south-
easterly subduction in the NW Borneo, and extension in
the SE in the Celebes Sea and Makassar Strait (Pubellier
& Morley, 2014). 45 million years ago, the southwards
subduction of the oceanic crust of proto South China
Sea occurred along an active continental margin that
extended from northeast Sarawak through Sabah towards
the northern Philippines (Metcalfe, 2011). Concurrently,

the continental crust of the South China margin is pulled
and eventually separated from the Eurasian continent.
Subduction of the Proto-South China Sea beneath Sabah
terminated soon after the collision of the South China
margin with Sabah margin (Figure 1a) (Metcalfe, 2017).
The collision between South China Sea margin and
Sabah margin during Early Miocene believed to thicken
the lithosphere which later penetrated the mantle before
separated as a blob which causes an uplift as a result of
equilibrium re-establishment (Hall et al., 2008).

On the other hand, the Sabah state capital, Kota
Kinabalu, is situated at NW of Borneo along the region
where the continental-continental collision occurred. It is
underlain by the Late Eocene-Lower Miocene Crocker
Formation and Quaternary Alluvium. The collision
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Figure 1: Illustration of subduction of proto-South China Sea (Hall et al., 2008).

between the South China Sea margin and Sabah margin
in the Early Miocene eventually uplifted the Crocker
formation above sea level and thus, allowing erosion
to occur which then formed an unconformity (Figure
1b). A broad range of mountain belt is created along
collision margin and although some of the mountain
range remained along with the Crocker ranges, most of
the areas in the north and south are lowered below sea
level due to subsidence.

The absence of a crustal-mantle model in the Kota
Kinabalu region leads to an ambiguous understanding
of the topography of the study area. Previous studies
only hypothesized crustal thickening due to continental-
continental collision of the South China Sea and Sabah
margins based on the features of surface geology (Sidek
et al., 2016). The actual crustal thickness and subsurface
properties such as the velocity profile beneath the Kota
Kinabalu region are not yet explored. Thus, this research
aims to analyze the crustal properties beneath the Kota
Kinabalu region, as well as to determine the thickness
of the Earth’s layer above the Moho boundary and to
evaluate the velocity profile within the Earth’s crust of
the study area.

The Kota Kinabalu seismometer station (KKM) used
for the study is located at latitude and longitude of 6° 2’

39.48” N and 116° 12° 52.9164” E. Geographically, the
western side of Sabah where Kota Kinabalu is located
is mostly of the mountainous region. This region of high
elevation is a part of the Crocker range which separates
the East Coast and West Coast of Sabah. The highest
elevation is around 4000 m above sea level which is Mount
Kinabalu situated 80 km northeast of Kota Kinabalu.
KKM station is located at an elevation of about 810 m
above sea level (Figure 2).

The principle of isostasy states that the gravitational
equilibrium between the Earth’s crust and mantle is
achieved such that the crust floats on a denser underlying
mantle at an elevation depending on its thickness and
density. Based on Airy’s theory, the rock density across
the lithosphere is almost similar, but the crustal blocks
have different thicknesses and densities (Pan, 2007).
Therefore, a highly elevated crust (e.g. mountainous
region) depicts a thicker and denser crust whereas a low
elevated crust (e.g. basin and lowlands) indicates a thinner
and less dense crust.

The method of study is Receiver Function Analysis
which is a passive seismic technique that utilizes
responses from tele-seismic earthquakes. In receiver
function analysis, data processing such as 2D rotation,
iterative time-domain deconvolution, Gaussian filter, and
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Figure 2: Digital elevation map of Kota Kinabalu region, showing the location of KKM station.

signal stacking are applied. Elimination of noisy data
are done via signal-to-noise ratio (SNR) analysis. The
crustal thickness (H) and average primary to secondary
velocities (Vp/Vs) ratio (k) are estimated by using the
H-k analysis technique. This study also includes forward
modelling and waveform inversion to create ideal 1-D
velocity models that represent the Earth’s subsurface
properties beneath KKM station (Abdul Latiff & Khalil,
2016). The data processing and modelling in this study
are carried out using computer programs such as Seismic
Analysis Code (SAC) and Generic Seismic Application
Coding (GSAC) which runs in Linux Operating System.
Programming codes written and used throughout the study
were adopted from Herrmann & Ammon (2002).

METHODOLOGY

Receiver functions are time series data recorded by
a 3-component broadband seismometer (Langston, 1977).
The receiver function method uses earthquakes as a source
of seismic body waves such as P-wave and S-wave to
infer on the Earth’s structural framework. P-wave is
the fastest seismic wave travelling at about 4-8 km/sec
in the Earth’s crust (Abdul Latiff & Khalil, 2019). The
motion of particles is parallel to the direction of wave
propagation. P-waves can travel through the molten core
and fluid-formed layers; liquid or gas, unlike S-waves

which can only propagate through solid. S-wave travels
at about 2.5-4 km/sec in the Earth’s crust which makes
it the second-fastest wave. Typically, the velocity of
S-waves is around 60% of that P-waves. However, the
velocity varies according to the material composition of
the medium in which it travels. S waves oscillate particles
in a motion that is perpendicular to wave propagation.

These waves are detected by a device called
seismometer at the seismic recording station. A
seismogram is a record of the ground motion in a
graph form (seismograph) at the recording station in a
function of time or time series. It records seismic waves
in three-cartesian axes (X,y and z) or in three directions:
north-south (BHN), east-west (BHE) and vertical (BHZ)
(Figure 3). When body waves arrive at a three-component
seismometer station, it provides information about the
various path travelled by the waveforms. It contains
information on the seismic source structure, its propagation
through the mantle as well as the structure beneath the
seismic recording station.

Typically, the first arriving wave at the recording
station is P-waves followed by S-waves and the later
multiples; PpPs, PsPs, PpSs (Figure 4). Transmitted
P-waves that are reflected at the Moho to the surface
are called multiples whereas S-waves are originated
from P-waves which are converted and transmitted into
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Figure 3: A three-component seismograms at KKM station recorded an earthquake signal

originated in Banda Sea.

Figure 4: Waveform shows the stack receiver function that was computed at IPM station, with
a clear indication of the direct P-arrival, PpPs, PpSs and PsPs multiple phases.

secondary waves as they hit the Moho boundary. The
main objective of the receiver function method is to
eliminate information on seismic source structure and its
propagation path so as to only reserve the information on
the local structure beneath the seismic station (Jansson,
2008).

The data used in this research are obtained from
IRISDMC (IRIS Data Management Center) using FDSN
Web Services. The IRISDMC compiles a record of the
Earth’s seismicity to support the seismological research
community. The selected data are originated from
earthquakes with an epicentral distance between 30° to 90°
from KKM station and waves magnitude of greater than
6 Mb (body wave magnitude). This is because P-S wave
conversion can only take place when the ray path includes
both the mantle and the Earth’s crust and a higher magnitude
of waves produces suitable signal strength. Therefore, 916
time series data from events occurring from the year 2005
to 2016 are retrieved. The location of earthquakes varies

within the Earth’s Ring of Fire from Pakistan and Central
Asia to Japan, New Zealand, and Fiji Islands.

The seismogram is readily cut 60 seconds before
and after the arrival of direct P-wave. These steps are
done due to the limitations of the program is storing the
number of points of data in a file (Kieling et al., 2011).
Moreover, the data are also down-sampled into a lower
frequency and shifted to a zero-amplitude reference
line so that it appears to be less noisy with a smaller
time interval. Although the data is in a three-component
(ZNE) seismic data, the axis between the earthquake and
the station is not aligned and thus, a two-dimensional
rotation is conducted to isolate the energy of different
wave types. P-waves are mostly confined in the vertical
component while the converted S-waves are contained
in the radial component. Ultimately, the ZNE coordinate
system becomes ZRT respectively.

The iterative time-domain deconvolution process is
applied to eliminate the effects of near-source structure
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and source time functions. The platform of iterative
time-domain deconvolution is to minimize the difference
between the predicted signal and the observed horizontal
seismogram (Torsvik, 2015). A normalized Gaussian filter
is also applied to eliminate high-frequency noise in the
receiver functions. It is observed that a width factor of
below 1.0 generates receiver function with undefined
spikes whereas the width factor with values greater than
2.5 will produce a noisy receiver function. Therefore,
a width factor of 1.5 is used in the filter to produce
optimum results.

The ray paths of seismic waves generated from
earthquake events respectively are unique and differ
from each other. This is because the Earth’s layer is non-
homogenous. Back azimuth plot allows the comparison
of receiver functions (Figure 5). There are a few receiver
functions that do not conform with the others. These
receiver functions are identified and eliminated from the
stack list. Apart from that, the receiver functions with
signal-to-noise ratio smaller than 5 are also eliminated.
The remaining receiver functions are summated by using
the sum-stack technique in SAC. Consequently, only 184
receiver functions are used further in this study.

A typical receiver function study is unable to eliminate
the depth-velocity ambiguity because of its shallow range
of slowness. The crustal thickness estimated is only based
on the delay of time of the P-to-S conversion phase at
Moho without considering the crustal Vp/Vs ratio. By
applying H-k analysis, we can reduce the depth-velocity
ambiguity present. Therefore, a better approximate value
of crustal thickness (H) and the mean of Vp/Vs ratio (k)
based on the receiver function time series. Apart from
that, we can provide a much-detailed diagnostic of crustal
composition than P or S-wave data alone.

H-k analysis incorporates the later arriving multiple
converted phases, PpPs and PpSs + PsPs with P-to-S
converted phases. The amplitudes of receiver function at
the estimated arrival times of these phases by different
crustal thicknesses, H and Vp/Vs ratios are stacked thus,
producing a stacking algorithm (Zhu & Kanamori, 2000).
Consequently, the effects of lateral structural variation are
diminished, and an average crustal model is obtained.
Based on a given earth structure model, the receiver
function can be determined through forward modelling.
Nevertheless, the aim of this research is not to attain the
receiver function but to obtain the true subsurface structure
beneath KKM station via waveform inversion. Forward
modelling and inversion are conducted simultaneously
until the final model is achieved.

In this study, 1-D velocity models via 2-passes receiver
function inversion are produced (Julia et al., 2000). The
two initial models which are used for the 1% pass inversion
and 2" pass inversion are Earth model with constant
velocity and the modified IASP-91 respectively. Several
100 iterations and a smoothness trade-off parameter of
0.4 was designated to generate these velocity models.
The time window is set from -5s to 30s of the receiver
function waveforms. The first pass receiver function
inversion is conducted before the second pass receiver
function inversion which resulted in intermediate velocity
models. The TASP-91 model is modified based on the
velocity trend and significant changes in the intermediate
model. According to Incorporated Research Institutions
for Seismology (2017), the IASP-91 reference model is
a parameterized velocity model that has been constructed
to be a summary of the travel time characteristics of
the main seismic phases. Subsequently, the second pass
receiver function inversion is carried out based on the

Back Aximuth |dlg|-
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Figure 5: Back azimuth plot of 916 receiver functions, stacked together for waveform analysis.
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modified IASP-91 model. The final velocity models are
then produced to be interpreted and analysed to infer
on the subsurface properties and structural framework
beneath KKM station.

CRUSTAL MODEL BENEATH
KOTA KINABALU REGION

Receiver functions

The signal-to-noise ratio analysis resulted in
eliminating 732 receiver functions from the initial 916
receiver functions extracted from IRISDMC. There were
only 184 receiver functions with signal-to-noise ratio of
greater than 5. Figure 6 shows back-azimuth plots of the
resultant 184 receiver functions. The resultant receiver
functions at KKM station show the arrival of Ps converted
wave at time 3.5 seconds in the 1%, 3" and 4" quadrants.
Furthermore, the recorded signal with earthquake
originated from 270° to 360° back azimuth (4" quadrant)
contains an additional weak multiple phase at 7.5 seconds,
immediately after the Ps phase. This phenomenon might
be due to wave propagation disturbance and /or poor
source signature of the earthquakes occurred in India,
Pakistan, China, and Russia. At 11 seconds, particularly
in the 1%, 3 and 4" quadrants, PpPs phase is detected. At
a later duration, the receiver functions with an earthquake
occurring in the 1¥quadrant depict relatively weaker PsPs
+ PpSs multiples at 14 seconds. However, due to noisy
and inconsistent waveforms generated from earthquakes
from 2™ quadrant, no phase interpretation is made further
for this station.

The outcome of the stacking process is the summated
stack of observed receiver functions where coherent
signals are emphasized, noise is suppressed, and an

increase of overall signal-to-noise ratio. It also provides
a better representation of the resultant receiver functions.
Figure 7 shows the summated stack of resultant receiver
functions.

H-k analysis

H-k analysis is a method of estimating the crustal
thickness and average Vp/Vs ratio based on the receiver
function time series (Torsvik, 2015). The y-axis
represents the crustal thickness in kilometres (H), while
the x-axis represents the Vp/Vs ratio (k). The result of
H-k analysis is portrayed in a contour plot (Figure 8).
Each contour plot holds a value of percentile confidence
regions accordingly. Based on the analyss, the highest
value of the percentile confidence region is 0.95 or 95%
which indicates a crustal thickness of about 43 km with
a Vp/Vs ratio of 1.55. Therefore, it is assessed that
the Moho depth is at a depth of approximately 43 km
beneath KKM station. This estimation will be further
clarified with the outcomes of forward modelling and
inversion processes.

Velocity models

The interactive iterative process of forward modelling
and waveform inversion generates velocity models that
can be interpreted to give an idea about the subsurface
properties and structures underneath KKM station. In this
project, 2-passes receiver function inversion is conducted
whereby the first inversion produced intermediate velocity
models that is analyzed and used to modify the IASP-91
model so to generate the final velocity models from the
second inversion. In these models, two lines of the colour
red and blue are depicted to represent the input models and

1.0
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Figure 6: Back-azimuth plots of selected 184 receiver functions, as a result of signal-

to-noise criterion implementation.
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Figure 7: Summated stack of receiver functions of 185 waveforms in Figure 7.

Figure 8: H-k plot analysis indicates the thickness (H) and V,/V ratio beneath Kota Kinabalu region.

the velocity model generated from the receiver function
inversion (Figure 9).

Based on the first inversion intermediate velocity
models, three significant velocity changes are observed.
Firstly, at depth 26 km beneath KKM station, both
P-velocity and S-velocity experienced an increase from
6.2 km/s to 6.8 km/s and from 3.5 km/s to 3.9 km/s
respectively. Secondly, at depth 40 km, both P-wave
and S-wave velocity reached nearly 8.0 km/s and 4.5
km/s which are average velocities of P-wave and S-wave
in the upper mantle. Thirdly, both P-wave and S-wave

experienced a substantial drop in velocity indicating a
low-velocity zone (LVZ).

Consequently, the IASP-91 is modified based on
the interpretations of the intermediate velocity models
especially at depth 26 km, 40 km, and 66 km. The
second and final P-wave and S-wave velocity models
for KKM station are depicted in Figure 10. At depth
of 26 km beneath KKM station, there is a significant
increase in P-wave velocity of the final model from 6.2
km/s to 6.8 km/s as well as an increase in the S-wave
velocity from 3.6 km/s to 4.0 km/s. This indicates that

Warta Geologi, Vol. 46, No. 2, August 2020



ABDUL HALIM ABDUL LATIFF, FARIDAH OTHMAN

(a) PeVeloclty (kmiy)
L0 490 SN RO0 TOD @09 R0
| ]
nr — 7
I

) & '
af : -
£ g ‘
: | :
£ o L .
& L ]
¥ 4
g ]
n- — -:
— ]
, |
ne " 1

FARTE NTERANNETE FRTRY CRRTA A FUTE FERTY FTAn)

(b)

+Veloclty (kmhy)
Y L0 il L LW

n. TT T o ] il-l L] Il-JlIII‘:Irﬂ.l ”
=

!II: .: )
B ]
i .
Bk el 4
or r i
Al il 2
) | i [
] 4
n. -
b E
il :
. r
nf -

|:-1||f-

Figure 9: Velocity model after the 1% inversion for (a) P-wave model and (b) S-wave model.

the Conrad discontinuity that exists between the upper
crustal layer and the lower crustal layer is detected
at 26 km depth. The range of P-wave velocity in the
upper crust 5.4 km/s to 6.6 km/s whereas the range of
P-wave velocity in the lower crust is 26 km is 6.2 km/s
to 7.2 km/s.

Furthermore, at a depth of 40 km beneath the
station, both P-wave and S-wave velocities reached 8.0
km/s and 4.5 km/s respectively. The average P-wave
velocity in the uppermost mantle should be greater than
or equal to 7.6 km/s (Mooney et al., 2002). Thus, the
Moho boundary is at depth 40 km beneath KKM station.
At greater depths of more than 40 km, the P-wave and
S-wave velocities decrease linearly. At depth 66 km
beneath KKM station, it is observed that both P-wave
and S-wave velocities experienced a low-velocity zone
which indicates the lithosphere-asthenosphere boundary.
The S-wave velocity substantially decreased from 4.3
km/s to 3.7 km/s. A low-velocity zone which generally
occurs near the lithosphere-asthenosphere boundary is
usually characterized by a huge drop in S-wave velocity.

This is because the low-velocity zone signifies a certain
degree of partial melting and S-waves are unable to pass
through liquids.

Previously, the estimated crustal thickness from H-k
analysis is about 43 km beneath the station with Vp/Vs
ratio of 1.55. The interpretations of the final velocity
models do not vary too much from the results estimations
from H-k analysis. Thus, the outcomes from waveform
inversion are proven reliable and suitable. Hence, a crustal-
mantle model beneath KKM station in Kota Kinabalu is
constructed with 40 km of crustal thickness above the
Moho boundary (upper crust of 26 km thick and lower
crust of 14 km thick). Additionally, the lithosphere-
asthenosphere boundary is detected by the low-velocity
zone at 66 km depth underneath the station. The crust
beneath the Kota Kinabalu region appeared to be thicker
than the average continental crust which is about 35 km.
This might be due to the crustal thickening that occurred
after the continental-continental collision of the South
China Sea margin with Sabah margin which also produced
a broad range of mountains along the collision margin.
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Figure 10: Velocity model after the 2" and final inversion for (a) P-wave model and (b) S-wave model.
CONCLUSION ACKNOWLEDGEMENTS

The receiver function from tele-seismic earthquakes
generated 1-dimensional P-wave and S-wave velocity
models in which the crustal properties beneath KKM
station are discovered. The explications of these 1-D
velocity models show that the Conrad discontinuity is
detected at depth 26 km, the Moho boundary is at depth 40
km whereas a low-velocity zone occurred at 66 km depth
which indicates the lithosphere-asthenosphere boundary.
Hence, the crustal thickness is 40 km consisting of 26
km of the upper crust and 14 km of the lower crust. The
velocity input within the crust has a P-velocity range of
5 km/s to 7 km/s and S-velocity range of 3 km/s to 4
km/s. The P-velocity and S-velocity reached 8 km/s and
4.5 km/s as it hits the Moho boundary at 40 km depth
beneath the station. These velocity profiles and crustal
thickness are proven reliable by cross-checking the
results with H-k analysis. Consequently, the very first
crustal-mantle model in the Kota Kinabalu region is thus
created offering a new subsurface geological perspective
within the region.
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Abstract: The increasing interest for shale gas exploitation as unconventional resources is aided by the new technological
advancement that has marked the pathway to explore shale gas for local utilization and national economy in Malaysia.
The Nyalau Formation which is an Oligocene - Middle Miocene in age. This article attempts to analyze the depositional
environment, Gamma Ray, clay mineralogy and evaluate the relationship between uranium concentration and total
organic carbon (TOC) of the Nyalau Formation comprise of shales and mudstones using Spectral Gamma Ray (SGR).
The results from SGR indicate to compose principally kaolinite and Smectite, XRD analysis and FESEM reveals the
presence of illite. The Th/U ratios vary between 0.57 and 0.85 indicate formation is deposited in a reduced marine
environment. Calculated API reveals the ability of the clay minerals to absorb uranium and thorium through cation
exchange capacity. The relationship between the cross plot of TOC% / U shows positive correlation.

Keywords: Nyalau Formation, ctral Gamma-Ray log (SGR), clay minerals, organic matter, Shale, Mudstone.

INTRODUCTION

Shale is a fine-grained clastic sedimentary rock
(grain size less than 4 microns in diameter) consist
of mud and small fragments (silt-sized particles) of
other minerals, mainly quartz and calcite (Passey et al.,
2010) with fissility absent in mudstones (Tucker, 1991;
Blatt et al., 2006). The increasing interest for shale gas
exploitation as unconventional resources aided by new
technologies is recently gaining attention in Malaysia to
explore shale gas potentials for the national economy
and local utilization. There is an emphasis to physically
and chemically characterize properties such as TOC%,
clay contents and radioactive elements composition
and its distribution to understanding their depositional
environments by interpretation of varying gamma-ray
signatures for non-cored outcrops becomes paramount.

Further studies to evaluate their relationship to
critical shale properties such as sorption and adsorption
that plays an essential role in shale gas exploration. For
decades, reconnaissance investigation in hydrocarbon
reservoirs potential entails measuring natural gamma
radiation to differentiate between shale and non-shale
interludes, while the spectral gamma ray (SGR) procedure
is used to subdivide the homogenous marine black shale

intervals by fine-scale changes in the distribution of
potassium (K), uranium (U), and thorium (Th). This reflect
minute mineralogical variances (Fertl & Chilingarian,
1990; McGowan, 2015). Gamma-ray peaks have been
a valuable tool used to correlate exposures in outcrop
to the subsurface (Aigner et al., 1995). Therefore, this
necessitates field investigation on outcrops of black
shales and mudstones in Nyalau Formation in central
Sarawak, Malaysia (Figure 1). Typically, the occurrence
of fine-clastic clay-rich rock formation (shale, clay stone,
mudstone) indicate high response of gamma-ray while the
existence of coarse-grained sandstone and carbonate rock
indicate low response of gamma radiation which displays
higher water-transmitting capacity (Schon, 2011; Chou et
al., 2014). The dispersal of U, Th and K mineralas are
controlled by the main factors which are the origin of the
clastic constituents, chemical and physical stability of these
components in the sedimentary environment (Nielsen et
al., 1987). High gamma-ray activity, high resistivity, and
low bulk density is petrophysically described the typical
black shale as a sedimentary rock. Moreover, sedimentary
rocks like shales show a higher concentration of thorium
(Th), uranium (U) and Th/U ratio compare to the igneous
rocks (Larsen & Gottfried, 1960). The thorium content of
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Figure 1: Location map of the study area (Igbal et al., 2017).

shales differs considerably less than the uranium content
(Adams & Weaver, 1958).

Earlier investigation made more assessment of
sandstone reservoir textural properties and reservoir
interconnectivity of the various sandstone lithofacies
in Bintulu and Miri, to develop 2-D intermediate-scale
model (Siddiqui et al., 2014). Furthermore, partly the
Nyalau Formation was considered as a source rock unit,
characterized mainly with extensively shale distributed
across the Sarawak Basin (Togunwa et al., 2015). The
textural characteristics of the shallow marine sandstones
of the Nyalau Formation is well-exposed from Oligocene—
Middle Miocene comprising of minor shale and massive
sandstone that were deposited under shallow water marine
conditions (Siddiqui et al., 2016). Igbal et al. (2017)
assessed the Nyalau Formation on the base of measurements
for porosity/ permeability and evaluate impact of pore throat
size on porosity and permeability in different lithofacies.
Moreover, investigation on inorganic and organic of the
Paleogene-Neogene coals and related black shales to
investigate their origin, depositional environment, and
hydrocarbon potential in different formations including the
Nyalau Formation (Baioumy et al., 2018). Most previous
studies focused mainly on reservoir properties with no
attempt to explore shale gas potential properties in black
shales and mudstones formation.

This article challenges to evaluate clay mineralogical
composition to determine depositional environment of the
Nyalau Formation black shale and mudstone using Spectral
Gamma Ray and the relationship between TOC% and
U concentrations in Nyalau Formation onshore, Central
Sarawak Basin.

LOCAL GEOLOGY
The Sarawak Basin (Madon, 1999) was considered
Late Eocene to Recent age, proposed deposited during

Oligocene - Early Miocene times (Wolfenden, 1960). It
was also considered as a foreland basin developed from
the collision of the West Borneo basement and the Luconia
block through Eocene age (Madon et al., 2013).

MATERIAL AND METHOD

Onshore samples (9) were taken from three outcrops
(Figure 2) from Nyalau Formation, Central Sarawak,
Bintulu city. The main specimen used in this study is
fine clastic rocks (shale and mudstone) from the Nyalau
Formation (Figure 3). Three outcrops of the Nyalau
Formation is characterized of mudstones with iron nodules,
sandstone and coaly shale (Oligocene—Middle Miocene
age), located at coordinates 03° 09’ 29.2” N 113° 05’
35.77 E, 03° 09’ 24.1” N 113° 05* 51” E and 03° 11’
34.1” N 113° 05”28.8” E for NY1-A, NY1-B and NY-2,
respectively in Bintulu area, Sarawak. Spectral gamma
ray (SGR) reading from the outcrops were taken and
recorded. The mineralogical analysis was acquired from
the X-ray diffraction (XRD) and patterns were generated
by Philips-P Analytical X’pert Pro powder diffractometer
using Cu Ka radiation. The diffraction data was listed
from 3 to 60 20 with a step width of 0.02° and a counting
time of 4 s per step.

A chip of the samples was coated with a conductive
material (gold) and an apparent image of an insulated
material is obtained. These coated samples were placed in
the chamber, vacated and was scanned using field emission
scanning electron microscopy (FESEM). The EDX spectrum
points were also carried out by using SEM Petrography
Atlas (Welton, 1984). The crushed specimen was weighed
and treated with 10% hydrochloric acid (HCI) to remove
the inorganic carbon and carbonate minerals. Total organic
carbon (TOC)% measurements were obtained using
Analytikjena HT 1300 Solids Carbon Analyzer using the
direct method proposed by Dow & Pearson, 1975).
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Figure 2: Location map of the outcrops in the study area.
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Figure 3: Lithological logs of three outcrops of Nyalau Formation; outcrop NY1-A, outcrop NY1-B and outcrop NY-2 (location
in Figure 2) with different packages showing the thickness of sandstone and mudstone within the packages.
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RESULTS AND DISCUSSION

Clay mineral identification

Table 1 presents the spectral gamma-ray concentration
values from all measured outcrop specimen samples. The
concentration composition of K40 varies from 0.56 to 0.98
%, and U 238 range from 12.87 to 18.90 ppm. While Th
232 differs from 9.59 ppm to 12.46 ppm. Thorium (ppm)
against potassium (%) plots were used to identify definite
clay types (Figure 4), Th/K plots recognized smectite
and kaolinite clay minerals with no existence of illite.
Uranium high compositions indicate organic-rich shales
are potential source beds. These interpretations are general
as the identification of clay type using SGR is limited.
The minerals of kaolinite, smectite, and illite are observe
in most specimen from FESEM analysis (Figure 5). These
minerals are confirmed and also revealed occurrence of
chlorite (Figure 6A and B) from XRD analysis.

Depositional environment

The Th/U ratios in sedimentary rocks differ from 0.02
to more than 21, and in many continental oxidized deposits
values is above 7, while in marine exhibits considerably
less than 7 (Adams & Weaver, 1958). Previous researcher
proposed that Th/U concentrations ratios serve as critical
indicators of sedimentary environments. Koczy (1949)
suggested with a little analysis that the Th /U ratio should
reduce as the distance from the shore enlarged. Then, the
ratios of Th/U differ with the difference in sedimentary
depositional environment. The Th/U concentration ratios
differs (Table 1) from 0.57 to 0.85, that have indicated
Nyalau Formation is deposited in marine and reduced
environment.

Gamma ray calculation

The formula adopted from the website https://
en.wikipedia.org/wiki/Gamma ray logging is used to
calculate Gamma Ray in API and the results is presented
in Table 2:

GR API =8 x (U) ppm + 4 x (Th) ppm + 16 x (K)

The Gamma ray concentration values in shales are
more than in other clastic sedimentary rocks, such as
sandstone, coal, gypsum, salt and carbonate. This is
attributed to occurrence of radioactive element prevalent
in the clay content of shales that have the ability to
absorb uranium and thorium via cation exchange capacity.
Gamma Ray (GR) values in the specimen ranging between
152.76 and 207.12 API is interpreted as high estimated
value. This is attributed to occurrence of organic matter
which generated a reduction environment that results in
precipitation of uranium and subsequent high activity of
gamma-ray.

Quantitative relationship between TOC (%) and
U concentration

The TOC values range from 0.58 - 1.96 %, indicate
that shale and mudstone specimen have fair to good
hydrocarbon generative potential, while the coaly shale
facies reveals highest value for TOC % (1.96%) as
presented in Table 3. This variability is attributed to
occurrence of coal within stratigraphic sequence as known
to vary from 58.1 to 80.9 wt (Hakimi & Abdullah, 2013)
in the study area in the Nyalau Formation.

The plot reveals a good correlation between the TOC
determined in laboratory and U concentration from SGR
(Figure 7) in different facies type. The occurrence of
a high U (ppm) concentration confirms organic matter
indicator associated to relatively high organic matter and
clay contents present in Nyalau Formation.

CONCLUSION
The representative specimen of the mudstone and
black shale from the Nyalau Formation were evaluated to
determine their clay minerals composition, depositional
environment and also determine relationship between
TOC (%) / U concentrations.

A radiometric analysis shows that smectite and
kaolinite clay minerals are the dominant obtained from
the cross plots of Th against K, revealing occurrence
of illite, and validated by FESEM and XRD analysis.

Table 1: Values of potassium, uranium and thorium concentration obtained from Nyalau Formation samples.

Sample No Lithology K % U (ppm) Th (ppm) Th/U
NY1A-1 Massive Mudstone 0.78 17.99 11.31 0.63
NY1A-2 Massive Mudstone 0.57 17.83 10.23 0.57
NY1B-1 Laminated Mudstone 0.73 18.90 11.06 0.59
NY1B-2 Laminated Nodular Mudstone 0.76 18.55 10.54 0.57
NY1B-3 Laminated Nodular Mudstone 0.98 14.84 11.07 0.75
NY1B-4 Laminated Nodular Mudstone 0.66 12.87 09.81 0.76
NY1B-5 Laminated Shale 0.88 16.00 12.11 0.76

NY2-1 Coaly Shale 0.56 14.73 12.46 0.85
NY2-2 Coaly Shale 0.86 14.41 09.59 0.67
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Figure 4: Results of the K % and Th (ppm)
cross plot of Spectral Gamma Ray (SGR),
using Schlumberger plots (http://www1.uis.no/
Fag/Learningspace kurs/PetBachelor/webpage/
tech%5CSchlumberger%20charts%5C07_cp_4-
20_4-33.pl1.pdf).

Figure 5: FESEM micrograph showing the clay
mineral in the mudstone and shale samples. A)
Smec = Smectite mineral with, B) Kaol= Kaolinite
and C) Ill= Illite mineral and D) their Dispersive
(EDX) Spectrum.

Figure 6: XRD spectrums showing different clay mineral present in the mudstone and shale samples in the Nyalau Formation:
A) NY1B-2 and B) NY1B-3 outcrops. Ill= Illite, Kaol= Kaolinite and Smec=Smectite.
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Figure 7. TOC % / U cross plots of mudstone and shale samples
in different facies

The indirect application of the Th/U ratios interprets
the depositional environment at reduction conditions in
marine depositional environment revealing to have ratio
value from 0.57 to 0.85.

The high values of the Gamma Ray (GR) range
from 152.76 to 207.12 API indicate the ability of clays
to absorb uranium and thorium through cation exchange
capacity. The cross plots of TOC (%) against U shows
considerable positive correlation with the organic matter
evolution. This relationship confirmed high presence of U
concentration ascribed their relatively higher clay contents
and organic matter present in Nyalau Formation

Table 2: Calculated Gamma Ray (GR) values from Nyalau Formation.

Sample No Lithology Dose Rate (DR) nGY/h Gamma Ray (GR) API
NY1A-1 Massive Mudstone 102.11 201.64
NY1A-2 Massive Mudstone 103.78 192.68
NY1B-1 Laminated Mudstone 97.15 207.12
NYI1B-2 Laminated Nodular Mudstone 105.27 202.72
NY1B-3 Laminated Nodular Mudstone 84.21 178.68
NY1B-4 Laminated Nodular Mudstone 73.03 152.76
NY1B-5 Laminated Shale 90.78 190.52

NY2-1 Coaly Shale 83.60 176.64
NY2-2 Coaly Shale 81.76 167.4

Table 3: Relationship between the TOC content and the uranium content in the Nyalau Formation.

Sample No Lithology U(ppm) TOC%
NY1A-2 Massive Mudstone 17.99 1.3
NY1B-4 Massive Mudstone 17.83 0.76
NY1B-2 Laminated Mudstone 18.90 0.83
NYIA-1 Laminated Nodular Mudstone Mudstone 18.55 1.35
NY1B-3 Laminated Nodular Mudstone 12.87 0.86
NY1B-5 Laminated Nodular Mudstone 14.84 0.98

NY2-1 Laminated Shale 16.00 0.58
NY1B-1 Coaly Shale 14.73 1.96
NY2-2 Coaly Shale 14.41 1.22
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Abstract: In quarry production, survey work is necessary to monitor the height of stockpile and quarry’s walls to
obey the rules and regulation stated by authority. Conventional method of surveying is by ground-based surveying on
these sites to measure the X, Y and Z data. Nevertheless, these approaches are very time consuming and a dangerous
undertaking for the staff. Advancement of remote sensing specifically unmanned aerial vehicle (UAV) have become an
alternative for surveying work. The use of drone for survey that is remotely piloted is able to replace the traditional
method of surveying in quarries. This paper describes the application of drone mapping for quarry monitoring and
management of stockpile and slope assessment. Quadcopter was used to acquire the aerial images for stockpile and
both aerial and side images for slope assessment. The captured images were processed using a photogrammetry
software, Agisoft Photoscan to produce the final output consisting of orthophoto, digital surface model, 3D dense
point cloud and 3D model. Based on the output, volume, height and area of stockpile computational were made
in the photogrammetry software. The slope stability assessment computation was made using facet extraction to
identify the major discontinuity sets for rock slope stability analysis. UAV photogrammetry grants precise approach

to provide fast data recovery and time saving for mapping a large quarry area.

Keywords: UAV, photogrammetry, quarry, rock slope

INTRODUCTION

Mining activity involves excavating the earth surface
for exploring the minerals and it is the oldest economic
activity after agriculture (Mondal & Chakravarty,
2013). Mining without appropriate planning and lack of
modern technologies usage have adverse impact on the
atmosphere especially on dust emission (Nartey et al.,
2012). Consistently changing nature of quarry landscape
implies that a regular monitoring of the whole area helps
in effective management of such activities for example
re-routing roads, position of heavy machinery, location of
different type of stockpile and surveying of blast material
and stock piles. Successful organization of a quarry needs
quick and precise information where the results must
conform to a specific legislation. Quarry data collection
consists of constant surveying on the changing shape of
the quarry and its elements such as berms, bench heights,
slopes, and reliable computation of the volume of the
extracted mass (Raeva et al., 2016).

The utilization of innovative technology such as
UAV will be very important to learn and monitor mining
and quarry areas especially in risk assessment and
management. The use of UAV will enable mapping of the

entire quarry in a fast way to improve the overall project
management. Additionally, it will be very beneficial in
measuring stockpile volume, height, diameter and density
to assist in stock calculation, arrangement of deliveries
and to support robbery prevention. Conventional surveying
method of using total stations and traditional global
positioning system (GPS) are time consuming, requiring
many readings on one stockpile for accurate measurement
of the stockpile.

Although conventional method has been practiced in
characterizing the rock masses in quarry, the use of UAV
photogrammetry method is reliable and effective (Salvini
etal.,2017) (Gonzalez-Aguilera et al., 2012). Application
of UAV photogrammetry in many engineering applications
signifies it as a suitable and effective solution considering
the accessibility and lower investment cost of using UAV
(Gonzalez-Aguilera et al., 2012). Photogrammetric survey
is able to produce digital orthophoto, digital surface model
(DSM) and 3D dense point cloud with the aid of structure
from motion (SfM) software (Esposito et al., 2017).

With the development of UAV, geologists are able to
document the normally accessible elements of geological
outcrops or the dangerous parts of the rock mass. Images

ISSN 0126-5539; e-ISSN 2682-7549

Warta Geologi, Vol. 46, No. 2, August 2020, pp. 76-81




APPLICATION OF UAV PHOTOGRAMMETRY FOR QUARRY MONITORING

from the digital camera mounted on a UAV is able to
capture the geological outcrops, big areas and to attain
inaccessible valuable missing data (Blistan et al., 2016).
This method can be used to overcome the problem of
unseen areas and to acquire detailed information on any
feature. 3D point clouds obtained from image processing
have been used to rebuild the quarry geometry and then
discontinuities were then mapped deterministically in
detail (Salvini et al., 2017).

Analysis of UAV images by SfM approach establishes
a reliable and validated tool for surveyors who are
concerned with high-resolution reconstruction and
monitoring of quarries. Photogrammetry output provide a
useful tool for management of the environmental risk of
dangerous and inaccessible areas, and they enhance the
geotechnical interpretation for engineers to make decision
(Rossi et al., 2017). This paper presents the method to
monitory and manage quarrying work effectively through
photogrammetry output with minimal cost.

STUDY AREA
This study was conducted in Kuad Quarry at Kubang
Semang, Pulau Pinang which serves as a nonmetallic
mineral mining and quarrying site. The site is located at

coordinate of 100.47 north and 5.41 south. The bedrock
of the study area is acid intrusive which is the igneous
rock. Figure 1 below shows the location of study area
and its geology.

METHODOLOGY

The main elements in this study is to carry out the
UAV flight mission to obtain aerial imageries for quarry
monitoring and assessment. Mission planning were done
using DJI Ground Station Pro application to input all
the acquisition parameter. Mapping area boundary was
marked on an interactive map, including flying height of
the UAV to capture images, the course angle of pathway
and the percentage of front and side photos overlapped.
The percentage of overlapping photos is critical in
producing an accurate sparse cloud of the study area.
Front and side images overlapping ratio is 80% and
70% respectively. Waypoints were generated after all the
settings were set, showing the global position, distance
covered, flying height above ground, number of images
that will be captured, the estimated battery usage and
duration of the flying mission.

Agisoft PhotoScan Professional version 1.4.3
was used to process images through photogrammetric

Figure 1: Location and geology map of study area.
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Figure 2: Summary of methodology.
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technique. All images were aligned together accordingly
before generation of dense point loud and model through
interpolation and aerial triangulation process. The structure
from motion (SfM) algorithms in the software will extract
and match the same features appeared in the images
automatically known as tie points and followed by bundle
block adjustment. Sparse clouds will be produced as an
output of the process. Then, dense geometry was ready
to be constructed with its accuracy set to high level to
obtain a denser point cloud. Construction of 3D textured
model, Digital Surface Model (DSM) and orthophoto were
then processed from the dense point clouds.

Stockpile assessment was made through Agisoft
PhotoScan for calculation of area, volume, and height of
stockpile. Output from the photogrammetric process then
is exported into CloudCompare a free software to perform
facet extraction for rock slope assessment with the value
of mean dip/dip direction. After the meshes or facets are
extracted, they can be classified by orientation (dip/dip
direction) into single planes and plane families. Facets
is then filtered based on their orientation to identify the
major discontinuity sets. A stereogram can be produced
based on the major discontinuity sets which can be useful
for rock slope stability analysis. Query can be done on
the stereogram with the outcrop portion being selected.
This data can be very useful to check the stability of the
rock slope without performing the traditional geological
mapping work on the discontinuity.

RESULTS AND DISCUSSION
Stock pile mapping

PhotoScan is able to provide high accuracy polygon
models and DSM which guarantees accurate area and
volume measurements including length, width and height.
Figure 4 below shows the photogrammetric output for
stockpile data processing which is the orthophoto and
DSM.

The 3D model can be utilized to compute the correct
volume of stockpile at site, regardless of any kind of shape
as shown in Figure 5. Aerial data and successive analysis
can be simply shared to the stakeholders, permitting
clients to keep track of their contracted stockpiles
materials. It allows the mining engineer to keep track of
their large trucks, excavators, and other assets, to ensure
accountability and cost reduction in machinery. Traditional
method of stockpile survey is to walk to each pile to
take manual reading which requires workforce and time
consuming. With drone survey, stockpile measurement
is able to be completed in hours not days.

Rock slope mapping

Rock slope mapping using UAV is also very important
to analyze the stability of slope after mining work in
a fast manner. Figure 6 below depicted the outcome
of rock slope mapping. Based on the 3D dense cloud,
automatically extract planar facets using the FACET plugin
in CloudCompare software as shown in Figure 7. Best

Figure 3: Flowchart of geological planes extraction in CloudCompare.

Figure 4: (a) Orthophoto (b) Digital Surface model for stockpile mapping.
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features of FACETS is having the capability to discover
planar objects but also 3D points with the stereogram tool.

Stereograms diagram were generated based on the
major geological planes which gives out the mean value
of dip/dip direction. This value is significant to assess
the rock slope in the preliminary stages before using a
detailed slope stability software. Further analysis can
be made based on the 3D model exported from the
photogrammetric process into the slope stability software
which represent the real site condition. For the entire rock
slope, the mean dip/dip direction is 035°/186°.

Rock quarrying area is usually prone with steep
slopes, unstable rock faces and lots of heavy machinery,
it can be hazardous space to work. UAV mapping ability
to improve worker safety by eliminating the necessity
to have men on the site and around the operating space
especially near the stockpiles and equipment. Collecting
ground control points (GCP) undeniably improve the

accuracy of volumetric measurements. GCPs must be
placed or marked permanently at the working space for
repeated use. However, for this paper integration of GCP
in UAV mapping is excluded. The overall accuracy of
the UAV mapping without GCP implementation can be
categorized as relative accuracy.

CONCLUSION

UAV is becoming very common in industry mainly
civil engineering and mining. UAV photogrammetric
application can be useful in quarrying work because
quarries landscape is changing from time to time.
Therefore, quarry site must be scanned frequently and
efficiently for planning, management and reporting
purposes by the quarry operation team. Output from
the photogrammetric process can be used to plan
operations such as the reposition the equipment and
machinery, stockpile inspection and redirecting the

Figure 7: (a) Facets extracted (b) Filtered facet (c) Stereogram.
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access roads for transferring the quarry product. The
use of photogrammetric output and FACET extraction
in stockpile and rock slope assessment is able to provide
useful data to make preliminary decision at the working
space in short period. Besides, UAV data can be very
useful to give an overall view of the quarry site, projection
for future changes and to identify anomaly.
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Abstract: Reclamation land project in Tanjung Tokong, Penang is one of the sign of the rapid urbanization of Penang
island due to the increase in population and a need for land. However, recent increase in public awareness of the
negative effects of land reclamation projects on the local fishing community and the marine habitats has made it
important to study the changes in the coastal water quality that relates to these projects. Therefore, this study is an
initial attempt to measure water quality, mainly water clarity, using cost-effective satellite remote sensing images.
Secchi disk depth measurements is collected around the Tanjung Tokong reclaimed land at the same time as the
Landsat 8 image of Penang island is recorded. The Secchi disk measurements are compared and correlated with
the reflectance data of the Landsat image resulting in a correlation equation. Based on the equation, water clarity
is then estimated for previous Landsat images of Penang. Finally, Secchi disk depth measurements is also collected
for the west coast of Penang island for comparison purposes. Our results show that the NIR (Near-infrared) band is
the most sensitive for water clarity estimation. Furthermore, the water is generally clearer in the area to the west of
Penang island where there are no land reclamation projects. However, there are other environmental factors which
were not take into account, such as tidal changes, that will also affect water clarity.

Keywords: Water clarity, remote sensing, Secchi depth, landsat

INTRODUCTION

Penang Island is one of the fastest-growing and most
densely populated places in Malaysia with a population
of 752,800 (Department of Statistics Malaysia, 2015)
and a density of 1663/km? (Penang Institute, 2016).
The population on the 299 km?-island has increased by
more than 40% since 1970 (Department of Statistics
Malaysia, 2015) and is projected to rise exponentially
over the next 15 years (Penang Transport Master Plan
Study, 2013). Due to the rapid population growth and the
simultaneous increase in urbanization, land reclamation
has been extended to the construction of man-made islands
(artificial islands) (Chee et al., 2017). Land reclamation
in Penang began in the early 1800s (City Council of
Georgetown,1966) during the British administration,
but recent large-scale coastal development projects have
contributed to the alteration of the coastline of Penang
to make way for transportation and infrastructure (City
Council of Georgetown,1966; Khoo & Wade, 2003).

Land reclamation is a process of creating new land
in water bodies either along coastal areas or in the form
of new islands (man-made island). Coastal reclamation
has become a serious development option in Malaysia
(Ghazali, 2006). Reclamation land in coastal areas may
have a significant effect on the ocean water. The main

issue is water pollution and this may affect marine life
and also human. The recent public protest regarding the
newly planned reclamation projects in south Penang Island
shows that the public is becoming more aware of their
negative impacts, especially to the environment (FMT
News, 2019). The fisherman community to the north of
Penang Island (Tanjung Tokong) has been complaining
about the significant loss of fish and other marine life
during the reclamation project. Due to the public and
environmental concerns, this work was conducted as an
initial attempt to monitor the quality of coastal water of
Penang Island in relation to reclamation projects. Hence,
it is important to monitor water clarity from time to time.
Water clarity defined as a physical characteristic of how
clear or transparent the water. Water clarity has been
measured in standing water bodies using a Secchi disc.
Secchi disk is the simplest and one of the most effective
tools for estimating water column productivity. It is also
a measurement of water clarity where water transparency
directly affects the amount of light penetration into water
column.

However, field work is costly and time consuming.
Therefore, this work focus on utilizing remote sensing
to estimate the water clarity based on the reflectance
data. Reflectance values that we obtained from processed
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Landsat data were used to correlate with Secchi depth (SD)
measurements. Reflectance remote sensing (Rrs) can be
defined as the ratio of water leaving radiance to the total
downwelling irradiance just above water (Pahlevan et al.,
2017). SD measurements were collected on the same date
as the Landsat 8 image so that we can correlate based on
the linear regression approach.

The study area chosen was Tanjung Tokong, Penang
(05°26°51” N, 100° 18°24” E). The area is located within
the north-west coast of Peninsular Malaysia which is in the
northeast of Penang Island (Figure 1). The Tanjung Tokong
Beach is located west of Tanjung Tokong headland. It is
categorized as a moderately exposed sandy beach with
medium to fine sand. Shell debris can be found easily
on the foreshore of this beach. The water is often turbid
indicating a relatively high content of suspended sediments
(Ramly, 2008). In addition, to compare the measurements of
ground-based data with Tanjung Tokong, a different study
area was chosen, which is the Penang National Park (05°
27> 42”7 N, 100° 11’ 24” E). This area is located on the
north-western tip of Penang (Figure 1). The Penang National
Park is the only considerable natural forested areas left on
Penang Island. It is considered one of the protected areas
under the management of the Department of Wildlife and
National Parks (DWNP) (Kaffashi et al., 2015).

DATA AND METHODS
Ground data acquisition
Secchi depth (SD) measurements were collected and
correlated with satellite data. The correlation between

LARITY IN TANJUNG TOKONG USING REMOTE SENSING

actual Secchi depth and satellite data will be used to
estimate the Secchi depth from archive satellite images.
25 SD readings were collected surrounding the land
reclamation project which covers 1km per square with
the same date as Landsat-8 image (Figure 2). The data
was gathered on 20" December 2017.

Satellite data acquisition

Landsat 8 imagery was downloaded from Earth
Explorer - United States Geological Survey (https://
earthexplorer.usgs.gov/) with Path Type WRS 128 and
Row 56. The date of acquisition of the imagery is 20"
December 2017, which covers the area of northeast
of Tanjung Tokong coastal area. The projection of the
imagery is UTM WGS84 Zone 47 and its spatial resolution
1830 m x 30 m.

It was important to acquire Landsat image that was
recorded at the same time as field data collection. This will
result in better correlation. The image was downloaded in a
package containing a total of 11 spectral bands in GeoTiff
format, 1 quality assessment band and 1 metadata file in
ASCII format. However, only the visible-near infrared
bands, which are bands 1-7, were used for analysis.

Satellite and ground data processing
For the processing of the data, Envi® 5.3 and
ArcMap 10 were used for image analysis. The techniques
involved are:
1. Landsat 8 multispectral image data underwent
radiometric calibration to provide calibration
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coefficients to convert from digital numbers (DNs)

to Top of Atmosphere (TOA) Reflectance.

2. Dark subtraction was applied to remove the effect of
atmospheric scattering from an image by subtracting
a pixel value that represents a background signature
from each band.

3. From the imageries, the digital number of reflectance
values for every band on a specific date and location
was extracted using ArcMap 10.

The data was added into ArcMap which were then
processed by using interpolation tools named IDW (inverse
distance weighting) to produce Secchi depth distribution
map of the study area.

In order to test the relationships between the Secchi
disk depth within the study area and the reflectance from
Landsat 8 image, linear regression was used. This is done
through Microsoft Excel software.

Estimation of Secchi depth for archived
satellite images by using selected model

After the linear regression has been run, we used
the equation with the highest R squared to estimate the
Secchi depth for archived Landsat 8 images. A total of
six Landsat 8 images were downloaded. Images in the
best condition were viewed and selected with less cloud
cover. Moreover, we selected images from before and
after the reclamation project for comparison purposes.

The calculation was done by using ENVI 5.4 software
by inputting the equation in the band math. Then the value
was extracted by using ArcGIS software. Steps for this
data processing are shown in Figure 4.

Image Acquisition Field Data
'
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I F
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Figure 3: The overview flowchart of overall methodology shows
the flow diagram from acquisition of satellite image until the
estimation of Secchi depth.

RESULTS AND DISCUSSION
Secchi depth distribution in Tanjung Tokong
coastal area

The distribution shows different result from the
hypothesis where the water columns located close to the
land reclamation project are supposed to be more turbid
compare to undisturbed coastal arca. However, there are
a lot of environmental factors such as waves, tide and
current cycles that were needed to be considered that could
affect the Secchi disk readings. All the factor mentioned
are categorized as uncontrollable factors and will introduce
error in the interpretation of factors that could affect the
Secchi measurements.

To better understand the effect of reclamation land,
comparison of data with controlled area (Penang National
Park) was done using Secchi depth measurements. There
is a slight contrast of SD measurement between land
reclamation area and control area. In general, all ten sample
sites of the coast of Penang National Park show increase
in SD readings (Figures 5 and 6). This is an indication
of higher water clarity. The Secchi depth readings on
this particular area reached ~2 m of water column depth.
High Secchi depths are associated with high water clarity
and low turbidity. In contrast, the Secchi depth for the
Tanjung Tokong area is only up to ~1 meter in depth.
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Correlation between Secchi depth and
reflectance value

Based on the Table 1, we can clearly see the
differences of the coefficient of determination between
all bands. Band 5 shows the highest coefficient of
determination (R?>=0.7051)which shows that the model

Table 1: Summary of the performance statistics linear regression
using different band.

Regression Equation R
Coefficients
y =-0.0226x +
SD vs Reflectance-B1 R2=10.557
0.1776
y=-0.0289x +
SD vs Reflectance-B2 R2=0.5351
0.1711
y =-0.0398x +
SD vs Reflectance-B3 R2=10.558
0.1663
y=-0.0711x +
SD vs Reflectance-B4 R2=0.6533
0.1495
y =-0.0425x +
SD vs Reflectance-B5 R2=10.7051
0.0731
y=-0.0123x +
SD vs Reflectance-B6 R2=0.5726
0.0264
SD vs Reflectance-B7 | y=-0.01x + 0.0194 | R>=0.5643

equation fits the data relatively well when compared
to other bands (Figure 7). It shows that an increase the
values of Secchi depth correlates with the decrease in the
reflectance values. Others band also shows correlation
with the Secchi depth readings: Band 1(R? = 0.557),
Band 2(R? = 0.5351), Band 3 (R? = 0.558), Band 4 (R?
= 0.6533) and Band 6 (R* = 0.5726).

One has to consider that in conditions where there’s
an increase of electromagnetic wavelength, water has a
lower reflectance. In the NIR (Near-Infrared) (0.845 —
0.885 um) range, water has a strong absorption capacity
and produces less remote sensing reflectance. In the use
of NIR, the latter relationship require an assumption of
equivalent spectral dependency for back scattering and
scattering. As the electromagnetic wave radiation of
NIR travel into the water, it will be absorbed. For such
area which is turbid (lower Secchi depth), it consist of
suspended particle, thus suspended matter in water causes
scattering of the radiation.

Estimation of Secchi depth

The linear regression equation was applied to estimate
the water clarity parameter based on band 5 (Near-Infrared)
of Landsat 8 image. The use of consistent band helps us
make the analysis of different images comparable and is
an important step towards standardizing produced maps.

Figure 8 represents contour maps for predicted Secchi
depth model at Tanjung Tokong near the reclamation land
(on 23" November 2013, 318 December 2015, 20" March
2016, 17" December 2016, 24" April 2017 and 11" June
2017). From the maps, the changes of historical coastal
water up to the extent of reclamation land can be seen. It
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Figure 7: Correlation between Band 5 and Secchi depth.

Figure 8: Maps show Secchi depth estimation derived from Landsat 8 imageries based on region of interest from November

2013 to June 2017.

is observed that the levels of Secchi depth varied and are
unevenly distributed. It indicates that the use of Landsat 8
image to measure water clarity in coastal areas is sensitive,
especially to weather and other environmental factors.

Interesting observations from the map pattern show
that the predicted SD significantly gets lower throughout
the year, as indication of poor water clarity. This lower
SD coincides with increased turbidity observed in those
areas. Undoubtedly, negative effects on the island’s natural
coastal habitats and water will be inevitable.

CONCLUSION
In conclusion, it was noticeable that land reclamation
in Tanjung Tokong affects the water clarity in terms of
light penetration. It showed that the water become turbid.
The best regression is found from the high correlation
value between reflectance of NIR band and Secchi Depth.
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Abstract: The number of town population growth is the reason for the expansion of transportation and infra-structures
in metropolitan cities. Due to that urban tunnelling has turned out to be common in most area. Considering the
environmental impacts, going underground become a feasible choice for the development of transportation. But, when
dealing with urban tunnelling, one always meet with complex mechanism due to soil interaction between ground
and tunnels. Tunnelling problem must be considered as a three-dimensional problem. However, we can simulate the
three-dimensional plane problem into a two-dimensional plane problem by considering certain assumption which
governs the missing dimension. This paper is to show the simplified method for ground settlement prediction of
tunnelling excavation using the PLAXIS 2D software. The two simplified methods are lining contraction and stress
reduction method. The comparison between these two methods is described in this paper in terms of contraction
ratio and unloading factor which can be used for tunnelling problems. This study was done in the Kuala Lumpur
Kenny Hill Formation basically based on geotechnical data of Klang Valley Mass Rapid Transit (KVMRT) system.
Hardening soil model is choosen as the constitutive model for this analysis because of its ability to represent the
actual soil behaviour compared to Mohr Coulomb Model. The effectiveness of simulation using these two methods
was verified with the monitored ground movement data. A relationship between these two methods was formed as

the outcome of the study.

Keywords: Lining contraction, stress reduction, Kenny Hill Formation, hardening soil model, tunnelling

INTRODUCTION

Development of roadways and highways are no
longer adequate in recent time because of populace and
cities growth. To solve this issue urban tunnelling concept
come into practice in most area. In real case, tunnelling
construction involves a three-dimensional concept. Due
to time consumption of three-dimensional analyses,
engineers prefer two-dimensional in practice. Moreover,
three-dimensional analyses are not suitable to apply for
a large tunnel project that involves several kilometers
of excavations and various cross sections (Moller &
Vermeer, 2006). The geology of Kuala Lumpur and
Klang Valley is mainly Kuala Lumpur Limestone and
Kenny Hill Formation. This study only concentrates on
the Kenny Hill Formation. The Kenny Hill Formation is a
metasedimentary rock which consist of phyllites, quartzite
and other soil particles. One of the developments in Kuala
Lumpur and the area surrounding it is the construction of
the Klang Valley Mass Rapid Transit (KVMRT) system
which started construction in 2012. The reason for the

project was to improve public transportation facilities
and reduce traffic congestion problem in the populated
area. This project includes twin tunnel excavations, deep
excavations and geotechnical works.

These days, Finite Element Method (FEM) comes
to mind when one needs to deal with tunnel excavation
problems. This method is a famous and useful device to
simulate tunnel construction works. Many geotechnical
software developers apply FEM in their computational
tool to solve geotechnical problems. However, the use
of FEM in settlement prediction is still not that much
accurate because of many factors such as simplified
geometry and boundary condition, mesh generation,
initial input of ground data and the type of constitutive
model chosen for the analysis (Likitlersuang et al.,
2014). To understand the behaviour of the soil,
researchers developed soil constitutive model. A soil
constitutive model is a mathematical relationship that
represents the soil interaction and its behaviour. The
simple and widely used soil constitutive model is the
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Mohr-Coulomb Model which based on linear elastic
and perfectly plastic concept. Nevertheless, the soil
interaction is much more complex which cannot be
demonstrated by the Mohr-Coulomb Model. This is
because, at a different stage of loading condition, the soil
will experience different behaviour (Ti et al., 2009). To
solve this problem, use of Hardening Soil (HS) model
in simulation and analysis comes into the application.
HS model was framed based on the concept of plasticity
theory and stress-dependent stiffness. The formulation
and verification of the HS model were described in
detail by Schanz et al. (1999).

This paper aims to show the simplified technique for
surface settlement computation of tunnelling excavation
based on the KVMRT project using the PLAXIS 2D
software. This study will emphasize on the use of lining
contraction and stress reduction method. This two-
method used and back analysing of surface settlement
due to tunnel excavation was done at the final stage of the
study. The result of the two methods was compared and

Figure 1: Two different geological formations along
alignment of KVMRT Line One (Wallis & Kenyon, 2014).

back analysing results verified with ground monitoring
data to justify the method applied is valid. This study
will benefit the underground excavation project in terms
of understanding the effect of 2D modelling method
and constitutive model for the prediction of twin tunnel
induced surface settlement and its suitability to adopt for
Finite Element analysis for better prediction of surface
settlement in Kenny Hill Formation.

STUDY AREA

Greater Kuala Lumpur or also known as Klang Valley
is an urban area formed by Kuala Lumpur and its attached
cities and towns with high rate of population. KVMRT is
a transformation project of public transportation service
in Kuala Lumpur which aims to upgrade the public
transportation facilities. The twin tunnel alignment of
KVMRT line, one which is named as the Sungai Buloh to
Kajang (SBK Line) cut through two different geological
formations specifically Kenny Hill Formation and Kuala
Lumpur Limestone, as shown in Figure 1.

The geological and soil mechanical characterisation
of Kenny Hill Formation and Kuala Lumpur Limestone
are varied from one to another. As mention previously in
this study, we only focus on the Kenny Hill Formation
because the study of tunnel interaction in Kenny Hill
Formation is still new. Kenny Hill Formation comprises
of interbedded clastic sedimentary rocks such as siltstone,
sandstone and shale.

The SBK line is about 51 km in length and consist
of 31 stops which includes elevated and underground
stations. About 9.5 km underground alignment with a
tunnel diameter of 6.7 m of SBK line passes through
the centre of Kuala Lumpur with a total of 7 stations, as
shown in Figure 2.

METHODOLOGY
Basically, this study was divided into three major
parts. The first part is subsurface characterization.
Second is the empirical correlations of stiffness
parameters and soil properties determination for the
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Figure 2: Scope of underground works (Wallis, 2015).
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Empirical Correlations of
Stiffness Parameters and Soil

Properties Determination
For HS Model.

Finite Element Simulation of
Twin Tunnel Excavation
Using Lining Contraction And
Stress Reduction Method

Figure 3: Methodology of study.

HS model. Lastly, the third part which is the Finite
Element simulation of twin tunnel excavation using
lining contraction and stress reduction method. Figure
3 shows the overall workflow of the study. Each part
of the study is very important.

Subsurface characterization

All the information such as soil sampling data, in-
situ testing data, bore log data and laboratory testing
data are gathered to create subsurface modelling and
characterization. The sum of bore log data is large for
this project. The Standard Penetration Test (SPT-N)
values and the soil lithology are studied in detail and
categorized into few zones based on its subsurface
information. This study only focusses on the one zone
which contains a large percentage of fine-grained soil
with a low percentage of coarse-grained and rock sample.
With the help of RockWorks16 3D, the ground model is
created using spatial interpolation method. Next, the tunnel
filtered model is obtained from the 3D ground model.
Information such as SPT-N value and soil type within
the tunnel segment was obtained. Based on the output,
two greenfield tunnel sections selected. The section also
selected based on the availability of information such as
existing monitoring data and soil test result. The selected
chainage for this study is NB1590 and NB1960 as shown
in Figure 4. Based on the soil profile, further analysis was
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Figure 4: Cross section of selected tunnel.

done. The soil profile was simplified, so it can be easily
inputted in the PLAXIS 2D software.

Empirical correlations of stiffness parameters
and soil parameters determination for HS model

The HS model involves more parameters compared
to the Mohr-Coulomb Model. The three-main stiffness
parameter that involves in the HS model is triaxial secant
stiffness (E,,), oedometer stiffness (E_ ) and unloading-
reloading stiffness (E ). For this study, the stiffness
parameters for HS model in Kenny Hill Formation
were determined based on the empirical correlation
suggested by Law et al. (2014) and Tan et al. (2001).
This correlation is based on SPT-N values, so the effective
triaxial secant stiffness (E™,)) and effective oedometer
stiffness (E™ ) can be empirically correlated. Next, the
effective unloading-reloading stiffness which is (E™ ) is
three times of the triaxial secant stiffness value. In the
normal case, the effective oedometer stiffness (E™ ) will
be the same as effective triaxial secant stiffness (E™ ).
The effective friction angle and cohesion which are the
strength parameters were taken from triaxial test results.
The empirical correlations were verified with numerical
back analysis by using the two different sets of soil
parameters that obtained from the empirical relationship.
Table 1 shows the HS model parameters obtained from
empirical correlation. Correlation based on 1.5 SPT-N as
proposed by Law et al. (2014) was adopted for further
analysis since it can agree well with the monitored
settlement.

Finite element simulation of twin tunnel
excavation using lining contraction and stress
reduction method

Tunnel excavation method can be simulated in a
two-dimensional plane. However, to convert the three-
dimensional plane into a two-dimensional plane we need
to consider certain aspects. We must assume the missing
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Table 1: Soil parameters obtained from empirical correlation.

S PT— N (P , ¢ , Yb Eref50 Erefoed Erefur Vur Kﬁ: pref m
Correlation 1.5N (Law et al., 2014)
5 31.75 8.75 18 7500 7500 22500 0.2 | 047 | 100 | 0.5
20 30.9167 | 4.83 | 18.5 30000 30000 90000 0.2 ] 049 | 100 | 0.5
40 30.25 5 19 60000 60000 180000 | 0.2 | 0.50 | 100 | 0.5
50 29.8333 | 7.17 20 75000 75000 225000 | 0.2 | 0.50 | 100 | 0.5
Correlation 2.5N (Tan et al., 2001)

5 31.75 8.75 18 12500 12500 37500 0.2 | 047 | 100 | 0.5
20 309167 | 4.83 | 18.5 50000 50000 150000 | 0.2 | 0.49 | 100 | 0.5
40 30.25 5 19 100000 100000 300000 | 0.2 | 0.50 | 100 | 0.5
50 29.8333 | 7.17 20 125000 125000 375000 | 0.2 | 0.50 | 100 | 0.5

dimension with other aspects. The lining contraction

involves two phases. First is the deactivation of soil cluster Tunnel chainage: NB 1590

in the tunnel. Then, the second phase is the step-wise Tunnel depth: 21.98m

application of tunnel contraction ratio. This method uses [0<SPT-N<10 4.33m

the contraction ratio to determine the best fit settlement [10=SPT-N<30 6.73m

curve with monitoring data. Next, the stress reduction

method which uses an unloading factor (B) to consider J0<SPT-N<50 ~ —~ 11.54m

the three-dimensional effect into the two-dimensional \_.j I\-Eﬁ }

plane. For the stress reduction method includes three L)

calculation phases. In the first phaseZ the initial support 50 27.40m

pressure (p,) acts on the tunnel. This support pressure 5P

reduces to Py where Py is the relationship of Bp, in the

second calculation phase to help the surrounding soil to

deform. The  value will be between 0 to 1. In the last

phase, the soil cluster inside the tunnel is deactivated, the Tunnel chainage: NB 1960

same tiFn.e the tunnel l.ining is activated. Fo.r further details Tunnel depth: 19.28m

about lining contraction and stress reduction method can b<sPTN<10  490m

be referred to Likitlersuang et al. (2014). As mention, 10<SPT-N<i0 5 64m

the procedure of lining contraction and stress reduction :

was done in the PLAXIS 2D software with the selected 530‘ “N<50 ~ 7.84m

soil profile as shown in Figure 5. | O Q

Based on the soil profile and procedure both lining " "

contraction and stress reduction method analyzed in I".&FT-mﬁﬂ NEZm

PLAXIS 2D software to obtain a suitable range of l

contraction ratio and unloading factor for Kenny Hill

Formation. The sequence of the simulation depends on

the construction of twin tunnel. For this section, the North NEL Meith Bosind SFi. Sonih Boind

Bound (NB) excavated first and then only the South Bound gt ot

(SB) continued for excavation. So, the simulation begins
at NB and ends at the SB. Figure 6 shows an example of
output from the lining contraction method for chainage
NB 1590 in PLAXIS 2D software.

Figure 5: Soil profile of analysed sections.
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Figure 6: Finite Element Model (An example from NB 1590).

RESULTS AND DISCUSSION

The two sections of SBK Line were modelled using
lining contraction and stress reduction method. The
results of the simulation for the two sections are shown
in Figures 7 and 8.

The simulated settlement curves for the two sections
using both methods can fit back to the monitoring settlement
with less difference and almost similar trend. Some of
the monitoring settlement data of chainage NB 1590 was
observed with a surface heave, this may be due to errors in the
monitoring instrument. Table 2 summarized the maximum
settlements from simulation and ground monitoring data.
Table 3 shows the contraction ratio from lining contraction
method and unloading factor from stress reduction method.

Stress reduction method fit back the curve better than
lining contraction method. The difference of maximum
settlement obtained from stress reduction to the monitoring
data is less compare to the maximum settlement from
lining contraction. From the contraction ratio results can
say that higher the contraction ratio, higher the maximum
settlement. For the stress reduction method higher the
unloading factor, B the smaller the settlement. Can
say that the relationship between contraction ratio and
unloading factor is vice versa as shown in Figure 9. A
good correlation was obtained between contraction ratio
and unloading factor with R? of 0.9948.

CONCLUSION

This study emphasised the two-dimensional
simulation of tunnel excavation. Lining contraction and
stress reduction method was used to study the settlements.
Two greenfield sections selected for the analysis. The
contraction ratio of the two-section ranged from 0.25 to
0.50 and the unloading factor ranged from 0.30 to 0.68.
The values are logical because it correlates well. This
method can be used to solve tunnel problems especially
ground settlements.

B 13w

T | deppechc 2190w
nxo
20 m & nN im £ 08 Ll 10 % a0 = m &1 [ S m
PR N G

* Simulated settlerment after MB tunnel excavated : contraction ratio = 0.25%
« Simulated settlement after SBtunnelexcar aed : montraction ratio = 0.38%
+ Simulated settlerme nt after NB tunnel excavated: B = 0.68

« Simulated settlernent after $B tunnel excavated: = 0.43

4 Monitored settlerne nt after MB tunn el excavate d

B Monttored settlement after SBtunnel excavated

Figure 7: Results from the lining contraction and stress reduction
method of chainage NB 1590.

i, .
ey = =
H 2

o | @ @

Toumir bl pc: 1936 m

im0 M -0  -1080 & o 1 i 30 &0 L1:0 Lol
Hesiponkal diflscce, =

+ Simulated settlement after NB tunnel excaraked : contraction ratio = 0.30%
+ Simulated settlement after SB tunnel excavated : contraction ratio = 0.50%
« Simulated settlement after MB tunne| excavated: f= 0.59

+ Simulated settlement after 5B tunnel excavated: B= 0.30

& Monitored settlerment after MB tunnel excavated

B Monitored ssttlerne rt after SBtunnel exevated

Figure 8: Results from the lining contraction and stress reduction
method of chainage NB 1960.
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Table 2: Maximum settlements from simulation and monitoring.

Maximum | Maximum .
Monitored
settlement | settlement .
Tunnel ., maximum
. Tunnel | from lining | from stress
Chainage . . settlement,
contraction, | reduction,
mm
mm mm
NB 5.042 3.21 2.63
NB 1590
SB 8.445 8.16 8.13
NB 6.002 4.11 6.03
NB 1960
SB 12.253 11.79 11.83
Table 3: Results of contraction ratio and unloading factor.
Tunnel Tunnel Contraction Unloading
Chainage ratio, % Factor, B
NB 0.25 0.68
NB 1590
SB 0.38 0.43
NB 0.30 0.59
NB 1960
SB 0.50 0.30
Contraction From FEM Analysis: %
0 0.1 0.2 03 0.4 0.5 0.6
0.8
0.7
0.6 e
5
R? = 0.9948 o5 £
£
04 X
25
03 8
o
>
0.2
0.1
0
Logarithmic Relationship

Figure 9: Relationships of contraction ratio and unloading factor.
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Abstract: Evaluation on the stability of rock slope is a prime, interesting and formidable aspect in environmental
issues. The mechanics of instability depend commonly on nature, strength, and structures of the rock mass. In this
research, the structure of rock mass was studied using a technological advanced tool, Unmanned Aerial Vehicle
(UAV) to determine the stability of the selected quarry face. To achieve this, photogrammetric mapping and kinematic
analysis were carried out consequently at Hume Cement Quarry in Gopeng. The results indicate that the quarry slope
has ten (10) major discontinuity sets and there are two (2) possible modes of failure consist of wedge and toppling
failure. The UAV approach in determining the stability of rock slope have a lot of advantages and the usage of UAV

could be wider as it can be used in many sector.

Keywords: Discontinuities, UAV, photogrammetric mapping, quarry, Kinta Limestone formation

INTRODUCTION

The unfavourably oriented discontinuities with
respect to the slope cutting orientation may results in
instabilities or rock slope failure. The role of geology
parameters on slope problems and assessment is variable,
depends on the subsoil constituent and structures itself.
Rock slope stability is a condition where slopes are
stabilized against the possibility of instability for both
cut and natural slope (Kamaruszaman & Jamaluddin,
2016).

The quarrying activities can cause various type of
instabilities, especially when the development schemes
do not depend on scientific process (Guadri et al.,
2015; Hadji et al., 2016). In mining industries, main
used methods to assess the slope stability of rock mass
in open cast mines are rock mass classification system
followed by kinematic analysis and limit equilibrium
calculation. The methods are controlled by mechanical
parameter, geological conditions, geometrical design,
and discontinuities characteristics (Brady & Brown,
1993).

The purposes of this study are to determine the
properties of major discontinuity set based on the 3D
model from photogrammetric mapping and to assess the
stability of the limestone quarry slope based on kinematic
analysis.

GEOLOGICAL SETTING

Hume Cement Quarry is an open pit quarry located
in Gopeng, Perak (Figure 1) that excavate limestone and
process it into cement for multi-purpose. This limestone
is part of Kinta Valley Formation or known as Kinta
Limestone. Kinta Valley is characterized by remnant
limestone hills sandwiched by the Triassic granitic
batholiths (Cobbing et al., 1992) of the Kledang Range
in the west and the Main Range in the east. There are
three major facies in Kinta Valley; carbonate facies,
argillaceous facies and arenaceous facies (Ingham &
Bradford, 1960). The carbonate facies is known as Kinta
Limestone Formation (Foo, 1983). The Kinta Limestone
spanned from Silurian to Permian age and due to being
exposed for a very long period of time, it is only visible
as limestone hills or karst.

MATERIALS AND METHODS

For this study, a combination of two methods have been
conducted to assess the slope stability of open pit quarry;
the photogrammetric mapping and kinematic analysis. The
first approach consist of data acquisition, along the selected
rock section. The length of rock section investigated is about
55 m (Figure 2). The quarry face is almost vertical, with
height of 15 m and was labelled as Window A. Data were
collected by photogrammetry mapping using Unmanned
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Figure 2: The quarry face of study area, Window A.

Aerial Vehicle (UAV) or drone. The gathered data were
interpreted and analysed using software to obtain the 3D
model and major joint set. The images taken at the site
are first transferred to Agisoft Photoscan software to be
modelled. The process in Agisoft Photoscan are using point
cloud from the images taken. Discontinuity Set Extractor
is used for kinematic analysis of discontinuities using
stereographic projection method based on the information
from the interpretation data of photogrammetric mapping.
This analysis is applied to determine the stability of the rock
section and possible mode of failures by using Dips 7.0.

RESULTS AND DISCUSSIONS

Drone mapping were done at Window A and 67
images were captured with different angles, so that the data
collection are well presented. 3D model of Window A were
constructed from all the images taken and are presented
in Figure 3. From the 3D model, the discontinuities
were analysed using Discontinuity Set Extractor (DSE)
(Riquelme et al., 2014) program. The program extracted
the discontinuities from the model and present it in term
of sets. Table 1 shows the properties of each discontinuity
set that had been extracted from Window A. Stereographic

Warta Geologi, Vol. 46, No. 2, August 2020
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projection of the discontinuity sets mentioned are plotted
in Figure 4. From the table and figure below, J1 (237/34)
shows the highest density and the most dominant orientation
while J10 (321/65) has the lowest density of occurrence and
the least dominant orientation for Window A. This results
show similarities when compare with manual mapping,
which have the most dominant orientation of 238/34 and
so prove that the drone mapping is reliable to use. The
collected discontinuity sets are projected in DSE program to
discriminate each of the set and are presented in Figure 5.

The discontinuity sets obtained from photogrammetry
mapping further used to study the kinematic properties
of Window A. Results of kinematic analysis indicate that
Window A have two potential mode of failures, which
are wedge failure and toppling failure. Each discontinuity
set is distinguished by different colour and symbol in the
stereographic projection.

Wedge failure may occur at the quarry slope with
17.79% critical intersections. Details of the failure

Figure 3: Model of Window A constructed from drone mapping.

mode shown in Figure 6 where 8 out of 45 intersections
detected.

There are 15.56% possibility of direct toppling
to happen at Window A which include 7 out of 45
intersections. The details of the toppling failure is shown
in Figure 7.

CONCLUSION

Ten (10) major discontinuity sets had been found at
Window A with J1 has the highest density and J10 has
the lowest density. From the 10 major sets, kinematic
analysis shows that wedge failure had most possibility to
be occurred while there are also possibility for toppling.
As the assessment had been done, it is shows that the
rock slope for Window A has high potential for instability
to happen. By using UAV approach in determining the
stability of a rock slope, a lot of advantages are gained
from it. It saves a lot of time and helps to take reading
at unreachable places.

Table 1: Properties of the 10 major discontinuity sets from DSE program.

Discontinuities joint Dip direction Dip Number of clusters Numper of Density
set points
J1 237.52 34.49 495 430294 4.0755
2 241.26 80.17 876 252696 0.9131
I3 65.32 88.21 597 175798 0.6382
J4 170.31 89.44 145 47771 0.4902
J5 195.75 87.94 707 41223 0.3743
J6 28.49 86.95 829 94509 0.3528
17 185.19 76.54 583 80926 0.2802
J8 4.18 88.77 295 27113 0.2497
J9 33.11 66.35 442 42415 0.2432
J10 321.01 65.5 217 49348 0.1893
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t}l".‘! non g
Figure 4: Stereographic plot of 10 major discontinuity sets found
at Window A from the photogrammetric mapping.

Figure 5: Each discontinuity sets interpreted by DSE program. The colors (blue and green) represent the discontinuity planes and
difference of density for each set can be seen. (a) J1; (b) J2; (c) J3; (d) J4; (e) J5; (f) J6; (g) J7; (h) J8; (1) J9; (j) J10.
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Figure 6: Kinematic analysis of wedge mode failure.
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Abstract: Tron smelting sites at Sungai Batu, Bujang Valley are dated from 788 - 537 BCE (Beta-516413) until 15%
Century CE. The evidence of 17 sites found with the abundance of iron slags and other artefacts clearly show that a
large scale of iron-smelting industry existed in Bujang Valley. The term ‘technical ceramics’ refers generally to any
ceramics used in metallurgical or other high-temperature operations. The technical ceramic found in archaeological
sites can be classified as furnace, tuyere and brick. They were made from clay and play different roles for iron
smelting process. This article will discuss the significant of technical ceramic regarding the impact of iron production.
The methods consist of collecting sample from archaeological site, augering sample and scientific analysis such
as X-ray fluorescence (XRF), X-ray diffraction (XRD) and scanning electron microscopes-energy dispersive X-ray
(SEM-EDX) analysis. The following discussion will further explain the selection of material and particular shapes
in enhancing the iron smelting process at Sungai Batu. The result demonstrate that the technical ceramics were made
from the locally available with some sand as temper.

Abstrak: Tapak peleburan besi di Sungai Batu, Lembah Bujang berusia dari 535 Sebelum Masihi hingga kurun
ke-15 Masihi. Bukti 17 tapak yang dijumpai dengan sisa besi dan artifak lain jelas menunjukkan bahawa industri
besi berskala besar wujud di Lembah Bujang, Istilah ‘seramik teknikal’ secara umum merujuk kepada seramik yang
digunakan dalam operasi mertalugi atau operasi lain yang menggunakan suhu tinggi. Seramik teknikal yang terdapat
di tapak arkeologi dapat diklasifikasikan sebagai relau, tuyere dan bata. Artifak ini diperbuat daripada tanah liat dan
mempunyai fungsi yang berbeza dalam proses peleburan besi. Artikel ini akan membincangkan kepentingan seramik
teknikal terhadap penghasilan besi. Kaedah analisis melibatkan pengumpulan sampel dari lapangan, penggerudian
cetek dan analisis saintifik secara pendarfluor sinar-X (XRF), pembelauan sinar-X (XRD) dan mikroskop electron-
sinar X penyebaran tenaga (SEM-EDX). Perbincangan juga akan menjelaskan lebih lanjut pemilihan bahan dan
bentuk tertentu dalam meningkatkan proses peleburan besi di Sungai Batu. Hasil kajian menunjukkan bahawa seramik
teknikal diperbuat dari kawasan tempatan dengan sedikit pasir sebagai bajaan.

Keywords: Technical ceramics, iron smelting, Bujang Valley, tuyere, furnace

INTRODUCTION

Sungai Batu site was first discovered during a survey
in 2007 (Mokhtar et al., 2011). A survey of Sungai Batu
estates, an area of four-square km, revealed a total of
ninety-seven mounds, potential protohistoric sites of the
Bujang Valley. Excavations from 2009 until recent have
uncovered monument site function as a ritual site, 11
structures of jetty, 16 administrations building and 17
iron smelting sites.

Iron smelting sites at Sungai Batu, Bujang Valley
are dated from 788 - 537 BCE (Beta-516413) until 15"
Century CE (Naizatul & Mokhtar, 2018 & 2019). The
iron smelting site reveals iron slag, iron ore, technical
ceramics and deposits remains such as ash and charcoal.
Iron are produced using direct method which is also refered
as bloomery process. In simplified terms, this involved

reducing part of the iron oxides of the charge to metal
particles that coalesced to form a bloom, consisting of
iron uniformly mixed with slag that required hammering
to be wrought iron (Rostoker & Bronson, 1990).

The technical ceramics are one of the dominant
discarded material in smelting process besides iron slag.
The term ‘technical ceramics’ refers generally to any
ceramics used in metallurgical or other high-temperature
operations (Martinon-Torres & Rehren, 2014). Technical
ceramics are essential tools for almost all metallurgical
processes and were routinely exposed to a variety of
conditions that they had to cope with (Martinon-Torres
& Rehren, 2014). The technical ceramic found in
archaeological sites can be classified as furnace, tuyere
and brick. They were made from clay and have a different
role to iron smelting process.
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This paper explores the role technical ceramics play in ~ Table 1: Sample type and location.

various aspects of the Sungai Batu iron smelting site and Type | Sample Location Sample Location
the selection of the best material for technical ceramic. No. No.
The main focus will be with the furnace and tuyéres and Clay C1 Log 1, C4 Log?2,
the source of the raw material. AD:105cm AD:150cm
C2 Log 1, (O] Log3,
METHODOLOGY AD:130cm AD:120cm
The method consists of collecting sample from 3 Log 2, 6 Log3,
archaeological site and augering sample for scientific AD:100cm AD:158cm

analysis such as X-ray fluorescence (XRF), X-ray diffraction

/ . Furnace | D1 | SB2A (Q10) D6 | SB2F (J9)
(XRD) and scanning electron microscopes-energy

dispersive X-ray (SEM-EDX) analysis. The sampling D2 | SB2A(010) D7 | SB2F(K9)
process involved tuyere and furnace pieces from SB2A, D3 SB2C (K16) D8 SBIZY (H5)
SB2C, SB2F, SB2H, SB1G and SB1ZY site (Table 1).

The augering sampling using AMS basic soil D4 | SBIGUID) DY | SBIZY(S)
auger kit covered the area near the ancient river of D5 | SB1G (J12) D10 | SB2H (N1)
Sungai Batu. The location of the drilling was randomly Tuyere Tl SB2A (P15) T7 SB2F (T4)
selected in the area near the ancient river by referring
to the result done in 2009 (Nor Khairunnisa, 2009). T SB2A (R8) 8 SB2F (G8)
A total of six clay samples were collected from three T3 SB2C (M25) T9 SBIZY (G8)

different localities (Log 1, Log 2, Log 3) (Figure 1). T4 SB2C (L28) TI0 | SBIZY(12)

CLAY SOURCE T5 SB1G (F14) T11 SB2H (J12)

Sungai Batu Complex area was situated between T6 SBIG (T10) T12 | SB2H(S5)
Gunung Jerai (north) and Sungai Muda (south) within

*AD: Actual Depth; (): trench

L 1387 : 1;-.
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Figure 1: The location of iron smelting site and augering samples.
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Figure 2: Geological map of the study area.

Kuala Muda, Kedah. The study area is an alluvial land
with abundant iron ore distribution in the southern part
of Kampung Merbok (Bean, 1969; Bradford, 1972)
(Figure 2). The soil types of the area are sandy clay
covered with fine sand. There are few small rivers and
swamp area at the eastern part of the area.

FURNACE

Furnaces are typically immobile structures that
contain the charge, such as charcoal and minerals,
and are used for the smelting of ore to metal iron
(Martinon-Torres & Rehren, 2014). Furnace found at
iron smelting site are in fragmented pieces and the
remains of the furnace can be seen at the base (Figure
3). They are in small pieces, irregular shapes and were
made from clay. The width of the furnace remains are
estimated around 100 cm and there were two to three
furnace remains found in each site.

TUYERE
Tuyere is one of the important tools in ancient iron
smelting. Its main function is to control and balance the
combustion temperature during the smelting activity. The
hole in the center of the tuyere allows the air supply and
oxygen that are needed to increase the temperature in
the furnace (Figures 4 & 5). Most of the tuyeres found

Figure 3: Remaining furnace.

at the iron smelting site are in broken shapes. They are
classified as a waste product and more than hundred
thousand fragmented pieces have been excavated so far.
The recorded number of tuyere represent only artefacts that
have been excavated, yet there are more still uncounted
which are buried in the mound.
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Figure 4: Tuyere.

A ‘complete’ tuyere means that it ranges from a rear
end where the bellow was inserted, to a vitrified nozzle
(inside the furnace) (Veldhuijzen, 2005). A total of 101
complete tuyeres have been taken out from the field. No
definite conclusions can be drawn about the original full
length of the tuyéres but the longest tuyere found measured
about 27.1 cm (length) and 11.2 cm (width). The inner
diameter of the tuyere (inner hole) is approximately 2.1
cm to 3.6 cm (Figure 6).

This analysis of complete tuyeres show that they
were made with standardization in shape and size. The
standardization of tuyere production helps to increase
maximum efficiency for the smelting operations. The
air blown in from the tuyeres does affect the reduction
process in the furnace (Friede et al., 1984). The features
of tuyeres also suggested that a hand technique was used
to form the objects and have been molded around a stick
to make the hole (Venunan, 2011).

RESULT

The XRD results show that the minerals found
in the furnace and tuyeres are quartz, dickite, rutile,
mullite, cristobalite, tridymite, montmorillonite, diaspore,
muscovite, microcline, fayalite, anorthite, hematite,
dolomite and magnemite (Table 2). There are many high
temperature phase minerals (e.g., mullite, cristobalite
and tridymite) which transformed from kaolinite and
quartz, found in the furnace and tuyere samples. Quartz,
dickite, rutile, diaspore and muscovite can be found in
the clay samples. Kaolinite and quartz undergo some
significant changes in its structure when heated to higher
temperatures. Mineral transformation series was made over
the range: kaolinite-mullite 950-1500°C, quartz-tridymite
866.85-1469.85°C and cristobalite 1469.85-1679.85°C.
The quartz was added as a temper, which would have
improved the toughness and thermal shock resistance of
these technical ceramics (Venunan, 2011).

The XRF analyses present a ceramic matrix with
approximately 65-75 wt% SiO, and roughly 10-17 wt%

Figure 5: Tuyere from the sideview.
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Figure 6: Diagram of diameter samples of tuyere for inner
and outer diameter.

AlO, (Table 3). The higher SiO, and Al,O, content in
technical ceramics can be explained by the nature of
technical ceramics which need to be more refractory,
and silica in this case influenced the level of technical
ceramics to be tolerant enough to survive the operation
(Venunan, 2011). The percentage ratio of alumina to
silica for 10 furnace samples is between 1: 4.1 to 1:
7.5 (Table 3). On the other hand, the percentage ratio
of alumina to silica in the manufacture of tuyere is
between 1: 3.9 to 1: 4.6. Comparison of alumina ratio
to silica between furnace and tuyere shows that the use
of silica (sand) in the furnace manufacturing was more
than in the tuyere production. This is due to the need
for the furnace structure to last longer and the presence
of quartz as a temper can increase the resistance to high
temperatures (Venunan, 2011). The temperature at the
bottom of the furnace is higher compared to at the other
parts of the furnace, where the temperature is about
1200°C (Thiele, 2010).

Observation under the optical microscope show that
quartz grains are predominant in the fabric of technical
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Table 2: XRD results.

Sample Mineral

no. Q Kao | Dic | Rut | Kris | Mul | Tri | Mont | Dia | Mus | Illite | Micro | Fay | Anor | He | Do | Magn | Mag
Cl ° ° - - - - - - - ° - S = = = = = -
C2 ° ° ° ° - - - - - ° - o o o o - - -
C3 ° ° - - - - - = = = = = = . = = = -
C4 ° ° = = = = = = ° = = = > o o o ° o
C5 ° ° - - - - - - ° - = = o o > - - -
C6 ° ° - - - - - - ° ° = = = ° - - - -
D1 ° - - - - - - ° ° - - - - - - - - -
D2 ° - - - - - - . - - - - - - - - - -
D3 ° - - - - - - - - ° - - ° - - - - -
D4 ° - - - - - - ° - - - - - - ° - - -
D5 ] - - - - - - . - - - - - - . - - -
D6 ° - - - - - - ° - - - - - ° - - - -
D7 ° - - - - - - - - - . - - - - - - -
D8 ° - - - - - - ° - - - - - - - - - -
D9 ° - - - - - - . - - - - - - - - - -
D10 ° - - - - - - ° - ° - - - - - - - -
T1 (] - - - ° ° - - - - - - o - - - o -
T2 . - - - - - - - - ° - - - - - - - °
T3 ° - - - - ] - - - - - - - - - . - -
T4 ° - - - ° ° - - - - - - - - - - - -
T5 ° = = - - - - ° - - ° - - - = = = =
T6 ° - - - ° ° - - - - ° S = = = o = -
T7 (] - - - ° ° - - - - - - o - - - o -
T8 ° - - - - - - ° - ° - = = = = o = -
T9 ° - - - ° ° - - = S S = = = = o = =
T10 ° - - - o o o ° o o o ° o a ° o o o
TI1 ° - - - ° ° ° - - - = = = > . = - -
T12 ° - - - - - - ° ° - = - = > = - - -

Notes: Q: quartz, Kao: kaolinite; Dic: dickite; Rut: rutile; Mul: mullite; Cris: cristobalite; Tri: tridymite, Mont: montmorillonite; Dia: diaspore;

Mus: muscovite; Micro: microcline; Fay: fayalite; Anor: anorthite; He: hematite; Do: dolomite; Magn: magnetite; Mag: magnemite

ceramics. The SEM analysis revealed that all technical
ceramic samples are exposed to high temperature, as
shown by the presence of cracked quartz and dissolved clay
matrix (Figures 7 and 8). The cracked and dissolved quartz
indicate that a fluxing agent for lowering the temperature
to dissolve quartz were added in the smelting operation.
The molten technical ceramic contributes actively to the
formation of the slag (Veldhuijzen, 2005). Therefore, this
will facilitate the production of the metal.

In order to assess the clays that was used to produce
the technical ceramics, the chemical composition of clay

samples was compared with the technical ceramics (Figure
9). The comparison of bulk compositions also demonstrates
the similarity between the technical ceramic and the clay
samples from three localities above 100 cm to 130 cm. The
results clearly show that the raw materials were collected
near the ancient river of Sungai Batu, with the estimated
depth 100 cm to 130 cm.

CONCLUSION
The technical ceramics found at Sungai Batu iron
smelting site play a large and crucial role in the iron
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Table 3: XRF result.

Sample Chemical composition (% Weight)
no. Sio, TiO, ALO, | Fe,0,t) | MnO MgO Ca0 Na0 | KO | PO, | Cl | so,
Cl 69.72 0.94 16.09 1.04 0.01 0.20 0.06 0.10 0.48 0.08 - -
C2 59.67 0.91 24.30 1.29 0.01 0.17 0.05 0.10 0.43 0.03 - -
C3 72.28 0.74 14.70 1.54 0.01 0.24 0.06 0.09 0.51 0.03 - -
C4 64.67 0.83 20.87 1.22 0.02 0.26 0.06 0.13 0.73 0.03 - -
€S 65.53 0.66 15.32 2.07 0.01 0.31 0.12 0.39 0.73 0.04 - 3.31
C6 53.02 1.04 29.00 1.38 0.02 0.28 0.06 0.27 1.43 0.05 - -
D1 75.74 0.54 11.91 2.74 0.17 0.33 0.46 0.15 0.51 0.04 - -
D2 68.26 0.69 15.12 3.04 0.03 0.31 0.45 0.35 0.41 0.06 - -
D3 63.66 0.62 15.54 2.57 0.05 1.06 0.96 1.27 0.44 0.10 | 3.74 -
D4 65.20 0.60 10.97 12.7 0.16 0.27 0.38 0.39 0.36 0.13 - -
D5 62.94 0.64 11.71 13.86 0.13 0.18 0.21 0.06 0.38 0.12 - -
D6 77.16 0.52 10.33 2.97 0.03 0.17 0.11 0.11 0.32 0.05 - -
D7 71.97 0.92 15.40 4.19 0.02 0.32 0.06 0.03 0.25 0.05 - -
D8 74.90 0.70 10.61 3.09 0.01 0.27 0.05 0.04 0.52 0.04 - -
D9 69.11 0.77 12.38 6.49 0.01 0.24 0.05 0.04 0.66 0.09 - -
D10 65.92 0.74 13.78 4.80 0.12 0.50 2.14 0.08 0.36 0.12 - -
T1 74.03 0.62 17.03 1.92 0.02 0.24 0.07 0.18 0.70 0.04 - -
T2 72.86 0.57 12.64 2.15 0.07 0.18 0.24 0.12 0.32 0.07 - -
T3 70.52 0.83 17.16 5.21 0.01 0.33 0.04 0.13 0.34 0.06 - -
T4 72.16 0.75 14.66 4.98 0.02 0.55 0.64 0.05 0.86 0.07 - -
T5 72.16 0.74 13.64 3.07 0.01 0.11 0.08 0.05 0.50 0.07 - -
T6 71.94 0.77 16.56 3.93 0.02 0.30 0.04 0.05 0.35 0.09 - -
T7 73.28 0.77 16.42 2.98 0.02 0.23 0.05 0.09 0.24 0.08 - -
T8 67.70 0.85 19.23 2.17 0.01 0.17 0.04 0.12 0.33 0.07 - -
T9 72.34 0.84 18.35 341 0.01 0.28 0.04 0.06 0.25 0.04 - -
T10 68.47 0.78 15.27 4.39 0.01 0.26 0.04 0.11 0.73 0.04 - -
T11 68.80 0.97 21.36 243 0.01 0.35 0.05 0.24 0.51 0.07 - -
T12 72.69 0.66 13.96 2.11 0.01 0.15 0.04 0.11 0.36 0.07 - -

Figure 7: The quartz grains in furnace sample show cracks  Figure 8: The vitrified region of tuyere show cracked quartz
caused by the heat. grains and dissolved clay matrix.
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Figure 9: Ternary diagram
showing bulk compositions
of two technical ceramics
compared with clay sample.

smelting operations. From the physical appearance
of the tuyeres alone, it can be concluded that a shaft
furnace as well as bellows were used. The high number
and standardized size and shape of the tuyeres found
at Sungai Batu shows that the industry was operating a
big scale production. The typical cylinder shape of the
tuyeres may tie in with local or regional metallurgical
traditions or technological choice. From the combination
of these physical and chemical data, it can be concluded
that the Sungai Batu smelters purposefully applied
tuyeres to facilitate the production of iron. The functions
of furnace were not only focused on the temperature
they could be sustained but also the selection of best
raw material for increasing the production of iron. The
site which is located in the direct vicinity of natural
resources required in iron production such as water, ore
and clay made the Sungai Batu Complex as a strategic
location for iron industry.
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Abstract: Discontinuities dominantly play a key role in the mechanical, hydraulic, and deformational behaviors of
rock masses, frequently impose significant influence on the stability of rock slopes. Thus, it is important to have a
profound knowledge on the discontinuity network in rock engineering. This paper focuses on the identification of
plane within 3D point clouds using the Discontinuity Set Extractor (DSE) program in MATLAB® (The Mathworks
Inc.). The 3D point clouds were generated using the Agisoft PhotoScan Professional digital photogrammetry software
(version 1.1.6) from photos captured via UAV method. To verify the plane identification, the photogrammetric results
were compared with the manual mapping generated using the scanline method. Rosette plot for both methods revealed
discontinuities set of similar direction but different in quantity. The most dominant discontinuities orientation was
in the NNW-SSE direction at N330° - N340°, while the least dominant orientation took place in the E-W direction
at N080° - N090°. The reliability of the discontinuity models was enhanced using the Structure from Motion (SfM)

technique.

Keywords: Open pit quarry, discontinuity, Point clouds, UAV

INTRODUCTION

Open pit mining is a commonly implemented mining
method in quarrying industry. The advantages of this
method are larger minerals and ore yield, flexible planning
along with pit progress, greater tonnage for each blast, and
most importantly, creates less pollution compared to other
typical mining methods. However currently in Malaysia,
only a few open pit quarries are still in operation. Having
said that, the open pit mining method also demonstrates
certain limitations. These include excessive overburden
removal, backfilling, and dumping in excavation areas.
Thus, the design of benching system is crucial for this
particular type of mining method. Moreover, frequent
activities of blasting and excavation at slope surfaces will
introduce problems in slope stability due to discontinuities
. In comparison, the instability of open pit slope is
different than the implications from civil works, where
the excavation of an open pit is more extensive and prone
to rock falls. Generally, the slope for an open pit mine
is designed and constructed as steep as possible to avoid
the uneconomical excavation of waste rock.

On the other spectrum, natural factors such as
variation in rock mass conditions, rock slope material
characterization, face angle, and also discontinuity

orientation impose significant effects on the stability of
rock slope. Discontinuity refers to most types of joints,
weakness zone, bedding planes, fault, and schistocity
planes of a rock mass with low or zero tensile strength
(ISRM, 1978). Such that, fractures and discontinuities
in rock masses are the most significant hydrogeological
features that allow the storage and movement of fluid
through them. In rock mechanics and mining, specifically,
discontinuity itself affects the rock mass properties,
therefore, it is important to comprehensively understand
discontinuities in details.

Slope stability problems due to all the above
mentioned factors have attracted major concerns from
researchers and practitioners, and consequently, several
techniques and methods for slope stability evaluation have
been proposed. Some of these methods are kinematic
analysis, limit equilibrium, numerical modeling, and
empirical methods (Basahel & Mitri, 2017).

The characterization of rock masses requires the
acquisition of information, which was traditionally
collected by means of fieldwork, using a compass and
a tape. Traditional methods for acquiring discontinuity
data in field include the scanline survey and cell mapping
(Priest, 1993; Nicholas & Sims, 2001). The sampling
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process involves a manual survey performed by an operator
directly on the rock mass (ISRM, 1978). In a scanline
survey, fracture data is garnered along a line on a rockface.
For cell mapping, the dominant structures (joint sets, faults,
etc.) on a rockface are first identified and the average
information (orientation, spacing, length, etc.) is then
measured for each geological structure. Scanline surveys
provide thorough information on individual fractures in
each set that can be used in probabilistic design, whereas
cell mapping only gives average information about each
joint set. Nevertheless, the collection of fieldwork data
is time-consuming, and the data quality may be affected
by the user’s experience (Slob et al., 2010 ). The results
are often subjective rather than objective and therefore
are not reproducible (Gaich et al., 2006, Kemeny & Post
2003). In addition, rockfaces are often unsafe due to loose
rock structure at the base of slopes, leading to potential
rockfall of blocks. Getting an access to rockfaces is often
difficult or impossible. Considering the operators’ safety
during a slope stability survey and the problems related to
direct access to slopes, many researchers have proposed
non-contact methods, namely, procedures which allow
one to perform a trace survey on a representative rock
mass via image scanning or a digital model.

The acquisition of 3D information through
photogrammetric techniques has long been applied by
geoscientists; most notably owing to their capability to
visualize the Earth’s surface and extract topographic data
from stereo aerial photographs (Birdseye, 1940). With the
integration of fundamental principles of photogrammetry
with powerful algorithms from the computer vision
community, collections of overlapping images can be
automatically processed to quickly extract the relative
3D coordinates of millions of surface points (Lowe,
2004). Therefore, the only specialized resource required
for the acquisition of 3D data through photogrammetric
techniques is accessible and suitable software which
depends on computer skills and requirements, and is
available through both commercial and open-source
alternatives. Among the free open-source commercial
software that can easily be found and are user-friendly
include PhotoScan, Acute3D, PhotoModeler, and 3DF
Zephyr Pro.

The basic principle of photogrammetric entails the
possible calculation of unique three-dimensional (3D)
location of a set of given points from two overlapping
photographs, relative to the cameras. In ‘normal’
photogrammetry which has evolved through surveying,
remote sensing communities, and engineering, early
estimations are usually derived by providing additional
control data, such as the positions of known control
points in images, prior to processing. This procedure
permits error estimations (e.g., the accuracy of the control
measurements) and a real-world coordinate system to be
placed from the outset.

For rock slope discontinuity extraction, there are
a few remote sensing techniques being developed and
commercialized at the moment, such as 3D laser scanning
or Structure from Motion (SfM) (Abellan et al., 2016).
SfM technique allows the acquisition of millions of
points of a surface with high accuracy, and the surface
of a rock slope is digitalized using this dataset. As this
dataset represents the surface of the rock slope, it may
allow the identification and extraction of the existing
discontinuity sets, its orientations, the normal spacing,
the persistence and the roughness, as well as if the point
cloud has enough quality (Riquelme et al., 2018). At this
current moment, only discontinuity orientation and dip
direction information can be extracted using this software
(Riquelme et al., 2018).

Other method of identifying rock geological structures
is 3D laser scanning, using instrument such as Terrestrial
Laser Scanner (TLS). It allows high speed acquisition of
coordinates (X, Y, and Z) of points of a surface (more than
222,000 measurements per second) from a considerable
distance (up to 6,000 m). However, the cost of data
acquisition of this instrument is currently expensive. TLS
needs the use of a specific high specification computer to
run all the analysis needed. In contrast, SfM only requires
the use of a regular digital camera and a computer to
process all digital photographs, but its precision is only
limited by the camera resolution (James & Robson, 2012).
Overall, this technique is much cheaper than TLS and is
more suitable for educational sector.

This study focuses on the extraction of the
discontinuity data sets of rock slope in an open pit quarry
using 3D point clouds, obtained using the SfM technique.
Unmanned Aerial Vehicle (UAV) was used to capture
photos required for this technique. UAV method has been
widely used for photogrammetric mapping of geological
structures (Vasuki et al., 2014).

STUDY AREA

The study area covers the land of Hume Cement
Quarry Sdn. Bhd. which is located in Gopeng, Perak
at latitude of 4°23” North and longitude of 101°5” East.
Figure 1 shows the location of the study area covering the
central part of Peninsula Malaysia. The land of the quarry
is geologically formed on the north part of Kinta Valley
which represents various forms of limestone formation.
Most of the limestone formation in Malaysia involves
the process of karstification which yields a complex
tectonic structure (Zabidi et al., 2016). The study area
also covers part of the Kanthan Limestone bedrock in
Kinta Valley. Kanthan Limestone generally comprises
of locally prominent host rocks such as phyllite, slate,
shale, and sandstone. Locally, the Kanthan Limestone
at the quarry site is predominantly made up of massive
and thin-bedded varieties with grayish white and black
carbonaceous patches/spots. Moreover, fine-grained
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Figure 1: Location of the study area.

limestone is common and in places, it is intercalated or
associated with carbonaceous (fissile) phyllite/schist. 4
m thick of massive fine-grained dolomite with creamy
to pinkish white coloration was observed around the
central part of the quarry area in the N-S direction.
Structurally, this limestone formation is generally massive
and interbedded in places as observed in many outcrops
(Zabidi etal., 2016). Based on observation, Hume cement
quarry rock faces are generally made up of yellow to
yellowish brown, massive to highly bedded, and heavily
jointed limestone rock strata.

METHODOLOGY

In order to produce 3D point clouds for the rock slope
for this study, photos of the rock slope surfaces were taken
via UAV method specifically by using DJI Phantom 4 Pro
drone. The drone is built with a 20-megapixel camera,
sufficient for photogrammetry method application as
specified by certain recommendations (James & Robson,
2014). During the photos acquisition, overlapping
photographs taken from different positions allow each
feature in the overlapping area to be defined by a unique
3D position. After the evidence of the geological data was
taken, the raw photos were processed and converted into
a 3D model using the Agi PhotoScan software. Using this

software, the raw photos were required to be primarily
aligned before the location marker coordinates were
placed. Following this, dense cloud was produced and the
mesh and orthophoto were retrieved for further analysis.
Figure 2 shows the rock slope of the study area in
3D model. Upon performing a photogrammetry, it is
recommended to test the quality of the model in terms
of accuracy to emphasize more on the detailed analysis
related to the coordinates of the model. Considering that
a photogrammetry requires users to read the point cloud
produced from photogrammetry method, users have to
be precise in order to acquire accurate data and results.
After building the 3D model, analysis was carried
out by analyzing the discontinuities set on the rock
mass model generated by Discontinuities Set Extractor
program (DSE) in MatLab. The input of this method is
the 3D point clouds whereby each point has previously
been classified by an assignment to a discontinuity set
and to an aggregation of a point belonging to the same
discontinuity plane, termed as a cluster. DSE is developed
to calculate the cluster plane discontinuity set orientation
with the best fitting plane (Riquelme et al., 2015).
Figure 3 shows the discontinuity plane set extracted
from DSE program in MatLab. In order to visualize the
discontinuities plane, Cloud Compare software was used.
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Figure 3: Example of discontinuity joint set (DS4) generated from DSE program and Cloud

Compare.
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Figure 4: The studied rock slope.

Manual mapping was carried out at the rock slope within
55 m length and 15 m height below the ramp road to
pit, prior to results verification from the 3D point cloud
analysis. The rock slope is as shown in Figure 4. Then,
the dip and dip direction of the rock slope face was taken
using clinometer instrument and was recorded in a data
sheet. Scan line mapping technique was also employed
to identify several requirements for Rock Mass Rating
(RMR) analysis such as the condition of ground water, the

spacing of the discontinuities, surface condition, location
sketching, and also rock quality designation (RQD) value.

RESULTS
Based on the analysis from DSE program, ten
discontinuity sets labeled as DS1 to DS10 were found at
the rock slope. Table 1 shows the results from the DSE
program. According to Table 1, DS1 is considered as the
major discontinuity on the rock slope with the highest
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Table 1: Results from photogrammetry mapping.

Discontinuity Dip Direction Dip Number of ~ Number of Density %
Joint Set ©) ©) Cluster Points
DS1 237.52 34.49 495 430294 4.0755 31.79
DS2 241.26 80.17 876 252696 0.9131 18.69
DS3 65.32 88.21 597 175798 0.6382 13.00
Ds4 170.31 89.44 145 47771 0.4902 3.55
DS5 195.75 87.94 707 41223 0.3743 3.11
DS6 28.49 86.95 829 94509 0.3528 7.03
DS7 185.19 76.54 583 80926 0.2802 6.00
DS8 4.18 88.77 295 27113 0.2497 2.02
DS9 33.11 66.35 442 42415 0.2432 3.15
DS10 321.01 65.5 217 49348 0.1893 3.69
percentage of points (31.79%) oriented at 237.52° and Poles Dansity Plot, Principal Poles. lclines sach 1.28%

34.49° dip-dip direction. Furthermore, the pole density
plot for DS1 as portrayed in Figure 5 compliments the I
result in Table 1. i'}! ]
Figure 6 shows the Rosette plot for the major direction ﬁ
of discontinuities from both photogrammetry and scanline
mapping. The most dominant direction is N330° - N340° on
NNW-SSE. Meanwhile, the least dominant discontinuities
orientation occurred in the E-W direction at NO80° - N090°.
The main difference between both Rosette diagrams is the
quantity of discontinuity set extracted. Photogrammetry
mapping produces a larger number of orientations of
discontinuity clusters compared to scanline mapping
technique. Photogrammetry could simply extract more data
from the rock slope including its orientation, direction, and
dip direction. However, in terms of direction of the major
plane of discontinuities, both techniques demonstrated
identical direction comparable to one another.

Figure 5: Pole density plot of ten joints set of
discontinuity extracted from DSE program.

Figure 6: (a) Rosette plot by photogrammetry mapping, (b) Rosette plot by scanline mapping.
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CONCLUSION

The main goal of the present work is to develop
a workflow for extracting discontinuity sets using
photogrammetry or SfM method. Besides, a few
steps were considered in producing more accurate
results which were then compared with manual
scanline mapping. It was found that the methodology
implemented has yielded reliable results. This method
also provides safer, faster, and fewer bias outcomes
by providing a good idea on the general discontinuity
system at rock slope faces. However, several issues
and limitations are present in this method. Firstly, the
methodology only presents data on the most frequent
plane orientation, exclusive of other characteristics
information such as spacing, roughness, and persistence.
These characteristics are important for a better
understanding on the stability and quality of rock
masses. Other than that, this workflow is nowhere from
a complete automation, since several support programs
are needed (Agisoft, MATLAB®, and Cloud Compare).
A combination of all of the software into one complete
software is deemed more practical for this method. It is
safe to say that photogrammetry is a reliable technique
for discontinuity mapping and analysis. Nonetheless,
further study to automate the mapping process focusing
on the reliability of the results is recommended to be
done. The results can also be used to directly build a
3D numerical model of a rock mass.
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Abstract: The Covid-19 global pandemic is affecting millions of people all over the world. Since the outbreak
began daily lives and livelihoods have had to adjust to the “new normal”: wearing face masks, social distancing, and
restrictions on non-essential travel. Despite these lockdown rules, with available technologies, geoscience activities
continued via virtual lectures, meetings and seminars. These creative ways of working offer the possibilities and
opportunities for cross-discipline learning and knowledge-sharing during the pandemic and beyond.
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INTRODUCTION

For Malaysians, the year 2020 turned out to be
an historic one on many fronts, not just politically (a
sudden change of government happened just two years
after the General Election in 2018), but also socially and
economically due to the far-reaching effects of the Covid-19
global pandemic. Since this is an historic moment in time,
probably in our lifetimes, it should not be left unnoticed and
warranted at least a mention in our Warta. The pandemic
has effected people all over the world in many ways, and
geoscience in general and GSM in particular have had
to adapt and adjust to the unfolding, and still ongoing,
situation. The brief note is a personal take on the events
during the months of early 2020 since the pandemic began.

THE COVID-19 PANDEMIC

The first half of the year 2020 had been a tumultuous
time for the entire world. No one saw it coming. The
Covid-19 (“Coronavirus disease 2019” pandemic, which is
caused by the coronavirus SARS-CoV-2)' hit us so fast that
by April 2020, most countries of the world were put under
some sort of restriction to “normal” life, from banning public
gatherings to total lockdown. The Malaysian government
implemented the Movement Control Order (MCO) on 18
March 2020, which restricted business and daily activities
to only “essential” services. People are asked to wear face
masks and follow the rules of social distancing — keep a
distance of at least 1 metre from each other. Domestic

and overseas travel were not allowed as all borders were
closed. The MCO was put into effect just two days of my
arrival back from New York after completing another two-
month session at the United Nations headquarters, and as
the virus was spreading in the US through the months of
April and May, the United Nations postponed all in-person
meetings at its headquarters and moved them online. At
the time of my departure in mid-March the daily average
number of confirmed new cases of Covid-19 in New York
City was about 50. A month later, while I was at home
in Kuala Lumpur, I heard on the news that daily cases in
New York City had increased to more than 5000. At the
time of writing this article the number of Covid-19 cases
for the entire world is almost 18.5 million, with over 4.77
million cases in the United States alone (Figure 1). With
the global death toll at over 700,000 as of 5 August 2020,
Covid-19 is among the deadliest pandemics of the 20™
and 21% century.

Malaysia has had its own challenges in fighting
Covid-19 but thanks to dedicated frontline health-care
workers (doctors and nurses) and the Malaysian Health
Department, with the cooperation of the Malaysian public
on the whole, our country managed to “flatten the curve”
by the end of May, bringing down the rate of Covid-19
infections under control (Figure 2). At the time of writing
(5 August), the number of cases nationwide stood at 9002,
of which 8684 (96.5%) have recovered while the number
of deaths is 125. It is hoped that the recent spate (at the

"' WHO website, https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-
disease-(covid-2019)-and-the-virus-that-causes-it accessed 25 July 2020.
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Figure 1: Global Covid-19 cases as at 5 August 2020. Source: CNN. https://edition.cnn.com/interactive/2020/health/coronavirus-
maps-and-cases/ accessed 5 August 2020.
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Figure 2: Cases of Covid-19 in Malaysia. Top: Number of cases by State at 5 August 2020. Source: Ministry of Health, Malaysia.
Bottom: Daily reported cases as at 4 August 2020 compiled by Google.
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end July) of new clusters of infections can be managed
and contained and that citizens remain cautious and not to
take for granted the risks with going back to “normalcy”
too quickly, while the global situation seems to suggest
that the pandemic is far from over.

VIRTUAL MEETINGS

The effect of movement restrictions and lockdown
has had a definite long-lasting impact on ordinary citizens’
daily life, schools, universities, and businesses. Geoscience
is not spared from Covid-19. Due to the restrictions on
public gatherings and rules on social distancing, in-
person meetings and conferences could not be held. The
planned National Geoscience Conference (NGC) 2020
scheduled for April 2020 had to be postponed to 2021.
The annually held NGC was to be held in conjunction with
the 50" anniversary celebrations of Universiti Kebangsaan
Malaysia’s geology department, but alas that too had
been affected. Fortunately, the geology alumni of UKM
were able to connect online to commemorate the 1970
founding of their beloved alma mater.

The Geological Society of Malaysia (GSM), for the
first time in its 53-year history and thanks to technology,
also had to resort to conducting its meetings online,
including council meetings and the 53" Annual General
Meeting (AGM) (Figure 3). The inability to meet in person
did not hamper our commitment and passion to fulfil our
responsibilities to the Society. In fact, online meetings may
be here to stay, with or without Covid. Virtual meetings
give the participants more flexibility to join the meetings
from wherever they choose to be, without having to rush
through the afternoon traffic on a Friday afternoon to the
meeting venue, normally at the Geology Department,
Universiti Malaya. Perhaps, in the future, meetings could
be conducted in a “hybrid” format in which normal in-
person meetings are done with some members, especially
those in remote locations, join in via the internet.

Besides GSM, other geoscience institutions have
also adapted to the pandemic by holding remote meetings
and virtual seminars (webinars). Examples include the
Institute of Geology Malaysia (IGM) newly launched
online monthly webinar on Coastal and Marine Geology
and CCOP’s online conference on the Geology of SE Asia
(Figure 4). Technical talks such as these can now be held
and attended from anywhere without the need to travel.
In the past, travelling to a seminar venue was often used
as a reason why GSM technical talks held at University

departments could not attract industry professionals,
especially from the oil and gas sector. This excuse may
not be tenable anymore if the seminar is done by virtual
means. Although virtual meetings may not totally replace
in-person meetings and conferences, the experiences during
this pandemic has opened a new possibility for participation
via remote means and thus widening the target audience.

Due to the MCO, Universities all over the world, not
only in Malaysia, have had to shift their classes online.
In a very resourceful article published in Geology Today
(vol. 36, No. 3, May—June 2020) Professor Chris King at
Keele University, UK, gives some ideas on the variety
of platforms for geoscience teaching that are available
through today’s technology, which include online textbook
(“Exploring Geoscience Across the Globe™?), podcasts
and TV geology programmes (King, 2020).

VIRTUAL FIELD TRIPS

We can only empathise with those geoscientists
working on field projects (including students, PhD
especially) who have limited time and resources
to complete their thesis, and the suddenly imposed
lockdown prevented them from going to the field. This
may affect their work, especially if it involves sampling
and measurements. It may be less problematic for
undergraduates, although they would miss the opportunity
to be able to see rocks in the field for themselves. As we
all know, field trips are an important part of the geology
curriculum, more so in the age of the “desktop geology”
where geologists may be spending a large chunk of their
careers without ever stepping on a real rock!

Creative ways in geoscience teaching were able to
bring outcrops to the classroom during Covid-19 lockdown.
Luckily for some, there are “virtual field trips”, which
have become more and more popular as an alternative
way of bringing outcrops to the office or classroom.
The Covid-19 pandemic may have given the proponents
of virtual learning, particularly virtual field trips, a
much-needed boost towards promoting this technology
platform to schools and industries alike. Online classes
include virtual field courses developed on the Google
Earth platform where virtual outcrops are embedded with
explanatory text for the student to conduct the field study
in their own time and pace®. Imperial College London
responded to Covid-19 by implementing remote learning
for its MSc Petroleum Geoscience by taking students on
a simulated overseas trip to the Pyrenees.*

2 This is a free-to-use textbook available as a downloadable pdf file, to be found at http://www.igeoscied.org/wp-content/up-

loads/2019/12/Geotextbook Dec 2019.pdf.

3 “Geology of Yosemite Valley,” a 43-stop Google Earth virtual tour https://www.sciencemag.org/news/2020/07/during-pandem-

ic-students-do-field-and-lab-work-without-leaving-home

4 Imperial geoscientists complete UK’s first MSc virtual field trip, https://www.imperial.ac.uk/news/196961/imperial-geoscien-

tists-complete-uks-first-msc/ accessed 25 July 2020.
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Figure 4: Due to Covid-19 social distancing rules, seminars were being conducted online via remote applications such as Zoom™.

These are examples of seminars held during the pandemic.

In 2008 I saw the value of virtual field trips as an
invaluable tool for geoscience learning and, with my
colleagues at PETRONAS Research, tried to capture on
video some of the good outcrops in Kota Kinabalu area
and Labuan (Figure 5). Now, I wish we had captured
all the Malaysian outcrops (this was before the age of
smart phones, so we used the videocam — the standard
equipment at the time). Hopefully, with the the latest
available technologies (e.g., LIDAR and VR or Virtual
Reality) more could be done to produce virtual field
trips which would benefit students and geoscientists for
generations to come. It is not too late and perhaps, this
could potentially be a project for societies like GSM
and interested collaborators from industry and academia.

SOME LEARNINGS DURING THE
COVID-19 PANDEMIC
Despite the difficulties faced by geoscientists due to
the restrictions imposed to fight the spread of Covid-19,
geoscience research and Earth Sciences in general are

still progressing in many parts of the world. A quick
glance through recent articles on the effects of Covid-19
pandemic on scientific research, and geoscience research
in particular, revealed some very interesting results.
According to one article, Covid-19 has already affected the
accuracy of weather forecasting due to the lack of aircraft
observations especially over areas with normally busy
air traffic like southeast China and the US (Chen, 2020).
There is also the unintended but welcomed effect of
lockdowns — reduced air pollution. Lockdowns meant
that factories and transport systems were shut down,
thus reducing emissions due to anthropogenic activities.
A paper by Shi & Brasseur (2020) showed that, after the
lockdown due to the COVID-19 outbreak of early 2020,
surface measurements made at more than 800 monitoring
stations show that the mean levels of PM, ; and NO, in
northern China have decreased by appr0x1mately 35% and
60%, respectively. These are short-term effects which have
also been observed in other cities known to have high
levels of air pollution, e.g. New Delhi and Seoul®. In fact,

5 The link between air pollution and COVID-19 deaths https://www.weforum.org/agenda/2020/04/link-between-air-pollution-

covid-19-deaths-coronavirus-pandemic/ accessed 26 July 2020.
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Flgure 5: On location at Bethune Head in Labuan in 2008, shooting videos for virtual field trips, with former colleagues from
PETRONAS Research, Zainol Affendi Abu Bakar (centre, with videocam) and Hasnol Hady Ismail (right). Inset: view from

Hasnol’s camera.

the same was observed in the west coast of Peninsular
Malaysia, from Pulau Pinang to Singapore (Figure 6)
and has been quantitatively demonstrated (e.g., Kanniah
etal., 2020) to reduced PM, ; by 30% and NO, by 60%.
It should be noted, though, that ozone concentration had
simultaneously increased by a factor 1.5-2.0, which seems
to offset the reduction of PM, ; and NO, (Shi & Brasseur,
2020). The increased air quality, however, is a welcome
effect since other studies have suggested a strong link
between Covid-19 deaths and long-term exposure to air
pollution (Ogen, 2020).

It may not be all bad news as seismologists would
be delighted to learn that, according to a study published

in Nature® (Lecocq et al., 2020), lockdowns imposed
by countries globally have resulted in lower crustal
background seismic noise — the “humming” vibrations
in the earth crust due to human activities, such as
transportation and machinery. It is said that such low
levels of background noise is experience only briefly
around Christmas. The reduction in background noise
enables geophysicists to detect seismic activity in the
earth’s crust that would not have been detected under
“normal” pre-pandemic level of background seismic noise,
such as smaller earthquake events and volcanic activity.

Geoscientists who study earthquakes, tsunamis and
volcano eruptions are attuned to scale of destruction to

¢ Coronavirus lockdowns have changed the way Earth moves. Nature 580, 176-177 (2020), doi: 10.1038/d41586-020-00965-x.
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Figure 6: NO, concentration levels in the urbanised areas of Peninsular Malaysia during the period of 18 March — 13 April,
2019 (left) and the same period in 2020 (right). The maps were produced by Think City from spectrometry data obtained from
Copernicus Sentinel-5P European Space Agency satellite., based on satellite data. https://thinkcity.com.my/nitrogen-dioxide-levels-

decrease-due-to-mco/ accessed 26 July 2020.

human life and property these natural hazards can inflict.
Amid the pandemic, some authors have suggested that there
are lessons to be learned from geoscientists dealing with
natural hazards could be applied in predicting and managing
the spread of infectious diseases like Covid-19, as the scale
in time and magnitude of the destruction of a pandemic are
similar to those of geological disasters such as earthquakes
or volcanic eruptions (see the review of natural disasters
by Ritchie, 2014). Mark Quigley, associate professor
of earthquake science at the University of Melbourne,
draws some similarities between the Covid-19 outbreak
and his experiences and knowledge of geological and
meteorological disasters and suggested there may be ways
one could learn from the different sciences to mitigate the
effects of the pandemic. He suggested that concepts and
best practices in disaster risk reduction (DRR) commonly
employed by geoscientists in mitigating risks due to earth
science phenomena such as earthquakes and tsunamis may
be relevant to Covid-19 (e.g., social distancing, vulnerability
of certain age groups, safe time to relax lockdown, etc).
These ideas are discussed in Quigley et al. (2020).

CONCLUDING REMARKS

Despite the difficulties faced as a result of the
restricted movements due to the Covid-19 pandemic,
geoscientists (and undoubtedly, other scientists too) have
remained positive and continued to carry out their activities
in the best possible ways using the available technologies.
As there is no telling when the situation can return to
“normal”, if at all, we have to be prepared to adapt and
meet the challenges for the future of geoscientists and
geoscience. Creative ways of geoscience communication
and knowledge-sharing within the geoscience community
as well as with other scientists should be encouraged and
enhanced to forge a stronger and resilient science-based
education and policy-making for the benefit of the society.
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PERSATUAN GEOLOGI MALAYSIA
GEOLOGICAL SOCIETY OF MALAYSIA

54" ANNUAL GENERAL MEETING
& ANNUAL REPORT 2019

26™ June 2020
via
ZOOM Online Meeting Platform

AGENDA

The Agenda for the Annual General Meeting is as follows:

Welcoming Address by the President for Session 2019/2020
Confirmation of Minutes of the 53¢ AGM

Matters Arising

Annual Report for Session 2019/2020

a. President’s Report

b. Secretary’s Report (including Assistant Secretary’s Report)
c. Editor’s Report

d. Treasurer’s Report

e. Honorary Auditor’s Report

f. GSM Endowment Fund Report

5. Election of Honorary Auditor
6. Other Matters

6.1 Formation of IGM-GSM Chapters for Sabah and Sarawak
6.2 Affirmation of Upper Segama Sabah Jurassic and Triassic Granitic Rocks
by Radiometric U-Pb Dates

7. Announcement of New Council for 2020/2021
8. Presidential Address for 2020/2021

el S
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PERSATUAN GEOLOGI MALAYSIA
GEOLOGICAL SOCIETY OF MALAYSIA (GSM)

Date: 29 April 2019
Time: 2.30 p.m.
Venue: Persatuan Alumni Universiti Malaya (PAUM) Club House, Kuala Lumpur

Members Present:

1. Abd Rasid Jaapar 14. Lim Choun Sian

2. Abdul Ghani Rafek 15. Mazlan Madon

3. Ahmad Nizam Hasan 16. Mohammad Mugqtada Ali Khan
4. Ahmad Said 17. Mohd Hariri Arifin

5. Ahmad Tariqg Ahmad Ziyad 18. Nicholas Jacobs

6. Askury Abd Kadir 19. Norazianti Asmari

7. Cheang Kok Keong 20. S Paramananthan

8. Farah Fazulah Abdullah 21. Sia Hok Kiang

9. Fateh Chand 22. Tan Boon Kong

10. Gan Lay Chin 23. Wan Hasiah Abdullah
11. Joy J. Pereira 24. Yip Foo Weng

12. Lee Chai Peng 25. Yves Cheze

13. Leong Khee Meng 26. Zakaria Mohamad

1. Welcoming Address by the President for Session 2017/2018
Mr Abd Rasid Jaapar, the President of Geological Society of Malaysia acted as the Chairperson of the AGM
and called the meeting to order at 2.30pm.

2. Adoption of Agenda
The Chairperson tabled the following agenda to the AGM for acceptance:

1. Welcoming Address by the President for Session 2018/2019
2. Confirmation of Minutes of the 52*¢ AGM held on the 27 April 2018
3. Matters Arising

4. Annual Report for Session 2018/2019

President’s Report

Secretary’s Report

Editor’s Report

Treasurer’s Report

Honorary Auditor’s Report

) GSM Endowment Fund Report

5. Election of Honorary Auditor

6. Other Matters

he a0 o e

a. GSM Digital Publications
b. Meeting Allowances
c. ASEAN Federation of Geoscience Organisastions

7. Announcement of New Council for 2019/2020
8. Presidential Address for 2019/2020

The agenda was unanimously accepted.
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2. Confirmation of Minutes of the 52" AGM held on the 27 April 2018

The Minutes of the 52" AGM was tabled for confirmation.
Mr Tan Boon Kong proposed that the minutes be confirmed, seconded by Ms Farah Fazulah Andullah. The
minutes were unanimously confirmed without any amendment.

3. Matters Arising (52"* AGM Minutes)

Matters Arising

Responses

[4f]. Recommendation from the Board of Trust-
ees since 50th AGM (2016): Tax consultant for
tax deductible status for GSM

*  The matter will be highlighted in the agenda 4(f) Recommendation from
the Board of Trustees in this meeting.

[7b]. The AGM proposed GSM to create a HD
Tjia Award in honouring Prof Emeritus Tjia HD

*  However, GSM Editorial Group is coming up with a plan for a manuscript
to commemorate the late Prof. Tjia in an issue of the GSM Bulletin from

1.
il.

Nomination of GSM Awards
Reprint of publication

contribution. multiple contributors. Prof Ibrahim has agreed to lead the initiative.
4a. The matter will be highlighted in agenda

i. CCOP i.  4(a) President’s report

ii. Paperless ii. 6(a) Matters Arising

iii. BoG iii. 4(a) President’s report

4b.

i.  Will be improved, the Council has tasked Vice President to this
matter in next Council
ii. No request so far

1.
ii.

4c.

iil.

Relation with PGCE
NGC sponsorship and overhead
Spend more on society’s activities

On establish connection with Petronas, GSM Council Members
had a meeting with the Vice President of Exploration, as in GSM
President’s report.

ii. NGC — improving slowly

iii. The Council is working towards it

—

4f, Recommendation from the Board
of Trustees

*  The matter will be highlighted in the agenda 4(f) Recommendation
from the Board of Trustees in this meeting

No comment from members of AGM.

Action: Information

4. Annual Report for Session 2018/2019

a. President’s Report

Abd Rasid Jaapar tabled the President’s Report (Appendix A).
The AGM discussed the following matters:

e On the proposal to turn NGC into GSM-IGM Geoscience Conference: Prof. Joy Pereira cautioned that it
may downgrade the prestige and trademark of the NGC and suggested to allocate an IGM special
thematic session in NGC. Dr. Mazlan Madon suggested GSM and IGM should have more joint activities.

e Dr. Abdul Ghani Rafek expressed his observation on GSM has lesser activities with USM (geophysics
joint seminar). The meeting highlighted the need to revive and actively find GSM counterparts at

universities.

»  Dato’ Sia proposed GSM to lead activities in geological excursion and research, giving example on new
rock exposures of roadcut and should seize the opportunity.

e Datuk Fateh and Dr Paramananthan proposed GSM to carry out a compilation or databases (titles,
abstract) of geoscience-related thesis for Malaysian universities.

Action: Incoming Council

Dr Paramananthan proposed that the President’s Report to be accepted, seconded by Datuk Fateh Chand.
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o

. Secretary’s Report

Lim Choun Sian tabled the Secretary’s Report and Assistant Secretary’s Report was presented by Mr.

Askury Abd Kadir (Appendix A).

The AGM discussed the following matters:
*  The President’s plan to increase membership: The Council is working on membership database to get

back old members and promoting student members to continue full membership.
*  Dr Gan suggested GSM to engage and “in touch” with old members in its future activities.
*  The AGM also asked to relook at the activeness of Working Groups, recommended future Working
Group activities to be listed from reports of their respective working groups’ Chairs.
Action: Incoming Council & Working Groups Chairs

Ms Farah Fazulah proposed that the Secretary’s Report to be accepted, seconded by Dato’ Zakaria.
Dr Abdul Ghani Rafek proposed that the Assistant Secretary’s Report to be accepted, seconded by Dr
Mohammad Mugqtada.

c. Editor’s Report
Wan Hasiah Abdullah tabled the Editor’s Report (Appendix A).
The AGM discussed the following matters:
*  Some members expressed that some form of fees should be charged for publication. The overall’s view,
GSM publication will be maintained as open access and should seek funding through sponsorship or
advertisement.
Action: Incoming Council

Datuk Fateh Chand proposed that the Editor’s Report to be accepted, seconded by Dr Paramananthan.

d. Treasurer’s Report
Ahmad Nizam Hasan tabled the Treasurer’s and Honorary Auditor’s Report, see 4(c) (Appendix A).

e. Honorary Auditor’s Reports
The AGM discussed the following matters:
*  Dr Gan proposed the Council to use some money to promote GSM.
*  DrAbdul Ghani Rafek proposed the Council should allocate working capital for Working Groups. The
meeting’s view, active working groups (the Chairs) should come up with their budget plan at the start of
the Council year.
e The AGM agreed to RM1,000 increment of Ms Anna Lee’s monthly allowance.
Action: Incoming Council

The AGM unanimously accepted the Treasurer’s and Honorary Auditor’s Report.

f. GSM Endowment Fund Report
Datuk Fateh Chand, Chairman in Board of Trustees of the GSM Endowment Fund, tabled the GSM
Endowment Fund Report and Recommendations from the Board of Trustees (Appendix A).

Mr Askury proposed that report and recommendations from the Board of Trustees to be accepted
by AGM, Dr Paramananthan seconded.
Action: Incoming Council

6. Election of Honorary Auditor
Ahmad Nizam Hasan proposed to continue appointing S.F. Lee & Co as the Honorary Auditor.

The AGM unanimously agreed to the appointment.

7. Other Matters:
Matters and Responses:
a. GSM Digital Publications
The AGM approved, with immediate effect, to publish (Warta and Bulletin of the Geological Society of
Malaysia) and distribute to members in full digital format.
Action: Incoming Council
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b. Meeting Allowances
The AGM approved travel reimbursement to GSM Council Meetings up to RM 100, using the rates in
government travel claim form.
Action: Incoming Council
c.  ASEAN Federation of Geoscience Organisastions (AFGO)
The AGM recommended the AFGO initiative to be carried out under the GSM-IGM joint committee.
Action: Incoming Council

8. Announcement of New Council for 2019/2020
Nomination Committee chaired by Dr Mazlan Madon, certified by Prof. Azman Abd Ghani and Assoc. Prof. Dr Ng
Tham Fatt.

The Council for 2019/2020:

President : Mr. Abd. Rasid Jaapar (Geomapping Technology)
Vice-President : Mr. Askury Abd Kadir (Consultant)

Immediate Past President : Dr. Mazlan Madon (Consultant)

Secretary : Mr. Lim Choun Sian (UKM)

Assistant Secretary : Ms. Farah Fazulah Abdullah (Carigali Hess)
Treasurer : Mr. Ahmad Nizam Hasan (GeoSolution Resources)
Editor : Prof. Dr. Wan Hasiah Abdullah (UM)

Councillors 2018/2019:
Mr. Ahmad Tariq Ahmad Ziyad (Orogenic Resources Bhd)
Dr. Mohd Hariri Arifin (UKM)
Mr. Nicholas Jacob (JMG)
Ms. Norazianti Asmari (GDS Sdn Bhd)

Councillors 2019/2021:
Prof. Joy Jacqueline Pereira (SEADPRI-UKM)
Dr. Nur Iskandar Taib (UM)
Mr. Tan Boon Kong (Consultant)
Dato’ Yunus Abdul Razak (SEADPRI-UKM)

9. Presidential Address for 2019/2020

The President, Abd Rasid Jaapar expressed that it is a great honour for him to be re-elected to serve as the
President and followed by delivering his inaugural speech. He pledged that he and the new Council would try
their best to serve for the good of the Society.

The AGM adjourned at 5:00 pm.
LIM CHOUN SIAN
Secretary 2018/2019
29 April 2019

Note:
Appendix A is the whole set document distributed during the AGM on 29 April 2019, not included in this document.
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APPENDIX A

1.0) Introduction

The Geological Society of Malaysia (GSM) has sustained its objective of actively promoting the advancement of the geological
sciences in the country and the region. Over the past year, GSM continued with activities that were designed to strengthen the
capacity of geoscientists and had embarked on initiatives to formalise collaborations and alliances with key institutions within
the geoscience fraternity.

2.0) The IGM-GSM Joint Committee

The IGM-GSM Joint Committee had met 2 times over the year. The Joint Committee will continue to oversee the collaboration
between the two institutions, especially on capacity building, outreach & promotion, geoscience policy and quality geoscience
education in Malaysia. Recently IGM-GSM JC has agreed to form IGM-GSM Sabah Branch and IGM-GSM Sarawak Branch to
coordinate and organise activities in respective region. With that also, GSM will dissolve all Regional Representative positions.

IGM-GSM Geoscience Business Working Group is now has evolve to be an independent association be itself called, Malaysian
Geoscience Consultants and Services Association (MyGeo). The members are any company or an organisation actively involved
with the business of geoscience. The protem committee has been set up together with the constitution and has been accepted by
protem members.

3.0) Promotion and Collaborations

GSM has signed MOU with Universiti Malaysia Kelantan (UMK) on 30" May 2019 and with University of Malaya (UM)
on 8" October 2019. GSM also has signed Letter of Undertaking with Universiti Malaysia Sabah (UMS) to initiate MOU during
the NGC2019. MOU with Universiti Kebangsaan Malaysia (UKM) is in the pipeline.

GSM has commissioned the Geological Student Club of UMS to be the first GSM Students Club’ @ UMS. All GSM Students
Club will receive financial support of RM2,000 per year to organise activities and events related to advancement of geoscience
knowledge and the promotion of geoscience. Trust GSM can tap future members and future leaders at very early stage even
before students enter the real-world challenge.

The President and/or appointed Council Members will continue to visit as many geological departments in local universities
possible throughout the year. The visit to Universiti Sains Malaysia and Curtin University, Sarawak has yet to be materialised.

The President and Treasurer as GSM representatives attended the 55" CCOP Annual Session from 3 November to 9™
November 2019 in Chiangmai, Thailand. GSM agreed to remain as observer status in CCOP and be part of Malaysian delegations.
The Director-General of Jabatan Mineral dan Geosains (JMG), the current chair of the CCOP (Coordinating Committee for
Geoscience Programmes in East and Southeast Asia, based in Bangkok, Thailand), has accepted that GSM should be part of
Malaysian delegations. Trust our members can benefit from the many events organised by CCOP.

4.0) Major Activities and Participations
a) National Geoscience Conference (NGC)

The 32™ edition of National Geoscience Conference & Exhibition 2019 (NGC2019) with the theme ‘Geosciences for the
Earth Sustainability’ was successfully co-organised with the Universiti Malaysia Sabah (UMS) and Jabatan Mineral dan Geosains
Sabah between 1*and 3™ October 2019 at The Palace Hotel, Kota Kinabalu, Sabah. The NGC2019 had also provided exhibition
booths for exhibitors to promote their products and services. The pre-conference Workshop on the Importance of Geosciences for
Sustainable Development on 30" September 2019 with participants from various government agencies, corporates and learned
organisations was a success. Most participants looked forward to similar event to be organised more frequent in Sabah.

The 33" National Geoscience Conference & Exhibition 2020 (NGC2020) which was initially planned between 1* and 4"
September 2020 in UNITEN was postponed to between 23™ and 26" November 2020. After observing the uncertainty Covid-19
pandemic, the Council and Committee agreed to re-schedule the 33 NGC to be NGC2021 and will be held between 5™ and 11™
April 2021 in Tanera Hotel, Bandar Baru Bangi, Selangor. It will be a week-long event as part of National Geoscience Week in
conjunction with Geologists Day celebration on 4™ April 2021 and Earth Day on 22" April 2021. For the first time, GSM with
collaboration with JMG, IGM, BOG and MyGEO may organise National Geoscience Award Night on 5" April 2021.

126 Warta Geologi, Vol. 46, No. 2, August 2020



PERTEMUAN PERSATUAN (MEETINGS OF THE SOCIETY)
b) Field Excursions

I will maintain my last year use of old adage that ‘the best geologist is (the one) who has seen the most geology’ (Read,
1940). Unfortunately, due to Covid-19 Pandemic, most of planned field excursion activities has to be postponed or cancelled.
GSM will pursue further on similar activities like this even to other countries.

¢) GEOSEA

GSM continued to be the secretariat for the Regional Congress on Geology, Minerals and Energy Resources of Southeast
Asian (GEOSEA). The 16™ edition of the Congress or GEOSEAXVI will be hosted by the Geological Society of the Philippines
(GSP). Originally scheduled from 7" to 9™ December 2020 in Manila, the Philippines with the theme of ‘5 years after ASEAN
integration: Milestones, Challenges and Perspectives for Geoscientists has been postponed to December 2021 due to Covid-19
Pandemic. GSM has proposed the following and received positive feedback from country members:

i)  Formation of ASEAN Federation of Geoscience Organisation (AFGEQO) through MOU as well as roadmap to ASEAN
Register of Professional Geologists. Hopefully, an official MOU signing ceremony on the formation of AFGEO by all country
members can be done in 2021 in Manila.

i) Change the name of Regional Congress on Geology, Minerals and Energy Resources of Southeast Asian to ‘Regional
Geoscience Congress of Southeast Asia’ with the same abbreviation of GEOSEA. GSM would like to encourage our members
to participate the GEOSEAXVI.

5.0) Publications

GSM has started with e-publication initiative. Trust this will help improving our financial status greatly. We are now moving
towards complete paperless publications depending on authority and legal requirements.

The Editorial Committee will continue to improve and upgrade our Warta Geologi which is published three times a year
now to be Scorpus-indexed. The Bulletin of the Geological Society of Malaysia, consistently published twice a year now and
on the right track to achieve ISI-index status. The index will ensure our Bulletin to become one of the sought-after publications
in this region by researchers and readers.

I would like to thank Editorial Committee lead by Prof Dr Wan Hasiah as Editor, Associate Professor Dr Ng Tham Fatt as
the Managing Editor for the Bulletin and Puan Aida as the Editorial Executive for their tireless efforts.

6.0) Membership

As my ecarlier target that GSM to achieve 1,000 memberships by the end of 2020, I am still optimistic provided I have
sufficient support from respective council members. Nevertheless, due to Covid-19 Pandemic, I may differ my target to June 2021.

7.0) Financial and/or Asset Management

Same as previous year, I strongly urge the members of GSM to support on the improvement on the management of GSM.
We need to manage GSM professionally like a business entity, with more full-time staffs. GSM has re-vamp its current website
to be more interactive with members and incorporate an on-line payment system, on-line technical papers submission, etc. Further
enhancement is still needed as ongoing process.

8.0) Concluding Remarks

We would like to thank all the outgoing council members for the contributions; to all members for ideas and supports. Thanks
to all organising chairs of all events, working group chairs and regional representatives. Last but not least, a big thank to the one
and only secretariat member, Ms Anna Lee for another excellent year of contribution.

As a final remark, [ would like to see GSM, IGM, BOG and new comer, MyGeo and of course, under the umbrella of IMG
should come together to develop a solid National Geoscience Policy/Agenda, as well as awareness or outreach to public on the
importance of geoscience for nation building.

ABD RASID JAAPAR
President 2019/2020
Geological Society of Malaysia
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On behalf of the members of the Council of the Geological Society of Malaysia (GSM), it is my pleasure to
present the Secretary’s Report for the session 2019/2020.

Society structure
The Society’s stakeholders are the members of the Society led by an elected Council. The Council’s main

functions are to set directions to promote the advancement of geosciences, endorse activities and provide guidance
for the execution of the activities of the Society.

The Council is supported by 9 Working Groups, 6 Regional Representatives and an Editorial Committee (formerly
known as Editorial Group). The Working Groups were increased from 6 to 9 in the year 2019, with addition of
Working Groups on International Collaboration; Quaternary & Marine Geology; and Hydrogeology.

The Council
The Council for the Geological Society of Malaysia for 2019/2020 session resumed their office after the 53
AGM on the 29 April 2019.

Council for 2019/2020
Upon the closing of nominations, only single nominations were received respectively for the positions of President,
Vice President, Secretary, Treasurer, Assistant Secretary, Editor and Councillors.

The Council for 2018/2019:

President : Mr. Abd Rasid Jaapar (Geomapping Technology)
Vice-President : Askury Abd Kadir (Consultant)

Immediate Past President : Dr. Mazlan Madon (Consultant)

Secretary : Dr. Lim Choun Sian (UKM)

Assistant Secretary : Ms. Farah Fazulah Abdullah (Carigali Hess)
Treasurer : Mr. Ahmad Nizam Hasan (GeoSolution Resources)
Editor : Prof. Dr. Wan Hasiah Abdullah (UM)

Councillors 2018-2020:

Mr. Ahmad Tariq Ahmad Ziyad (Orogenic Resources Bhd)
Dr. Mohd Hariri Arifin (UKM)

Mr. Nicholas Jacob (JMG)

Ms. Norazianti Asmari (GDS Sdn Bhd)

Councillors 2019-2021:

Prof. Joy Jacqueline Pereira (SEADPRI-UKM)
Dr. Nur Iskandar Taib (UM)

Mr. Tan Boon Kong (Consultant)

Dato’ Yunus Abdul Razak (SEADPRI-UKM)

Council Meetings
During the 2019/2020 session, the Council met 6 times. The attendance of the council members to the meetings

is presented in the table below. Five meetings were conducted at the meeting room of the Department of Geology,
University of Malaya, Kuala Lumpur, and one meeting was carried out via online Zoom Meeting.
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Attendance of Council Members at Council Meetings:

NAME 1 2 3 4 5 6 Total
Abdul Rasid Jaapar, Mr / / / / 0 / 5/6
Ahmad Nizam Hasan, Mr / 0 / / / / 5/6
Ahmad Tariq Ahmad Ziyad, Mr / / / / 0 0 4/6
Askury Abd Kadir, Mr / / / / / / 6/6
Farah Fazulah Abdullah, Ms 0 / 0 / 0 / 3/6
Joy Jacqueline Pereira, Prof. Dr / / / / / / 6/6
Lim Choun Sian, Dr / / / / / / 6/6
Mazlan Madon, Dr / 0 / 0 0 / 3/6
Mohd Hariri Arifin, Dr / / / / / / 6/6
Nicholas Jacob, Mr 0 / / 0 / / 4/6
Norazianti Asmari, Ms / 0 / / / / 5/6
Nur Iskandar Taib, Dr / / / / 0 / 5/6
Tan Boon Kong, Mr / 0 / / / 0 4/6
Wan Hasiah Abdullah, Prof / / / / / / 6/6
Yunus Abdul Razak, Dato’ 0 / 0 0 0 / 2/6

Working Groups
The Working Groups and the Chairs for the session are as follows:
WORKING GROUP (WG) CHAIRMAN

Engineering Geology & Environmental Geology Mr. Tan Boon Kong

Promotion of Geoscience & Young Geologists Ms. Farah Fazulah Abdullah &

(including Social Media) Ms. Norazianti Asmari

Economic Geology Dr. Cheang Kok Keong

Regional Geology Dr. Mohd Rozi Umor

Geophysics Dr. Mohd Hariri Arifin

Stratigraphy, Sedimentology & Petroleum Geology Dr. Meor Hakif Amir Hassan

International Collaboration Secretary

Quaternary Geology Mr. Abdullah Sulaiman

Hydrogeology Mr Abdul Rasid Jaapar

Regional Representatives
The Society is trying to strengthen its delivery mechanism at the sub-national level through the appointment of

Regional Representatives to work in conjunction with the local membership to advance geoscience in the respective
regions. The Regional Representatives for the session are as follows:

REGIONAL REPRESENTATIVES (RR) REPRESENTATIVE
Northern Peninsular Malaysia Dr. Kamar Shah Ariffin
Southern Peninsular Malaysia Dr. Mohamad Faizal Tajul Baharuddin (UTHM)
Central Peninsular Malaysia Mr Askury Abd Kadir (UTP)
Eastern Peninsular Malaysia Dr. Mohammad Mugqtada Ali Khan (UMK)
Sarawak Dr. Dana Badang (JMG)
Sabah Dr. Rodeano Roslee (UMS)
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Membership
As at 31% December 2019, the total number of members in the Society stands at 762, has increased from 689 as

of 2018. The increase is mainly from Student category and slight drop decrease in Full Member category. The table
below presents the breakdown in membership categories and their geographical breakdown.

Breakdowns of Membership:

COUNTRY Hon. Life Full Assoc. Student Inst. ;8%1 gg%l 58‘[12171
Malaysia 12(12) | 383 (363) 122 91) 9(8) 145 (136) 0 671 610 561
Australia 1(0) 20 (19) - 1(1) - - 22 20 20
Bangladesh - 2(1) - - - - 2 1 2
Brunei - 2(1) - - - -

Canada - 2(2) - - - - 2 2 1
China - 1(1) - - - - 1 1 3
Europe - 12 (11) o(1) - - 3(2) 15 14 13
Hong Kong - 1(2) - - - - 1 2 2
India - 1(1) - - - - 1 1 1
Indonesia - 8(5) - - 2(1) - 10 6 3
Japan - 3(3) - - - - 3 3 2
Libya - 303) - - - - 3 3 2
New Zealand - 2 (0) - - - - 2 - -
Nigeria - - - - 1(1) - 1 - -
Pakistan - 1(0) - - 0(1) - 1 1 -
Philippines - 2(2) - - - - 2 2 2
Singapore - 9(8) - (0) - 0(1) 9 9 8
Thailand - 2(3) - - - - 2 3 3
USA - 11 (10) - - 1(0) - 12 10 7

TOTAL 2019 13 465 122 10 149 3 762 - -
TOTAL 2018 12 435 92 9 138 3 - 689 -
TOTAL 2017 12 414 102 4 100 2 634

Note: 1. X(Y) --- X=Number for year 2019, Y=Number for year 2019
2. Country — Based on Mailing Address, not Nationality-based

Project. Agreement, Secretariat and Activity

Research Project:

Current project, GSM is one of the partner in the Research Project namely, Disaster Resilient Cities:
Forecasting Local Level Climate Extremes and Physical Hazards for Kuala Lumpur, led by SEADPRI-UKM
in conjunction with associated Partners in UK and Malaysia in securing the grant Newton-Ungku Omar Fund.
GSM’s role is to benchmark the process and guide knowledge transfer in the research.

New Project:

A new project, “Promotion of Social Entrepreneurship in Disaster Risk Reduction to Build Community Resilience”
commenced on 1 September 2019, funded by the International Development Research Centre (IDRC) for a duration
of 3 years. The general objective of the Project is to foster long-term community climate resilience in Malaysia and
Cambodia by empowering young social entrepreneurs to develop their own disaster resilience plans. Led by Universiti
Kebangsaan Malaysia’s SEADPRI-UKM, key partners include the GSM, Royal University of Phnom Pehn (RUPP),
and Malaysian DRR Service Organization (MDRRSO).
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Agreements:
Two MoUs were inked in this Council Year, with University of Malaya and Universiti Malaysia Kelantan.
With UKM, we are in the process of signing. We are also in discussion with UMS for an MoU.

Joint Secretariat:

This Council year, the GSM-IGM Joint Committee met on 31 July 2019 and 15 May 2020. The Joint Committee,
an initiative under an agreement signed between GSM and IGM on 5 April 2013 and was tasked to set up various
subcommittees with the objectives, among others, to promote education, research, and graduate membership, and to
oversee and review geoscience curricula in Malaysian universities. The meetings discussed on future joint organisation
of NGC, technical talks, geoscience curricula and continuous professional development programme.

Activities:

The Society has successfully organised its National Geoscience Conference & Exhibition 2019 (NGC2019) with
the theme ‘Geosciences for the Earth Sustainability’ with the collaboration of Universiti Malaysia Sabah (UMS) and
Jabatan Mineral dan Geosains Sabah in October 2019 in Kota Kinabalu, Sabah. The NGC 2019 also hold a pre-
conference Workshop on the Importance of Geosciences for Sustainable Development and a post conference fieldtrip.

However, for the year 2020, we are inevitably forced to miss the NGC 2020 due to COVID-19 pandemic
restriction.

During the session, the Council with the cooperation of Working Groups, Regional Representatives, and in
collaboration with UKM, UM, USM, UMS, UMP, IGM, AAPG, JMG, SEGRM, MCoM, BoG and Newton-Ungku
Omar project partners were able to organise a total of 31 sessions inclusive of technical talks, workshops, conferences,
filed trips and short courses.

Summary of Activities

No Date Activity Topic Venue Collaborators
1 27-28 April 2019 | Fieldtrip GSM Sg. Lembing Geo-Mining Tour Sg Lembing | IMG
Mines/
Museum
2 22-26 April 2019 | Conference EAGE-GSM Second Asia Pacific Meeting on UTM KL EAGE & UTM
Near Surface Geoscience and Engineering
3 17 April 2019 Technical Uncharted Path of a Malaysian Hydrogeologist | UKM IGM, UKM
Talk Datuk Ir. Dr. Azuhan bin Mohamed
4 16 April 2019 Forum GSM-IGM Flagship on Geoscience to Action for | UM UKM, IGM,
Disaster Risk Reduction: Disaster Risks, Busi- UM
ness Continuity Management and Insurance: An
Emerging Market for Geoscientists?
5 2-3 July 2019 Conference National Groundwater Conference 2019 Shah Alam | IGM, JMG,
BoG
6 1 Aug 2019 Seminar Advanced Seminar on Economic Geology & UM GSM, IMG,
Mineral Resources IGM, UM,
UMP, USM,
MCoM
7 21 -23 Aug 2019 | Short Course | International Short Course Series: Rock Slope UM SEGRM, UM
Engineering
8 18 Sept 2019 Technical Peranan Agensi Angkasa Malaysia (MYSA) UKM UKM, IGM
Talk Dalam Pembangunan Teknologi Angkasa di Ma-
laysia | Tuan Hj. Azlikamil Napiah,
9 19 Sept 2019 Workshop National Marine Geology Workshop UM UM, UTP, IMG,
IGM, UMK
10 | 23 —24 Sept 2019 | Conference & | UTP: Asia Geoscience Student Conference & UTP UTP
Exhibition Exhibition (AGSCE)
11 | 25—27 Sept 2019 | Conference Regional Geoheritage Conference 2019 Sarawak UKM, IMG
12 | 1 -3 0ct2019 Conference National Geoscience Conference 2019 Sabah UMS, IMG
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13 | 3—50ct2019 Seminar Seminar Bencana Alam Sabah UMS
14 | 9 Oct 2019 Technical Industri Kuari di Malaysia | En. Amirruddin Rosni | UKM UKM, IGM
Talk
15 | 14-16 Oct 2019 Forum Geoscience for Enhancing Disaster Resilience in | UM & KL | SEADPRI-
Kuala Lumpur UKM, ANCST,
Workshop on Building Disaster and Climate IGM
Resilience in Cities
16 | 16 Oct 2019 Technical The Quranic Perspective on Geology | Mr. Zaim UKMN UKM, IGM
Talk Zamri
17 | 21 Oct2019 Technical Young Geologist: Challenges and Opportunities/ | UMT UMT, IMG
Talk Let the Rocks Talk | Dr. Kamaludin Hassan, En.
Abd Rashid Jaapar, En. Wan Saifulbahari Wan
Mohammad, En. Abdullah Sulaiman
18 | 23 Oct 2019 Technical Teledyne Optech Polaris Terrestrial Laser Scan- UKM UKM, IGM
Talk ner: A case study in Kundasang, Sabah | Jespal
Singh Gill
19 | 24 Oct 2019 Workshop GSM-IGM Focus Group Discussion on Current PAUM, UM | IGM
Issues and Challenges with Geoscience Consul-
tancy and Services
20 | 26 Oct 2019 Fieldtrip Geological Fieldwork & Geologist Night 2019 Sarawak IGM, BOG,
IMG
21 | 26 Oct 2019 Workshop Workshop on IPCC Role, Activities and Findings | Academy SEADPRI-
of Sciences | UKM, ANCST,
Malaysia IGM, ASM
22 | 6 Nov 2019 Technical Geosains Dan Industri Revolusi (IR) 4 | Prof. UKM UKM, IGM
Talk Madya Dr Rohayu Che Omar
23 | 16 Nov 2019 Fieldtrip Hotspring Hunting 2019 Ulu Slim-Sungkai, Perak UKM, IGM
Perak | Dr. Mohd Hariri Arifin
24 | 27 Nov 2019 Technical Tanah runtuh pendam-lama — Daripada geoba- UKM UKM, IGM
Talk haya kepada geobencana (Old-dormant landslides
— from geohazards to geodisasters) | Assoc. Dr.
Tajul Anuar Jamaluddin
25 | 4 Dec 2019 Technical 1) The Hidden Treasure of Sarawak Petrified UKM UKM, IGM
Talk Wood: Silicification Mechanism | Tuan Hj. Askury
Abd. Kadir
2) Micro-to-meso scale heterogeneities: Implica-
tions on Petroleum Reservoir Quality | Ekundayo
Joseph Adepehin
26 | 21 Jan 2020 Workshop The Workshop on Promotion of Social Entrepre- | Concorde SEADPRI-
neurship in Disaster Risk Reduction Hotel Shah | UKM, ANCST,
Alam IGM, ASM
27 | 19 Feb 2020 Technical Sambung Belajar di Dalam atau Luar Negara? UKM UKM, IGM
Talk Pengalaman dan Perkongsian [Nor Shahidah
Mohd Nazer, Norasiah Sulaiman, Mohd Hariri
Arifin dan Muhammad Ashahadi Dzulkafli
28 | 4 Mar 2020 Technical 1) Studying in the US: A Malaysian Geologist’s UKM UKM, IGM
Talk Experience | Lisa NurMarini binti Mohd Kamal
2) Cabaran Kebolehpasaran Geologis dalam
Industri — Survival for the Fittest | Ahmad Nizam
Hasan
29 | 11 Mar 2020 Technical Bidang Tugas Ahli Petrofizik dalam Evaluasi Batu | UKM UKM, IGM
Talk Takungan | Fadzlin Hasani Bin Kasim
30 | 20 May 2020 Technical Perlombongan Pasir di Laut | Mr Abdulah Sulai- | Zoom IGM, IMG
Talk man Platform
31 | 4 June 2020 Forum Bicara 50 Tahun Geologi UKM (1970-2020) Zoom UKM, IGM
Platform
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GSM Awards

GSM has set up numerous awards for members, namely Honorary Membership, Hutchison Best Student Award,
N.S. Haile Publication Award, and DJ Gobbett Award. A few nominations for awards were made and planned to be
presented at NGC2020, but were put on hold due to postponement of NGC2020.

Linkages and Collaborations
GSM maintained linkages with national and international institutions such as:

* Institute of Geology Malaysia

» Confederation of Scientific and Technological Association of Malaysia (COSTAM)

* Formation Evaluation Society Malaysia (FESM)

* American Association of Petroleum Geology (AAPG)

* Newton Ungku Omar Fund and IGM-GSM Flagship since July 2015

* GEOSEA

* MoU with NrgEdge, University of Malaya, Universiti Malaysia Kelantan

» Asian Network on Climate Science and Technology, and Newton-Ungku Omar project partners

* Society of Exploration Geophysicists (SEG)

* For the Student’s Geological Club Collaboration; AAPG Student Chapter of University of Malaya, UMK,
UMS etc.

Acknowledgement
The Society would like to record its utmost appreciation to all the individuals and organisations in organising

the Society’s numerous activities during the session. Special mention must be made of the tremendous support by the
Head and staff of the Geology Department, University of Malaya especially in the use of its premises for most of the
Society’s meetings and activities. The continued co-operation and support extended by IMG, PETRONAS, UKM,
UMS, UTP, IGM, ANCST and Newton-Ungku Omar project partners is recorded with gratitude. The unwavering
support of Ms. Anna Lee and Ms Wan Aida in the administration of GSM is also very much appreciated. Last but
not least, the Council also wishes to record its appreciation to all GSM members for their advice, guidance and
support throughout the session.

LIM CHOUN SIAN
Secretary 2019/2020
Geological Society of Malaysia
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The sales of the Society publications and the list of organizations and institutions that were exchanging
publications with GSM are presented in the following tables.

Sales and stock of publications for 2019 (Bulletin only)

Publications Sales 2019 StOZigeggg;%g by Remarks
Bulletin 1 Out of Stock
Bulletin 2 0 164
Bulletin 3 10 126
Bulletin 4 10 40
Bulletin 5 Out of Stock
Bulletin 6 10 361
Bulletin 7 10 220
Bulletin 8 Out of Stock
Bulletin 9 Out of Stock
Bulletin 10 Out of Stock
Bulletin 11 Out of Stock
Bulletin 12 Out of Stock
Bulletin 13 Out of Stock
Bulletin 14 Out of Stock
Bulletin 15 Out of Stock
Bulletin 16 Out of Stock
Bulletin 17 Out of Stock
Bulletin 18 Out of Stock
Bulletin 19 10 341
Bulletin 20 10 294
Bulletin 21 10 93
Bulletin 22 10 170
Bulletin 23 10 183
Bulletin 24 10 342
Bulletin 25 10 50
Bulletin 26 10 150
Bulletin 27 10 24
Bulletin 28 10 59
Bulletin 29 10 74
Bulletin 30 0 100
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Publications Sales 2019 Stocel;(rie(r)rtl‘azigilngg by Remarks

Bulletin 31 10 76

Bulletin 32 10 50

Bulletin 33 10 208

Bulletin 34 10 29

Bulletin 35 Out of Stock

Bulletin 36 10 62

Bulletin 37 10 114

Bulletin 38 10 180

Bulletin 39 Out of Stock

Bulletin 40 10 64

Bulletin 41 Out of Stock

Bulletin 42 10 Out of Stock

Bulletin 43 10 96

Bulletin 44 10 14

Bulletin 45 Out of Stock

Bulletin 46 Out of Stock

Bulletin 47 Out of Stock

Bulletin 48 10 6

Bulletin 49 10 268

Bulletin 50 10 305

Bulletin 51 10 178

Bulletin 52 10 192

Bulletin 53 10 290

Bulletin 54 10 240

Bulletin 55 10 264

Bulletin 56 10 312

Bulletin 57 10 23

Bulletin 58 10 Out of Stock

Bulletin 59 10 77

Bulletin 60 10 78

Bulletin 61 10 38

Bulletin 62 10 51

Bulletin 63 10 51

Bulletin 64 10 51

Bulletin 65 10 *688 * Includes free copies to members;

Bulletin 66 10 *689 AGC — Annual Geological Conference
E-Bulletin 67 *4]4 36 ** For Ministry of Internal Affairs, the

National Library and standing orders

E-Bulletin 68 **]4 36 subscribers
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Sales and stock of publications for 2019 (All other GSM publication)

Other Publications Sales 2019 St"cel;ff(‘)‘t{az‘gll“gg by
Proceeding AGC 2000 Out of Stock
Proceeding AGC 2001 5 102
Malaysian Stratigraphic guide Out of Stock
Lexicon of stratigraphy Out of Stock
Stratigraphic correlation Out of Stock
Rocks poster Out of Stock
Geology of Borneo (CD) Out of Stock
Geology of Borneo (Map) 5 677
Geol. Evolution of SEA 47 374
Geology of P. Malaysia 75 384

There was a consensus decision made to digitize the Bulletin as of 2019 within the Council Members, hence as
of E-Bulletin 67 onwards, only 50 hard printed copies with limited distribution to standing orders subscribers. Prior
to this year 750 copies were printed for each bulletins, subject to total membership total.

Remaining stock of 2019 is calculated based on 51 AGM report listing with subtraction on subsequent AGM
numbers. Moving forward, it is recommended that publication stock report should include both remaining stock and
number of sales to date.

List of organizations and institutions that are exchanging publications with GSM

Item Organization Country
1 New South Wales Dept of Mineral Resources Australia
2 Geologica Belgica a.s.b.] Belgium
3 University of Geosciences China
4 Nanking Institute of Geology China
5 National Geological Library China
6 Peking College of Geology China
7 Suomalaineu Tiedeakatemia Finland
8 Freie Universitat Berlin Germany
9 National Museum of Natural History Holland
10 | Geological Society of Japan Japan
11 Dept Mineral & Planetary Science, Hiroshima Japan
12 Museum of Nature & Human Activities Japan
13 | National Science Museum Japan
14 | Natural History Museum and Institute Japan
15 Institute of Geosciences Japan
16 | Geological Society of Korea Korea
17 | Dewan Bahasa dan Pustaka Malaysia
18 | Minerals and Geoscience Department Malaysia, Headquarters Malaysia
19 | Minerals and Geoscience Department Malaysia, [poh Malaysia
20 | Minerals and Geoscience Department Malaysia, Kuching Malaysia
21 Minerals and Geoscience Department Malaysia, Kota Kinabalu Malaysia
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22 | Kementerian Dalam Negeri Malaysia
23 | Perpustakaan Negara Malaysia Malaysia
24 | Library PETRONAS Berhad Malaysia
25 | Pusat Sumber Maklumat Negeri Sarawak Malaysia
26 | Perpustakaan Tun Sri Lanang, UKM Malaysia
27 | Program Geologi, UKM Malaysia
28 | Library, UM Malaysia
29 | Library, USM Malaysia
30 | Malaysian Institute of Nuclear Technology Malaysia
31 Library of Congress, USA Embassy Malaysia
32 | Institute of Ecological & Nuclear Science New Zealand
33 | National Library Singapore
34 | Central Geological Survey Taiwan
35 | American Museum of Natural History, New York USA
36 | CIGESE Library USA
37 | Oklahoma Geological Survey USA
38 | US Geological Survey USA
39 | University of Kansas USA
40 | AAPG Foundation Library USA
41 Senckenberg Research Institute and Natural History Museum Frankfurt Germany

FARAH FAZULAH ABDULLAH
Assistant Secretary 2019/2020
Geological Society of Malaysia
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In 2019, four issues of Warta Geologi (Volume 45) and two volumes of the GSM Bulletin (Volume 67 and
68) were published, and thus the status of publication is currently up to date. The Society is grateful to authors for
their contributions, reviewers and members of the Editorial Board for their time and effort to improve the quality of
the Society’s publications. The reviewers for the 2019 Bulletin and Warta issues are as listed on page 27 in Warta
Geologi volume 46 (1).

The GSM online publication website is now in its 7th year. In 2019, the website was viewed by more than 48,000
visitors (with an average of 4,029 visitors/month) from more than 120 countries (mainly Malaysia, United States,
Singapore, Germany, Poland, China, Indonesia, Thailand and Russia), with 21,023 (1,751/month) views/downloads.

All issues of the Bulletin are now available from the MyJurnal website. Beginning this year (2020) all Geological
Notes and Other Notes from the Warta Geologi will also be made available at the MyJurnal site.

The Bulletin of the Geological Society of Malaysia received the Jurnal Créme 2019 acknowledgement in November
2019, for SCOPUS category journals in the field of Science, Technology and Medical. The acknowledgement was
awarded by the Ministry of Education Malaysia in collaboration with Clarivate Analytics and Elsevier.

WoS indexing

The application for indexing of the Bulletin in the Web of Science was not successful. The Editorial Committee
will submit the volume 71 Bulletin of 2021 for revaluation.

Citation of the Bulletin

Total CiteScore and recent citation (2015-2019; updated by Scopus on 9/04/2020) is as shown below:

May I take this opportunity to thank all the editorial committee members for their assistance during the editorial
process.

WAN HASIAH ABDULLAH
Editor 2019/2020
Geological Society of Malaysia
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For the Financial Year 2019, the society’s posted a surplus of RM 42,588.00 compared to year 2018 with a
deficit of RM 48,054.00.

Operating revenue for year 2019 posted an increase with a total income of RM 161,972.00 compared to year
2018 of RM 73,786.00.

The revenue posted for Subscription shows lower from RM 19,142.00 of year 2018 to RM 18,194.00 for year
2019, income for National Geoscience Conference (NGC 2019) which is co-organize with Universiti Malaysia
Sabah (UMS) and held in Kota Kinabalu, Sabah shown deficit of RM 6,008.00 compare to surplus of RM 4,082.00
in NGC 2018.

Sales of publications are RM 34,781.00 higher compare to RM 28,250.00 for year 2018. Accordingly, there has
been a decline in interest rates from fixed deposits from RM 19,142.00 for year 2018 to RM 18,194.00 for year 2019.

Income for Geology of Peninsular Malaysia shows higher for year 2019 with an increase of RM 9,650.00
compare to year 2018 of RM 4,920.00 and SEGRM-GSM forum higher for year 2019 of RM 14,373.00 compare
year 2018 of RM 636.00. Finally, higher sales of Geological Evolution of Southeast Asia publication in year 2019
with RM 3,580 compare to RM 1,090.00 for year 2018.

Total operating expenditure for Financial Year 2019 shows slightly lower from RM 121,705.00 for year 2018
to RM 119,112.00.

Expenses of Annual Dinner 2019 show slightly higher from RM 2,086.00 for year 2018 to RM 2,326.00.
Nevertheless, Honorarium shows lower from RM 25,650.00 for year 2018 to RM 24,750.00 for year 2019. There
was an increment of audit fee for year 2019 of RM 1,590.00 compare to year 2018 of RM 1,272.00 and contractual
fixed rental amount of GSM administrative office at Department of Geology, Universiti Malaya for year 2019 of
RM 12,000.00 compare to year 2018 of RM 8,665.00.

The National Geoscience Conference year 2019 shows deficit of RM 6,008 compare to slightly surplus year
2018 of RM 3,524.00. Printing of Warta Geologi are RM 19,625.00 lower compare to RM 19,734.00 for year 2018
and Bulletin also shows lower from RM 25,650.00 for year 2018 to RM 22,800.00 for year 2019.

Expenses on speaker's account shows lower for year 2019 of RM 729.00 compare to RM 1,936.00 for year 2018.
Total expenditure Information Technology (Webmaster) also shows lower for year 2019 of RM 5,718.00 compare
year 2018 of RM 11,129.00.

While an increase for Sponsorship for student’s activities for year 2019 from RM 5,730.00 for year 2018 to
RM 9,521.00 but slightly lower for student’s award from RM2,000.00 for year 2018 to RM1,000.00 for year 2019
and souvenirs of RM 1,526.00 compare to year 2018 of RM4,570.00. Finally, there was an expenditure incurred in
organizing the IGM-GSM Workshop, Working Group activities and Sg Lembing Field trip for year 2019 with total
amount of RM 2,663.00.

For year 2019 there was an increase in Endowment fund with a total amount of RM 1,737,653.00 compare to
RM 1,729,239.00 for year 2018, held as fixed deposit (FD) in UOB Bank given an accrued interest of RM58,414.00
held in UOB Bank current account.

Finally, the net current asset showed an increase by RM 38,548.00 from RM 2,640,152.00 for year 2018 to RM
2,677.079.00 for year 2019. While Property, Plant and Equipment of our non-current assets depreciate from total
value of year 2018 RM 1,855.00 to RM 1,622.00 for year 2019.

The Hon.Treasure would like to express a great appreciation to rest of the donors and sponsors on their
contributions and supports throughout the year. Last but not least to Ms Anna Lee on her contribution managing the
accounts throughout the year.

AHMAD NIZAM HASAN
Treasurer 2018/2019
Geological Society of Malaysia

NOTES

1. The RM 11,276 are AAPG-UM student chapter fund held into our current account to finance their activities.

2. Young geoscientist award fund of RM 3,143.00 still held as no candidates nominated.

3. The fixed deposits with licensed bank have a maturity of between 6 to 15 months (2018: 6 to 15 months). Interest
rates for the deposits ranged from (2018: 2.85% to 2.95%) per annum.
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PERSATUAN GEOLOGI MALAYSIA
(GEOLOGICAL SOCIETY OF MALAYSIA)
(Registered in Malaysia)

FINANCIAL STATEMENTS
31 DECEMBER 2019
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GSM ENDOWMENT FUND: BOARD OF TRUSTEES REPORT FOR
54 ANNUAL GENERAL MEETING OF THE GEQLOGICAL SOCIETY OF MALAYSIA
26 June 2020

Background

1. The 47 AGM in 2013 confirmed the establishment of the GEM Endowment Fund and
endorsed tha Terms of Reference prepared by Advocales and Solicitors, Messrs Yeap,
Yong and Amy. The AGM alsu agreed that the Council oblain “tax deductible” slatus 1o
encourage donations directly inte the "GSM Endowment Fund” and that the interest portion
accrued, be used to maet expenses incurred in the implementation of programmes run by
the Scciaty.

2. The 48" AGM in 2014 approved an amendment to the Terms of Reference to provide for
the esiablishment of the “Board of Trustees of the GEM Endowment Fund®™, whose
members shall comprise the GSM President, Immediate Past Presideni, Secretary,
Treasurer, Editor and al least threa independent Full Members “in good standing”, lo be
appointad at the AGM.

3. The 53 AGM in 2019 was informed that the GSM Council underiook a search on the
wabgite of “Lembaga Hasil Dalam Negeri® (LHDN) and found that GSM is listed as an
organisation that is approved to collect donations under Subsection 44(6) since the year
1987. The GSM has “fax deductible” status that sllows individuals and organizations 1o
obiain tax exemption for their donations (see Appendix A — Screenshot of LHDN website
on 16 June 2020).

4, Items arising out of the 537 AGM held on 28 April 2019 are as follows:

I.  The In-Coming GSM Council is requested o develop an appropriale procedure for
izsuance of receipts for lax exemption and to infoerm LHDON for donations of RM 5,000
and above;

ii.  The In-Coming GSM Council lo make every effort 1o transfer some of the fixed deposits
in the GSM operaling account to the Endowment Fund to Increase the principal
amount, so as to obtain a higher interest;

ii. The In-Coming GSM Coundl is encouraged to have a separate budget line for
publications including staff costs, to account for expenses and to facilitate future fund
raising activities; and

iv. The AGM saccepled and endorsed the disbursement of RM 80,000.00, to be
utilised from the interest accrued in the Endowment Fund, for publications in 2018,

Report of the Board of Trustees

1. This report covers the period from 1 January 2019 1o 31 December 2019. The Board of
Trustess met virlually via zoom lo scrulinise the administration of the GSM Endowment
Fund on 16 June 2020. The meeling wes moderated by Datuk Fateh Chand. Members in
attendance were the Immediate Past President, Or. Mazlan Madon; President. Abd Rasid
Jaapar; Secretary, Dr. Lim Choun Sian; Treasurer, Mr. Ahmad Nizam Hasan; Editor, Prof.
Wan Hasiah Abdullah; and GEM Members Dato’ Yunus Abdul Razak, Prof. Joy Jacqueline
Pereira, Dr. Loe Chai Peng and Mr. Ahmad Said.

2. As requested by the 53 AGM held on 29 April 2019, the GSM Council increased the

principal amount by RM 100,000 in June 2019, The new principal amaount, in the form of
Fixed Deposits with the Unitad Overseas Bank Malaysia (UOBM) is RM 1,681,689.99.

1 | G5M Endowment Fund; Board of Trustees Repert for the 54" AGM of GSM, 26 June2020
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6.1 Formation of IGM-GSM Chapters for Sabah and Sarawak
Submitted by GSM Council 2019/2020

The GSM-IGM Joint Committee Meeting 1/2020 on 15 May 2020 agreed in principal to the setting up an IGM-GSM
Chapter for Sabah and an IGM-GSM Chapter for Sarawak.

It was suggested that the Chapters are to be set up based on co-chairmanship from both academia and business/public
sector, to be appointed by GSM and IGM respectively. The tenure of each cochairmanship appointment is 2 years.

6.2 Affirmation of Upper Segama Sabah Jurassic and Triassic Granitic Rocks by Radiometric U-Pb Dates
Submitted by Leong K.M.

Further to my past Notes in AOM at GSM AGMs, Jurassic and Triassic U-Pb dates of tonalite in Burton-Johnson et al.
(2020), with the added statement ‘support the previously questioned and excluded 210 Ma K-Ar age of Leong (1974)’,
have affirmed Upper Segama Sabah Jurassic K:Ar ages of granite, tonalite and hornfels in GS/JIMG Kirk (1964, 1968),
and GS/JMG Leong (1971, 1974) Triassic 210 Ma K:Ar age of tonalite.

The publications which had dismissed or ‘excluded’ Sabah Triassic 210 Ma K:Ar age of tonalite of Leong (1971,
1974) and instead had Cretaceous Chert-Spilite Formation or Cretaceous ophiolites or Cretaceous crystalline base-
ment or Cretaceous ophiolite basement as Sabah oldest rocks were Hutchison (1988), Geological Evolution of South-
cast Asia (Hutchison, 1989, 1996), Hutchison (1997), Geological Map of Borneo (Tate, 2002), Balaguru et al. (2003),
Stratigraphic Lexicon of Malaysia (Lee et al., 2004) and Wan Nursaiedah Wan Ismail et al. (2014)-(Leong 1998,
1999, 2016). Omang and Barber (1996) had Neogene age for the granitic rocks in Upper Segama Sabah (Leong,
1998). Hutchison (1997) and Tate (2002) had Cretaceous ophiolite basement and Cretaceous crystalline basement as
Sabah oldest rocks. Respectively, Hutchison et al. (2000), Graves, Hutchison et al. (2000) and Burton-Johnson (2013)
(Abstract) had Jurassic ophiolite basement as Sabah oldest rocks although Graves, Hutchison et al. (2000) results on
the granitic rocks in Upper Segama Sabah were ‘the acidic rocks belong to the calc-alkaline series and could not have
been derived from the ophiolites.’

I appreciate Royal Holloway University of London Professor Dr Robert Hall informing lead author of Burton-Johnson
et al. (2020), prior to its publication, that Sabah first Triassic 210 Ma K:Ar age of tonalite was published in Leong
(1971, 1974) nearly 50 years ago.
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This report contains the results of the election of four (4) council members for the 2-year council member posts that
were up for elections after 6 candidates were nominated by members at the end of the nominations period on 30
September 2019 (see earlier report by Nominations Committee, dated 4" October 2019).

The Council on 22 October 2019, appointed Dr Mazlan Madan as the Election Officer, who subsequently co-opted
Dr Ng Tham Fatt and Prof Azman Abd Ghani as the scrutineers, in keeping with the procedures laid out in the Con-
stitution.

On 15th November, the council sent out an email notice to members to select four out of the six nominated candi-
dates for those posts, by way of balloting via email to be received by the deadline of 15 December 2019.

At the closing of balloting on 15 December 2019, the following are the results of the voting by members for the four
posts of 2-year councillors. Most members returned their ballots on the form given, but some voted by simply reply-
ing to the council email. These are still considered valid votes.

No. of members who voted (by returning the ballots via email, as requested): 59

No. of total votes received: 223 (as some members selected less than 4 candidates in their ballots).

The four candidates with the highest number of votes shall be elected to the council;
they are: [in alphabetical order]

e Ahmad Tariqg Ahmad Ziyad (51votes)

*  Awg Mohd Faizal Awg Mohamad Hamssin (36 votes)
e Maryam Syazana Dzulkefli (39 votes)

e Tan Chun Hock (52 votes)

With the above results, the councillor posts for the term 2020/2021 shall be filled as follows:

President - Abd Rasid Jaapar
Immediate Past President - Mazlan Madon
Vice-President - Ahmad Nizam Hasan
Treasurer - Lim Choun Sian

Editor - Wan Hasiah Abdullah
Secretary - Farah Fazulah Abdullah
Assistant Secretary - Norazianti Asmari

Councillors (2-year term) [in alphabetical order]
e Ahmad Tariq Ahmad Ziyad
*  Awg Mohd Faizal Awg Mohamad Hamssin
e Maryam Syazana Dzulkefli
e Tan Chun Hock

Councillors (for 1-year) [in alphabetical order]
e Joy Jacqueline Pereira
e Nur Iskandar Taib
e Tan Boon Kong
*  Yunus Abdul Razak
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What is geopathic stress?

Mr. Tong Eng Siang
Date: 22 May 2020
Venue: Zoom Apps

“Geo” comes from the Greek words, meaning of “Earth”, and “pathic” comes from ‘pathos’ meaning disease or
suffering. “Geopathic” therefore connotes disease of the earth, “pathology” meaning of all conditions, processes or
results of a particular disease.

In simple terms, Geopathology is the study of nature of earthlines, underground water courses, earthfaults and energy
vortexes, and their effect on our health and well-being. Geopathic Stress (GS) is a term that includes harmful energies
of all kinds, natural grids, earth fault lines and water veins, as well as the detrimental effects on living things that
result when the natural frequency of the earth is distorted by natural or certain man- made radiation. The resulting
“negative earth energies”, as they are often termed, can result in discomfort and even cancer.

Earth is a giant electromagnet; its core produces natural electric currents and magnetic field. This natural Earth
Radiation can be distorted by other weak electromagnetic fields — caused by various underground formations
such as water veins, natural grids, radioactive mineral deposit, geological fault lines and cavities — as it rises up
through the earth.

Geopathic Stress can also result from electromagnetic fields produced by power lines, electrical wiring, lighting,
domestic appliances (clocks, computers, microwave sets, radios and TVs), telephones (cellular phones) and power-
related equipment (electrical generators, transformers and pylons).

Tree Cancer Accident Zone

Home/Bed Harmful Energy
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Hazard of geopathic stress on human bodies

Geopathic stress suppresses the immune function, shutting down the body’s natural defense system, effect of heart
rate and blood pressure, thereby facilitating illness/cancer.

The energy emitted by the earth at a specific surface location which affects the normal human body function is
termed as Geopathic Stress (GS). Empirical knowledge of the existence of Geopathic Stress is probably as
old as mankind.

Geopathic Stress blot out these signals so strongly that the flow of information to the cells, glands and organs is
affected or stopped. This has an adverse effect on the body. The stronger the disturbance, the weaker the flow of
information and the more marked the symptoms and pains become.

Geopathic Stress has a strong effect on the correct functioning of the lymphatic system. The lymph fluid transports
lymphocytes and antibodies, which are continuously patrolling through the body, ready to fight and destroy any foreign
cells, such as bacteria, viruses or cancer cells. If the lymphatic system is not healthy, it is unable to destroy foreign
cells, thus enabling cancer cells to grow and multiply. In other words, your whole immune system is weakened.

Exposure to Geopathic Stress might initially manifest as a relentless exhaustion; restless sleep or insomnia; persistent
headaches; recurrent colds, viral or fungal infections; depression; heightened allergic responses; and the inability to
heal or recover from sickness or respond to treatment. The gradual effects of Geopathic Stress and Electromagnetic
Radiation can lead to a slow deterioration in the health of individuals who are exposed to such stress. Geopathic
Stress is one of the primary causes of serious long-term physical illness and psychological conditions.

Geopathic stress has been found to be the common factor in countless serious — and minor — illnesses, notably those
conditions where the immune system is severely compromised: Cancer or chronic fatigue syndrome; eczema and
psoriasis; arthritis; migraine or persistent headaches; glandular fever; insomnia; epilepsy; rheumatism; blood disorders
and anemia; depression; miscarriage; learning and behavioral problems in children and etc. Studies have shown that
Geopathic Stress alters the polarity of the blood, inhibits the blood clotting function, and disrupts electro-chemical
activity. It also appears to sensitize the body to various electromagnetic fields of other frequencies.

The pathological effects of Geopathic Stress are not always immediately obvious. They are gradual and more insidious.
Initial symptoms may arise in the form of disorders of the immune system or in an inconspicuous illness that recurs
after a short time despite successful therapy and with no apparent explanation. If medication and complementary
therapies follow a pattern of temporary improvement followed by subsequent deterioration in spite of further medical
or therapeutic care, then you should consider the subtle effect of earth radiation as a possible cause. Often, however,
at this point damage is extensive and path to recovery may prove long and tedious.

We assume that Geopathic Stress symptoms only have an effect when we expose ourselves to them for prolonged
periods on a daily basis. This applies primarily and especially to exposure in the bedroom. When we sleep, we usually
relax completely, reducing our body functions to a minimum. This gives the negative effects of earth rays a better
chance to influence us. In most cases, these influences manifest as sleep disorders (e.g. restless sleep, insomnia, and
frequent waking). Children are particularly susceptible: when they toss and turn in bed, it may be an unconscious
effort to find a stress-free place to sleep.

Scientists have observed that it can take up to five years for diseases, such as cancer, to become symptomatic. Anyone
who sleep over on GS zone, has a desk job and sits in the same place for six or more hours a day should explore
the possibility of harmful earth radiation. This is especially true if he or she feels tired, drained, or exhausted after
work, or frequently suffers from headaches or bad luck at the end of the day. Long exposures can lead to serious
symptoms and diseases even cancer.

Research by many Scientist around the world while Geopathic Stress does not cause illnesses directly, it may weaken
the immune system which in turn weakens the body making it slower to heal and more susceptible to illnesses such
as cancer. Sleeping in a Geopathic Stress zone may cause:

- Behavioural problems e.g. aggression, hyperactivity

- Emotional instability - Sleeping disorders and restlessness

- Cancer, M.E. and M.S. (Myalgic Encephalomyelitis and Multiple sclerosis.)

- Aches and pains e.g. headaches

- Learning difficulties

- Sexual difficulties

- Back problems - Infertility and cot deaths

- Asthma and allergies - Depression - Stress and nervousness

- Lack of concentration or memory loss - Nausea - Disorientation - Exhaustion, fatigue or loss of strength
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NEW MEMBERSHIP

Student Membership

1. Abdul Aziz Abdul Wahab 49. Farah Nabila Ahmad

2. Abdul Muhaimin Hadzwan Shamsul Raji 50. Farahadibah Roslim

3. Abdullah Ab’bas Musa 51. Farid Najmi Rosli

4. Adeel Hakeem Ahmad Sayuthy 52. Faridah Najwa Mohammed Danial
5. Adhwayasya Rizal 53. Fatin Farahiyah Mohd Nordin

6. Adila Fateha Abdul Mudtalib 54. Fatin Izzati Ahmad Fadzli

7. Ahmad Faizal Azhar 55. Fayola Lim Tze Fei

8. Ahmad Haikal Mutufarudin 56. Gui Shao Fong

9. Ahmad Mutgma’innah A Razak 57. Hafizzudin Aqmal Zahari

10. Ahmad Rieeshi Iman Ahmad Mazri 58. Hajar Ibrahim

11. Ahmad Shahrul Zakidin 59. Hanna Dewi Dowrin

12. Ainny Farah Anna Yusof 60. Hanun Fatini Rasdi

13. Ainyyafiatty Arifin 61. Heeralena Arul Patrick

14. Aishah Norashikin Abdul A’ziz 62. Isyraf Zulhilmi Zaidin

15. Aleen Syafiqa Azhari 63. Jane Christopher Draman

16. Alya Syakirah Tajul Ariffin 64. Jason Steve Yunsai

17. Alya Syakirah Badros 65. Javelina Jita

18. Ameerul Syafig Muhammad Ensalie 66. Jebat Hazrik Mohd Nazry

19. Amira Afrina Abdullah 67. Jesslyn Alessa Joannes Wat

20. Amirul Safwan Mahusin 68. Joshua William

21. Andi Nurul Izzati Naazira Moharam 69. Josielyn Peter

22. Angela Vidda anak Chuwat 70. Junainah Zakaria

23. Anis Nabihah Ahmad @ Mohamad 71. Kalaiselvi P Balasubramanam
24. Anuar Othman 72. Karthiyani Ravi

25. Ariff Logman Ismail 73. Kee Soo Chen

26. Arina Ismail 74. Kong Sher-Rine

27. Astriana Emaonang Sipranus 75. Lee An Qi, Angel

28. Athirah Syazani Azmi 76. Lee Xin Yi

29. Aurelian Ligunee Jetony 77. Linesha Pavaani Ramah Moorthy
30. Azeem Izharuddin Ahmad Fauzi 78. Machelyne Mot @ Undie

31. Azri Sulaimi Safai 79. Mardhiah Mat Yusof

32. Azza Malisa Din 80. Mastura Azhar

33. Balkis Arshilla Kamarul Zaman 81. Md Amerulsyahadan Yasidin

34. Camelia Batrisyia Mizamer 82. Merlissa Nurfarahin Ab Rizal

35. Che Nursyahirah Che Man 83. Michelle Jane Parker

36. Cheok Pei Ying 84. Mishalini Panneer Selvan

37. Christabel Peter George Mathew 85. Mohamad Afham Pungut

38. Danites Joel Anyi 86. Mohamad Afiq Jazrin Mohamad Sidek
39. Darshini Muanindy 87. Mohamad Hidayat Rushdan

40. Darwisa Abd Rahim 88. Mohamad Nor Hafiz Nordin

41. Dasryl Hanson Darus 89. Mohamad Taqiuddin Tumin

42. Divesh P Ragavan 90. Mohammad Fariz Ikmal Poniron
43. Ee Shi Min 91. Mohammad Noor Adzha Mohammad
44. Eliya ‘Aqilah Md Aris 92. Mohammad Shafitri Awang Kechil
45. Erdiah Ashida Nasirin 93. Mohd Alif Firdaus Azmi

46. Erick Naim 94. Mohd Azhafiz Abdullah

47. Erna Nur Shafigah Esman Faidz 95. Mohd Fikri Jubidi

48. Evienstein Wilfred 96. Mohd Hadri Aimi Md Zairi
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Mohd Nor Edzwan Ahamd
Mohd Rifgi Goh Yew Hwa
Muhamad Akid Zuratmi
Muhamad Arif Izzuddin Anuar
Muhamad Badrul Amin Adnan

. Muhammad Aarif Mohd Foudzi
103.
104.

Muhammad Afiqg Hamzah Rusli
Muhammad Afnan Iman Kamilan

. Muhammad Aiman Hakim Mohd Roslee
106.
107.
. Muhammad Amar Abdullah
Muhammad Amiruddin Safwan Abd Samad

Muhammad Aiman Iskandar
Muhammad Aiman Shahmi Mazlan

Muhammad Amzar Aznan

. Muhammad Ariff Anuar Abdul Rashid
112.
113.

Muhammad Daniel Iskandar
Muhammad Farhan Mohd Sukri

. Muhammad Fauzzi Kamaruzama
115.
116.
117.
118.
119.
. Muhammad Haikal Fauzi
121.
122.

Muhammad Firdaus Abd Halim
Muhammad Firdaus Abdullah
Muhammad Fitri Mohamed Fathil
Muhammad Hafiz Affifuddin @ Helmi
Muhammad Hafiz Zulkifli

Muhammad Hamdani Haszlan
Muhammad Ibrahim Abd Aziz

. Muhammad Irfan Othman
124.
125.

Muhammad Izwan Yazin
Muhammad Izzat Afiq Azizan

. Muhammad Jazlan Razali
127.
128.
129.
130.
131.

Muhammad Khairul Hakim Helmi
Muhammad Khairul Izzat Haridan
Muhammad Mustaqim Mohd Shafie
Muhammad Naim Yusof
Muhammad Nazmi Aduini

. Muhammad Shazwan Azman
133.
134.

Muhammad Zaid Mohd Sa’ad
Muhammadd Hamizan Jamaludin

. Muhammed Aswath Muhammad Haja
136.
137.
. Nadhrah Azmi Shah
139.
140.

Muhd Khuzairie Abdul Kahar
Munalwarah Mohd Kamil

Nadia Ramli
Nages Sree Subramaniam

. Nahdhattunnissaa’ Bashiron
142.
143.
144.
145.
146.
147.

Naseem Akhtar

Nasrul Azmin Mansor
Nazihah Azmi

Ng Ying Ying, Cornelia

Nik Amri Nik Mat

Nik Nur Ajrina Mohd Yusoff

148.
149.
. Noorfarah Errdieynah Masud
151.
152.

150

153

156

162

165

168

180

183

186

192

195

198

Nik Raisyha Nurfarain Abdullah
Nooramiera Natasha Wizan

Nor Atikah Zanzuri
Nor Nabilah Adnan

. Nor Najihah Johari
154.
155.

Norathirah Jatimin
Norfa Efa Poliyana Abdullah

. Norhashikin Ahmad Tarmizi
157.
158.
159.
160.
161.

Norsyahira Bakar

Nur Adila Mohd Riza
Nur Ain Zuraimi

Nur Aina Fatihah Yusof
Nur Aliah Nur Ismail

. Nur Amanina ‘Izzati Mohamad Rusok
163.
164.

Nur Amirah Mohd Fauzi
Nur Anis Inanie Mohamad Najid

. Nur Anis Sabrina Sabar
166.
167.
. Nur Anthasha Billah Mohd Noor
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
. Nur Fatin Firdaus Muhamad Faisal
181.
182.

Nur Anis Syafira Din
Nur Annas Nasuha Mohd Shahiran

Nur An’ummillah Fatihah Ismail
Nur Asmira Mohamad @ Irwan
Nur Atiyah Hassan @ Che Hassan
Nur Azeera

Nur Azelynna Roslan

Nur Azleena Johari

Nur Ezanee Elisa Nafsin

Nur Farahin Shahira Ismail

Nur Farhana Ab Malik Marwan
Nur Farhannah Arissen

Nur Fatihah Shariful Azham

Nur Hasanati Yahya
Nur Haslinda Abd Halim

. Nur Hazwani Ahmad
184.
185.

Nur Hidayah Mohd Fauzi
Nur Iman Iwana Rosman

. Nur Izzah Abdul Aziz
187.
188.
189.
190.
191.

Nur Jannatul Syukrina Mohd Soffian
Nur Maisara Ayu Mohd Razali

Nur Nabilah Huda Mohd Zaid

Nur Najah Harun

Nur Natasha Husna Abdul Halim

. Nur Sabrina Zakaria
193.
194.

Nur Safwah Syakirah Mohd Zullkefle
Nur Shaerah Mohamad Jalin

. Nur Shahira Raffe
196.
197.
. Nur Syahirah Anis Mohd Sanusi

Nur Syafiga Mohd Sabari
Nur Syahiqatul Aisyah Imran
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Nur Syakirah Murat
Nur Syamimie Abu Bakar

. Nur Syazana Md Saliman
202.
203.
204.
205.
206.
207.
208.
209.

Nur Syuhadah Lazim

Nur Zahidah Mohamad

Nur Zulaikha Zulkeflee
Nuraqgilah Syamimi Ismail
Nuraswa Juhinin

Nurathirah Hassan

Nurfarah Hazirah Zulkifli
Nurfatin Najwa Noor Hisham

. Nurhanisah Mohd Isa
211.
212.

Nurhidayah Mohamed Bazir
Nurin Jazlina Roslan

. Nurin Adina Roslee Jelani
214.
215.

Nurizzatul Najwa Mohd Asri
Nurul Afigah Rosli

. Nurul Afrina Mohd Faisar
217.
218.

Nurul A’in Mohamad Na’im
Nurul Asikin Mohd Araha

. Nurul Athirah Salman
220.
221.
222.
223.
224,

Nurul Awatif Ghazali
Nurul Azlin Alias

Nurul Azneesha Mohaideen
Nurul Faezah Sudirman
Nurul Farah Atika Safran

. Nurul Farah Nabilah Abd Rashid
226.
227.
. Nurul Izzah Kushairi
229.
230.

Nurul Fatin Adila Ahmad Subri
Nurul Husna Mohd Fauzi

Nurul Jannah M Khalil
Nurul Khaliesah Nasir

. Nurul Najwa Mohammad Saad
232.
233.

Nurul Syazmira Roslan
Nurwani Mohd Zaki

. Oliver Avvanadan Batis
235.
236.
237.
238.
239.
240.
241.
242,
243,
244,
245,
246.
247.
248.
249.

Olivia Eva Apeng

Omar Abdul Rahman Abdul Manaf
Ong Min

Owena Juada

Priya Dharshini Thirumurugan
Racchna Joe

Raizan Raihana Asmawi
Ramadhan Ibnu Hassim

Ruth Elisha Alexander
Saiyidatul Suhailah Shah Kholit
Sarah Razaruddin

Shahirah Atirah Lee Sapili
Shahirah Mohd Sabri

Shameen Izwan Anthonysamy
Shareena Sherlyn Mazlan

250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.

261

280.

281

284

290

Shawn Iversen Rebu

Shazmin Shaharin

Sheila Rozalia Abdul Rashid

Siti Madihah Mohammad Khairurazi
Siti Hasha Abd Jamal

Siti Khadijah Abd Rahman

Siti Maisarah Mohd Ikmal Hisham
Siti Noor Hafizah Abdullah

Siti Norasyikin Anuar

Siti Nur Adila Yazizul Rahman
Siti Nur Atiq’kah Awang Nordin

. Siti Nur Hanani Zainuddin
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.

Siti Nuranis Shamiza Shamsuri
Siti Nurfazillah Abdul Rasid

Siti Nurul Hasyikin Abdul Rani
Siti Safiah Haris Fadzilah

Siti Shafila Ibrahim

Siti Shafira Suhaimi

Siti Sorhana Syazwani Mokhtar
Siti Syarifah Azri

Sitinur Syahira Mohamad Zalina
Sofea Razali

Solehah Ramli

Suffa Alia Manah

Suhaila Mohd Shamshudin
Susie Cahyanti Tasman

Syazana Md Shubri

Syazwan Aiman Mat Hasdi
Syed Al Aziz Syed Azidi
Tengku Muhammad Huzairullah Tengku Muda
Asseri

The Nesoa Rojuin

. Thennillan Subramaniam
282.
283.

Theresa Avila Kong
Umanandhini Ravichandran

. Ummi Zulaikha Daud Laksmana
285.
286.
287.
288.
289.
. Wan Muhammad Bazlan Baharudin
291.
292.
293.
294,
295.
296.
297.
298.

Vynotdni Rathinasamy

Wan Ahmad Aqil Fahmi Wan Ahmad Khalil
Wan Ahmad Fawwaz Wan Bharudin

Wan Amrul Jaahiz Wan Abd Razak

Wan Mohammad Danial Mohd Faris

Wan Nur ‘Afifa Wan Mustapa
Wardah Idayu Marzuki
Yanessa Joy Jay

Yulia Farah Izzati Yulia Farta
Zaidatul Asyiqin Zainudin
Zaki Alias

Zaty Naadwaa Razali
Zuhaira Muhammad Zaini
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Full Membership
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. Abdul Kadir Ahmad Akhri
. Afikah Rahim
. Ahmad Zulhilmy Ahmad Yusri

Amer Ekram Azmi
Amie Norsyazan Amir
Amir Aiman Zaidy

. Azita Ahmad Zawawi
. Benjamin Sautter

Dahlan Muhd Darwis

. Eduardo de Mio

. Hanun Fatini Rasdi

. Lim Hock Kuang

. Mahmood Nabyl Khalys

. Mo Kwai Leong

. Mohd Syafiq Hussin

. Mohd Zulfaiz Abd Latif

. Muhammad Asyraf Yusof

. Nor Shahidah Mohd Nazer
. Nur Shuhadah Japperi

. Nur Syahirah Rosmadi

. Nurfashareena Muhamad

. Puteri Amirah Nabilah Azman
. Ralfwaldo Sueta Parcon

. Sang Caleb

. Sim Shi, Joyce

. Supriyadi Supriyadikkk

. Tan Wei Ling, Samantha

. Teoh Hoon Ping, Wendy

. Ummi Qiyaadah Naajihah Ostadi
. Vivian Dayong

. Yeow Boon Sim

From Full To Life Membership

. Ahmad Hakim Mohamed Rashidi
. Ariff Fadlly Jeman
. Frederick Francis Tating

Lisa Nurmarini Mohd Kamal (complimentary)

. Mohd Azizul Md Hashim
. Noor Azahar Ibrahim
. Nor Bakhiah Baharim
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IGM Visit to MRT 2 Project Site

IGM organised a visit to the MRT 2 project site at the proposed Chan Sow Lin station on the 28" and 29"
November 2019. The visit comprised of two parts. The first is the visit to the Tunnel Control Centre 4 and second
is the construction site of Chan Sow Lin MRT station. Total A total of 22 IGM members participated during the
two-day visit.

Prior to the briefing, the participants gathered at the Chan Sow Lin site office for a safety briefing. After the
safety briefing the participants were showed a slide presentation of the ongoing station construction works. Engineers
Naasiha and Rashidah from MMC Gamuda gave a comprehensive talk to the participants. Participants were briefed on
the construction challenges including progress, techniques, sequencing and monitoring that are used for building the
station. The Chan Sow Lin station has a footprint of 30m X 200m X 40m deep and is one of the largest underground
stations that will also have connection to the existing nearby Chan Sow Lin LRT station. The presentation got lively
when the geology was discussed with numerous Q&A on site investigation methods that comprised of boreholes,
rock probes, grouting records, microgravity and geological mapping. Some participants also shared their experience
from other construction projects. Overall, the discussion was good especially for the younger geologists.

The participants then visited the Tunnel Control centre (TC4). The control centre monitors real time the progress
of the tunnel boring machine (TBM) that was mining from Chan Sow Lin to TRX station. Over 100 monitoring
instruments on the TBM measure different parameters such as TBM thrust force, ground water levels, amount of
excavated material and these parameters are fed back to the TBM crew who then make adjustments to the TBM
operation. All these parameters are displayed on monitors and the TC4 is manned by 2 tunnel engineers. The briefing
at the centre was given by MMC Gamuda tunnel engineer Lim Ji Xiong and tunnel geologist Edwin Cheong Pek
Chee (also an IGM member). The briefing was followed by an exciting Q&A session.

Finally, the participants were taken to the viewing platform to see the ongoing station construction works.
The immediate Immediate eye-catching structure was the ground anchors along a deep valley that was used to
strengthen the rock face. The rock anchors clearly delineated the deep fault zone in otherwise shallow limestone
geology. Overall, the visit was very informative and gave a hands-on experience to both the experienced and rookie
IGM geologists on the technology used in tunnelling. IGM expresses its appreciation to the management of MMC
Gamuda for giving this opportunity.

Reported by:

Devendran Arumugam, P. Geol
Geophysics Working Committee Chairman,
Institute of Geology, Malaysia

Participants on 28" November 2019.

Warta Geologi, Vol. 46, No. 2, August 2020 175




BERITA-BERITA LAIN (OTHER NEwS)

Briefing at Tunnel Control Centre.

- 2 ChaniSow Lin Mav20it
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Limestone depression
trike

Arial view of Chan Sow Lin station showing deep depression in limestone and ground anchors.
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OBITUARY

Innalillahi wa inna ilaihi rojiun
“Indeed, to Allah we belong and to Allah we shall return”
[AlQuran 2:156]

Al-Fatihah buat Professor Madya Dr. Tajul Anuar Jamaluddin

Jasamu pada dunia geologi akan sentiasa dikenang dan dijadikan rujukan.
Semoga rohnya dicucuri rahmatNya.

PM. Dr Tajul Anuar Jamaluddin merupakan lulusan Sarjana Muda Sains Geologi (1987) dan Sarjana Sains
Geologi Kejuruteraan (1990) daripada Universiti Kebangsaan Malaysia Bangi, dan Doktor Falsafah Geologi
Struktur (1997) daripada University of Wales Aberystwyth, United Kingdom.

Beliau pernah berkhidmat sebagai tutor sementara di Universiti Kebangsaan Malaysia (1987 - 1990) dan
juga buat seketika sebagai engineering geologist di Malaysia International Consultant (1990). Seterusnya, beliau
telah berkhidmat sebagai tutor SLAB (1991-1997) dan pensyarah (1997-2006) di Jabatan Geologi, Universiti
Malaya, di mana beliau telah dilantik sebagai Professor Madya pada tahun 2004.

Beliau kemudiannya berhijrah ke Jabatan Geosains & Petroleum Geologi, Universiti Teknologi PETRONAS
pada Jun 2006 dan telah berkhidmat di sana sehingga Februari 2007.

Bagai sireh pulang ke gaganng, beliau kemudian berkhidmat pula kepada Universiti Kebangsaan Malaysia
menerusi Program Geologi dan SEADRI/LESTARI bermula daripada Mac 2007 sehingga ke akhir hayat beliau.

By Norazianti Asmari

Warta Geologi, Vol. 46, No. 2, August 2020 177




BERITA-BERITA LAIN (OTHER NEwS)

September 23-24, 2020: AAPG/EPF Energy Opportu-
nities; Mexico City. Further details can be obtained at
https://energyopportunities.info/2020/.

September 29 - October 1, 2020: AAPG Annual Con-
vention and Exhibition (ACE) - Online and on-demand
through the end of the year. Visit https://ace.aapg.
org/2020/ to obtain more details.

September 30 - October 2020: GeoGulf 2020 (70"
GCAGS/GCSSEPM convention and exposition); Lafay-
ette, Louisiana. Visit http://www.geogulf.org/ to obtain
more details.

October 11-16, 2020: SEG2020 International Exhibition
and 90" Annual Meeting, Houston, Texas, USA. Further
details at https://seg.org/AM/2020/.

November 2-6, 2020: Offshore Tecnology Conference
Asia (OTC Asia) -virtual. For further information, con-
tact otcasia@otcnet.org or visit 2020.otcasia.org.

November 25-26, 2020: International Conference on
Earth Sciences and Environment (ICEMEN 2020), via
online conference platform. For details about the confer-
ence, please contact the secretariat at icemen2020@ukm.
edu.my or contact +603-89214691.

February 21-24, 2021: Energy in Data Conference; Aus-
tin, Texas. More details can be obtained at https://ener-
gyindata.org/.

March 23-25, 2021: 13™ International Petroleum Tech-

nology Conference (IPTC); Kuala Lumpur, Malaysia.
For queries, email: iptc@iptcnet.org.

April 5-9, 2021: National Geoscience Conference, Ban-
gi, Selangor, Malaysia. To find out more, send email to:
conferencengc2020@gmail.com, or visit website, http://
www.geologys.online.

May 3-6, 2021: Offshore Technology Conference, Hous-
ton, Texas, USA. Visit website: http://2020.otcnet.org/
for further details.

May 4-6, 2021: Myanmar Oil & Gas Conference;
Yangon, Myanmar. More information can be obtained
at https://eage.eventsair.com/fifth-aapg-eage-myanmar-
conference/.

August 11-12, 2021: AAPG/EAGE Geosciences Tech-
nology Workshop - High CO,, High Contaminant Chal-
lenging Fields, and Alternative Energy, Ipoh, Perak,
Malaysia. For details, please contact: Adrienne Pereira,
AAPG Asia Pacific: apereira@aapg.org; Gerard Wieg-
gerink, EAGE Asia Pacific: gw@eage.org.

October 4-7, 2021: 14™ Middle East Geosciences Con-
ference and Exhibition; Bahrain. To find out more, visit
website https://geo-expo.com/conference/, or contact Mr.
Abeer Al Zubaidi at email: aapgme@aapg.org.

October 24-27, 2021: AAPG 2021 International Confer-
ence & Exhibition (ICE); Muscat, Oman. Further de-
tails will be made available, visit https://www.aapg.org/
events/conferences/ice.

* Subject to re-evaluation by the organizers due to the unprecedented disruptions brought about by the COVID-19

pandemic.
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